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PREFACE 

In its more than half-century of existence, the Inorganic Syntheses series has 
reflected, in the contents of its volumes, profound changes in the field of 
inorganic chemistry. The modern scope of this discipline would have been 
almost unimaginable to our counterparts of the 1930s and 1940s, who could 
not have anticipated huge subfields centered on transition metal organo- 
metallic complexes, electronically active solid state materials, or bioinorganic 
systems, not to mention metal clusters, carboranes, or rare-gas compounds. 
Whatever its formal definition, the fact is that in practice, inorganic synthesis 
today extends well beyond its traditional confines into the realms of bio- 
chemistry, materials science, physics, and organic chemistry (witness the 
inclusion of procedures for C,HMe, in both this volume and its predecessor). 
In truth, inorganic chemistry has been enriched by the absorption of much 
that organic chemists have abdicated as outside their immediate concern. 
The discovery of ferrocene in 1951 might well have launched a novel area 
of organic chemistry, if the imaginative insight of the late Robert 
B. Woodward, who (with Geoffrey Wilkinson) correctly guessed the structure 
of Fe(C,H,), and gave it its name, had been shared at that time by organic 
chemists generally. As it happened, the currently vast area of organotrans- 
ition metal chemistry developed as an inorganic subdiscipline, much to the 
benefit of that field (the Inorganic Division of the American Chemical Society 
routinely sponsors the largest divisional programs at ACS national 
meetings). 

The current volume of Inorganic Syntheses reflects this broad scope. In 
addition to many procedures for preparing metal coordination compounds 
and other substances within the more traditional inorganic areas, the book 
contains numerous syntheses of organometallics, boron and other main- 
group compounds, metal clusters, and transition metal-main-group clusters. 
One contribution that is particularly illustrative of the catholicity of modern 
inorganic chemistry is the synthesis of organic superconductors (synthetic 
metals) by a leading group in that area. Why “organic” metals in an Inorganic 
Syntheses volume? See the preceding paragraph! 

Many of the procedures described herein will be important to a broad 
spectrum of inorganic and organometallic chemists, while others deal with 
more specialized areas but will be valuable to investigators in those fields. In 
making the inevitable judgments about the significance of each contribution 
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vi Preface 

and its appropriateness for Inorganic Syntheses, I have kept in mind that 
certain areas of research have intrinsic significance that belies small numbers 
of investigators-the fields of rare-gas compounds, boron clusters, and 
metal-nonmetal clusters, for example. Today’s exotica may spark 
tomorrow’s hot fields-when ferrocene was first prepared, there were only a 
half-dozen metallocene chemists in the world. 

As in the case with my predecessors who edited earlier volumes in this 
distinguished series, I am indebted to many people including the authors, the 
checkers (the true heroes of lnorganic Syntheses, especially those who sent in 
their reports on time), my colleagues on the Editorial Board who reviewed 
countless manuscripts, and Tom Sloan of Chemical Abstracts for painstak- 
ingly checking the nomenclature on every submission and for preparing the 
index. Thanks also are due my secretary, Shirley Fuller, the Department of 
Chemistry at the University of Virginia for a variety of services, not least the 
absorption of postage costs, and my research group for their understanding 
and tolerance. 

RUSSELL N. GRIMES 

Charlottesuille, Virginia 
February 1992 



CORRECTION TO VOLUME 24 

TITANIUM(I1) CHLORIDE 

Submitted by JEAN’NE M. SHREEVE 

The synthesis described in Znorg. Synth., 1986,24, 18 1, entitled “Titanium(I1) 
Chloride”, does not produce the title compound. 

ERRATA VOLUME 26, p. 372. 

The second checker for procedure 68 should be Dominique Matt (not Watt 
as printed). Index of Contributors: change Watt, D., 26372 to read Matt, D., 
26:372. 
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NOTICE TO CONTRIBUTORS 
AND CHECKERS 

The Inorganic Syntheses series is published to provide all users of inorganic 
substances with detailed and foolproof procedures for the preparation of 
important and timely compounds. Thus the series is the concern of the entire 
scientific community. The Editorial Board hopes that all chemists will share 
in the responsibility of producing Inorganic Syntheses by offering their advice 
and assistance in both the formulation of and the laboratory evaluation of 
outstanding syntheses. Help of this kind will be invaluable in achieving 
excellence and pertinence to current scientific interests. 

There is no rigid definition of what constitutes a suitable synthesis. The 
major criterion by which syntheses are judged is the potential value to the 
scientific community. For example, starting materials or intermediates that 
are useful for synthetic chemistry are appropriate. The synthesis also should 
represent the best available procedure, and new or improved syntheses are 
particularly appropriate. Syntheses of compounds that are available com- 
mercially at reasonable prices are not acceptable. We do not encourage the 
submission of compounds that are unreasonably hazardous, and in this 
connection, authors are requested to avoid procedures involving perchlorate 
salts due to the high risk of explosion in combination with organic or 
organometallic substances. Authors are also requested to avoid the use of 
solvents known to be carcinogenic. 

The Editorial Board lists the following criteria of content for submitted 
manuscripts. Style should conform with that of previous volumes of 
Inorganic Syntheses. The introductory section should include a concise and 
critical summary of the available procedures for synthesis of the product in 
question. It should also include an estimate of the time required for the 
synthesis, an indication of the importance and utility of the product, and an 
admonition if any potential hazards are associated with the procedure. The 
procedure should present detailed and unambiguous laboratory directions 
and be written so that it anticipates possible mistakes and misunderstandings 
on the part of the person who attempts to duplicate the procedure. Any 
unusual equipment or procedure should be clearly described. Line drawings 
should be included when they can be helpful. All safety measures should be 
stated clearly. Sources of unusual starting materials must be given, and, if 
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x Notice to Contributors and Checkers 

possible, minimal standards of purity of reagents and solvents should be 
stated. The scale should be reasonable for normal laboratory operation, and 
any problems involved in scaling the procedure either up or down should be 
discussed. The criteria for judging the purity of the final product should be 
delineated clearly. The section on Properties should supply and discuss those 
physical and chemical characteristics that are relevant to judging the purity 
of the product and to permitting its handling and use in an intelligent 
manner. Under References, all pertinent literature citations should be listed in 
order. A style sheet is available from the Secretary of the Editorial Board. 

The Editorial Board determines whether submitted syntheses meet the 
general specifications outlined above, and the Editor-in-Chief sends the 
manuscript to an independent laboratory where the procedure must be 
satisfactorily reproduced. 

Each manuscript should be submitted in duplicate to the Secretary of 
the Editorial Board, Professor Jay H. Worrell, Department of Chemistry, 
University of South Florida, Tampa, FL 33620. The manuscript should be 
typewritten in English. Nomenclature should be consistent and should follow 
the recommendations presented in Nomenclature of Inorganic Chemistry, 2nd 
ed., Butterworths & Co., London, 1970, and in Pure and Applied Chemistry, 
Volume 28, No. 1 (1971). Abbreviations should conform to those used 
in publications of the American Chemical Society, particularly Inorganic 
Chemistry. 

Chemists willing to check syntheses should contact the editor of a future 
volume or make this information known to Professor Worrell. 



TOXIC SUBSTANCES AND 
LABORATORYHAZARDS 

Chemicals and chemistry are by their very nature hazardous. Chemical 
reactivity implies that reagents have the ability to combine. This process can 
be sufficiently vigorous as to cause flame, an explosion, or, often less 
immediately obvious, a toxic reaction. 

The obvious hazards in the syntheses reported in this volume are de- 
lineated, where appropriate, in the experimental procedure. It is impossible, 
however, to forsee every eventuality, such as a new biological effect of a 
common laboratory reagent. As a consequence, all chemicals used and all 
reactions described in this volume should be viewed as potentially hazardous. 
Care should be taken to avoid inhalation or other physical contact with all 
reagents and solvents used in procedures described in this volume. In 
addition, particular attention should be paid to avoiding sparks, open flames, 
or other potential sources that could set fire to combustible vapors or gases. 

A list of 400 toxic substances may be found in the Federal Register, Vol. 40, 
No. 23072, May 28, 1975. An abbreviated list may be obtained from 
Znorganic Syntheses, Volume 18, p. xv, 1978. A current assessment of the 
hazards associated with a particular chemical is available in the most recent 
edition of Threshold Limit Values for Chemical Substances and Physical 
Agents in the Workroom Environment published by the American Conference 
of Governmental Industrial Hygienists. 

The drying of impure ethers can produce a violent explosion. Further 
information about this hazard may be found in Inorganic Syntheses, Volume 
12, p. 317. A hazard associated with the synthesis of tetramethyldiphosphine 
disulfide [Znorg. Synth., 15, 186 (1974)l is cited in Inorganic Syntheses, 
Volume 23, p. 199. 
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Chapter One 

MAIN-GROUP COMPOUNDS-GENERAL 

1. XENON DIFLUORIDE (MODIFICATION) 

Submitted by ANDREJ SMALC* and KAREL LUTAR* 
Checked by SCOTT A. KINKEADt 

In the preparation of xenon difluoride by photosynthesis from the elements, 
described by S. M. Williamson [Znorg. Synth., 11, 147 (1968)], commercial 
fluorine was employed, which prior to use was purified from hydrogen 
fluoride by passing through a U trap cooled with dry ice. However, we have 
found' that hydrogen fluoride in amounts of up to about 1 mol % catalyses 
the photochemical reaction between xenon and fluorine and increases the 
rate of reaction by a factor of -4 without noticeable damage to the Pyrex 
photochemical reactor. It is, therefore, pointless to purify commercial 
fluorine, which normally contains up to 0.5% hydrogen fluoride. 

The reaction rate can be increased using mole ratios of F, : Xe higher 
than 1 : 1. However, in this case the reaction should be stopped in time 
(i.e., before all the xenon is consumed), in order to prevent the formation of 
xenon tetrafluoride. 

The triple point of the product obtained is 129.10 f 0.05"C (published 
value 129.03 f 0.05"C).z Infrared spectra of the vapor show only the b a a s  
characteristic of XeF,.' 

* "J. Stefan'' Institute, University of Ljubljana, 61000 Ljubljana, Slovenia. 
t Los Alamos Scientific Laboratory, Los Alamos, NM 87545. 
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2 Main-Group Compounds-General 

Procedure 

The reaction is preferably carried out in a 1-1.5-L Pyrex glass photochemical 
reactor with a water-cooled well for the light source, shown in Fig. 1 .  The 
reactor is equipped with a Rotaflo* or similar Teflon-needle glass valve. The 
reactor is connected to an all-metal vacuum line schematically shown in 

Rotaflo 
valve 

Well for 
light source 

Reaction 
vessel 

Fig. 1. Photochemical reactor for synthesis of xenon difluoride. 

* J. Bibby Science Products Limited, Stone, Staffordshire ST 15 OSA, United Kingdom. 
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Pressure Helicoid 
gauge gauge f7 0-5 bar 0-2000 rnbar abs. 

Light 
source 

ical 

8 Xenon 
cylinder 

To forepurnp 

reactor 

Fig. 2. Schematic diagram of fluorine metering system. 

Fig. 2. The connection is best made by a piece of Teflon FEP tubing (id. 
6-8 mm) additionally sealed with halocarbon wax (see preparation of KrF,). 
The reactor is then evacuated to high vacuum for several days. It is advisable 
to heat it during evacuation in a hot-water bath. Finally the reactor is cooled 
down and seasoned once or twice by irradiation of about 500 mbar of fluorine 
for about an hour. 

About 300mbar of xenon followed by about 600mbar of fluorine are 
introduced into the reactor and irradiated until the pressure in the reactor 
remains constant. If a 400-W medium pressure mercury lamp* is used as a 
light source, the reaction is finished in about 80 min with an XeF, yield of 
practically 100%. Approximately 2.5 g of XeF, is isolated. 

Xenon difluoride is removed from the reactor by pumping the gases 
through a trap (preferably from Teflon FEP or Kel-F) cooled to - 78°C. 
Unreacted fluorine as well as silicon tetrafluoride and other possible contam- 
inants will pass through. Xenon difluoride will transfer more easily if a warm- 
water bath is placed around the reactor (after unreacted fluorine is removed) 
and siphoned into the water jacket of the lamp well. 

* Eg, Applied Photophysics Ltd., 20 Albemarle Street, London WlX 3HA, United Kingdom. 
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Caution. Fluorine is a potent oxidizing agent and must be handled with 
great care, preferably in nickel or copper equipment. The apparatus used should 
be thoroughly cleaned and degreased, and then prefluorinated prior to use. 
Organic materials other thanfluoropolymers such as Teflon, FEP or PFA, and 
Kel-F should be absent. The use of jluorine requires that this procedure be 
carried out in an eflciently ventilated area. Only equipment specially designed 
for use with fluorine such as pressure regulators* for use with fluorine cylinders, 
pressure gauges, t and valves8 should be used. For more exhaustive precautions 
see Inorganic Syntheses, Fluorine  compound^.^ In addition, safety glasses or 
a face shield, neoprene gloves, and protective shielding should be used in front of 
the reactor during operation. The reduced fluorine pressure in the fluorine 
metering system should not exceed a few bars. 

References 

1. K. Lutar, A. Smalc, and J. Slivnik, Vestn. Slov. Kern. Drus., 26, 435 (1979). 
2. F. Schreiner, G. N. McDonald, and C. L. Chernick, J. Phys. Chem., 72 1162 (1968). 
3. J. G. Malm, H. Selig, J. Jortner, and S .  A. Rice, Chem. Reo., 65, 199 (1965); S. Reichman and 

4. Fluorine Compounds, Inorg. Synth., 11, 131 (1968). 
F. Schreiner, J .  Chem. Phys., 51, 2355 (1969) 

2. XENON TETRAFLUORIDE 

Submitted by KAREL LUTAR,* ANDREJ sMALC,* and BORIS ZEMVA* 
Checked by SCOTT A. KINKEADt 

Xenon tetrafluoride was first prepared by heating a gaseous mixture of xenon 
and fluorine under moderate pressure.'** However, the product obtained by 
this method is always contaminated with xenon difluoride and hexafluoride, 
which are in chemical equilibrium with xenon tetrafl~oride.~ Xenon tetra- 
fluoride obtained in this way can be purified by subsequent chemical 
purification with arsenic pentafl~oride.~ 

However, pure xenon tetrafluoride can be obtained by thermal dissoci- 
ation of xenon hexafl~oride.~ 

* E.g., Matheson Co., Inc., East Rutherford, NJ or Matheson Gas Products, 2431 Oevel, 

t E.g., Helicoid Pressure Instruments, Helicoid Division, Bristol Babcock, Buckingham St., 

3 E.g., Hoke Inc., 1 Tenakill Park, Creskill, NJ 07626, or Autoclave Engineers, Erie, PA 

5 "J. Stefan" Institute, University of Ljubljana, 61000 Ljubljana, Slovenia. 
7 Los Alamos Scientific Laboratory, Los Alamos, NM 87545. 

Belgium. 

Watertown, CT 06795. 

16501. 



Xenon Tetrafluoride 5 

Xenon reacts with excess fluorine at 300°C under pressure, yielding xenon 
hexafluoride, which is combined with sodium fluoride to form a nonvolatile 
complex Na,[XeF,] 

Xe + 3F2 + 2NaF + Na,[XeF,] 

Xenon difluoride and tetrafluoride, which are also present in the reaction 
mixture, form no complex with sodium fluoride and can be pumped off at 
room temperature. Finally, Na,[XeF,] is decomposed at 350°C: 

Na,[XeF,] -, XeF, + F, + 2NaF 

This method could also be used for the preparation of pure fluorine. 

Procedure 

The reaction is carried out in a 500-mL pressure vessel made of nickel or 
Monel and rated to 350 bar, equipped with a Monel high-pressure valve and 
NPT adapter.* Prior to first use about 15 g of sodium fluoride is added to the 
vessel. The reaction vessel is then heated in high vacuum at 450°C for 8 h. 
After cooling down it is pretreated once or twice with about 500mbar of 
fluorine at 300°C for an hour and finally with 5 bar of fluorine at 350°C for 
8 h. Fluorine is metered into the reaction vessel by repeated condensation 
from a storage vessel on the all-metal vacuum line shown schematically in 
Fig. 2 (see XeF, synthesis above, Section 1). It is advisable but not absolutely 
necessary to pretreat the vessel additionally with xenon hexafluoride at 
150°C for 2 h. After seasoning is finished, the reaction vessel is evacuated at 
350°C to high vacuum. 

Approximately 3 bar of xenon (60mmol) and 60 bar of fluorine are 
introduced into the reaction vessel which is then heated for 2 days at 350°C 
and one more day at 50°C. The last step ensures that all xenon hexafluoride 
formed combines with sodium fluoride. After excess fluorine is distilled off at 
- 183°C into another pressure vessel held at - 196"C, xenon difluoride and 
tetrafluoride are pumped off at 50°C. The reaction vessel is then closed and 
heated again to 350°C for 2.5 h in order to decompose the complex and 
dissociate the liberated xenon hexafluoride. The reaction vessel is then cooled 
down to - 196°C and the fluorine liberated is pumped off. To get a higher 
yield of xenon tetrafluoride, it is advisable to repeat the decomposition 
several times. In order to remove any possibly remaining xenon hexafluoride, 

* E.g., Hoke, Inc., Tenakill Park, Cresskill, NJ 07626. 
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the reaction vessel is again heated at 50°C overnight. Xenon tetrafluoride is 
removed from the reaction vessel by pumping through a series of traps 
(preferably made of Teflon or Kel-F) cooled to - 196°C. Subsequently the 
trap with the product is slowly warmed up to 0°C in order to remove 
unreacted xenon hexafluoride, which should be later disposed of with care 
(see Caution). The yield (based on xenon) is more than 70%. Infrared spectra 
of the product show only the bands associated with XeF,. Approximately 9 g 
of XeF, is isolated. 

Caution. Fluorine must be handled with great care; see preparation of 
xenon dijluoride (above) for descriptions of the apparatus and precautions 
required when withdrawing jluorine from a cylinder. 

Xenon tetrafluoride and hexajluoride are very powerful oxidizing agents 
also. They are particularly dangerous because they react with water, giving 
explosive xenon trioxide.6 (See Cautions under the syntheses of XeF,' and 
XeO, solution.' The best way to dispose of xenon tetrajluoride or hexajluoride 
is to rinse the vessel (e.g., a protective trap)Jirst with carbon tetrachloride and 
then with plenty of water, otherwise explosions may occur.) 

Properties 

Xenon tetrafluoride is a colorless crystalline solid with a vapor pressure of 
3.3 mbar at 25°C. Its triple point is 117.10 5 0.05°C.9 Xenon tetrafluoride 
may be identified by its strong absorption band at 586 cm".'' It can be kept 
in thoroughly dried glass or quartz and can be stored an indefinitely long 
time in Teflon, FEP, KelF, nickel, or Monel containers. XeF, hydrolyses 
rapidly to Xe, 02, HF, and XeO,. (Caution: See above!) 
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3. CHLORINE PENTAFLUORIDE 

Submitted by KAREL LUTAR,* ANDREJ SMALC,* and BORIS ZEMVA* 
Checked by SCOTT A. KINKEADt 

ClF, + Fz + ClF, 

Chlorine pentafluoride was first synthesized by fluorination of chlorine 
trifluoride with fluorine under pressure of 250 bar at 360°C.' Later on this 
method was modified, for example, by use of alkali metal tetrafluorochlorqtes 
instead of chlorine trifluoride.2 It has also been found that nickel(I1) fluoGde 
catalyzes the reaction between chlorine trifluoride and fluorine., 

Procedure 

The reaction is carried out in a 150-mL heavy-wall Monel pressure vessel 
rated to 350 bar, equipped with an 0.25-in. NPT opening and corresponding 
adapter$ with a Monel high-pressure valve with PTFE stem packing, rated to 
700 bar.$ About 2 g of pulverized anhydrous nickel(I1) fluoride is put into the 
vessel. The vessel is prefluorinated once or twice with about 500 mbar of 
fluorine and subsequently once or twice with about 500mbar of chlorine 
trifluoride for an hour under occasional heating up to 300-400"C. Into the 
seasoned reaction vessel, cooled to - 196"C, about 40mmol of chlorine 
trifluoride and about 400 mmol of fluorine are condensed. 

m Caution. Fluorine should be metered into the reaction vessel correctly 
so that the pressure in the reaction vessel at room temperature does not exceed 
about 100 bar. For metering fluorine and precautions, see preparation of xenon 
dijuoride. Safety shielding (e.g., a 8-10-mm-thick steel plate) should be placed in 
ftont of the furnace with the reaction vessel during the reaction. Chlorine 
trijluoride and pentajhoride are corrosive, highly oxidizing substance$ and 
should be handled under the same precautions as jluorine. 

The reaction vessel is then removed from the liquid-nitrogen bath and 
placed into a cold electric furnace with an aluminum block. The aluminum 
block is then heated to 200°C for 3 h. Subsequently, the reaction vessel is 
cooled with liquid oxygen to - 183°C and excess fluorine is distilled off into 
another container, cooled to - 196°C. The rest of the fluorine is pumped Off 
through a soda-lime trap. Chlorine pentafluoride is removed from the reactor 

* "J. Stefan" Institute, University of Ljubljana, 61000 Ljubljana, Slovenia. 
t Los Alamos Scientific Laboratory, Los Alamos, NM 87545. 
1 E.g., Hoke, Inc., Tenakill Park, Cresskill, NJ 07626. 
§E.g., Autoclave Engineers, Erie, PA 16501. 
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8 Main-Group Compounds-General 

by pumping off through a trap (preferably made of Teflon, FEP, or Kel-F) 
cooled to - 100°C. The product is stored in a prefluorinated nickel, Monel, 
or stainless steel container. Under the conditions described, about 5 g of ClF, 
is synthesized in a single run. The yield of the synthesis is nearly 100%. 
Infrared spectra of the product show only the bands associated with ClF,. 

Properties 

Chlorine pentafluoride at room temperature is a colorless gas that condenses 
to a colorless liquid (bp - 14°C) and freezes to a white solid (mp - 103°C). 
It appears to be less corrosive to metals than chlorine trifluoride and can be 
stored in nickel, Monel, or stainless steel containers. It is extremely reactive 
toward water. 

References 

1. D. F. Smith, Science, 141, 1039 (1963). 
2. D. Pilipovich, W. Maya, E. A. Lawton, H. F. Bauer, D. F. Sheenan, N. N. Ogimachi, 

3. A. Smalc, B. Zemva, J .  Slivnik, and K. Lutar, J .  Fluorine Chem., 17, 381 (1981). 
R. D. Wilson, F. C. Gunderloy, Jr., and V. E. Bedwell, Inorg. Chem., 6, 1918 (1967). 

4. DIOXYGENYL HEXAFLUOROARSENATE 

Submitted by ANDREJ $MALC* and KAREL LUTAR* 
Checked by SCOTT A. KINKEADt 

O2 + iF2 + AsF,* [02] [AsF,] 

Dioxygenyl hexafluoroarsenate can be prepared by the reaction between 
arsenic pentafluoride and dioxygen difluoride’ or by heating a mixture of 
arsenic pentafluoride, fluorine, and oxygen.2 However, photo~ynthesis,~.~ 
using this latter mixture, appears to be the most convenient method for the 
preparation of dioxygenyl hexafluoroarsenate. 

Procedure 

The same photochemical reactor and apparatus is used for this synthesis as 
described previously (see procedure for xenon difluoride). About 280 mbar of 

“J. Stefan” Institute, University of Ljubljana, 61000 Ljubljana, Slovenia. 
t Los Alamos Scientific Laboratory, Los Alamos, NM 87545. 
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arsenic pentafluoride, 280mbar of oxygen, and 420mbar of fluorine are 
introduced into the reactor and irradiated until the pressure in the reactor 
remains unchanged (if a 400-W lamp is used,* the reaction is finished in about 
15 min). 

Caution. For a description of the apparatus and precautions required 
when withdrawing fluorine from a cylinder, see procedure for xenon diJuoride. 
Arsenic pentafluoride is very toxic. It hydrolyzes easily and therefore is a 
blistering agent as is hydrogenfluoride. Care must be taken to avoid breathing 
in and contact with the skin. 

Subsequently, volatile reactants remaining in the photochemical reactor 
are pumped off. The product adhering to the wall of the reactor is loosened by 
warming the reactor with hot air or hot water. The product is transferred 
from the reactor into a container in a dry box. Emptying the reactor is easier 
if the reactor is fitted with an extra neck with a ground cone and socket 
fitting. Otherwise, the product is removed from the reactor through the valve 
from which the needle is removed. The yield of the synthesis is nearly 100%. 
Under the conditions described about 3.8 g of [O,] [AsF,] is prepared in a 
single run. If more product is needed, the procedure can be repeated several 
times without removing the product from the reactor. 

Anal. Calcd. for [O,] [AsF,]: F, 51.60%; As, 33.91%; 0, 14.49%. Found 
F, 50.8%; As, 33.7%. Infrared spectra show only the band associated with 
AsF;. 

Properties 

Dioxygenyl hexafluoroarsenate is a white, loose, nonvolatile powder. It is 
stable at room temperature, but above 100°C it decomposes rapidly. It 
hydrolyzes readily, and therefore should be handled in a dry box. 

References 

1. A. R. Young, T. Hirata, and S. I. Morrow, J .  Am. Chem. SOC., 86, 20 (1964). 
2. A. J. Edwards, W. E. Falconer, J. E. Griffiths, W. A. Sunder, and M. J. Vasile, J.. @tern. SOC. 

3. S .  Shamir and J. Binenboym, Inorg. Chim. Acta, 2, 37 (1968). 
4. A. Smalc and K. Lutar, J .  Fluorine Chem., 9, 399 (1977). 

Dalton Trans., 1974, 1129. 

* E.g., Applied Photophysics Ltd, 20 Albemarle Street, London WIX 3HA, United Kingdom. 
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5. PEROXYDISULFURYL DIFLUORIDE (MODIFICATION) 

Submitted by ANDREJ SMALC* 
Checked by STEVEN G. MAYORGAT and NEIL BARTLElTt 

2HSO3F + 2[0J [AsF,] + S206F2 + 202 + 2AsFS + 2HF 

Peroxydisulfuryl fluoride is usually synthesized by catalytic fluorination of 
sulfur trioxide. lV2 However, pure peroxydisulfuryl fluoride can be obtained 
in a relatively simple way by the reaction between fluorosulfuric acid and 
dioxygenyl hexafluor~arsenate.~ The method lends itself to preparation of 
smaller quantities (a few grams) of peroxydisulfuryl fluoride. The reaction can 
be carried out in an openable nickel or Monel pressure vessel, into which 
dioxygenyl hexafluoroarsenate is transferred from a photochemical reactor 
(see the preceding synthesis of dioxygenyl hexafluoroarsenate) or, more 
simply, in the same Pyrex-glass flask in which dioxygenyl hexafluoroarsenate 
has previously been synthesized. 

Procedure 

The reaction is carried out in a 100-mL round-bottomed flask fitted with a 
ground joint and glass vacuum stopcock lubricated with Kel-F grease. The 
flask is evacuated to high vacuum for one day and baked out several times. 
About 300 mbar of arsenic pentafluoride, then about 300 mbar of oxygen and 
about 400mbar of fluorine are introduced into the flask using the same 
apparatus as described previously (see procedure for xenon difluoride). The 
flask is then exposed to daylight for a day or two. Unreacted gases are then 
pumped off briefly and, if more product needed, the procedure is repeated 
once or twice without removing the product from the reactor. 

Caution. For a description of the apparatus and precautions required 
when withdrawing fluorine from a cylinder, see procedure for xenon dijluoride. 
Arsenic pentafluoride is very toxic. It hydrolyzes easily, and therefore is a 
blistering agent as is hydrogenfluoride. Care must be taken to avoid breathing it 
in and contact with the skin. 

About l o g  of fluorosulfuric acid is condensed into an evacuated flask 
containing dioxygenyl hexafluoroarsenate cooled to - 196°C and warmed 
upto room temperature. The products are pumped through three traps, 
cooled to 0, - 78, and - 196”C, respectively. In the first trap unreacted 

“J. Stefan” Institute, University of Ljubljana, 61000 Ljubljana, Slovenia. 
t University of California, Berkeley, CA 94702. 
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Krypton Dvuoride 11 

fluorosulfuric acid is condensed; in the second, peroxydisulfuryl fluoride; and 
in the third, hydrogen fluoride and silicon tetrafluoride are collected. The 
yield of the synthesis (based on [O,] [AsF61) is nearly 100%. About 0.25 g 
of peroxydisulfuryl fluoride is obtained. Peroxydisulfuryl fluoride can be 
additionally purified by trap-to-trap distillation and condensed at - 78°C. 
Infrared spectra of the product show only the bands characteristic for 
S2°6F2- 

Properties 

Peroxydisulfuryl fluoride is a colorless liquid (bp 67.1 “C). It reacts with water 
to give fluorosulfate ions and oxygen. It can be stored in a glass container 
equipped with a Teflon-needle glass valve. See also ref. 1. 

References 

1. J. M. Shreeve and G. H. Cady, Inorg. Synth., 7, 124 (1963). 
2. G. H. Cady, Inorg. Synth., 11, 155 (1968). 
3. A. Smalc, Vestn. Sloo. Kern. Drus., 21, 5 (1974). 

6. KRYPTON DIFLUORIDE 

Submitted by ANDREJ SMALC,* KAREL LUTAR,* and BORIS ZEMVA* 
Checked by S C O m  A. KINKEADt 

hv Kr + F,-KrF, 

The commonly used method for the preparation of krypton difluoride, which 
is based on passing an electric discharge through a gaseous mixture of 
krypton and fluorine at low temperature and reduced is rather 
tedious because of the relatively low yield. However, the irradiation of a 
liquid krypton-fluorine mixture at - 196”C3 proved to be a very successful 
method for the preparation of krypton difluoride in quantities up to 10 g in a 
single run. 

Procedure 

The synthesis of krypton difluoride is carried out in a 150-mL low-temper- 
ature photochemical reactor (Fig. 1). The reactor consists of a ring-shaped 

* “J. Stefan’’ Institute, University of Ljubljana, 61000 Ljubljana, Slovenia. 
Los Alamos Scientific Laboratory, Los Alamos, NM 87545. 
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Rotaflo 
valve n Well for light source 
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=3 - Water outlet 

a- Water inlet 

Fig. 1. Photochemical reactor for synthesis of krypton difluoride. 

reaction vessel in the middle of which an immersion well for the light source 
can be placed. The well is thermally insulated by an evacuated jacket which 
prevents the cooling water from freezing. The reaction vessel is equipped with 
a Teflon-needle glass valve.* The reactor is attached to an all-metal vacuum 

* E.g., Rotaflo valve, supplied by J. Bibby Science Products Ltd., Stone, Staffordshire ST 15 
OSA, United Kingdom. 
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line (see preparation of xenon difluoride; Section 1, Fig. 2). A piece of Teflon 
FEP tubing (i.d. 6 mm) serves as a metal-to-glass connection. If needed, the 
connection can be additionally sealed with halocarbon wax.* Prior to use the 
photochemical reactor is evacuated to high vacuum for a couple of days and 
baked out several times. Finally, about 150 mbar of fluorine is introduced 
into it and irradiated for an hour. Then the fluorine is pumped off and the 
reactor is evacuated to high vacuum. 

About 2 mol of krypton is condensed into the lower part of the reactor. 
(During the condensation of krypton only the bottom of the reactor is cooled 
with liquid nitrogen.) Subsequently, the reactor is completely immersed in 
liquid nitrogen and about 0.5 mol of fluorine is condensed into 'it. After 
placing the well with the light source in the middle of the reaction vessel, the 
reaction mixture is irradiated for about 20 h. Using a 400-W medium- 
pressure mercury lamp,? 0.7-1 g of KrF, per hour is synthesized. The well 
with the light source is then removed and the liquid nitrogen bath is replaced 
with liquid oxygen. Excess fluorine is distilled off and condensed in a nickel or 
Monel pressure vessel, cooled to - 196°C. The vessel is then connected to 
another pressure vessel for krypton, also cooled to - 196°C. The liquid 
oxygen bath is then carefully removed by lowering it until the pressure in the 
reaction vessel reaches about 600 mbar. If needed, the reaction vessel is 
occasionally shortly immersed into liquid oxygen (or nitrogen) bath in order 
to maintain the pressure below 600 mbar (see Caution) until all krypton b s  
sublimed off (i.e., until the pressure in the reaction vessel when it is removed 
from liquid oxygen-nitrogen bath remains below 400 mbar). After that the 
reaction vessel is placed in an acetonedry ice bath ( - 78°C) in order to 
remove the remaining krypton from the product. Krypton difluoride is 
removed from the reaction vessel by pumping it off at room temperature 
through a Teflon FEP trap cooled to - 78°C. About 17 g KrF, is obtained 
in 20 h. Infrared and Raman spectra of the product show only the bands 
characteristic for KrF,. 

m Caution. Fluorine must be handled with great care; see procedure for 
synthesis of xenon dijluoride (aboue) for the description of the apparatus and 
precautions required when withdrawing juorine from a cylinder. Special care 
must be taken in work with liquidjuorine. It should be done in an efficient hood 
and protective shielding should be used in front of the Dewar j a s k  with the 
reactor. During the whole operation the pressure in the reactor stould be 
measured to be sure that the temperature is low enough to  prevent any 

* E.g., halocarbon wax series 12-00, supplied by Halocarbon Products Corp., 81 Burlews 

t E.g., 400-W medium pressure mercury lamp, supplied by Applied Photophysics Ltd., 
Court, Hackensack, NJ 07601 1. 

20 Albemarle Street, London WIX 3HA, United Kingdom. 
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overpressure. Therefore the photochemical reactor with liquid fluorine should 
always be completely immersed in liquid nitrogen. Application of an automatic 
device for maintaining the level of liquid nitrogen in the Dewar flask containing 
the reactor is recommended. 

To avoid the possible overpressure in the system due to coolant loss that 
could consequently cause the bursting of the reactor, it is highly recommended to 
attach a large bufler reservoir to the system (e.g., instead of the 2-L vessel in 
Fig. 2 in Section I) .  The volume of this vessel should be suficient (about 40 L 
to contain all of the gas at room temperature and at a pressure of c 2 bar. The 
vessel should be pressure-tested and resistant to fluorine (e.g., an empty fluorine 
gas cylinder would be the most appr0priate)filled withjuorine to 400 mbar 
(vapor pressure offluorine at - 196°C). The bufler reservoir should be opened 
to the reactor immediately after condensation ofjuorine in the reactor. After the 
synthesis is  finished and excess juorine distilled 08 the bufler reservoir should 
be closed again. 

Instead of the bufler reservoir a proper vacuumtight pressure-relief valve 
could be installed onto a vacuum line, which opens automatically at just above 
atmospheric pressure and is, of course, vented to a proper hood. 

As the light source a medium-pressure mercury lamp should be used only (in 
no case a high-pressure one). 

When removing unreacted krypton by distillation, care should be taken that 
the pressure during this operation does not exceed 600 mbar, otherwise melting 
of solid krypton can occur, which may cause a sudden raising of the pressure due 
to better contact between krypton and the wall of the reaction vessel. The 
unreacted krypton may contain some fluorine, and therefore the container for 
unreacted krypton should be made of nickel or Monel and should be pretreated 
in the same way as usual for the fluorine containers (once or twice with about 
500 mbar offluorine for an hour under occasional heating up to 300-400"C). 

Like xenon hexafluoride or xenon tetrafluoride, krypton dijluoride reacts 
with water, giving highly explosive hydrolysis products. The best way for 
disposing of krypton dijuoride is to allow it to react with carbon tetrachloride 
(see caution note under xenon tetrajluoride procedure). 

Properties 

Krypton difluoride is a white crystalline solid with a vapor pressure of about 
40mbar at 0°C. It is thermally unstable and decomposes slowly at room 
temperature. Therefore, it should be stored preferably in nickel or Monel 
containers held at low temperature (below - 60°C). Krypton difluoride is 
stronger oxidizing agent than elemental fluorine, dioxygen difluoride, or 
xenon hexafluoride. 
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7. SIMPLE PREPARATION OF BENZENETHIOLATO 
AND BENZENESELENOLATO DERIVATIVES OF INDIUM 

AND TIN 

Submitted by RAJESH KUMAR,* HASSAN E. MABROUK,' and 
DENNIS G. TUCK* 

Checked by EDWARD GANJAt and THOMAS B. RAUCHFUSSt 

Thiolato derivatives of main-group metals provide an interesting contrast 
to those of the transition metals, since despite the industrial application of 
compounds such as organotin sulfides, much remains to be done in the study 
of the chemistry of these interesting compounds. Methods for the preparation 
of organotin thiolates'v2 and selenolates2 have been reviewed, as have their 
physical and chemical properties. The preparation of tris(benzenethiolat0)- 
indium by the reaction of InCl, with NaSC,H, in methanol has recently been 
described, as have the properties of this compound.3 

The syntheses described below for In(EC,H,), (E = S, Se) and 
Sn(EC,H,), all involve one-step preparation from the metallic elements and 
diphenyl disulfide or diselenide. The presence of iodine leads to the formation 
of InI(EC,H,)2 in the indium/E,(C,H,), system. These methods appear 
to have many advantages over the metatheses used previously,'-' and in fact 
the indium-diphenyl diselenide reactions represent the first synthesis of 
In(SeC,H,), and InI(SeC,H,),. 

Procedure 

Caution. Diphenyl disuljide is a foul-smelling and irritant substance, 
and all operations should be carried out in a well-ventilated hood, with due 

Department of Chemistry and Biochemistry, University of Windsor, Windsor, Ontario 

t Department of Chemistry, University of Illinois, Urbana IL, 61801. 
Canada, N9B 3P4. 

A. TRIS(BENZENETHIOLATO)INDIUM(III), In(SC,H, ), 
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regard to the persistent and unpleasant nature of the compound, even at low 
concentrations. 

A 250-mL round-bottomed flask is equipped with a magnetic 
stirrer-heater and a reflux condenser. The reaction mixture placed in the flask 
consists of toluene (100 mL; freshly distilled from calcium hydride), small 
chips of indium metal (1.5 g, 13.1 mmol), and diphenyl disulfide (4.3 g, 
19.6 mmol). The chips of metal can be conveniently cut from a rod available 
commercially (99.9% purity). The reaction mixture is heated with stirring 
until the disulfide dissolves, and the temperature then raised to produce 
vigorous refluxing; no mechanical stirring is necessary at this stage. In order 
to achieve an appropriate rate of refluxing, it may be necessary to heat the 
flask sufficiently that local superheating will cause the indium metal to melt. 
The reaction mixture is refluxed for 6 h, or until all the metal has reacted. A 
microcrystalline white solid precipitates as the reaction proceeds. At the end 
of the refluxing, the flask and its contents are allowed to cool to room 
temperature, when more precipitate is thrown down. This solid is collected by 
filtration on a glass sinter, washed with n-pentane (2 x 10 mL), and dried 
in vacuo. The yield is 5.3 g, 11.9 mmol (91%). 

Properties 

Tris(benzenethiolato)indium(III) is an air-stable colorless microcrystalline 
solid, mp 245°C. It is soluble in donor solvents at room temperature, and 
in aromatic solvents at boiling point. The 'H NMR spectrum in di(methy1-d,) 
sulfoxide consists of a typical aromatic multiplet, 6.8-7.4 ppm from Me,% 
The chemical properties are those of a typical InX, Lewis acid.* 

Procedure 

rn Caution. Diphenyl diselenide is an evil-smelling and highly toxic sub- 
stance. All operations should be carried out in a well-ventilated fume hood, and 
rubber gloves should be worn when handling this material. Extreme care is 
necessary at all times. 

The procedure essentially mirrors that described in Section A. The reac- 
tion mixture consists of indium metal (1.15g, 10.0mmol) and diphenyl 
diselenide (4.73 g, 15.2 mmol) in dry toluene (100 mL). After 3 h of vigorous 
refluxing, the metal dissolves and the solution becomes light yellow in color. 
The mixture is filtered hot under dry nitrogen through a sinter to remove 

B. TRIS(BENZENESELENOLATO)INDIUM(III), In(SeC,H,), 
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residual cloudiness; on cooling to room temperature, the filtrate deposits a 
yellow microcrystalline solid, which is collected by filtration, washed with 
n-pentane (2 x 10 mL), and dried in uacuo. Yield 5.4 g, 93%. 

Properties 

Tris(benzeneselenolato)indium(III) is an air-stable yellow microcrystalline 
solid, mp 15W, soluble in donor solvents and in hot aromatic solvents. It is 
a Lewis acid., The 'H NMR spectrum di(methy1-d, sulfoxide) consists of a 
complex multiplet, 6.67.2 ppm from Me,Si. I 

C. IODOBIS(BENZENETHIOLAT0)INDIUM (III), hlI(SC6H5)2 

h ( S )  + (C6H5),S,(SOl) + 4 Iz(SO1) + InI(SC,H,), 

Procedure 

Caution. See note at the beginning of Section A above. 
The experiment uses the equipment and materials identified in Section A. 

The flask contains toluene (100 mL), indium chips (0.6 g, 5.2 mmol) and 
diphenyl disulfide (1.25 g, 5.7 mmol). The mixture is warmed gently until the 
disulfide dissolves, after which solid iodine (0.66 g, 2.6 mmol I,) is added and 
the solvent brought to vigorous reflux. The color of the iodine is completely 
discharged after 1 h, and the indium completely reacted after 6 h. The final 
yellow solution is filtered hot under nitrogen to remove traces of unreacted 
metal, and after cooling the resultant filtrate slowly evaporated in vacuo to 
reduce the volume to lOmL, when a yellow solid is thrown down. This 
product, InI(SC,H,),, is collected by filtration, washed with n-pentane 
(2 x 10 mL) and dried in uacuo at room temperature. Yield 2.2 g, 90%. 

The selenium analog InI(SeC,H,), can be prepared by a similar proced- 
ure; in a typical experiment, using quantities similar to those noted above, 
the color of iodine disappeared after refluxing for 15 min, and the metal was 
consumed in 5 h. 

Properties 

Iodobis(benzenethiolato)indium(III) is a yellow crystalline solid, mp 190°, 
soluble in donor solvents and in aromatic solvents. The solid is air-stable 
over several weeks, but in solution it is susceptible to aerial oxidation, and 
hence the need to filter the solution above under dry nitrogen. The 'H NMR 
spectrum in di(methyl4,) sulfoxide consists of a complex multiplet in the 
region 7.06-7.57 ppm from Me,Si. The chemical properties are apparently 
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those of a Lewis acid: since treatment with tetra-n-butylammonium iodide in 
acetonitrile gives a precipitate of (C,H,),N [121n(SC6H,),] (See ref. 5 for 
another route to this anion). 

Iodobis(benzeneselenolato)indium(III) is a yellow crystalline solid, 
mp 155", soluble in donor solvents and hot aromatic solvents. The 'H NMR 
spectrum di(methy1-d,) sulfoxide consists of a complex aromatic multiplet 
at 7.06ppm 7.56 from Me,Si. The stability in air is similar to that of 
In1 (SC6H 5)2. 

D. TETRAKIS(BENZENETHIOLATO)TIN(IV), Sn(SC,H,), 

Sn(S) + 2(C6H,)2S2(SOl) + Sn(SC6H,), 

Procedure 

rn Caution. See note in Section A above. 
In this experiment, 0.76 g (6.40 mmol) of tin metal in the form of small 

chips shaved from a rod is added to a solution of diphenyl disulfide (2.79 g, 
12.9 mmol) in freshly distilled toluene (40 mL) previously dried over calcium 
hydride. The mixture is refluxed vigorously for 5 h, by which time the tin is 
completely consumed and the original yellow color of the solution has given 
way to a yellow-green. The mixture is filtered hot under nitrogen and the 
filtrate evaporated in uucuo to yield a yellow-green solid that is triturated with 
n-pentane (10 mL). The pentane washings are discarded and the residual 
yellow solid collected and dried in uucuo. Yield 3.2 g 90%. 

The substitution of diphenyl diselenide in the above procedure yields 
Sn(SeC,H,), in 87% yield, after refluxing for 3 h. 

Properties 

The physical properties of Sn(SC,H,), have been described in the literature,2 
and the material prepared in the way described is identical in all respects: 
mp 67"; cf. lit. value6 67". The 'H NMR spectrum in di(methy1-d,) sulfoxide is 
a complex multiplet 7.19-7.47 ppm from Me,Si. The compound is air-stable 
and is a Lewis acid.' 

Tetrakis(benzeneselenolato)tin(IV) is a yellow crystalline solid; the prop- 
erties of the material prepared by the preceding method are essentially 
identical with those given in the literature2 (mp 80-83"; cf. lit. value* 83.5'). 
The 'HNMR spectrum in di(methy1-d,) sulfoxide is a multiplet 
7.27-7.48 ppm from Me,Si. 
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8. TETRAKIS (2,4,&TRIMETHYLPHENYL)DISILENE 
(TETRAMESITYLDISILENE) 

Submitted by ROBIN P. TAN,* GREGORY R. GILLEWE,* 
HOWARD B. YOKELSON,* and ROBERT WEST* 

Checked by PHILIP BOUDJOUKt 

As silicon is the element most similar to carbon, compounds containing 
multiple bonds to Si have long been sought.' Tetramesityldisilene, the first 
stable compound containing a silicon-silicon double bond, was initially 
prepared in 1981 by ultraviolet irradiation of 2,2-dirnesityl-l,1,1,3,3,3- 
hexamethyltrisilane.2a* Photolysis of the trisilane produces dimesitylsilylene, 
which dimerizes to form the disilene. 

The synthesis detailed here is a variation of the original photolytic 
method, requiring the synthesis of the trisilane as a precursor. The trisilane 
is prepared by coupling dichlorodimesitylsilane with chlorotrimethylsilane, 
using lithium metal in tetrahydrofuran (THF). The synthesis of dichloro- 
dimesitylsilane has been described previously.2b It is also available 
commercially.$ 

Similar photolysis of trisilanes may be used to generate other stable 
di~ilenes.~ Stable disilenes can also be synthesized by photoinduced fragmen- 
tation of cyclotrisilanes,4 and, in some cases, by dehalogenation of dihalo- 
diorganosilanes. 

General Procedure 

All reactions are performed under an atmosphere of argon or dry nitrogen in 
oven-dried glassware (120°C). Because of the moisture-sensitive nature of 

Department of Chemistry, University of Wisconsin, Madison, WI 53706. 
t Department of Chemistry, North Dakota State University, Fargo, ND 58105. 
$ Available from Petrarch Systems, Inc., Bristol, PA 19007. 
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these silicon compounds, all manipulations, unless otherwise specified, are 
carried out using standard inert atmosphere techniques.6 Tetrahydrofuran 
is dried and freshly distilled from sodium-benzophenone. Gas-chromato- 
graphic analyses were performed on a Hewlett-Packard 5890A gas 
chromatograph with HP  series 530p fused-silica column and HP  3390A in- 
tegrating recorder. Other column packing materials such as SE-30 silicone 
are also quite satisfactory. 

A. 2,2-DIMESITYG1,1,1,3,3,3-HEXAME"HYLTRISILANE 

Mes,SiCl, + 2Me3SiC1 + 4Li -+ Mes,Si(SiMe,), + 4LiCl 

(Mes = 2,4,6-trimethylphenyl) 

Procedure 

A three-necked 100-mL flask is equipped with a reflux condenser, gas inlet, 
25-mL pressure-equalizing addition funnel, and a magnetic stirring bar. The 
system is assembled hot and flushed with dry argon. The flask is charged with 
15 mL of dry THF, and 0.9 g (130 mmol) of high sodium content ( - 1%) 
lithium wire* is cut into small pieces directly into the reaction vessel under 
positive argon flow. The flask is then placed in an ice bath, and 4.5 mL 
(36 mmol) of chlorotrimethylsilane,? freshly distilled from K2C03, is added 
via syringe. Next, the addition funnel is charged with 5.4g (16mmol) of 
Mes, SiCl, dissolved in 15 mL of dry THF. The Mes, SiC1, solution is added 
dropwise over 1 h with stirring. The mixture is stirred for an additional 2 h; 
then the ice bath is removed and the reaction mixture is allowed to warm to 
room temperature. Progress of the reaction is evidenced by discoloration of 
the metal surface. After 4 6  h at room temperature any unreacted lithium 
metal is removed from the reaction mixture by vacuum filtration through a 
sintered-glass frit. At this point, exclusion of moisture is no longer critical. 
The filtrate is evaporated to a solid and 100mL of hexane is added. The 
lithium salts are insoluble in hexane and a white suspension results. On 
addition of 50 mL of water these salts dissolve in the resultant aqueous layer. 
The two-phase mixture is then transferred to a 250-mL separatory funnel and 
the aqueous layer is removed. The organic layer is washed three times with 
50-mL portions of water and once with brine. The clear pale yellow solution 
is then dried over Na,SO, and evaporated to a solid. This is redissolved in 
hot hexane and cooled to 0" to yield colorless crystals of Mes,Si(SiMe,),. 
The crystals are filtered, rinsed with cold hexane, and dried at room 

*Available from Aldrich Chemical Co., Milwaukee, WI 53233. 
t Available from Aldrich Chemical Co., Milwaukee, WI 53233. 
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temperature in U ~ C U O  (5 h, 0.01 torr). The isolated yield is 5.27g (80%), 
mp 169-171'. 

Anal. Calcd. for C,,H,,Si,: C, 69.82; H, 9.77; Si, 20.41. Found: C, 69.61; 
H, 9.73; Si, 20.23. 

Properties 

The trisilane is inert to both air and moisture. Purity may be determined by 
gas chromatography and 'H NMR. The trisilane should be kept dry as traces 
of moisture would destroy the disilene formed in the photolysis step. 

'HNMR (C,D,) 6 0.25 (s, 18H), 2.11 (s, 6H), 2.28 (br, 12H), 6.74 (s, 4H). 
29Si NMR (C6D6) 6 - 12.7, - 47.8. 

B. TETRAMESITYLDISILENE 

hv 
2Mes, Si (SiMe,), - Mes, Si=SiMes, + 2Me, SiSiMe, 

Procedure 

The compound Mes,Si(SiMe,), (2.0 g, 4.9 mmol) is placed in the dry quartz 
photolysis tube (A) that has a specially designed frit attachment (Fig. 1). The 
system is evacuated for about 10 min to remove any trace of moisture from 
the trisilane, and then backfilled with dry argon. Next, the system is opened 
briefly at the 24/40 joint. The frit attachment is held a little above the 
photolysis tube (A) and the argon flow is continued while 80mL of dry 
deolefinated pentane* and 40 mL of dry THF are syringed into tube A. The 
system is closed, using plastic clamps on both joints, and the trisilane is 
dissolved using the magnetic stirring bar. Next, the system is purged by five 
freeze-pumpthaw degassing cycles. (Exclusion of oxygen is critical for a 
maximum yield of disilene.) The cell is then cooled to - 50°C in a quartz 
Dewar vessel equipped with a liquid-nitrogen blowoff system, a proportional 
controller,t and a magnetic stirrer (Fig. 2). The stirred, colorless solution is 
irradiated at 254 nm in a Rayonet Model RPR-100 photoreactor1 equipped 
with 254 nm lamps (No. RPR 2537A) for 48 h. The appearance of a deep 

* Pentane (350 mL) is washed two times with 1 : 1 H$O, : HNO, (100 mL), two times with 
H2S04 (100 mL), two times with distilled water (100 mL), and then dried over MgS0,and 
distilled from LiAIH4. 

t Model 4202-F-02, available from Omega Engineering Inc., Stamford, CT 06514. 
SAvailable from Southern New England Ultraviolet Co., Hamden, CT 06514. 
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I 

Fig. 1. Glassware for photolysis. A, quartz tube (dimensions in millimeters); B, 24/40 
quartz inner member joint (available from Ace Glass); C, fritted glass filter (Ace Glass: 
No. 7205-18; porosity D (10-2Op). 

H 

G 

E 

Fig. 2. Low-temperature photolysis apparatus. A, 254-nm lamp: B, quartz photo- 
lysis tube (see Fig. 1); C, Rayonet photoreactor, D, double-walled quartz dewar; 
E, magnetic stirrer; F, Platinum RTD (available from Omega Engineering, Inc., No. 
KGC-0107); G, resistance heater (available from Watlow Electric Mfg. Co., St. Louis, 
Missouri 63146: No. G2146, Firerod Cartridge Heater, 120 V, 250 W); H, double- 
walled reservoir Dewar for liquid nitrogen; I, insulated stainless steel tubing 
J, variable transformer; K, proportional controller, L, glass wool and cheese cloth. 

yellow color in solution at a short irradiation time is evidence for successful 
generation of the disilene species. As the photoreaction proceeds, tetra- 
mesityldisilene begins to precipitate from the photomixture. After the photo- 
lysis is completed, the solvent is removed via vacuum until about 10 mL of 
the mixture remains. 
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The reaction mixture is cooled for 5 min in a solid COJacetone bath, and 
then the tube is inverted to filter the cooled mixture. The round bottom flask 
is then immersed in the cooling bath to pull the solvent through the frit. The 
tetramesityldisilene that remains on the side of the photolysis tube is washed 
into the frit by condensing solvent onto the side of the tube. This is best done 
by soaking a pair of cotton gloves in liquid nitrogen and applying it to the 
side of the tube. This process is repeated until all the tetramesityldisilene is 
washed into the filter frit. 

The disilene is dried in a vacuum for 2 h. The whole photolysis setup is 
then transferred to a dry box with an argon or nitrogen atmosphere and the 
tetramesityldisilene is removed from the frit and weighed, yielding 1.08 g 
(67%) of tetramesityldisilene 2THF. If tetramesityldisilene without any THF 
is desired, 120 mL of deolefinated pentane can be used as solvent instead of a 
pentane/THF mixture. However, because tetramesityldisilene is more soluble 
in pentane than in the pentane THF mixture, the isolated yield of tetramesi- 
tyldisilene is somewhat lower. Mp 178-181". 

Anal. Calcd. for C3,H,,Si,: C, 81.12; €4, 8.33; Si, 10.55. Found: C, 80.20; 
H, 8.42; Si, 10.67. 

When commercial glassware was used in place of the apparatus shown 
in Fig. 1, the yield of tetramesityldisilene was reduced by about 50%. The 
checkers carried out the photolysis without cooling, at 35"C, and obtained 
a yield of 44%. 

Properties 

Tetramesityldisilene is an air- and moisture-sensitive material and must be 
handled under an inert atmosphere. It reacts with oxygen and decolorizes, 
forming 2,2,4,4-tetramesityl- 1,3-dioxetane,' a colorless crystalline solid, 
mp 215". The chemical properties of tetramesityldisilene are described in 
reviews8 The disilene is characterized by '-NMR (C6D6) 6 2.03 (s, 12H), 
2.49 (S, 24H), 6.70 (S, 8H), and "Si NMR (C6D6) 6 63.7. 
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9. MONOORGANOTIN PHOSPHINATE CLUSTERS: 

[ (n-BuSn (OH)O,PPh,),O] [Ph,PO,] (1) AND ITS CONVERSION 
TO THE CUBIC CLUSTER In-BuSn(O)O,PPb,],(Z) 

THE OXYGEN-CAPPED CLUSTER 

3n-BuSn(O)OH + 4R2P02H - 
[(~-BuS~(OH)O,PR,)~O] [R2PO21 + 2H20 (1) 

(1) 
200- 205’ 

0.4-0.51orr 
[(n-BuSn(OH)O,PR,),O] [R2P02] + n-BuSn(0)OH - 

[n-BuSn(O)O,PR,], + 2H20 (2) 

(2) 

Submitted by K. C. KUMARA SWAMY* and ROBERT R. HOLMES* 
Checked by KENNETH C. CARTER? and CHRISTOPHER W. 

ALLEN? 

Formation of cubic clusters (2) from the reaction of n-butylstannonic acid 
with phosphinic may be viewed as occurring via an intermediate 
stage involving an oxygen-capped cluster of l.3 The stannoxane skeleton for 
the oxygen-capped cluster (1) resembles the cube (2) with a corner missing. 
This is shown here in schematic form where the curved line represents 
R2P02:  

(1) (2) 

Department of Chemistry, University of Massachusetts at Amherst, Amherst, MA 01003. 
7 Department of Chemistry, University of Vermont, Burlington, VT 05405. 
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Interconversion between the two forms has been observed in several cases.4 
This takes place via elimination or addition of water. The interrelationship is 
demonstrated in the procedure described here for preparing the cubic 
diphenylphosphinate derivative (2) from the corresponding 0-capped struc- 
ture (1). 

A. OXYGEN-CAPPED CLUSTER I (n-BuSn(OH)O,PP$),O] 

In a 250-mL round-bottomed flask equipped with a magnetic stirring bar 7nd 
a reflux condenser connected to the flask through a Dean-Stark apparatus 
(25-mL capacity), a mixture of n-butylstannonic acid (n-butyltin hydroxide 
oxide, Alfa, 95'340, 2.09 g, 10.0 mmol) and diphenyl phosphinic acid (Aldrich, 
2.20 g, 10.0 mmol) in toluene (Fisher, spectral grade, 120 mL) is heated with 
stirring under reflux for + h. A heating mantle is used, and azeotropic removal 
of water occurs during this time. The reaction mixture is cooled and filtered, 
the solvent evaporated in uacuo with a rotary evaporator, and the residue 
dissolved in diethyl ether (200 mL). Filtration of this turbid solution, followed 
by concentrating it to a volume of 70mL on a water bath and then 
evaporating the solvent slowly at 20" over an 18-h period to a volume of 
20mL, affords a white crystalline precipitate of 1. This is collected by 
filtration followed by washing with 10mL of hexane: mp 188-200" 
(lit. 198-208"), (yield 1.7 g, 3545%). 31P('H}NMR (CDCl,, ppm)': 
29.40 (s with119*117Sn satellites, 3P, Pbridging, 'P (119*117Sn-0-P) = 131.8, 
125.4Hz), 18.16 (s, lP, P in Ph'PO;). 1'9Sn('H}NMR (CDCl,, pprn)? 
- 497.03 ppm (t, '3 (Sn-0-P) = 132.2 Hz). 

IP~,PO,I (1) 

Anal. Calcd. for C6,H7,0,~P4Sn,; C, 49.25; H, 4.82. Found: C, 49.01; 
H, 4.97. 

B. CUBIC CLUSTER [n-BuSn(O)O,PPh,], (2) 

The oxygen-capped cluster (1) as prepared above (0.509 g, 0.35 mmol) and 
n-butylstannonic acid (Alfa, 0.0726 g, 0.35 mmol) are powdered, thoroughly 
mixed, and transferred to a Shlenk tube (10-cm length) fitted with a 14720 
stopper. This mixture is heated in uacuo (0.4-0.5 mm Hg) on an oil bath (or in 
a sand bath) maintained at 2W205" for h, until the bubbling stopped 
completely. Then, with a continuous flow of dry nitrogen, the glassy material 
is transferred, using a spatula to separate the solid adhering to the surface, to 
a modified Schlenk-type 200-mL round-bottomed flask and dissolved in 
70 mL of dry toluene (distilled over P4010 directly into the flask). The turbid 
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solution is filtered using Schlenk techniques7 and the solvent evaporated 
in uacuo to dryness to yield the cubic cluster (2) as a white powdery material 
(yield 0.3 g, 51 %). This material does not melt sharply but becomes a syrupy 
liquid at about 215". It is best characterized by its "'Sn and ,'PNMR 
spectra. ,lP{'H}NMR (toluene-d, + toluene, 1 : 1, ppm): 31.74 (s with Sn 
satellites, 2J(Sn-O-P) = 109.0 Hz). "Sn{'H}NMR (toluene-d, + toluene, 
1 : 1, ppm): - 460.55(2J(Sn-O-P) = 111.5 Hz). 

Anal. Calcd. for C64H76012P,,!h4: c ,  46.98; H, 4.65. Found: c, 47.07; 
H, 4.62.' 

Properties 

The oxygen-capped cluster (1) is an air-stable, crystalline solid and can be 
preserved in ordinary vials for a prolonged period of time without decompo- 
sition. It is also stable in solution (CDCI,, C6Ds). The cubic cluster (2) can be 
momentarily handled in air but in solution, if traces of moisture are present, 
it rapidly converts to the oxygen-capped cluster (1). This process can be 
conveniently monitored in CDCI, solutions by "Sn NMR ~pectroscopy.~ 
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10. (TRIPHENYLPHOSPHORANYL1DENE)SULFAMOYL 
CHLORIDE 

Ph3P + C1, -+ Ph3PC1, 

2Ph3PC12 + HZNSO2OH -+ Ph,PNSOZCl+ Ph3PO + 3HC1 

Submitted by DALE E. ARRINGTON* 
Checked by ARLAN D. NORMANT 

(Triphenylphosphorany1idene)sulfamoyl chloride has been prepared by the 
reaction of triphenylphosphine imine with sulfuryl chloride,' the reaction of 
dichlorotriphenylphosphorane with sulfamic acid in acetonitrile,2 and the 
reaction of triphenylphosphine with sulfuryl a i d e  ~hlor ide.~ Of the three 
methods, the second is the best for the iarge-scale preparation of this 
compound because of the ready availability of high-purity starting materials 
and ease of isolation of the product. 

The synthesis reported here is an improvement over that originally 
reported2 in that the use of benzene as the solvent enables the product to 
be isolated in excellent yield, and in an analytically pure state, by simple 
filtration. 

Procedure 

Caution. i n  view of the toxic nature of chlorine gas and the suspected 
carcinogenicity of benzene, all operations should be conducted in a good hood. 

Triphenylphosphine (Aldrich; 267.5 g, 1.02 mol of 99% pure material) is 
placed in a three-necked, 2-L, round-bottomed flask equipped with a mech- 
anical stirrer, a gas inlet tube, and a thermometer-gas outlet adapter fitted 
with a thermometer and a drying tube (CaSO,). The flask is flushed with dry 
nitrogen and 600-700mL of benzene, dried by refluxing over, and distil- 
lation from, calcium hydride is added. The gas inlet tube is connected by 
Tygon tubing to a gas washing bottle containing concentrated sulfuric acid, 
which, in turn, is connected to a cylinder of chlorine. The flask is surrounded 
by a cooling bath containing isopropyl alcohol. The stirrer is started (the 
triphenylphosphine dissolves) and the position of the gas inlet tube is 
adjusted to be slightly above the surface of the stirred solution. It is essential 
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that the tip be above the surface of the solution, otherwise it will become 
plugged with dichlorotriphenylphosphorane during the reaction. 

Chunks of Dry Ice are added to the bath to maintain a bath temperature 
of - 20 to - 30°C. When the reaction flask contents reach O"C, the addition 
of chlorine, at a rate of 30-50 bubbles per minute passing through the wash 
bottle, is begun. The reaction is exothermic and the internal temperature is 
kept between 0 and lo" by maintaining the bath temperature between - 20" 
and - 30°C and by regulating the rate of addition of chlorine. Toward the 
end of the chlorine addition, dichlorotriphenylphosphorane suddenly pre- 
cipitates from the solution as a white solid. At this point, the bath temper- 
ature is allowed to rise to - lo" and chlorination is continued until the 
benzene acquires a distinct yellow-green color due to excess chlorine. 

When chlorination is complete, the cooling bath is removed and the gas 
inlet tube connected to the nitrogen source. Against a countercurrent of 
nitrogen, the thermometer-gas outlet adapter is removed and finely ground 
sulfamic acid (48.5 g, 0.500 mol) is added. (Note: Chlorine will be swept out of 
theyask by the nitrogenfIow and the operator should take particular care to 
avoid inhaling the fumes.) A reflux condenser, connected through a drying tube 
(CaSO,) to a gas absorption trap, is attached; the gas inlet tube is replaced by 
a glass stopper and the contents heated to reflux, with stirring, using a heating 
mantle. As the mixture warms to reflux, the reactants are converted to a 
yellow, oily material and evolution of HCl is noted. As refluxing continues, 
(triphenylphosphorany1idene)sulfamoyl chloride precipitates from solution 
as small, white crystals. Although the reaction is generally complete in 3-4 h, 
refluxing is continued overnight to ensure complete reaction and to remove 
most of the HCI from the solvent. 

After cooling the golden-brown mixture to room temperature, the appar- 
atus is dismantled and most of the solvent, which contains the very soluble 
triphenylphosphine oxide, is removed by careful decantation under a modest 
N, flow. The product is washed in the flask with two 200-mL portions of 
fresh benzene and the washings combined with the bulk of the solvent for 
recovery. Finally, the product is suction filtered on a large Buchner funnel, 
washed with benzene, and dried in vacuo. (Note: In humid climates, product 
filtration is best done under nitrogen). The yield of snow-white, crystalline 
product is 178 g (95%). 

Anal. Calcd. for C1,H,,CINO,PS: C, 57.54; H, 3.99; N, 3.86. Found 
C, 57.55; H, 4.08; N, 3.86. 

Most of the benzene used in this preparation can be recovered by 
distillation. The residue in the distillation flask should be poured from the 
flask while hot to prevent crystallization of triphenylphosphine oxide in the 
flask. 
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There is little difficulty in scaling the procedure up or down from the 
conditions reported here; runs using up to 4 mol of Ph,P and 2.5 L of benzene 
in a 5-L flask have been safely made. In the larger-scale runs, however, it is 
critical to use a powerful stirrer and the requirement of larger cooling baths, 
etc., may be too cumbersome for some tastes. 

Proper ties 

(Triphenylphosphorany1idene)sulfamoyl chloride is a white, crystalline solid 
that melts at 213-216°C. It is insoluble in benzene, diethyl ether, and most 
hydrocarbons and moderately soluble in chloroform and dichloromethaw. 
It reacts with dimethyl sulfoxide and N,N-dimethylformamide. If desired, it 
may be recrystallized from dry acetonitrile (10 mL g- ’; dissolution is slow), 
but this is generally unnecessary for further synthetic purposes if pure starting 
materials are used. It is slowly hydrolyzed by moisture and should be 
protected from the atmosphere in humid climates. The compound has been 
used to prepare a series of compounds containing the Ph3PNS02- group; 
e.g., some substituted ureas and g~anidines,~ and some imino-1,3-dithianes 
and -dithiolanes.’ The compound has the interesting property, previously 
unreported, of showing a green fluorescence under short-wave UV light and 
is weakly phosphorescent as well; its derivatives do not show these properties. 

Infrared bands (KBr, 0.75%) appear at 3060 (w), 1590 (w), 1485 (m), 
1435 (s), 1325 (s), 1195 (s), 1175 (s), 1155 (s), 1125 (s), 111O(s), 990(m), 770(m), 
750 (s), 735 (s), 715 (s), 680 (s), 555 (s), and 495 (s) cm-’. 
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11. HEXAMETHYLDISILATHIANE 

naphthalene 2 Me SiCl S + 2Na- NazS Me,Si-S-SiMe, 
THF 

1 

Submitted by JEUNG-HO SO* and PHILIP BOUDJOUK* 
Cbeeked by HARRY H. HONGt and WILLIAM P. WEBERt 

Hexamethyldisilathiane(1) has been widely used in synthesis,’ particularly as 
a sulfur transfer agent or silylating reagent. While there are several routes’ to 
I, the best procedures have been those of Harpp and Steliou,, which employs 
hexamethyldisilazane and hydrogen sulfide, and of Detty and Seidler? which 
requires lithium triethylhydroborate (1 - ). Both procedures, while efficient 
for the production of I, have inconvenient aspects. The first procedure utilizes 
hydrogen sulfide and generates ammonium sulfide. For large-scale synthesis 
neither compound is desirable: hydrogen sulfide is toxic and diammonium 
sulfide clogs the condenser during the reaction. The lithium triethylhydro- 
borate route is an expensive one and generates flammable gases (hydrogen 
and triethylborane). The method that uses iodosilane and mercury(I1) sulfide’ 
requires special apparatus and is not suitable for large-scale synthesis. 

The synthesis of hexamethyldisilathiane from sodium sulfide and chloro- 
trimethylsilane is described here. The present method is based on the 
convenient in situ syntheses of alkali metal selenides and diselenides.6 Com- 
mercial sodium sulfide or lithium sulfide are reported to be poor substitutes 
for in situ generated sulfides in this reaction. For example, in 1961 Abel 
reported that disodium sulfide reacts with chlorotrimethylsilane in pressure 
vessels at 250°C for 20 h to produce I.’ Our procedure is very convenient, 
utilizing readily available starting materials and apparatus under mild 
conditions. The yields are typically 80-88% at 0.3-mol scale. However, it can 
be improved to 90-95% on small scale (- 50-mmol) reactions. This proced- 
ure can be applied to the synthesis of various disilathianes. 

Materials 

Commercially available sulfur (Mallinckrodt, Inc.) and naphthalene ( J. T. 
Baker Chemical Co.) were used without further purification. The amount of 
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naphthalene can vary from 2 to 10mol% of the sodium used. Higher 
naphthalene loading will shorten the time to reduce the sulfur but can lead to 
contamination problems during distillation. Commercial chlorotrimethylsil- 
ane (Aldrich Chemical Co.) is distilled from calcium hydride under nitrogen 
and stored under a nitrogen atmosphere. The submitter used sodium spheres 
(3-8 mm in mineral spirits, Aldrich Chemical Co.) washed with hexane 
and cut in half to increase reactivity. Tetrahydrofuran (THF) was distilled 
from sodium-benzophenone under a nitrogen atmosphere immediately 
before use. 

Procedure 

Caution. Hexamethyldisilathiane should be regarded as toxic and vile- 
smelling. All operations should be conducted in a well-ventilated hood, and 
rubber gloves should be worn. 

All glassware and magnetic stirrer bar were dried at 140°C for several 
hours before use. All reaction procedures are conducted under a nitrogen 
atmosphere. A three-necked 500-mL flask is equipped with a pressure 
equalized funnel, reflux condenser, magnetic stirrer, and nitrogen inlet. The 
vessel is purged with nitrogen and charged with 9.6 g of sulfur (0.3 mol), 14.0 g 
of sodium (0.609 mol), 3.0 g (0.023 mol) of naphthalene, and 250 mL of THF. 
This mixture is refluxed for 12 h. The color of the mixture changes from 
yellow to orange to brown to light yellow to green to white. (Alternatively, 
disodium sulfide can be prepared by sonicating a mixture of sodium and 
sulfur in THF. For the quantities in the preparation of disodium sulfide, 
placing the reaction in an ultrasonic cleaner filled with water at a point that 
leads to maximum agitation in the flask from cavitation of the solvent* 
results in quantitative reduction of sulfur in 7-9 h. Reaction times of at least 
48 h are required with room temperature stirring in the absence of ultrasonic 
waves.) 

Caution. It is important that chlorotrimethylsilane be distilled under 
nitrogen, preferably from calcium hydride.' 

The mixture was cooled to 0" with an ice-water bath followed by slow 
addition of 90 mL of chlorotrimethylsilane (0.71 mol) through a pressure 
equalized addition funnel. The reaction is exothermic. This reaction was 
stirred for 2 h at 0°C and 8 h at room temperature. The reaction was followed 
by 'HNMR and GC and was completed at this point. To maximlze yield, 
40 mL of hexadecane was added as a kicker. Using a 9-in. Vigreux column, 
THF and excess chlorotrimethylsilane were distilled slowly at atmospheric 
pressure, followed by vacuum distillation to give 42.747.0 g of hexamethyl- 
disilathiane (bp 91-95°C at 100 torr, 80438% yields based on sulfur used). 
Distillation of the product at atmospheric pressure gave slightly lower yields. 
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When the reaction was carried out on a smaller scale (e.g., 0.05-mol sulfur) the 
reduction of sulfur required only 4h, the reaction of sodium sulfide with 
chlorotrimethylsilane took 6 h, and 90-95% yields of product were obtained 
after distillation. 

Properties 

Hexamethyldisilathiane is a colorless liquid (bp 162°C at 760 torr)'* and vile- 
smelling. It is stable for a long period of time at room temperature under 
oxygen- and moisture-free conditions. It displays the following spectroscopic 
properties: 'HNMR (CCl,, 90 MHz): 0.31 (s); IR (neat) cm-': 2950 (s), 
2890 (s), 1450, 1402, 1250 (s), 850 (vs), 750 (s), 690; MS: m/z 178 (M', 50.41 %), 
163 (M+-Me, 100%). 
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Addition of Sulfur T r i o d e  to Pentajuorothio (SF,) 

12. ADDITION OF SULFUR TRIOXIDE TO 
PENTAFLUOROTHIO (SF,) (PENTAFLUORO-A6- 

SULFANYL) CONTAINING FLUOROOLEFINS 

SF,Br + CHX=CF, -+ SF,CHXCF,Br 

SF,CHXCF,Br + xs KOH + SF,CX=CF, + KBr 

SF,CX=CF, + SO, (trimer) - SF,CXCF,0S02 
. loo f 10" 

1-3 days 

(X = F,H) 
I 

Submitted by JAVID MOHTASHAM,* ROBIN J. TERJESON,' 
and GARY L. CARD* 

Checked by ROBERT A. SCO'lT,t KRISHNAN V. MADAPPAT,t 
and JOSEPH S. THRASHER 

It is known that the incorporation of pentafluorothio groups (SF,) 
( pentafluoro-A6-sulfanyl) into molecular systems can bring about significant 
changes in their physical, chemical, and biological properties. These proper- 
ties are manifested by various applications, such as solvents for polymers, 
perfluorinated blood substitutes, surface-active agents (surfactants), and 
fumigants and as thermally and chemically stable systems.' 

We have found a facile synthesis for preparing SF, containing sultones in 
high yields. These unique sultones are capable of incorporating not only SF, 
groups but also sulfonyl fluoride groupings (S0,F) into molecular systems; 
sulfonyl fluoride groups serve as precursors to compounds useful as ion 
exchange resins, surface active agents and strong sulfonic 

Procedure 

rn Caution. Sulfur trioxide is a strong oxidizer and is hazardous. Penta- 
fluorosulfur bromide is an extremely toxic and moisture-sensitive compound. 
The toxicity of fluorinated j3-sultones are unknown, but they should also be 
regarded as hazardous. All operations should be carried out in a well-construc- 
ted vacuum line or in a well-ventilated hood. They must not be allowed to touch 
the skin or organic materials, such as grease, other than halocarbon types. 
Gloves, face shields, and other protective devices must be utilized where contacts 
with these compounds are possible. Sulfur trioxide (MCB) is available in sealed 
borosilicate glass ampules in 2-lb quantities. The ampule should be opened and 
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A 

Fig. 1. Carius reaction vessel. 

handled only in a hood in accordance with manufacturer's data sheet. In 
handling SO3, place the ampule in a pan, scratch the neck with af i le ,  and, 
wearing rubber gloves and a face shield, snap the top of the neck. Transfer and 
distill the SO, (bp 432 1 "C). i%e distilled SO, is then stored in 100-2OO-mL 
Pyrex-glass vessels equipped with Kontes Teflon valves. 

The Pyrex-glass Carius reaction vessel (see Fig. 1) was crafted from 
Corning's heavy-wall tubing (3.17 cm o.d., 2.37 cm i.d.) and attached to a 
Kontes Teflon stopcock (0-12-mm bore); the sidearm is tipped with a 10/30 
ground joint. 

A. SF,CFHCF,Br 

Into an evacuated 150-mL Hoke stainless steel vessel equipped with a Whitey 
stainless steel valve, SF,Br (34.0 g, 164.3 mmol; prepared according to the 
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literature6) and CFH=CF2 (13.5 g, 164.6 mmol; PCR, technical grade, used 
as received) are condensed at - 196°C. The mixture is slowly warmed to 
room temperature and then heated at 70°C for 3 days. The pure product, 
SF,CFHCF,Br (30.7 g, 106.2 mmol), is obtained by distillation in a Kontes 
(19/22) all glass apparatus at atmospheric pressure (bp 75 & 1°C). This 
modified procedure gave a yield of 64.6%.’ 

B. SF,CF=CF, 

In a 250-mL, three-necked, round-bottomed Pyrex-glass vessel, equipped 
with a Teflon stirring bar, an addition funnel (125 mL), and a West (Kontes) 
reflux condenser to which a 100-mL Pyrex glass vacuum trap (cooled to 
- 80°C) is attached, petroleum ether (75 mL, 90-120°C fraction; EM Science) 
is heated to reflux and KOH (4.8g, 85.7mmol; Baker) is added. The 
compound, SF,CFHCF,Br (12.6 g, 43.6 mmol), is added slowly over 1.0 h, 
and additional KOH (5.2 g, 92.9 mmol) is added during this period (the KOH 
turns brown and sludge-like). The mixture is allowed to heat at reflux for an 
additional 0.5 h. The pure product, SF,CF=CF, (7.5 g, 36.1 mmol) is collec- 
ted in the - 80°C trap in a 82.8% yield. The IR spectrum agrees with that 
reported previ~usly.~*~ 

C. SF,CH,CF,Br 

Into an evacuated 150-mL Hoke stainless steel vessel equipped with a Whitey 
stainless steel valve, SF,Br (17.5 g, 84.5 mmol; prepared according to the 
literature6) and CH,=CF, (5.4 g, 84.4 mmol; PCR, technical grade, used as 
received) are condensed at - 196°C. The mixture is slowly warmed to room 
temperature and then heated at 70°C for 2 days. The pure product, 
SF,CH,CF,Br (10.0 g, 36.9 mmol), is obtained by distillation in a Kontes 
(19/22) all glass apparatus at atmospheric pressure (bp 87 1°C). This 
modified procedure gave a yield of 43.7%.7 

D. SF,CH%F, 

In a three-necked 250-mL round-bottomed Pyrex-glass vessel, equipped with 
a Teflon stirring bar, an addition funnel (125 mL), and a West (Kontes) reflux 
condenser to which a 100-mL Pyrex glass vacuum trap (cooled to - 80°C) is 
attached, petroleum ether (75 mL, 90-120°C fraction; EM Science) is heated 
to reflux and KOH (4.1 g, 73.2 mmol; Baker) is added. The compound, 
SF,CH,CF,Br (10.0 g, 36.9 mmol), is added slowly over 1.0 h, and additional 
KOH (4.5 g, 80.4 mmol) is added during this period. (The KOH turns brown 
and sludge-like.) The mixture is allowed to heat at reflux for an additional 
0.5 h. The pure product, SF,CH=CF2 (4.2 g, 22.1 mmol) is collected in the 
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- 80°C trap in a 59.9% yield. The IR spectrum agrees with that reported 
previou~ly.~. '~ 

E. SF,C-O2 

Into an evacuated 143-mL Pyrex-glass Carius vessel equipped with a Kontes 
Teflon valve (see Fig. l), trimer SO, (6.16g, 77.0mmol) and SF,CF=CF, 
(18.7 g, 89.9 mmol; prepared according to the literature7) are condensed at 
- 196"C.* The reaction mixture is heated at 105-1 10°C for 72 h while the 
upper portion of the Carius tube is cooled with pressurized air. The pure 
product, 3,4,4-trifluoro-2,2-dioxo-3 (pentafluoro-16-sulfanyl)-1,216-oxathi- 
etane, SF,CFCF20S02 (13.7 g, 47.6 mmol), is obtained, after vacuum trans- 
fer, by distillation in a Kontes (14/20), all-glass apparatus, at atmospheric 
pressure (bp 88"C), in 61.8% yield. The IR spectrum agrees with that reported 
previously.' 

F. SF5CHCF20S02 

Into an evacuated 143-mL Pyrex-glass Carius vessel equipped with a Kontes 
Teflon valve (see Fig. 1) trimer SO, (4.18 g, 52.2 mmol) and SF,CH=CF, 
(10.8 g, 56.8 mmol; prepared according to the literatureg) are condensed 
at - 196"C.t 

The reaction mixture is heated at 95 & 5°C for 24h while the upper 
portion of the Carius tube is cooled with pressurized air. The pure solid 
product, 4,4-difluoro-2,2-dioxo-3-(pentafluoro-16-su~anyl)-1,216-oxathi- 
etane, SF5CHCF,0S02 (8.19 g, 30.3 mmol), is obtained after vacuum trans- 
fer by distillation in a Kontes (14/20), all-glass apparatus at 600mm 
(bp 108-1 11°C; mp 4748 "C), in 58% yield. The infrared spectrum agrees 
with that reported previ~usly.~ 

G. SF,CFCF,OSO, AND SF,CHCF20S02 

The fl-sultone, 3,4,4-trifluoro-2,2-dioxo-3-(pentafluoro-16-sulfanyl)-1,216- 
oxathietane SF,-SO2, is a fuming colorless stable liquid with a 
boiling point of 88°C. 

* It is important to condense the (SO,), near the bottom of the Carius tube, during heating 

?The checkers found that pretreatment of the SF, olefins with trimeric SO, at room 
monomeric SO, is formed and reacts with the fluoroolefins. 

temperature was beneficial; the treated SF, olefins were then used as described above. 
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The IR spectrum contains the following bands (cm-'): 1448 (s, with sh at 
1460 and 1438), 1372 (w), 1346 (w), 1304 (s), 1240 (vs), 1214 (vs with sh at 
1158), 1096 (s), 1020 (m), 896 (vs), 854 (vs), 788 (s), 692 (mw), 654 (ms), 632 (w), 
610 (ms), 596 (ms), 570 (m), 532 (ms), 476 (w), 460 (w), 386 (vw). 

The I9F NMR Spectrum Of F ( A , S F ~ ( ~ , C F ( ~ , C F D ( ~ , F ~ ( ~ ) O ~ O ,  are as fol- 
lows: (PA, 62.7; (PB, 57.0; (Pc, - 116.9; (PD, - 81.1; +E, - 83.3 ppm. The COUP- 

ling constants are JAB = 146.6, J,,  = 22.9, and J D E  = 102.8 Hz.* 
A molecular ion was not observed, but other appropriate fragment ions 

were found. Mass spectrum (m/e): 231 (M-3F)+, 219 (M-CF3)+, 208 
(M-SO,)+, 181 [M-(CF, + 2F)]+, 161 (M-SF, or C2F30S2)+, 129 
(CZF3OS)+, 127 (SF,)', 113 (C2F3S)+, 108 (SF,)', 101 (SF3C)+, 100 
(CZF4)+, 97 (C2F30)+, 89 (SF,)', 81 (CZF3)+, 80 (SO,)+, 70 (SF,)+, 66 
(COF2)+,64 (SO,)+, 60 (SOC)+, 51 (SF)', 50 (CF,)', 48 (SO)', 47 (COF)+, 
32 (S)', 31 (CF)+. 

Anal. Calcd. for C,F,03S2: C, 8.34; F, 52.7. Found: C, 8.44; F, 52.4. 
The B-sultone, 4,4-di!luoro-2,2dioxo-3-(pen~uoro-16-sulfanyl)-1,216- oxa- 

thietane S F , C m O ,  is a stable crystalline solid with a vapor pressure 
of 9 torr at 22°C. 

The IR spectrum contains the following bands (cm- l): 3002 (wm), 1419 (s), 
1315 (s), 1271 (s), 1203 (vs), 1106 (s), 1078 (s), 965 (m), 916 (vw), 878, 845, 819 
(vs, b), 750 (vs), 684 (s), 669 (w), 656 (ms), 612 (ms), 575 (m, sh at 565), 525 (s), 
444 (m), 403 (m). 

The 19F NMR spectrum of F~A,SF,,,,CH~c,CF,(,~FE~D~OSO, is as fol- 
lows: (PA, 68.3; (PB, 69.3; (PD, - 72.4; (PE, - 79.3 ppm. The 'H NMR spectrum 
is 6 6.58 ppm. The coupling constants are J A B  = 150.8, J D E  = 103 Hz.? 

The negative ion (CI) mass spectrum (m/e, species): 269 (M-H)-, 
142 (C,F,SO,)-, 138 (SC,S03H,)-, 136 (SC,SO,)-, 127 (SF; or FSCSO;), 
123 (C,FSO,)-, 83 (SF,CH- or SO,F-), 79 (CHCF,O)-. 

Anal. Calcd. for C,HF,O,S,: C, 8.89; H, 0.37; S, 23.74; F, 49.3. Found: 
C, 9.05; H, 0.51; S, 23.63; F, 48.9. 
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13. PENTAFLUORO(ISOCYANAT0)-A6-SULFANE 
(SF,N=C=O) 

N=SFj + COFZ + HF + SFsNHC(0)F 

SF,NHC(O)F + NaF + SF,N=C=O + NaHF, 

Submitted by JOSEPH S. THRASHER,* MATTHEW CLARK,* JON B. 
NIELSEN,* CARLOS ALVARADO,* and MARK T. ANDERSON? 

Checked by GmTHER STEINKE,S THOMAS MEIERJ nod 
RUDIGER MEWS$ 

The reactive isocyanate SF,NCO was first prepared in 1964.’ Some time 
later a new, more convenient route was found using the reaction of NSF,, 
COF,, and HF.’ It has been determined that SF,NCO of high purity can be 
prepared through the isolation of the intermediate SF,NHC(O)F. The 
isolation of this nonvolatile compound greatly simplifies the separation of 
NSF, and other volatile by-products from the desired SF,NC0.3 Pure 
SF,NCO is obtained in high yield when hydrogen fluoride is eliminated in 
the presence of NaF. 

Pentafluoro(isocyanato)-A6-sulfane is a convenient starting material for 
the syntheses of compounds containing the SF,N<group. Thus far, the 
reactions of SF,NCO with carboxylic acids: alcohols,’*4 aldehydes: am- 
ines: and compounds with acidic C-H bonds4 have been studied. In these 
cases, the chemistry of the isocyanate group follows expected reaction paths. 
The reactions of SF,NCO with silylated nucleophiles have produced a more 
diverse chemistry.’ Recently, the isocyanate has been used to incorporate SF, 

*Department of Chemistry, The University of Alabama, Tuscaloosa, AL 35487. 
t Summer Undergraduate Research Fellow (NIH-BRSG), Department of Chemistry, 

1 Institute of Inorganic and Physical Chemistry, University of Bremen, Leobenerstrassg., 
Gustavus Adolphus College, St. Peter, MN 56082. 

NW-2, W-2800 Bremen, Germany. 
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groups into polynitroaliphatic explosives with the expressed purpose of 
improving the properties of these explosive materiak6 

Procedure 

I Caution. All compounds used in this procedure are extremely toxic and 
moisture sensitive. Gloves, face shields, and other protective devices must be 
utilized whenever handling anhydrous hydrogen fluoride so as to avoid contact 
of both the uapor and the liquid with the skin. The toxicity of SF,NCO is 
unknown, but the compound should be regarded as hazardous inasmuch as it 
hydrolyzes to form hydrogenfluoride. All operations should be carried out in a 
well-constructed vacuum line within a well-ventilated hood. 

Thiazyl trifluoride' (63.8 g; 0.619 mol), carbonyl fluoride' (51.0 g; 
0.772 mol) and anhydrous hydrogen fluoride (12.6 g 0.630 mol) are measured 
out by PVT (pressure, volume, temperature) methods and condensed into a 
500-mL stainless steel Hoke cylinder C1800psig (pounds per square inch, 
gauge)] attached to a stainless steel vacuum line. The cylinder is allowed to 
warm to room temperature. Then it is placed in a rocker and allowed to 
shake. 

After one week, the vessel is attached to a stainless steel tee. The tee is 
connected to the vacuum line, and the reaction cylinder is chilled to - 78" in 
a Dry Ice-acetone slush bath. A second 500-mL stainless steel Hoke vessel is 
attached to the other leg of the tee and cooled to - 196". The volatile 
contents are then stripped from the cold reaction vessel for several hours, 
under static vacuum, into the second cylinder, which is held at - 196". The 
slush bath around the reaction cylinder is allowed to warm slowly to - 10" 
during this procedure. It is crucial that all residual NSF, be removed at this 
point since separation of NSF, and SF,NCO by trap-to-trap distillation is 
difficult. At the conclusion of the stripping, the reaction cylinder contains 
pure SF,NHC(O)F which is nonvolatile at - 10". The cylinder containing 
the volatile materials is removed from the tee, and the contents are discarded. 
A third 500-mL stainless steel Hoke cylinder is filled half way with dried NaF 
pellets, attached to the tee, evacuated, and chilled to - 196". The contents of 
the reaction vessel are then transferred onto the NaF pellets under vacuum. 
The tee and the cylinder containing the SF,NHC(O)F are heated gently with 
a heating tape to ensure complete transfer. 

After 24h at room temperature, the product is distilled from the NaF 
pellets through a series of traps at - 125 and - 196". The trap at - 125" 
collects pure SF,NCO (60.0 g; 57% yield). The purity of the SF,NCO can be 
checked by IR and "F NMR spectroscopy. The most likely contaminant is 
a small amount of NSF,, which exhibits a characteristic IR absorption at 
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1523 cm-' and a triplet at 70.0 ppm (JN-F 27 Hz) in the I9FNMR spec- 
trum.' The amount of NSF, can be minimized by carrying out the reaction in 
as close a 1 : 1 : 1 molar ratio of NSF,, COF,, and HF as possible. Large 
excesses of H F  should be avoided because the formation of SF,NCO is 
known to be reversible; that is, large amounts of COF, and SF,NH, are 
formed when SF,NCO is reacted with HF., Any SF,NH, formed would end 
up as NSF, following treatment with NaF. 

Proper ties 

Pentafluoro(isocyanato)-A6-sulfane is a colorless gas, bp 5-5.5O.I IR Spec- 
trum (gas): 2270 (vs) (vaSym N=C=O), 1378 (m) (vSym N=C=O), 909 (vs) (v S-F), 

87.5, JAB 156.4 Hz. %NMR (CS,): 6s - 191.3, JS-F 264 Hz, linewidth 
85 H Z . ~  14NNMR (MeNO,): 6NCO - 271.8, linewidth 120 Hz.* ',CNMR 
(TMS): SNCO 130.7 (bm).4 The structure of SF,NCO has been investigated 
by electron diffraction: microwave,'o and computational methods.". 

870 (VS) (V S-F), 610 (s) (6 F-S-F) cm-'. 19FNMR (CC1,F): S A  70.0, SB 
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14. AMBIENT-PRESSURE SUPERCONDUCTING 
SYNTHETIC METALS B-(BEDT-TTF),X, 

X = I;, IBr;, AND AuI, 

Submitted by H. HAU WANG* and JACK M. WILLIAMS* 

Organic superconductors with critical temperatures (T,) beyond 1-2 K have 
recently been realized in the (BEDT-TTF),X system where BEDT-TTF 
is 3,3',4,4'-bis(ethylenedithio)2,2',5,5'-tetrathiafulvalene, or 2-(5,6-dihydro- 
1,3-dithiolo [4,5-b][1,4]dithiin-2-ylidene)-5,6-dihydro-1,3-dithiolo[4,5-b] 
[l,rl]-dithiin, C10H8SB, and X is a monovalent anion. While there is only one 
ambient-pressure superconductor in the (TMTSF),X family (X = ClO;, T,, 
1.2 K, TMTSF is tetramethyltetraselenafulvalene or 4,4',5,5'-tetramethyl-2,2'- 
bi- 1,3-diselenolylidene),' there are 13 ambient-pressure superconductors 
reported among the BEDT-TTF containing charge transfer com- 
plexes: B-(BEDT-TTF),X with X = I;, (Tc,  1.4 K),' IBr; (2.8 K),, and 
AuI; (4.98 K);, a,-(BEDT-TTF),I, (7 K);5 y-(BEDT-TTF),(I,) (2.5K);6 
0-(BEDT-TTF),I, (3.6 K);' a-(BEDT-TTF),[(NH,)Hg(SCN),] (1.15 K);8 
and K-(BEDT-TTF),X, with X = I; (3.6 K),9 [Hg,.89Br~-]0.5 (4.3 K)," 
[Hg,.,,Br;] (2.0 K)," [Cu(NCS),]- (10.4 K),', Ag(CN); .H,O (5.0 K),', 
and Cu[N(CN),]Br - (1 1.6 K).14 Single-crystal structural analyses indicate 
that the BEDT-TTF molecules form a two-dimensional network with loose- 
ly stacked BEDT-TTF columns and short (< 3.6 A, the van der Waals radius 
of S) side by side interstack S * * * S ~0n tac t s . l~  The two-dimensional physical 
properties of the (BEDT-TTF),X salts were confirmed by electrical, mag- 
netic, and optical measurements. Because of the great flexibility of the 
BEDT-TTF molecule in terms of packing in the crystalline state, multiple 
phases with the same stoichiometry, but with totally different physical 
properties, are commonly found. Under a hydrostatic pressure of 0.5 kbar, 
B-(BEDT-TTF),I, reaches a high T, state (@*) with the onset temperature as 
high as 8 K.16-18 The novel physical properties, interesting pressure effects, 
large variety of crystal packing motifs, and promise of even higher T, values 
in the (BEDT-TTF),X compounds have attracted many chemists as well as 
physicists to this expanding area of research. Herein, we present the 
detailed synthetic procedures for the ambient-pressure superconductors 
B-(BEDT-TTF),X with X = I;, IBr;, and AuI;. 

* Chemistry and Materials Science Divisions, Argonne National Laboratory, Argonne, IL 
60439. Work performed under the auspices of the Office of Basic Energy Sciences, Division of 
Materials Sciences, of the US. Department of Energy under Contract W-31-109-ENG-38. 
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Edited by Russell N. Grimes 

Copyright © 1992 by Inorganic Syntheses, Inc.
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Materials 

The following reagents are used as received tetrabutylammonium iodide, 
tetrabutylammonium bromide, iodine, iodine monobromide, and potassium 
iodide (all from Aldrich, ACS reagent grade), potassium tetrabromoaurate 
(Alfa), and bromine (Fluka, puriss). Organic solvents are purified according 
to the literature.1gs20 Tetrahydrofuran (Aldrich, gold label) is distilled from 
sodium-benzophenone. 1,1,2-Trichloroethane (Aldrich, reagent) is distilled 
from phosphorus pentoxide. Benzonitrile (Fluka, puriss) is stirred over 
calcium chloride and vacuum-distilled over P,O,. BEDT-TTF is prepared 
by following the literature porcedure” or purchased from Strem Chemicals, 
Inc. It is best stored under argon in a freezer. 

A. TETRABUTYLAMMONIUM TRIIODIDE AND 
SUPERCONDUCTING BIs(B1SETHY LENEDITHIO- 
TETRATHIAFULVALEN1UM)TRIIODIDE (2 : 1) 

Chemical Synthesis 

n-Bu,NI + I, - n-Bu,N[I,] 

Electrocrystallizat ion 

2 BEDT-TTF + excess n-Bu,N[I,] A 
1 pA c m - l  

THF 

/?-(BEDT-TTF),I, + n-Bu,N[I,] 

Submitted by H. HAU WANG,* JAN D. COOK,t PATRICIA L. JACKSON,t 
SCOTT E. PERSCHKE,t MILLICENT A. FIRESTONE,? 

a d  JACK M. WILLIAMS 
Checked by LEON J. TILLEYS a d  LAWRENCE K. MONTGOMERY$ 

Procedure 

Chemical Synthesis 

branes. Preparation should be carried out in a hood. 
rn Caution. Iodine is intensely irritating to eyes, skin, and mucous mem- 

* Correspondent, Chemistry and Materials Science Divisions, Argonne National Laboratory, 
Argonne, IL 60439. 

t Student Research Participants sponsored by the Argonne Division of Educational Pro- 
grams: from Carnegie-Mellon University, Pittsburg, PA; Cumberland College, Williams- 
burg, KY; Liberty Baptist College, Lynchburg, VA; and Indiana University of Pennsylvania, 
Indiana, PA, respectively. 

1 Department of Chemistry, Indiana University, Bloomington, IN 47405. 
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The preparation of n-Bu,N[I,] has been reported in the literature.22 A 
comparable but different route is presented as follows. A 1.4 M aqueous KI 
solution is prepared by adding 119 g of KI to 500-mL boiled distilled water in 
a l-L beaker. Then 20.0g of n-Bu,NI (54.1 mmol) is suspended in the KI 
solution. The mixture is kept at 60°C while 13.8 g of I, (54.4 mmol) is slowly 
added. A deep brown oil forms immediately, which solidifies on cooling to 
room temperature. The brown solid mass is recrystallized twice from abso- 
lute methanol to yield 28.7 g of n-Bu,N[I,] ( 4 . 6 1 ~ 1 0 - ~  mol, 85% yield) as 
black needles. 

Anal. Calcd. for C,,H,,NI,: C, 30.84, H, 5.82; N, 2.25; I, 61.09. F o u ~ d t 3  
C, 30.57; H, 6.21, N, 2.21; I, 60.80. 

Properties 

Tetrabutylammonium triiodide crystallizes as black needles that melt at 
70-71°C. It is very soluble in most polar organic solvents, slightly soluble in 
diethyl ether, and insoluble in water. n-Bu,N[I,] is best kept in a desiccator 
and separated from any other polyhalides to avoid cross-contamination. 

Electrocrystallization 

8 Caution. 1,1,2-Trichloroethane is a suspected carcinogen and benzo- 
nitrile causes skin irritation. Preparation should be carried out in a hood. 

The following electrocrystallization is carried out in a 45-mL-capacity H 
cell with a commercially available constant current source.24 The detailed 
procedures to prepare the platinum electrodes and H cells were described 
p r e v i ~ u s l y . ~ ~ . ~ ~  Then 34.3 mg of ET (8 .92~10-~  mol) is dissolved in 15.0 mL 
of dry THF and is added to the anode compartment of the H cell. Similarly, 
30.0 mL of THF solution containing 1.78 g of n-Bu,N[I,] (2.86~ 1U mol) is 
prepared and used to fill the cathode compartment and to equalize fluid 
levels on both sides. The above solutions are purged with argon before the 
electrodes (cleaned and dried) are inserted. Crystals are grown with a 
constant current density of 1.0 pA cm-, at 22°C and the first few crystals can 
be observed to form within 1-3 days. The yield depends on the growth 
conditions; however, slow growth (1 pA cm-,) usually gives high-quality 
crystals. In the above experiment, 35.7 mg of shiny black distorted-hexagon 
shaped crystals of B-(BEDT-TTF),I, (3.10~ 10- mol) were harvested after 
six weeks and washed with THF to give a 70% yield. The fl-phase assignment 
was confirmed by using ESR linewidth techniques. Mixtures of o? and 
phases of (BEDT-TTF),I, have been obtained when 1,1,2 trichloroethane or 
benzonitrile are used as solvents. 
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Proper ties 

Black distorted-hexagon-shaped crystals of P-(BEDT-TTF),I, are insoluble 
in most organic solvents at room temperature. The best way to identify the 
superconducting B phase is by use of an ESR instrument such as a Varian E-9 
spectrometer operated at 9.14 GHz with 100-kHz field modulation. The u 
crystals give a peak-to-peak linewidth of about 70-1 10 G while the fl  crystals 
show a much narrower linewidth of about 18.5-24G. The triclinic 
fl-(BEDT-TTF),I, crystal (space group Pi, Z = 1) has cell dimensions 
(298 K) of: a = 6.615(1) A, b = 9.100(1) A, c = 15.286(2) A, a = 94.38(1)”, 
P = 95.59(1)’, y = 109.78(1)”, V = 855.9(2) The triclinic a-(BEDT- 
TTF),I, crystal, which undergoes a metal-insulator transition at 135 K, has 
cell dimensions (298 K, Pi ,  2 = 2) oE Q = 9.183(1) A, b = 10.804(2) k 
c = 17.422(2)A, a = 96,96(1)4 /3 = 97.93(1)q y = 90.8~l)q V = 1698.4(4)A3.15 
The P-(BEDT-TTF),I, is an ambient-pressure superconductor with a T, 
of 1.4 K, while the a-(BEDT-TTF),I, can be thermally converted (70”C, 
4 days) to a,-(BEDT-TTF),I, with T, around 7 K.’ 

B. TETRABUTY LAMMONIUM DIBROMOIODIDE 
AND SUPERCONDUCTING 
BIS(B1SETHY LENEDITHIOTETRATHIAFULVALENIUM) 
DIBROMOIODIDE 

Chemical Synthesis 

n-Bu,NI + Br, - n-Bu,N[IBr,] 
EtOH 

n-Bu,NBr + IBr - n-Bu,N[IBr,] 
EtOH 

Electrocrystallization 

1 pA c m - 2  

THHF 
2BEDT-TTF + excess n-Bu,N[IBr,] 

a- + b-(BEDT-TTF),IBr, + n-Bu,N[IBrJ 
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Submitted by H. HAU WANG,* PAUL R. RUST,? CLAUDE MERTZENICH,t 
MILLICENT A. FIRESTONE,? KEVIN S. WEBB,t and JACK M. WILLIAMS* 

Checked by CHAD A. HUSTINGS and LAWRENCE K. MONTGOMERY1 

Procedure 

Chemical Synthesis 2 

Caution. Bromine is extremely toxic. Contact with skin of concentrated 
solutions causes severe irritation. Serious irritation of the respiratory tract may 
follow inhalation of the vapor. Syntheses should be done in a well-ventilated 
hood and gloves should be worn at all times. Alcoholic N a 2 S 2 0 ,  solution should 
be prepared beforehand for use in case of a bromine spill. 

In a 600-mL beaker, 30.0 g of n-Bu,NI (8 1.2 mmol) is dissolved in 400 mL 
of absolute ethanol that is purged with Ar for 15 min. Then 4.4 mL of Br, 
(85.9 mmol) is added dropwise at room temperature and the color of the 
solution turns deep red. By the end of the bromine addition, an orange- 
colored microcrystalline product precipitates. The reaction mixture is 
brought to about 65°C for 15 min to remove excess bromine and to dissolve 
all precipitates, and is then slowly cooled to ambient temperature. The crude 
product seperates and is recrystallized twice from absolute ethanol to give 
36.5 g of n-Bu,N[IBr,] (69.0 mmol, 85% yield). 

Anal. Calcd. for C,,H,,NIBr,: C, 36.31, H, 6.86; N, 2.65; I, 23.98. Found:23 
C, 36.38; H, 6.95; N, 2.12; I, 23.76. 

Chemical Synthesis 2 

Caution. IBr vapors are corrosive to the eyes and mucous membranes. 
All preparations should be carried out in a hood and gloves should be worn at 
all times. 

In a 600-mL beaker equipped with a magnetic stirrer is added 400 mL of 
absolute ethanol, which is purged with Ar gas for 10 min. Then, 20.44 g of 
n-Bu,NBr (63.4mmol) is dissolved in the alcohol and 12.09g of IBr 
(58.4 mmol) is quickly added to the solution. On dissolving, the solution 

* Correspondent, Chemistry and Materials Science Divisions, Argonne National Laboratory, 
Argonne, IL 60439. 
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grams: from the University of Wisconsin, Eau Claire, WI; Carthage College, Kenosha, WI; 
Indiana University of Pennsylvania, Indiana, PA; and Saint Michael's College, Winooski, 
VT, respectively. 

$ Department of Chemistry, Indiana University, Bloomington, IN 47405. 
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changes to a dark red color. After 30min of constant stirring at room 
temperature, the solution is covered and stored in the freezer for IOh, 
yielding 30.0g of orange crystalline product. The crude product is re- 
crystallized twice from absolute ethanol to give 25.1 g of n-Bu,N[IBr,] 
(8 1 O!O yield). 

Properties 

Tetrabutylammonium dibromoiodide crystallizes as orange rods that melt at 
6 2 4 ° C .  It is very soluble in most polar organic solvents and insoluble in 
water. n-Bu,N[IBrJ should be kept in a desiccator separated from other 
polyhalides to avoid cross-contamination. 

Electrocrystallization 

Electrolytic cells are set up by following the previous procedure. The 
solutions needed for the cell consist of 24.8mg of BEDT-TTF (6.44 
~ l O - ~ m o l )  in 15.0mL of dry THF and 1.46 g of n-Bu,N[IBr,] (2.57 
x ~ O - ~  mol) in 30.0 mL of dry THF. By use of this procedure, crystals of two 
different phases (a and f l )  are grown simultaneously on the anode at a current 
density of 1 pA cm-’. After 9 days, the lustrous black crystals are harvested 
to give 13mg of (BEDT-TTF),IBr, (1.23~10-~mol,  total yield of two 
phases, 38%). The superconducting fl crystals are separated from the a phase 
by use of ESR linewidth measurements. 

Properties 

Both a- and fl-(BEDT-TTF),IBr, are black shiny crystalline materials. They 
are insoluble in most organic solvents at room temperature. The a phase 
gives an ESR linewidth of around 50 G, while the superconducting f l  phase 
shows a narrower linewidth of about 20 G. The triclinic fl-(BEDT-TTF),IBrZ 
is isostructural to fl-(BEDT-TTF),I, and the cell dimensions (298 K) are: 
a = 6.593(1) A, b = 8.975(2) A, c = 15.093(5) A, a = 93.79(2)”, /? = 94.96(2)”, 
y = 110.54(2)”, V = 828.7(5) The triclinic a-(BEDT-TTF),IBr, has 
cell dimensions (298 K, space group Pi, Z = 2) oE a = 8.901(3)& 
b = 12.023(4) A, c = 16.399(8) A, a = 85.16(3)”, f l  = 88.74(3)”, y = 70.88(2)”, 
V = 1652(1) A3.l5 The fl-(BEDT-TTF),IBr, is an ambient-pressure super- 
conductor with T, of 2.8 K,j while the semiconducting a-(BEDT-TTF),IBr, 
can be thermally converted (140°C) to fl-(BEDT-TTF)21Br,.27 
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C. TETRABUTYLAMMONIUM DIBROMOAURATE(I), 
TETRABUTYLAMMONIUM DIIODOAURATE(I), AND 
BIS(B1SETHY LENEDITHIOTETRATHIAFULVALENIUM) 
DIIODOAURATE(1) 

Chemical Synthesis' 

n-Bu,NBr + KCAuBr,] - n-Bu,N[AuBr,] + KBr 

n-Bu,N[AuBr,] + CH,COCH3 - BrCH,COCH, + HBr 

abs. EtOH 

abs. EtOH 

70"C/Ar 

+ n-Bu,N[AuBr,] 

nbs. EtOH 

70"C/Ar 
n-Bu,N[AuBr,] + 2n-Bu4NI - n-Bu,N[AuI,] + 2n-Bu4NBr 

Electrocrystallization 

0.35  PA c m - =  

THFjAr 
2BEDT-TTF + excess n-Bu,N[AuI,] - /l-(BEDT-TTF),AuI, 

+ n-Bu,N[AuI,] 

Submitted by KELVIN S. WEBB,* ANN B. DUNN,* H. HAU WANG,t and 
JACK M. WILLIAMS? 

Cbeeked by LAWRENCE K. MONTGOMERY1 

Procedure 

Chemical Synthesis 

The n-Bu,N[AuBr,] was prepared from a reaction of KCAuBr,] (4.04 g, 
7.3 mmol) and n-Bu,NBr (2.32 g, 7.2 mmol) in absolute ethanol at 70°C. It is 
recrystallized from absolute ethanol to give 72% yield, mp 179-183°C. 

The following procedures were carried out under argon with standard 
Schlenk glassware. The acetone and absolute ethanol solvents are degassed 

Student Research Participants sponsored by the Argonne Division of Educational Pro- 
grams: from the Saint Michael's College, Winooski, VT; Princeton University, Princeton, 
NJ, respectively. 

t Correspondent, Chemistry and Materials Science Divisions, Argonne National Laboratory, 
Argonne, IL 60439. 

$ Department of Chemistry, Indiana University, Bloomington, IN 47405. 
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prior to being used. In a 200-mL Schlenk flask, 80 mL of degassed absolute 
ethanol is added to 9.06 g of n-Bu,N[AuBr,]. The suspension is then heated 
in a water bath to 70°C and stirred for 10min. Next, 5.0mL of acetone is 
slowly added via a syringe and the suspension is stirred for an additional 
15 min at 60°C. After 10 min at W C ,  the maroon color of n-Bu,N[AuBr,] 
disappears, producing a very light yellow color. The solution is allowed to 
cool slowly to room temperature and then stored in the refrigerator (VC), 
resulting in the formation of long white needle-like crystals. The solution is 
filtered and the crystals washed with cold degassed absolute ethanol in a 
nitrogen gas purged dry box. After vacuum drying overnight 6.30 g (88.1 % 
yield) of tetrabutylammonium dibromoaurate(1) (mp 93-94°C) is harvested. 

Anal. Calcd. for C,,H,,NAuBr,: C, 32.05; H, 6.05; N, 2.34; Br, 26.67. 
Found:', C, 32.89; H, 6.34; N, 2.15; Br, 26.41. 

To a 200-mL Schlenk flask with 4.64 g (7.7 mmol) of tetrabutylammonium 
dibromoaurate(1) is added 80 mL of degassed absolute ethanol. To a second 
100-mL Schlenk flask with 5.73 g (15.5 mmol) of tetrabutylammonium iodide 
is added 60 mL of degassed absolute ethanol. The tetrabutylammonium 
iodide solution is transferred via Teflon tubing to the tetrabutylammonium 
dibromoaurate(1) suspension. A water bath is then used to heat the resulting 
mixture, and a constant temperature of 60°C is maintained for 25 min, during 
which time the mixture turns from clear to pale yellow and finally to yellow. 
The mixture is then filtered while hot via a Teflon tube and a Schlenk filter 
under argon. The solution is allowed to cool slowly to room temperature and 
then stored in the refrigerator. Then 3.13 g (58% yield) of tetrabutylammon- 
ium diiodoaurate(I) (light yellow needles, mp 77.5-79.0"C) are formed. 

Anal. Calcd. for C,,H,,NAuI,: C ,  27.70; H, 5.23; N, 2.02; I, 36.62. Found? 
C, 27.64; H, 5.61; N, 2.29; I, 36.39. 

Electrocrystallization 

Electrolytic cells are set up by following the previous procedure. Because the 
n-Bu,N[AuI,] is found to be air-sensitive, the cell is prepared inside a dry 
box and sealed with parafilm. The solutions needed for the cell consist of 
330 mg (0.48 mmol) of n-Bu,N[AuI,] in 30 mL of dried tetrahydrofuran 
(THF) and 18 mg (0.047 mmol) of BEDT-TTF in 15 mL of THF. The 
crystals are grown at a current density of 0.35 pA cm-' and harvested at the 
desired stage of crystal growth (approximately 2-3 weeks) to yield metallic 
black crystals of 8-(BEDT-TTF),[AuI,]. 
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Properties 

Crystals of j?-(BEDT-TTF),AuI, are lustrous metallic-black in color and 
superconducting with a T, of 4.98 K at ambient pressure4 The crystallo- 
graphic lattice parameters for the triclinic unit cell (298 K) are: 
a = 6.603(1) A, b = 9.015(2 A, c = 15.403(4) A, a = 94.95(2)”, /I = 96.19(2)”, 

temperature ESR peak-to-peak linewidth of j?-(BEDT-TTF),[AuI,] is 
16-20 G. 

y = 110.66(1)”, V ,  = 845.2 h ’ (triclinic, space group Pi, 2 = l).” The room 
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Chapter Two 

BORON COMPOUNDS 

15. TRIMETHY LAMINE-TRIBROMOBOR ANE 

(CH,),N.BH, + iBr2 -+ (CH,),N.BH,Br + fH, 

(CH,),N.BH,Br + Br, -+(CH,),N.BHBr, + HBr 

(CH,),N.BHBr, + Br,+(CH,),N.BBr, + HBr 

Submitted by MILAP A. MATHUR,* DENNIS A. MOORE,? RONALD E. 
POPHAM,? and HARRY H. SISLERS 

Checked by SHAWN DOLANS and SHELDON G. SHORES 

Various procedures for the synthesis of trimethylamine-tribromoborane 
have reported. 1-6 These involve either the direct combination of BBr, with 
(CH3)3N1*4*5 or the reaction mixture of BBr, and (CH)3N.BH32*3*6 at 
elevated temperatures. Because of the sensitivity of BBr, to hydrolysis, the 
requirement of complex equipment, or the necessity for disposing of dibo- 
rane,6 these procedures are inconvenient. A convenient alternate is the 
reaction of (CH,),N. BH, with elemental A three-step procedure 
based on this reaction has been developed and is presented here. Elemental 
hydrogen and hydrogen bromide are produced that can be discharged safely 
using ordinary procedures. 

*To whom the correspondence should be addressed. Department 685/61-2 IBM-GPD, 
Tucson, AZ 85744. 
Department of Chemistry, Southeast Missouri State University, Cape Girardeau, MO 
63701. 

$Department of Chemistry, University of Florida, Gainesville, FL 3261 1. 
5 Department of Chemistry, Ohio State University, Columbus, OH 43210. 
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Procedure 

A solution of 3.65 g (50.0 mmol) of trimethylamine-borane (obtained from 
Callery Chemical Co.) in 80 mL of benzene (dried over CaH,) is placed in a 
three-necked 500-mL flask, fitted with a N, inlet, a pressure-compensated 
calibrated separatory funnel, and a vent tube protected by a drying tube filled 
with CaSO,. The flask contains a magnetic stirring bar. The apparatus and 
contents are then flushed with dry N, for 15 min. 

Cautions. The following cautions apply to chemicals and procedures 
employed in the synthesis of trimethylamine-tribromoborane: 

1. This synthesis should be carried out in a hood away fromjlame and free of 
electrical spark hazards to avoid fire or explosion due to the evolution of 
hydrogen gas in step 1 and to avoid inhalation of hazardous vapors. 

2. Bromine will burn and blister skin on contact and cause serious irritation 
of the respiratory tract on inhalation. When handling bromine, always 
keep ammonia water within reach. 

3. Benzene is a carcinogen. Avoid skin contact and handle in hood to avoid 
inhalation. Xylene can be substituted for benzene in the synthesis. Xylene 
may be narcotic at high concentration, but is less toxic than benzene. 

4. Hydrogen bromide is highly irritating to eyes, skin, and the respiratory 
tract. Avoid inhalation and do not discharge into the atmosphere. 

Step 1 (caution 1, above). Add 25.1 mmol of Br, C45.5 mL of 0.552 M of Br, 
(caution 2) in benzene (caution 3)] by means of the dropping funnel to the 
stirred solution of (CH,),N.BH, at the rate of 50 drops per minute. A rapid 
exothermic reaction ensues, and hydrogen gas (caution 1) is evolved, leaving 
an almost colorless solution that contains (CH,),N .BH,Br. 

Step 2. Add 50.2 mmol of Br, (91 mL of a 0.552 M solution of Br, in 
benzene) to the stirred solution obtained in step 1 at  the rate of 100 drops per 
minute. The reaction is slow and its rate decreases as the reaction proceeds. 
At the end of this step, the reaction mixture has a persistent yellow color. The 
hydrogen bromide (see caution 4, caution list above) discharged during the 
reaction is passed through a trap containing sodium hydroxide solution and 
cooled externally with ice-cold water. 

Step 3. Add 49.7 mmol Br, (90 mL of a 0.552 M solution of Br, in 
benzene) all at once to the stirred solution remaining from step 2. Allow the 
reaction to proceed with continuous stirring for 22 h at 25°C. During this 
period, a white crystalline solid precipitates, leaving a light yellow solution. 
The HBr produced is flushed out with dry N,, flowing at 2 to 3mL per 
minute, and the reaction mixture is heated or refluxed for 90 min at 40°C, or 
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until there is no further change in the intensity of the color of the solution. 
The remaining Br, is removed by the addition of a few drops of cyclohexene. 
The solid product is removed by filtering, washed with hexane, and dried 
under vacuum (wt 9.18 g, mp 228-230°C; lit., 230°C). 

Evaporation of the benzene in a rotary evaporator yields 4.75 g of additional 
product melting at  222-224°C. Sublimation at  a pressure of lo-, to 
lo-, torr and between 40 and 78°C results in a loss of weight of only 0.1 g, 
and the melting point of the product is 228-230°C. The combined product 
yield of 13.83 g is 89.3% of the theoretical yield of 15.48 g. Analysis of the 
bromine content in the product yields 76.5 1 YO compared to the theoretical 
77.42%. Recrystallization from a dichloromethane-hexane mixture does not 
change the melting point or bromine analysis results for the product. 

Properties 

Trimethylamine-tribromoborane is appreciably soluble in benzene, chloro- 
form, dichloromethane, acetone, and nitromethane. It is insoluble in water, 
CCl,, pentane, hexane, and heptane. The infrared spectrum (obtained in a 
KBr pellet) has absorptions at 2960 (w), 1485 (s), 1460 (s), 1450 (m, sh), 
1410 (s), 1225 (m), 1110 (s), 980 (m, sh), 950 (s), 820 (s), 745 (m, sh), 
725 (s), 700 (s), 665 (s) cm- ' (s = strong; m = medium; w = weak, sh = shoul- 
der) which is in agreement with IR data reported in the l i t e r a t ~ r e . ~ , ' ~ - ' ~  

The 'H NMR spectrum in CH,Cl, solution has a 1 : 1 : 1 : 1 quartet 
concentrated at 3.16 ppm downfield from internal Si(CH,),. The boron- 
hydrogen coupling constant is 3.14 Hz. The 'H NMR data are in agreement 
with literature reported  value^'.^-'^ of 3.13 ppm for the quartet and 3.1 for 
the boron-hydrogen coupling constant. The chemical shift is 0.25 ppm 
farther downfield than in (CH,),N.BHBr,. The "B NMR spectrum of this 
compound in dichlormethane is reported7 to have a singlet at 22.3 ppm 
upfield from external trimethyl borate. 

Derivative 

A 3.09-g (10-mmol) sample of (CH,),N.BBr, is treated with 11.5 mL 
(100 mmol) of 4-methylpyridine, according to a procedure described ebe- 
where.6 The amount of tetrakis(4-methylpyridine)-boron(3 +) bromide ab-  
tained is 0.91 g or 1.46 mmol, which is 14.6% of theory. The melting point of 
this bromide salt is 254-255°C with decomposition (lit. 253-254°C with 
decomposition). The 'H NMR spectrum of this compound in D,O has peaks 
at 8.61 (broad), 8.17 (doublet), and 2.86 (singlet) ppm, respectively, downfield 
from internal DDS NMR reference. 
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16. 1,4-DI-tevt-BUTYL-2,6-DIISOPROPROPYL-3,5- 
BIS(TRIMETHYLSILYL)-~,~-DIAZA-~~~O-HEXABORANE(~) 

Li(C,H,) + HN[Si(CH3)J2 -+ Li{N[Si(CH,),],} + C,H,, 

Li{N[Si(CH,),],} + (t-C,H,)BCl, + Cl(t-C,H,)B=N[Si(CH,),], + LiCl 

Cl(t-C,H,) B=N [Si(CH,),], -+ (t-C,H,)B=NSi(CH,), + ClSi(CH,), 

(t-C,H,)B=NSi(CH,), + (i-C,H,)BCl, -, 
Cl(t-C,H,)B-N [Si(CH,),]-B(i-C,H,)Cl 

5 
2 Cl(t-C,H,)B-N[Si(CH,),~-B(i-C,H,)Cl + 4Li -+ 2 0 B -,feu 

I 3a B - j p r  
4Lic’+ , . \ Q 0 N -SiMe3 
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Submitted by P. PAETZOLD* and B. REDENZ-STORMANNS* 
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Hexaalkyl diazahexaboranes are derived from nido-N,B,H,. nido-Clusters 
with six vertices normally correspond to the pentagonal bipyramid as the 
closo-structure by taking off one of the apices. In diazahexaboranes, however, 
one of the equatorial vertices is missing, thus leaving a trapezoid fragment of 
the corresponding pentagonal basis with the nitrogen atoms flanking the 
hole. By this pattern, these highly electronegative atoms remain four- 
coordinated, and a higher coordination number, typical for electron-deficient 
cluster molecules, is restricted to boron. A structure of this type was fih 
reported for [N(t-Bu)],(BMe), and was confirmed by the determination of its 
crystal structure.' A more complex derivative, [(Nt-Bu),[B(i-Pr)], [B(t- 
Bu)]~, revealed an unsymmetric distribution of the two alkyl groups to apical 
and equatorial boron atoms. The synthetic route to these clusters started 
from the haloboration of iminoboranes,, RB=NR', with subsequent dehalo- 
genation of the haloboration products, Hal-BR-NR'-""-Hal, with 
alkali metal. The originally expected dehalogenation product, a three-mem- 
bered ring [I-BR-NR'-""-1, is formed only in the case of three huge 
ligands, e.g., R = R' = R" = t-Bu.' The crucial point of the synthetic route 
seems to be the formation and haloboration of the iminoborane. A still 
unpublished product has been picked out here, which promises to be 
synthesized rather easily. 

Procedure 

A commercially available 1.6 M solution of n-butyl lithium in hexane 
(37.5 mL, 0.0600mol) is dropped into a stirred solution of commercial 
bis(trimethylsily1)amine (9.66 g, 0.0600 mol; Aldrich, cat. no. H 1,000-2) in 
diethyl ether (40 mL) at 0". The formation of the corresponding lithium amide 
is completed by stirring the solution at 25°C for 1 h. The resulting solution 
is slowly dropped into a solution of tert-butyldichl~roborane~ (8.34 g, 
0.0601 mol) in 90 mL hexane, cooled by Dry Ice. After stirring for 2 h at 25", 
lithium chloride is filtered off and the solvents are removed under vacuum. 
The pure colorless [bis(trimethylsilyl)amino)-tert-butylchloroborane '3 
gained by distillation at 36" at 0.005 mm (lit.,: 50-53" at  0.2 mm), with the 
distillate cooled by Dry Ice (12.02 g, 76% yield). 

* RWTH Aachen University of Technology, Institute of Inorganic Chemistry, Templergraben 

t Department of Chemistry, Southern Methodist University, Dallas, TX 75275. 
55, 0-5100 Aachen, Germany. 
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The elimination of chlorotrimethylsilane is achieved in a quartz tube (3 cm 
diameter, 60 cm length) in a vertical tube furnace (50 cm length). The tube is 
filled with bits of quartz glass in order to afford sufficient heat transport. The 
upper end is connected to a 100-mL flask via a U-shaped glass tube that is 
surrounded by a heating band. The lower end leads to a vacuum pump 
through a cooling trap, where pentane (5 mL) is stored. The aminoborane, 
Cl(c-C,H,) B=N[Si(CH3)3]2, (10.54 g, 0.0400 mol) is filled into the flask, 
vacuum is established in the whole system ( < 0.1 mm), the quartz tube and 
the U-shaped tube are heated to 570 and loo", respectively, and the amino- 
borane is then distilled at 60°C (bath temperature) into the quartz tube within 
2 h. Pentane and the products iminoborane, (t-C,H,)B=NSi(CH,),, and 
trichloromethylsilane are frozen out in the trap by liquid nitrogen. The 
system is filled with dry nitrogen, the trap, still cooled, is separated from the 
quartz tube in a rapid stream of nitrogen, and a dropping funnel is attached, 
equipped with a pressure balance. The liquid nitrogen is now replaced by Dry 
Ice cooling. Dichloroisopropylborane3 (5.00 g, 0.0401 mol) is added dropwise 
to the cooled solution in the trap, and the mixture is brought to room 
temperature and stirred for 1 h. After removing pentane and chlorosilane 
in U ~ C U O  (0.005 mm), the remaining liquid material is taken into a syringe 
and added slowly to a mixture of tetrahydrofuran (10 mL), hexane (10 mL), 
and lithium (1.68 g, 0.242 mol) in an ice-cooled flask. After stirring 1 h at 0" 
and 1 h at room temperature, most of the solvent is removed in uucuo. Hexane 
(30 mL) is added again. The precipitated lithium chloride and excess lithium 
are filtered off .  Remaining products are collected by washing the solids twice 
with hexane (10mL). All volatile components are removed from the joint 
solutions at 40°C in uucuo (0.005 mm). Recrystallizing from diethyl ether gives 
pure cluster product (3.50 g, 42% yield). 

Anal. Calcd. for B,N,C,,H,,Si,: C, 57.5; H, 12.2; N, 6.70. Found: C, 57.7; 
H, 12.1; N, 6.69. 

Properties 

The colorless crystals of the diazahexaborane [NSi(CH,), 7, [B(i- 
C,H,)],[B(t-Bu)], decompose on heating above 250". They are soluble in 
chlorinated hydrocarbons. The I3C NMR spectrum (in CDCI,, TMS as 
standard) exhibits eight quartets for CH, groups: two quartets (3.0,4.3 ppm) 
represent two nonequivalent NSiMe, vertices, two quartets (31.9, 32.9 ppm) 
stand for an apical and an equatorial B(t-Bu) vertex, respectively, and four 
quartets (22.5, 23.1, 23.3, 23.4 ppm) are shown by four nonequivalent CH, 
groups from two B(i-Pr) vertices, an apical and an equatorial one. According 
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to that, four "BNMR signals are found ( - 11.6, - 13.6, 7.1, 8.6 ppm, 
Et,O.BF, as standard). From four hypothetical distributions of two pairs of 
alkyl groups (i-Pr,i-Pr/t-Bu,t-Bu) to two apical (a1 and a2) and two equator- 
ial (el and e2) positions, the distributions al ,  el/a2, e2 and al ,  e2/a2, e l  with 
different configurations are realized, representing a racemate, but not the 
distributions al ,  a2/el, e2 and el, e2/al, a2 with different constitutions. 
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17. POLYCYCLIC BORAZINES 

Submitted by D. T. HAWORTH* and G.-Y. LIN KIEL* 
Checked by LEE J. TODD? and MARK W. BAIZEt 

Pb(OCOCH,), + 2RSH -+ Pb(SR), + 2CH3COOH 

3Pb(SR), + 2BC1, -+ 2B(SR), + 3PbC1, 

In earlier volumes of Inorganic Syntheses the preparation of borazine,' 2,4,6- 
trichlorob~razine,~*~ 1,3,5-trimethylbora~ine,~$ and 1,3,5-trimethyl-2,4,6- 
trichlor~borazine~ are given. We report here the details of procedures for the 
preparation of several polycyclic borazines using the three-step synthesis 
shown above. The procedures described here are based on the original 

* Department of Chemistry, Marquette University, Milwaukee, WI 53233. 
t Department of Chemistry, Indiana University, Bloomington, IN 47405. 
$ Borazine: I ,3,5,2,4,6-triazatriborine. 
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however, we include additional NMR data of carbon reson- 
ances of the tris(alky1thio)boranes and the effect of the borazine ring on some 
of the carbon resonances of the exocyclic -X+CH,),- ring system where 
X is NH or NCH, and n is 2 or 3. The solid starting material, Pb(SR),, is 
easier to handle than the volatile thiols. 

Procedure 

Lead Thiolates 
w Caution. Thiols have a strong, disagreeable odor. Work in a well- 

ventilated fume hood. 
Lead thiolates are obtained in near quantitative yield from the reaction of 

the thiol with a 95% ethanol solution of lead acetate. To a stirred solution of 
50.0 g (0.1 3 mol) of Pb(OCOCH3)3. 3H20* in a mixture of 350 mL of 95% 
ethanol plus 35 mL H,O, 18.3 g (0.30 mol) of ethanethiol is slowly added. 
Filtration after 0.5 h affords a yellow solid that is washed with water, then 
ethanol- and vacuum-dried, yielding 38.2 g (89% yield) of Pb(SC,H,)2.6 

The corresponding Pb(SC,H,), (42.4 g, 91 Yo yield) is prepared in an 
analogous manner from 50.0 g (0.13 mol) of Pb(OCOCH3),.3H,O and 
23.0 g (0.30 mol) of l-propanethioL6 

Tris(alky1thio)boranes. A two-necked 250-mL flask is charged with lead 
ethanethiolate (20.0 g, 0.061 mol), 50 mL of petroleum ether, and a magnetic 
stirring bar. The flask is fitted with a condenser and a Dry Ice charged cold 
finger that is attached to a tank of BC1,t. After the addition of 7.0 g (0.06 mol) 
of BCl,, the mixture is refluxed for 4h. The solids collected by vacuum 
filtration are washed with two 15-mL portions of petroleum ether. Vacuum 
distillation of the filtrate affords 6.7 g (0.035 mol) of B(SC,H,)3, bp 
72-74"/0.07 torr.6 Yield: 58%. 

The tris(propy1thio)borane is prepared in an analogous manner from the 
reaction of Pb(SC,H,), (20.0g, 0.056mol) and BCl, (4.0g, 0.043 mol) to 
afford 9.0 g (0.039 mol) of B(SC3H7)3, bp 83.5" at 0.2 torr.6 Yield: 89%. 

Because of the extreme moisture sensitivity of the tris(alky1thio)boranes 
and the subsequent polycyclic borazines, all the manipulations made during 
their synthesis should be executed with the exclusion of water. 

Polycyclic Borazines. All the following operations are performed under a 
pure dry nitrogen atmosphere. A double necked, round-bottomed, 120-mL 

* Available from Aldrich Chemical Company, Milwaukee, WI 53233. 
t Available from Matheson Gas Products, Joliet, IL 60434. 
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flask containing a magnetic stirring bar is fitted with a water-cooled reflux 
condenser. The condenser is topped with a T-tube that is connected to a 
nitrogen source and a pressure-release oil bubbler. The flask is charged with 
0.8 g (10.8 mmol) of N-methyl-l,Zethanediamine* in 50 mL of dry benzene. 
A 2.05-g (10.5-mmol) sample of B(SC,H,), is introduced by syringe into the 
flask. The flask is immersed in an oil bath, and the solution is allowed to 
reflux for 3 h, After cooling and vacuum removal of the solvent, the solids 
are transferred (under N,) to a vacuum sublimator. Vacuum sublimation at 
105” and 0.3 torr gives the product hexahydro-1,6,1 l-trimethyl-lH,6H, 
1 H-tris[ 1,3,2]diazaborolo[l,2-a:1’,2’-c: 1”,2”-e][ 1,3,5,2,4,6]triazatriborine 
[52813-38-41, (BN(CH,)C,H,N),. Yield: 0.45 g (52%), mp 160-162”.’ 1 

Anal. Calcd. for C,H,,B,N,: C, 43.90; H, 8.55. Found: C, 43.76; H, 8.49. 
Using the same apparatus and workup procedure, 0.93 g (10.6 mmol) 

of N-methyl-l,3-propanediamine* was allowed to react with 2.5 g (7.4 mmol) 
of B(SC3H7)3 in benzene to give the product dodecahydro-1,7-13- 
trimethyltris[l,3,2]diazaborino[1,2-a: 1’2-c:  1”,2”-e] [1,3,5,2,4,6]triazatri- 
borine C57907-40-11, (bN(CH,)C,H,N),. Yield: 0.45 g (“I%), mp 145-148”.’ 

Anal. Calcd. for C,,H,,B,N,: C, 50.00; H, 9.38. Found: C, 49.75; H, 9.42. 
1,3-Propanediamine* (0.31 g, 4.19 mmol) and B(SC,H,), (1.1 g, 7.74mmol) 

in benzene give the product dodecahydrotrisC 1,3,2]diazaborino[ 1,2-a: 1’,2’-c: 
1”,2”-e][1,3,5,2,4,6]triazatriborine C6063-61-23, (BN(H)C,H,N),. Yield 
0.30 g (85%), mp 150-152”.’ 

Anal. Calcd. for C,H,,B,N,: C, 43.90; N, 8.55. Found: C, 43.69; H, 8.46. 

Properties 

13C NMR spectra of B(SC,H,), in CDCl, gives resonances at &values 
of 16.4 (CH,) and 25.2 (CH,) ppm (TMS standard). B(SC,H,), gives reson- 
ances at  6 values of 13.3 (S-CH,-), 31.5 (CH,-CH,-CH,), and 
24.5 (-CH,) ppm.1 

These thermally stable planar borazine compounds having exocyclic 
groups all give IR spectra (KBr pellet technique) for the B-N (ring out of 
plane), B-N (ring deformation), and B-N (cyclic) vibrations in the rarges 
680-720,900-950, and 1345-1 375 cm- *, re~pectively.’-~ 13C NMR taken in 

$The checkers report that the “BNMR spectra recorded in CH,C1, gave 6 valuts of 
+ 59.4 ppm for B(SC,H,),, + 23.6 ppm for (BN(H)C,H,N), and + 25.1 ppm for 

(BN(CH,)C,H,N), using Et,O. BF, as an external standard. 

- 
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CDCI, gives N-CH, carbon resonances at 33.2 and 28.6ppm for com- 
pounds (BN(CH,)C,H,N), and (BN(CH,)C,H,N),, respectively. This com- 
pares to 36.3 and 33.8 ppm in the respective starting materials, N-methyl- 
1,2-ethanediamine and N-methyl- 1,3-propanediamine. The compound 
(BN(H)C,H,N), can also be prepared by the reaction of tris- 
(dimethy1amino)borane and 1,3-pr0panediamine'~~' ' and the compound 
(BN(CH,)C,H,N), by the reaction of tris(dimethy1amino)borane or tris- 
(ethy1amino)borane with N-methyl-l,2-ethanediamine.l2 Thus the interac- 
tion of a tris(dialky1amino)borane with a diamine or amine alcohol is an 
alternate method for the synthesis of polycyclic borazines.' Several macro- 
cyclic and linear oligomeric condensates containing the borazine ring have 
also been reported in the literature.', 
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18. 1.5-CYCLOOCTANEDIYLBORYLSULFIDES 

Submitted by ROLAND Ki)STER* and GUNTER SEIDEL* 
Checked by WALTER SIEBERTt and BERND GANGNUST 

A number of organoboron chalcogen compounds formed between the 1,5- 
cyclooctanediylboryl residue(s) and the chalcogenides sulfide and selenide, 

* Max-Planck-Institut fur Kohlenforschung, Kaiser-Wilhelm-Platz 1, D-4330 Miilheim an 

t Anorganisch-Chemisches Institut der Universitat Heidelberg, Im Neuenheimer Feld 270, 
der Ruhr, Germany. 

D-6900 Heidelberg, Germany. 
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respectively, are very simply prepared and are widely applicable in synthesis. 
Furthermore, the compounds can be easily purified if necessary. In two 
sections the syntheses and properties of six derivatives with the 1,5-cyclo- 
octanediylboryl residue bonded to chalcogenides are described. Three pure 
compounds having a 1,5-cyclooctanediylboryl-sulfide unit are known:' 
bis( 1,5-cyclooctanediylboryl)monosulfide, 9-hydrothio-9-borabicyclo[3.3.1]- 
nonane, and bis( 1,5-cyclooctanediylboryl)disulfide. All of these compounds 
may be conveniently prepared by reactions from simple adducts and are easy 
to manipulate with the provision that the strict exclusion of air and parti- 
cularly of moisture is maintained. Compared with R,BS compounds having 
monofunctional organic residues2 the three 1,5-cyciooctanediylbory~-sulfides 
are much more uniform because neither substituent exchanges nor redox 
reactions of the boron sulfur grouping to S, /S, mixed ring compounds2 take 
place. 

The described reactions start from the compounds bis-9-bora- 
bicycloC3.3. llnonane (9H-9-BBN),,3 elemental sulfur (S8), and dihydrogen 
sulfide or from the easily preparable 9-iodo-9-borabicyclo[3.3. l l n ~ n a n e . ~ . ~  
The procedures are simple and practicable, and the yields are nearly 
quantitative.* The (9H-9-BBN),-sulfur reaction can be followed not only by 
NMR spectroscopy but also by volumetric measurements of the evolved gas 
(H,). It is also remarkable that the BC bonds of the 1,5-cyclooctanediylboryl 
group are completely stable toward ~ u l f i d a t i o n ~ ~ ~  at temperatures up to 
about 150". The three compounds described here can be prepared easily on a 
scale of some 100 g of high purity. If necessary, the purification is possible, 
involving distillation or sublimation under vacuum without any decom- 
position. 

Procedure 

rn Caution. The starting material (9H-9-BBN), is toxic and care must be 
exercised to avoid allowing the material or its solutions to contact the skin. 
Because of the extremely high reactivity of the boron-sulfur compounds to 
moisture, care must be taken in these syntheses to maintain strictly anhydrous 
conditions. Therefore, all parts of the apparatus used must be dried carefully and 
are best kept under an atmosphere of dry oxygen-free nitrogen or argon. 
Reaction with moisture causes change to boron-oxygen compounds with libera- 
tion of H,S. All operations and manipulations are carried out in an efJiciently 
ventilated hood, and provisions must be made for destroying efluent gas (e.g., 
traces of H2S) either by absorption or by freezing out, Thus, the conditions of 

*Checkers obtained about 2% lower yields of the three organoboron sulfides using one-tenth 
of the procedure scale shown below. 
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the following preparations should be maintained strictly. Any liquid used for 
cooling (bath, reflux condenser) should be inert such as diphatin.* Care must 
also be taken when cleaning the apparatus. Propanols admitted under inert gas 
(Ar, N 2 )  before dismantelling the apparatus will efficiently dissolve and destroy 
residual compounds. 

A. BIS(1,5-CYCLOOCTANEDIYLBORYL)MONOSULFIDE 

Bis( 1,5-cyclooctanediylboryl)monosulfide is an extremely efficient reagent for 
the exchange of the sulfide-sulfur toward the oxide-oxygen of organic and 
inorganic substrates. The monosulfide is very soluble in the common organic 
solvents, also in dioxane, with which the reagent does not react even on 
heating. All solvents with active hydrogen must be avoided for handling the 
borane. The monosulfide is a starting material for preparing the hydrothio- 
and the disulfide compounds (see below). 

The pure monosulfide can be prepared nearly quantitatively from (9H-9- 
BBN), with elemental sulfur. The yellow solutions of both reactants in 
mesitylene are mixed and heated to 13CL140". The liberation of gas (H2) 
starts slowly at about 90". The initially yellow solution is decolorized slowly. 
After more than 20 h at 130" a colorless clear solution is obtained. Only the 
monosulfide ("B, S 83.7) and the quantitative amount of gas (H2) are 
obtained. The stoichiometric ratio of the two reactants according to the 
above equation must be realized exactly, because the disulfide ( ' 'B, S 78.4) is 
an intermediate of the S, degradation with the )BH,B< reagent. Despite 

the precipitation of the slightly soluble disulfide, one obtains solutions with 

* Aliphatin is a mixture of saturated hydrocarbons with bp 190", available from Esso AG, 
D-2000 Hamburg, Germany. 
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the monosulfide and a very small amount of the disulfide, which have an 

averaging "BNMR signal at 6 < 82. If the )BH,B( starting compound 

( "B, 6 27) is present after the end of the H, evolution, it is possible to transfer 
this compound quantitatively into the monosulfide by adding the stoichio- 

metric amount of sulfur. The >BH,B< reagent can also be destroyed 

quantitatively with ethene at about 80" to form the easily distillable 9-ethyl-9- 
BBN. The monosulfide is purified, if necessary, by sublimation under 
vacuum. The colorless pure borane melts at 104105" without decom- 
position. 

The pure bis( 1,5-cyclooctanediylboryl)monosulfide is much easier tp pre- 
pare than the other bis(diorganobory1)monosulfides. The compound has a 
high thermal stability, allowing it to be prepared in a highly pure form. The 
preparation of (R,B),S compounds with monofunctional organic residues 
from (R,BH), boranes and elemental sulfur is not possible. In analogy to the 
corresponding RBSe,BR ring compounds* the five-membered RBS,BR 
rings,' which have both a S, and a S, bridge between the two boron atoms, 
are formed very quickly. These mixed sulfidated organoboranes are also 
obtained from alkyl haloboranes with elemental 

Procedure 

A l-L apparatus consisting of a three-necked flask with a magnetic stirrer is 
fitted with a jacket for an inside thermometer and a reflux condenser capped 
with a bypass for inert gas and a bubbler, connected with a gasometer (for 
measuring the amount of the evolved gas). The whole apparatus is evacuated, 
then filled with inert gas (Ar, N,) and charged with oxygen-free, dry 
mesitylene (about 300 mL), elemental sulfur* (6.78 g, 212 mmol), and 
(9H-9-BBN),3*t (52.5 g, 212 mmol). 

A stirred light yellow suspension is slowly heated to 13Cb140". At about 
90" a slow gas evolution takes place and a yellow solution is formed. After 
24-26 h at 130" the reaction is complete and 4.74 L [l00%, STP (standard 
temperature and pressure)] pure hydrogen (mass spectrum) are collected in 
the gasometer. Ethene gas is bubbled through the colorless solution for 
nearly 30 min at about 60" (bath) to destroy quantitatively the last amounts 
of (9H-9-BBN), ( "B, 6 27). The solvent is distilled off under reduced pres- 
sure (0.001 torr, bath I 60") and the solid residue is sublimed (bath: 8511 loo/ 

* Elemental Sulfur (S,) was purchased from Reininghaus, Chemische Fabrik, 4300, Essen, 

t Highly pure (9H-9-BBN), has mp 157" (DSC: 155"). I t  is commercially available from Fluka 
Germany. 

Chemie AG, Buchs, Switzerland or from Aldrich Chemical Co., Milwaukee, WI 53233. 
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0.001 torr) to give a pure, colorless monosulfide (48.5 g, 83%); 
mp 104105" (DSC: 104.2"). 

Anal. Calcd. for C16H,,B,S (274.1): C, 70.12; H, 10.29; B, 7.88; S, 11.71. 
Found: C, 70.35; H, 9.98; B, 7.91; S, 11.72. 

Properties 

Bis( 1,5-cyclooctanediylboryl)sulfide is a white crystalline solid, which melts at 
104-105" without decomposition and can be sublimed in vacuo (0.001 torr, 
bath: 85-110"). The compound must be stored with strict exclusion of 
moisture and air. The sulfide is very soluble in aliphatic and aromatic 
hydrocarbons such as toluene or mesitylene and can be crystallized frdm 
heptane at very low temperatures. 

Analytical Characterization.' Mass spectrometry (EI, 70 eV) is suitable for 
determining the composition of the pure monosulfide [m/z  274 (M', 32% 
relative intensity), 120 (Bl ,  basepeak)], e.g., the absence of the disulfide [m/z 

4H), 1.84 (m, 20H), 1.28 (m, 4H) ppm. The "B NMR spectrum is suitable for 
determining the absence of BO compounds (64.2 MHz, C6D,): 6 83.7 ppm 
(h1/, = 200 HZ). 13CNMR (75.5 MHz, C6D6): 6 34.4 (pc) ,  33.6 (br, &), 
23.5 (yC) ppm. 

Characteristic addition compounds are prepared from the components,' 
e.g.: bis( 1,5-cyclooctanediylboryl)sulfide(S-Al)trichloroaluminium with melt- 
ing point at 118-1 19" and "B, 6 84.ppm (h1/2 = 390 Hz); bis(4-methyl- 
pyridine)(N-B),bis( 1,5-cyclooctanediylboryl)sulfide with mp 13O-13 1 O and 
'' B, 6 - 7 ppm; trimethylphosphane(P-B)bis( 1,5-cyclooctanediylboryl)sulfide 
with mp 205-206", "B, 6 78.5 and - 5.3, 31P, 6 - 18.9 ppm. 

306 (M', 2O), 153 (B1, basepeak)]. 'HNMR (200 MHz, C6D6): 6 2.10 (m, 

B. 9-MERCAPTO-9-BORABICYCLO[3.3.1]NONANE 

2PB-sH + 2H2 

toluene 
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Among the known R,BSH compounds, C,H,,BSH is the reagent of choice 
as it can be readily obtained in a highly pure form and is a thermally stable 
liquid having a low vapor pressure. The hydrosulfide can be stored for 
months at room temperature under an inert atmosphere. 

The two methods, A and B, described in this section for the preparation of 
the 9-BBN-9-thiol (see equations), are efficient and easily reproducible. In 
both cases one obtains directly a pure product, which can be further purified 
by distillation under reduced pressure and at bath temperatures not higher 
than 60". 

According to method A, the pure thiol (9-HS-9-BBN) is obtained from 
(9-H-9-BBN), and H,S in dried toluene at temperatures up to 100" in Bbout 
90% yield. The preparation of 9-HS-9-BBN from the monosulfide and H,S 
gas according to method B is extremely simple. N o  intermediate appears 
during the procedure. Gas is not evolved. The thiol is obtained with a yield of 
more than 90%. The intermediate mixtures of the monosulfide and the thiol 
can be analyzed semiquantitatively by ' 'B NMR measurements; the signal of 
the monosulfide ("B, 6 84) is shifted to the signal of the thiol ( ' ' B, 6 78). Side 
reactions such as BC thiolyses12 or C,H,,B isorneri~ations'~ do not take 
place. 

Procedures 

Caution. H , S  is an extremely toxic gas and must be handled carefully in 
a well-ventilated hood. 9-BBN-9-thiol is very reactive to protic 
solvents (water, alcohols). All manipulations must be carried out under an inert 
atmosphere ( A r  or pure N , ) .  Before starting the experiment, the glassware 
apparatus must be evacuated, thoroughly flamed, and filled with dry inert gas 
(pure N ,  or Ar) .  

Method A. The preparation of the thiol from >BH,B( and H,S 

(bp - 60.4') is carried out in a three-necked 250-mL flask with magnetic 
stirrer, thermometer tube, a reflux condenser ( - 78") with a gas bypass for 
inert gas, and an inlet tube for gas. To a stirred hot ( > 70") solution of 
(9H-9-BBN),3s* (31.1 1 g, 127.5 mmol) in toluene (140 mL), dried over 
NaAl(C,H,),, H,S gas? is introduced slowly ( - 3 h) from the cylinder. 
H, is evolved and is measured in a gasometer. The mixed dimer 
C,H,,BS(H)HBC,H,, ("B, 6 3.4) appears and is enriched in the prese6ce of 

* Highly pure (9H-9-BBN), has mp 157" (DSC: 155'). It is commercially available fromFluka 
Chemie AG, Buchs, Switzerland or from Aldrich Chemical Co., Milwaukee, WIS 53233. 

t Hydrogen sulfide (HZS) was purchased from Messer Griesheim, 4200 Oberhausen, 
Germany. 
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the >BH2B( starting material ("B, 6 27) up to about 25%. After about 3 h 

at 100" H2S is in excess and is refluxed in the condenser ( - 78"). The 
introduction of H,S is terminated. The solution with only one "B NMR 
signal ("B, 6 78) is concentrated under vacuum and the toluene is distilled 
at 12 torr (bath: I 40") to give a pure product (35.4 g, 90%) with bp 40" at 
0.1 torr; mp 19". 

Method B. To prepare the thiol from the monosulfide and H2S, a three- 
necked 500-mL flask is equipped with a magnetic stirrer, a thermometer, a 
reflux condenser [with gas bypass and (control) bubbler], and an inlet tube 
for H2S gas.? In the stirred solution of 51.2 g (187 mmole) monosulfide in 
250-mL hexane dry H2S gas (bp - 60.4") was introduced at 20" for about 
0.5 h. The temperature rises to about 40". Then a 1-h introduction of H2S gas 
at 60" follows. The solvent is completely removed under vacuum (14 torr). 
The vacuum distillation of the residue in a sublimation tube gives a colorless 
thiol (51.24 g, 89O/') with bp - 30" at 0.001 torr. The compound crystallizes 
in the cooled receiver ( - 30") to give a solid with mp 19". A viscous, colorless 
residue (4.73 g) is obtained. 

The thiol decomposes thermally to the monosuljde and H 2 S ,  i f  
the compound is distilled ofi e.g., at 12 torr. Therefore, it is necessary to distill 
the borane at < 0.1 torr and at a temperature (bath) lower than 60" (e.g., bp 40" 
at 0.1 torr). 

Caution. 

Properties 

9-borabicyclo[3.3.l]nonane-9-thiol, which is a water-clear, mobile liquid at 
room temperature, can be vacuum-distilled without decomposition (bp 30" at 
0.01 torr). On cooling to about 0" the compound crystallizes, mp 19" (DSC). 
The extremely moisture-sensitive compound must be stored under an inert 
gas (Ar, N2). 

Analytical Characterization. IR (hexane): the SH stretching vibration band at 
2558 cm-' is characteristic. Mass spectrum (EI, 70 eV): m/z 154 [M', 53% 
rel. int. (relative intensity)], 120 (42), 67 (72), 55 (53), 41 (basepeak). 'H NMR 

(200 MHz, CDCI,): 2.50 (SH), 1.83 and 1.69 (12H), 1.34 (2H) ppm. "BNMR 
(200 MHz, C6D6): 6 2.33 (SH), 1.75 (S, lo€€), 1.60 (2H), 1.24 (m, 2H); 

(64.2 MHz): 6 78.4 ppm (C6D6) or 77.9 ppm (CDCI,). 13C N M R  (50.3 M H s  
C6D6): 6 33.9 (bc), 32.0 (br, ac), 23.3 (yc) ppm; (50.3 MHz, CDCl,): 
33.6 (PC), 32.8 (br, aC), 22.9 (yC). 

Characteristic addition compounds are prepared from the components, 
e.g.: pyridine(N-B)9-borabicyclo[3.3.1]nonane-9-thiol,' white solid with mp 
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12e121" and "B (CD,Cl,), 6 + 4.3 ppm (hl,, = 120 Hz); 4-methyl- 
pyridine(N-B)9-borabicyclo[3.3.l]nonane-Y-thiol1, white solid, mp 
110-lll", "B (CD,Cl,), 6 + 3.7 ppm (h1,, = 140 Hz); trimethylphos- 
phine(P-B)9-borabicyclo[3.3.l]nonane-9-thiol, white solid, mp 85-86', 
11B(CgD6), 6 - 6.3(h1,2 = 60 HZ), and 31P(C6D6), 6 - 18.3 ppm. 

C. BIS(1,S-CYCLOOCTANEDIYLB0RYL)DISULFIDE 

The white disulfide, only slightly soluble in toluene or mesitylene, is a useful 
reagent for the sulfurization of phosphines. The range of applicability for the 
sulfur transfer reagent has not yet been tested. In comparison with the known 
R2BS,BR2 boranes,, the (9-BBN),S2 compound is more readily available 
and can be synthesized in a pure form, free of monosulfide and thiol. The 
disulfide can be prepared in two different ways from (9-H-9-BBN), or 9-1-9- 
BBN, respectively, with elemental sulfur (methods A and B). 

The disulfide is obtained from the monosulfide with sulfur* in boiling 
toluene (method A). The reaction is very slow but gives a high yield, and the 
disulfide is not contaminated with side products. The pure borane with 
mp 134-135" is isolated directly as a residue of concentrating the reaction 
mixture under vacuum or also by filtration the suspension. 

The preparation of the disulfide from (9H-9-BBN), and S, is not re- 
commended because the degradation of the sulfur leads not only to the 
disulfide but also to the >BSH compound. In the absence of further (9H-9- 

BBN),, the hydrosulfide then contaminates the >BS,B<compound and it 

cannot be separated easily. 

* Elemental sulfur (S,) was purchased from Reininghaus, Chemische Fabrik, 4300 Essen, 
Germany. 
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Starting from 9-iodo-9-borabicyclo[3.3. l]nonane4v5 and elemental sulfur 
(method B), one obtains the colorless disulfide in boiling toluene under 
elimination of iodine after - 5 h according to the above equation. Because 
further 9-iodo-9-BBN reacts only extremely slowly with the disulfide with 
formation of the monosulfide, the pure disulfide can be isolated nearly 
quantitatively. In contrast to the reduction of the disulfide with the iodide, 
the monosulfide is oxidized by bromine in hot toluene, forming the disulfide.' 

Procedures 

rn 
thiol. 

Caution. See remarks in the preparation of the monosulJide and 

Method A .  Bis( 1,5-cyclooctanediylboryl)disulfide is prepared from the 
monosulfide and sulfur* in a 100-mL flask, equipped with a magnetic stirrer, 
a thermometer tube, and a reflux condenser with an inert-gas bypass and 
bubbler. The mixture of the monosulfide (2.16 g, 7.9 mmol) and sulfur (0.26 g, 
7.9 mmol) in toluene (30 mL) is heated for 24 h under reflux. Then the solvent 
is distilled off under vacuum (0.001 torr) at 9G120" (bath temperature) to give 
a colorless disulfide as residue (2.2 g, 91%), mp 133-135". 

Method B. The disulfide is synthesized from 9-iodo-9-borabicyclo[3.3.1]- 
n ~ n a n e ~ ' ~  and sulfur+ in a 1-L flask with a magnetic stirrer, a thermometer 
tube, and a reflux condenser, combined with an inert-gas bypass and a 
bubbler. 9-I-9-BBN (60.36 g, 243 mmol) and sulfur (7.81 g, 243 mmol) in 
toluene (350 mL) are slowly warmed to reflux temperature. After heating for 
5 h under reflux an intensive violet-colored suspension is formed, from which 
the solvent is removed under vacuum (12 torr; bath: I 40"). After sublima- 
tion of about 30 g of iodine at 0.001 torr (bath: 570")  a colorless, pure 
disulfide (33 g, 89%) is collected; mp 134-135" (DSC: 133.5"), bp 9G120" at 
0.001 torr. 

Anal. Calcd. for C,,H,,B,S, (306.2): C, 62.77; H, 9.21; B, 7.06; S, 20.97. 
Found: C, 63.40; H, 9.54; B, 6.81; S, 20.39. 

Properties 

Bis( 1,5-cyclooctanediylboryl)disulfide is a white crystalline solid, which melts 
at 1 3 4 4 3 5 "  without decomposition (DSC). The compound sublimes under 

* Elemental sulfur (S,) was purchased from Reininghaus, Chemische Fabrik, 4300 Essen, 
Germany. 
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vacuum (0.001 torr, 110”) and must be stored with strict exclusion of moisture 
and air. The disulfide is poorly soluble in aromatic hydrocarbons (e.g., C6D6, 
mesitylene) or in halogenated hydrocarbons (CHCl,, CH,Cl,). 

Characteristic Spectroscopic Data.’ Mass spectrum (El, 70 eV): mfz 306 (M +, 
20% rel. int.), 153 (basepeak). ‘HNMR (200 MHz, C6D6): 6 2.0 
(m, 4H), 1.75 (m, 20H), 1.21 (m, 4H)ppm. “BNMR (64.2MHz, C,D,): 6 
78.1 ppm (hl,, = 240 Hz). I3CNMR (75.5 MHz, C6D6): 633.9 (pc), 29.4 
(br, aC), 23.3 (ye). 

Characteristic Addition Compound. ’ Bis(4-methylpyridine)(N-B),bik( 13- 
cyclooctanediylboryl)disulfide, yellow solid with mp 180-18 lo, ‘B(C6D6), 
6 - 6 ppm. 
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19. 1,5-CYCLOOCTANEDIYLBORYLSELENIDES 

Submitted by ROLAND KOSTER,* GUNTER SEIDEL,* and MOHAMED 
Y ALPANI* 

Checked by WALTER SIEBERTt and BERND GANGNUST 

The preparation and characterization of three selenium derivatives of 
the 9-borabicyclo[3.3.1]nonane (bis(l,5-cyclooctanediylboryl)monoselenide, 
9-hydroseleno-9-borabicyclo[3.3.l]nonane, and bis(l,5-cyclooctanediylboryl) 
diselenide) are described. These representative compounds are exceptional in 
the class of selenium-containing organoboranes.’ They are simply and easily 
prepared in high purity1 and are well suited for the selenidation or selenation 
of various organic or inorganic substrates. Other organoboron selenides are 
thermally not so stable since they easily exchange substituents and/or 
undergo redox reactions leading to the stabilized RBSe,BR ring com- 
pounds.’ The reduction of elemental selenium with bis(9-borabicyclo 
C3.3. llnonane) is, however, not accompanied by side reactions such as BC- 
~elenidations~ or C8H,,B isomeri~ations.~ 

rn Caution. Because of the extreme high reactivity of boron-selenium 
compounds with moisture, care must be taken in their syntheses to maintain 
strictly anhydrous conditions.§ Therefore, all parts of the apparatus used must 
be carefully dried and should be kept under an atmosphere of dry oxygen-free 
nitrogen or argon. All reactions should be carried out in an eficiently ventilated 
hood, and provisions must be made for destroying the efJluent gas (e.g., traces of 
H J e )  by either absorption in a suitable reagent or freezing out. Care must also 
be taken when cleaning the apparatus. Propanols added under inert gas (Ar,  N,) 
will eficiently (partially) dissolve and destroy residual compounds before the 
apparatus is dismantelled. The precipitated red selenium can be dissolved in 
aqua regia. 

* Max-Planck-Institut fur Kohlenforschung, Kaiser-Wilhelm-Platz 1 ,  D-4330 Miilheim an 
der Ruhr, Germany. 

t Anorganisch-Chemisches Institut der Universitat Heidelberg, Im Neuenheimer Feld 270, 
D-6900 Heidelberg, Germany. 

1 Checkers obtained about 2% lower yields of the three organoboron selenides using one- 
tenth of the procedure scale shown below. 

8 For handling and apparatus of air/moisture sensitive compounds, see K. Ziegler, H.-G. 
Gellert, H. Martin, K. Nagel, and J. Schneider, Liebigs Ann. Chem., 589, 91, p. 108 ff(1954). 
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A. BIS(1,!bCYCLOOCTANEDIYLBORYL)MONOSELENIDE 

Bis( 1,5-cyclooctanediylboryl)monoselenide is a versatile reagent for the 
selenidation of organic and inorganic compounds. It is very stable when 
stored for extended periods under a dry argon or nitrogen atmosphere. 
Because of its ready reactivity it can replace other common Se,-donating 

reagents such as HzSe,5 >SiSeSi$,6 ,SnSeSn< 37 or Na,Se.* It 

is readily soluble in nonpolar solvents such as aliphatic and aromatic 
hydrocarbons. 

For its preparation, the commercially available bis(9-borabicyclo- 
[3.3.l]nonane) (9H-9-BBN),9 is made to react with elemental selenium at 
about 150". In larger-scale preparations [with 210 g (9H-9-BBN)J it is 
advantageous to add the elemental selenium in small portions in order to 
avoid a rapid evolution of hydrogen gas. This is in contrast to the procedure 
used in the similar preparation of the sulfur analog.'O The monoselenide, as 
well as, the by-product H, gas are formed quantitatively. The solid selenide is 
obtained in essentially pure form. If required, it can be further purified 
without any decomposition by sublimation. This is in contrast to the 

behavior of the tetraalkyldiboronselenides, which also have a >BSeB< 
functionality, but readily undergo alkyl substituent exchange and redox 
reactions during s~blimation.~*"-'~ In the case of bis(l,5-cyclo- 
octanediylboryl)monoselenide, the presence of the two cyclooctanediyl 
groups imparts an increased stability to this organoboron selenide. 

The bis( 1,5-cyclooctanediylboryl)monoselenide is also a reagent of choice 
for the preparation of the corresponding selenol' and diselenide,' which are 
described below. 

Compounds with R,BSe functionality having simple alkyl groups are 
normally available only through the reaction of R,B or preferably R,B-X 
(X = halogen) compounds with a variety of selenium reagents. The reaction 
of R,BH compounds in the absence of the 1,5-cyclooctanediyl residue with 
elemental selenium leads to (R,BSe),' or RBSe,BR". l4 boranes. 

In the reaction of (9H-9-BBN),9 with elemental selenium, intermediates of 
the type >BSe(H)HB< ("B, 6 8) and >BSe,B< (see below) can be detected. 

These are, however, quantitatively converted to the monoselenide under the 
above conditions. 

1 

(\ ) 
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The purity of the monoselenide can be checked by its "B NMR spectrum 
in a solvent such as toluene. It shows a relatively narrow "B NMR signal at 
6 87 = 200 Hz). The presence of >BSe2B< ("B, 6 84) as an impurity is 
seen by the slight lowering of the frequency of a broadened signal. This is due 
to averaging of the two chemical shifts. Separate detection and quantification 
of the monoselenide (77Se, 6 187) in a mixture with the diselenide ("Se, 6 260) 
is best carried out by 77Se NMR spectroscopy, 

Procedure 

A three-necked 500-mL flask, equipped with a magnetic-stirrer and a reflux 
condenser with gas bypass (argon or pure nitrogen) and bubbler, is charged 
with (9H-9-BBN)29p* (60.96 g, 249.8 mmol) and mesitylene (250 mL), dried 
and distilled over Na/K alloy. The white suspension is heated to about 150", 
and a colorless solution is formed. Then black selenium powder? (19.83 g, 
251.1 mmol) is added in small portions (2-3 g) during about 2 h. Gas is 
evolved immediately. The progress of the reaction can be followed by 
collecting the pure H, (mass spectrum) in a gasometer C5.53 L (STP)]. A 
small amount of solid particles is filtered off and after cooling to room 
temperature, the green-yellow solution is evaporated under vacuum. The 
solid residue can be sublimed under vacuum (0.001 torr) at 110-120". The 
yield is 69.50 g (87%) of a colorless, pure product with mp 79" (DSC: 73"). 

Anal. Calcd. for C16H2,B2Se (321.0): C, 59.88; H, 8.79; B, 6.73; Se, 24.60. 
Found: C, 59.50; H, 8.74; B, 6.93; Se, 24.32. 

Properties 

Bis( 1,5-cyclooctanediylboryl)monoselenide is a white crystalline solid that 
melts at 79" without decomposition. The compound is extremely moisture- 
sensitive. The monoselenide is very soluble in aliphatic and aromatic hydro- 
carbons, such as pentane, toluene, and mesitylene. The compound sublimes in 
uacuo (0.001 torr) at 110-120" without decomposition. 

Characteristic Spectroscopic Data.' Mass spectrum (EI, 70 eV): m/z 322 
(M+, 14% re]. int.), 121 (basepeak). 'H NMR (200.1 MHz, C6D6): 6 2.24 (4H), 
1.94 (20H), 1.28 (4H)ppm. I'B NMR (64.2 MHz, C,D6): 6 88.3 ppm 

*Highly pure (9H-9-BBN), has mp 157" (DSC 155'). It is commercially available from Fluka 

t Selenium powder: 20 mesh, Strem Chemicals, Inc., 7 Mulliken Way, Newburyport, 
Chemie AG, Buchs, Switzerland or from Aldrich Chemical Co., Milwaukee, WI 53233. 

MA 01950. 
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(h1p  = 200 HZ). 13C NMR (75.5 MHZ, C6D6): 6 34.4 (PC), 33.6 (br, aC), 
23.5 (yC) ppm. 77Se NMR: 6 187ppm (38.2MHz, 0 6 )  or 184.4 ppm 
(57.3 MHz, solid). 

Characteristic addition compounds are prepared from the components,' 
e.g.: bis(4-methylpyridine)(N-B),bis(l,5-cyclooctanediylboryl)selenide with 

6 182.4 (C6D6) or 56.2 ppm (solid); trimethylphosphine(P-B)bis 
(1,5-cyclooctanediylboryl)selenide with mp 190°, ' 'B (C,D6), 6 85.7, 
and - 4.9 ppm (1 : I), 31P, 6 - 18.6 (br) ppm, 77Se, 6 96 (C6D6, 50") or 
105.6 ppm (solid). 

mp 169', "B, 6 + 4.3 ppm (C6D6) or + 3.8 ppm (THF-d,), and 77Se, 

B. 9-BORABICYCLO[3.3.1INONANE-9-SELENOL 

$lBseB< -k H2NC6Hs -C.H,,BNHC,H,* pentane 3 B S . H  

It is reasonable that the organoboron selenol can be made in analogy to the 
procedure used for the preparation of 9-HS-9-BBN1O.' by employing H,Se 
gas. However, the procedure presented here circumvents the use of the highly 
toxic and disagreeable H,Se gas.16 Instead it makes use of the facile 
protolytic cleavage of one >BSe- bond of )BSeB< by aniline. The loss of 
one 9H-9BBN molecule should, however, be accepted. 

The product is formed in essentially pure form. If required, further 
purification can be achieved by vacuum distillation. Since it is extremely 
moisture-sensitive it should be handled in a dry oxygen-free atmosphere. Its 
high solubility in nonpolar solvents makes it an attractive HSe donor 
reagent. Typical applications are the hydroselenoboration of 1-alkynes and 
carbonyl compounds. 

The compound is present as a dimer in solution below - 40". The 77Se 
NMR spectrum shows the existence of both cis and trans dimers. In the 
crystalline material obtained from toluene solution only the cis dimer is 
found (X-ray analy~is).'~ A good and fast probe for the purity of C,H,,BSeH 
is its melting point (mp + 28'). 

Procedure 

A three-necked 250-mL flask with magnetic stirrer, reflux condenser (with 
inert-gas bypass and bubbler), and dropping funnel is charged with a solution 
of bis( 1,5-cyclooctanediylboryl)monoselenide (22.39 g, 69.8 mmol) in pentane 
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(125 mL). Then 6.50 g (69.8 mmol) of aniline* is added dropwise during 
approximately 20 min to the stirred solution. The temperature rises slightly 
and a white solid precipitates (presumably the 1 : 1 addition compound of 
the starting materials), which redissolves later. 

After 3 h of refluxing the solution is cooled and the pentane is removed 
under vacuum (14 torr). The residue is transferred to an appropriate vacuum 
distillation apparatus with a 25-mL vessel and an air cooler. The distillation 
under reduced pressure gives a colorless, pure product (10.96 g, 78%) with 
bp 30" at 0.001 torr and mp + 28" (DSC). 

Anal. Calcd. for C,H,,BSe (201.0): C, 47.81; H, 7.51; B, 5.37; Se, 39.28. 
Found: C, 47.89; H, 7.77; B, 5.12; Se, 39.06. 

The distillation residue ["B, 6 51.6 (92%), 87.8 (8%)] may be dissloved in 
pentane. On slow cooling in an acetone/CO, mixture, crystals of pure 
9-phenylamino-9-BBN with mp 37-38" are obtained. 

Properties 

9-borabicyclo[3.3.l]nonane-9-selenol is a colorless, very oxygen-sens- 
itive solid, which must be handled in an inert-gas atmosphere (Ar, N2). The 
compound crystallizes as the cis-dimer (X-ray crystal structure),' melts at 
28" (DSC), and can be vacuum distilled (30", 0.001 torr) without decomposi- 
tion. The selenol is completely miscible with aliphatic or aromatic hydro- 
carbons. ' 
Characteristic Spectroscopic Data.' IR (hexane): v(SeH) = 2300 cm- '. Mass 
spectrum (EI, 70eV): m/z 202 (50% rel. int.), 41 (basepeak). 'H NMR 
(200.1 MHz, CDCl,): 6 1.84 (12H), 1.37 (2H), 0.44 (SeH) ppm. "B NMR 

6 35.3 (br, aC), 33.8 (PC), 23.1 (yC) ppm. 77Se NMR (38.2 MHz): 6 48.7 ppm 
(C7Ds, + lo") or 6 53 (monomer), - 3.5, and - 38.5 (cis/trans-dimer) ppm 

Characteristic addition compounds are prepared from the compon- 
ents:' trimethylphosphine(P-B)-9-borabicyclo[3.3.l]nonane-9-selenol, mp 
85-86", "B (C6D,), 6 - 6.0 ppm; 4-methylpyridine(N-B)9-hydroseleno- 
9-borabicyc~o[3.3.1]nonane, mp 132" and '*B (C6D6), 6 + 4.3 ppm; 
quinuclidine(N-B)9-hydroseleno-9-borabicyclo[3.3.l]nonane, mp 129-130" 

(64.2 MHz): 6 84.8 (CDClJ or 83.8 (C6D6). l3c NMR (75.5 MHz, C6D6): 

(C,Ds,- 45"). 

"B (C,D,), 6 + 32 ppm. 

* Purchased from Bayer AG, 5090 Leverkusen and distilled under vacuum over Na/K alloy. 
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C. BIS(1,5-CYCLOOCTANEDIYLBORYL)DISELENIDE 

At room temperature, bis(l,5-cyclooctanediylboryl)diselenide CSH14- 
BSeSeBC,Hl4 is a solid reagent. It can be used as a selenium donor. 
However, unlike the monoselenide, it donates in two distinct steps.' In the 
first, it appears to transfer atomic selenium. An example of this type of 
reaction is the selenidation of phosphanes by the diselenide. A by-product is 
the monoselenide, which can be isolated as the monophosphane adduct in 
further reaction with excess phosphane. In the absence of stabilizing donors, 
the monoselenide product of the first step can act as a selenidation agent, by 
transferring a selenide ion. The broad scope of applications of the diselenide 
reagent is, however, not yet fully investigated. 

For the preparation of the diselenide, the monoselenide [e.g., made from 
(9H-9-BBN), and selenium powder (see above)] is heated at 120" with an 
equivalent amount of black selenium powder* until the elemental selenium is 
dissolved. The one-step synthesis of the diselenide from (9H-9-BBN), and 
selenium is also possible. However, the product is not as pure as in the two- 
step process, as it is normally contaminated with some selenol and the 
products thereof (see the preparation of the C8H,,B  sulfide^).'^.'^ 

Since the diselenide is less soluble, a product mixture containing both 
compounds can be readily and quantitatively separated. The purity of the 
diselenide is determined by its significantly higher melting point (mp 135"). 
Simple spectroscopic methods such as "B NMR are uniformative because of 
the closeness of their l lB chemical shifts. The presence of monoselenide 
impurity results in only a slight shift of the "B NMR signal to higher 
frequencies. When available, 77Se NMR provides the best spectroscopic 
probe for the detection of either compound as an impurity in the other 

(77Se, 6 187 for >BSeB< and 77Se, 6 260 for >BSe,B(). 

Procedure 

In a 250-mL flask (with magnetic stirrer, inside thermometer tube, and reflux 
condenser with inert-gas bypass and bubbler) a stirred mixture of bis( 13- 
cyclooctanediylbory1)monoselenide (BSeB) (10.65 g, 33.2 mmol) and black 
selenium powder* (2.62 g, 33.2 mmol) in mesitylene (120 mL) is heated 2 h at 

Selenium powder: 20 mesh, Strem Chemicals, Inc., 7 Mulliken Way, Newburyport, 
MA 01950. 
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120". On cooling, the product BSeSeB precipitates from the green-yellow 
dilute solution, which is siphoned off from the solid. The remaining solvent 
is removed by distillation under vacuum (0.001 torr). The solid residue is 
washed with toluene and then dried (0.001 torr, 70"). The overall yield of the 
yellow bis( 1,5-cyclooctanediylboryl)diselenide (BSeSeB) with mp 135" (DSC: 
134") is 12.3 g (93%). It can be sublimed at 0.001 torr and 80-120" as a lemon- 
yellow powder. 

Anal. Calcd. for C16H,,B,Se, (399.9): C, 48.04; H, 7.06; B, 5.41; Se, 39.48. 
Found: C, 47.94; H, 7.38; B, 5.42; Se, 39.16. 

Proper ties 

Bis(l,5-cyclooctanediylboryl)diselenide is a lemon-colored crystalline solid 
(mp 135" without decomposition). The pure sublimed solid is oxygen and 
extremely moisture-sensitive, rapidly forming a precipitate of red selenium. 
Therefore, the inert gas such as pure N, or Ar must be thoroughly dried in 
a tower ( - 40 cm long), filled with an efficient solid desiccant such as 
NaAl(C,H,),. The diselenide is slightly soluble in hot aromatic hydrocarbons 
(toluene, mesitylene). 

Characteristic Spectroscopic Data. Mass spectrum (EI, 70 eV): m/z 402 (8% 
rel. int.), 121 (basepeak). 'H NMR (200.1 MHz, C7D8, 80"): 6 2.06 (4H), 1.68 
(20H), 1.20 (4H)ppm. "B NMR (64.2 MHz, C,D,, 80"): 6 84.1 ppm. 
I3C NMR (75.5 MHz, C,D8, 80"): 6 34.1 (BC), 33.2 (br, aC), 23.3 (yC) ppm. 

NMR: 6 260 ppm (38.2 MHz, C,D,) or 6 x 262,242.9 ppm (57.3 MHz, 
solid). 

Characteristic addition compounds are prepared from the components:' 
orange bis(4-methylpyridine)(N-B),bis( 1,5-cyclooctanediylboryl)diselenide, 
mp 235", "B (THF-d,), 6 + 3.1 ppm (hl,, = 200 Hz). 
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20. TRIMETHYLAMINE-DIETHYL-1-PROPYNYLBORANE 
AND DIETHYL-1-PROPYNYLBORANE 

(CZH5)20 
(CH3),N-BF(C2H,), + LiCrCCH, - 

- LiF 

Submitted by ROLAND KOSTER,* HEINZ JOSEF HORSTSCHAFER,* and 
GUNTER SEIDEL* 

Checked by WALTER SIEBERTt and BERND GANGNUST 

The 1 -alkynyl-diorganoboranes R2BCrCR” have a special position in the 
family of the acetylenic triorganoboranes. The n-electrons of the BC(pp)n 
bond interact with the free p z  orbital of the boron atom; therefore, the aC 
atom will be relatively electron-rich, and this has a direct influence on the 
dipole additions to the BC-C grouping. Thus, for example, the BCalkyny, bond 

* Max-Planck-Institut fur Kohlenforschung, Kaiser-Wilhelm-Platz 1, D-4330 Mulhqm an der 

t Anorganisch-Chemisches Institut der Universitat Heidelberg, Im Neuenheimer Feld 270, 
Ruhr, Germany. 

D-6900 Heidelberg, Germany. 
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is extremely sensitive to protolysis. Because of the nucleophilic character of 
the aC atom of the uncomplexed R2BC=CR' compounds, the boron atom 
is bonded nearly exclusively to the aC atom in the >BH borane 
hydr~bora t ion .~ .~  

This special property of the dialkyl-1-alkynylboranes is applicable to the 
preparation of certain organocarbaboranes,' which will be described in the 
next section. Because of the high reactivity and the thermal instability of the 
Lewis base-free R,BC=CR' compounds, care must be taken in their synthesis 
to maintain the safety conditions mentioned below (see Properties). 

The described preparative method for diethyl- 1-propynylborane 
(C,H5),BCrCCH3 can also be used for other boranes of this type.' The 
three-step procedure starting from (C,H,),BF is strictly necessary, because 
the direct reaction of the uncomplexed compound (C,H,),BF or (C,H,),BCl 
with 1-propynyl alkaline metals does not lead to acceptable results because of 
the formation of borates,6 which give further side products.'.' If the "direct 
method is used, the yield of the diethyl-1-propynylborane decreases 
drastically. 

Procedures 

Caution. Triethylborane is a spontaneously Jammable liquid (bp = 
94-95"; mp = - 95') and must be strictly stored under an inert gas (pure 
N 2 ,  Ar). All ethyl Jluoroboranes and the diethyl-1-propynylborane react vigor- 
ously with water and are very sensitive to oxygen. The uncomplexed Jluorobor- 
anes are aggressive to ground-glass silicon grease. Thus, the conditions of the 
following preparation should be strictly maintained. 

The compound (C,H,),BF is prepared from dibutyl ether-trifluoro- 
borane8*' and triethylborane'O* l '  in a three-necked 1-L flask equipped with 
a magnetic stirrer, a thermometer tube, a dropping funnel, and a descending 
condenser combined with a gas bypass and a bubbler. 

Dibutyl ether-BF,* (220.6 g; 1.11 mol) are added dropwise at 80" in 4 h 
to stirred 270.3 g (2.76 mol) triethylboranet and about 5 mL of tetraethyldi- 
borane(6) (bp = 1 10")12*'3 with x 1.4% hydride-H. The temperature rises to 
about 105" and 250g of a colorless clear liquid distils off (cooling of the 
receiver to - 78"). The distillate is then fractionated (30-cm Vigreux column 

*The compound (C,H,),O-BF, is prepared by passing gaseous BF, over (C,H,),O 
(strongly exothermic); BF3 is available from Dr. Th. Schuchardt & Co., 8011 Hohenbrunn, 
Germany or from Eastman Organic Chemicals, Rochester, NY 14650. 

t Triethylborane is commercially available from Schering AG, 4619 Bergkamen, Germany or 
from Callery Chemical Company, Callery, PA 16024. 
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with 15 mm diameter) under atmospheric pressure giving 177.7 g (61%) pure 
diethylfluoroborane with bp = 38-39". The compound should be worked up 
immediately because of the high aggressivity toward glassware apparatus and 
silicon fat. 

The compound (CH3),N-BF(C2H,),* is prepared in a 500-mL flask, 
equipped with a 200-mL cooled pressure-equalizing graduated dropping 
funnel, thermometer tube, a magnetic stirrer, and a reflux condenser with a 
gas bypass and a bubbler. Then 112 g (1.89 mol) of trimethylamine is dropped 
from the dropping funnel ( - 35") to the stirred (C,H&BF (146 g, 1.67 mol) 
at 0". Intensive mist in the flask shows the formation of the complex 
compound. After the addition (1.5 h), the product is distilled dff under 
vacuum: 233.7 g (95%) of a colorless, clear liquid with bp = 49" at 14 torr is 
obtained. 

The compound (CH3),N-B(C2H5),C=CCH31 is prepared in a dried 2-L 
flask (with magnetic stirrer, thermometer tube, dropping funnel with pressure 
equalizer, reflux condenser with gas bypass and bubbler) from (CH,),N- 
BF(C,H,), (216.1 g, 1.47 mol), which is added slowly dropwise (3.5 h) 
at 0-5" to a suspension of 67.3 g (1.46 mol) LiC=CCH,14 in 800 mL of diethyl 
ether. The temperature rises to 20". 

After 2 h of additional stirring at room temperature LiF precipitates on 
cooling to - 78" (without stirring) from the viscous yellow solution. The 
reaction mixture is then filtered using a cooled coarse glass frit. After drying 
under reduced pressure (0.001 torr) one obtains 66.5 g of a solid material, 
which is extracted with pentane for 16 h in a Soxhlet apparatus: 36.7 g (97%) 
of dry LiF is collected. The pentane solution is then partially ( - 3) concen- 
trated and slowly cooled to - 78" (without stirring): 25.7 g (10.6%) of a white 
product with mp = 33" is isolated. After removing the ether at reduced 
pressure (14 torr) the residue is dissolved in pentane and additional crystals 
are gained on cooling the solution to - 78". The supernatant clear solution 
is removed. After the collected crystals are washed with cold pentane, they 
are dried under vacuum (0.01 torr). Then 211.1 g (86.5%) of (CHJ3N- 
B(C2Hs),C=CCH3 with mp = 33" is obtained; total yield: 236.9 g (97.1%) of 
product. 

Anal. Calcd. for Cl,H2,BN (167.1): C, 71.81; H, 13.29; B, 6.46; N, 8.38; C,H,, 
23.4. Found: C. 71.71; H, 13.40, B, 6.42; N, 8.46; C,H,, 22.9 (volumetric 
determination with 5N H,SO,).' 

(C,H5)2BC=CCH, is prepared from (CH,),N-B(C2Hs),CrCCH3 and 
diethyl ether-trifluoroborane in an l-L flask with a magnetic stirrer, a 
thermometer inside tube, a pressure-equalized dropping funnel, and a reflux 
condenser with a gas bypass and a bubbler. 
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A solution of 71.46 g (503 mmol) (C2H,)20-BF3* in 100 mL diethyl 
ether is slowly added dropwise ( = 2 h) to a solution of 84.09 g (503 mmol) 
(CH3),N--B(C2H,),C=CCH3 in 450 mL of diethyl ether. A white solid 
precipitates. After 2.5 h stirring at room temperature, 61.7 g (97%) of 
(CH,),N-BF, is filtered off, giving an orange-yellow, clear solution. The 
solvent is quantitatively removed batchwise under vacuum (22G150 torr). 
Further distillation gives 30.9 g (57%) of a colorless, clear (C2H,)2BC=CCH, 
product with bp = 27" at 14 torr together with a red, highly viscous residue. 

Anal. Calcd. for C,H13B (108.0); B, 10.00, BC(alkyl), 6.68; C,H,, 36.2. 
Found: B, 9.98; BC(alkyl), 6.71 15; C,H3, 35.3 (volumetric determination by 
hydrolysis). 

Properties 

The compound (C,H,),BF is a colorless clear liquid with bp = 38-39" and is 
completely miscible with hydrocarbons and chlorinated hydrocarbons. The 
highly volatile compound must be stored below - 30" in closed vessels. The 
thermally relatively stable borane is very aggressive toward silicon grease 
used for ground-glas joints. 

Characteristic Spectroscopic Data. 'H NMR spectrum (200.1 MHz, CDCI,): 
6 = 0.88 ppm. "B NMR spectrum (64.2 MHz, CDC1,): 6 = 60.3(d) ppm 
(JFB = 125.7 Hz). I3C NMR spectrum (50 MHz, CDCl,): 6 = x 13 (br, 
JFC = 80 Hz), 6.1 (,JFC = 5.3 Hz) ppm. "F NMR spectrum (188.3 MHz, 

CDCl,): 6 = - 36.2(q) ppm. 

2 

The compound (CH3)3N-BF(C2H5)2 with mp at - 42" is a colorless, 
slightly viscous liquid at room temperature. It distills at 49", 14 torr without 
decomposition. The compound is moisture- and air-sensitive and must be 
stored under inert gas (Ar, N2) at room temperature or below. The 
amine-borane is completely miscible at room temperature with aliphatic or 
aromatic hydrocarbons and with CHC1, or CH2Cl,. 

Characteristic Spectroscopic Data. 'H NMR spectrum (200.1 MHz, CDCl,): 
6 = 2.3 (9H), 0.7 (6H), 0.2 (4H) ppm. "B NMR spectrum (64.2 MHz, CDCl,): 
6 = 10.qd) ppm (JFB = 79.4 Hz). I3C NMR spectrum (50.4 MHz, CDCl,): 
6 = 47.3 (NCH,), x 10 (br, BCH,), 9.7 (BCH,CH,; JFC = 3.4 Hz) ppm. 
''F NMR spectrum (188.3 MHz, CDCl,) 6 = - 188.4(q) ppm. 

* Diethyl ether-trifluoroborane is available from BASF AG, 6700 Ludwigshafen/Rhein, 
Germany or from Eastman Organic Chemicals, Rochester, NY 14650. 
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(CH,),N-B(C,H,),C=CCH, is a white solid (mp = 33"), which can 
be crystallized from cold pentane (- 78"). The air- and moisture-sensitive 
compound is very soluble in diethyl ether and in pentane. The amine-borane 
can be stored indefinitely in an inert gas atmosphere (Ar, N,) in closed 
vessels at room temperature; 1 mol of (CH,),N-B(C,H,),C=CCH, reacts 
with an excess of anhydrous trimethylamine N-oxide in boiling toluene 
ltberating 3 mol of (CH,),N." 

Characteristic Spectroscopic Data. IR (CHCl,): v(C=C) = 2175 cm- Mass 
spectrum (EI, 70eV): m/z 167 (M - 29+, 31% rel. int.), 79 (basepeak). 
'H NMR spectrum (200 MHz, THF-d,): 6 = 2.44 (9H), 1.71 (3H), 0.82 (6H), 
0.25 (4H) ppm. "B NMR spectrum (64.2 MHz, THF-d,): 6 = - 0.9 ppm 
(hl,, = 60 Hz). I3C NMR spectrum (50 MHz, THF-d,, - 50'): 6 = 94 
(BC=), 92.4 (CCH,), 49.0 (NCH,), 13.3 (BCH,), 12.9 (BCH,CH,), 4.9 
( S C H , )  ppm. 

(C,H,),BC=CCH, is a thermally unstable colorless clear liquid with 
bp = 34-36' at 20 torr. The pure compound with mp = - 66" must be 
stored below - 30" in closed vessels. The borane is extremely air-sensitive 
and can inflame spontaneously. The decomposition of the compound is 
detectable by a red colorization and by polymerization; 1 mol of the com- 
pound reacts with an excess of anhydrous (CH,),NO in boiling toluene 
liberating 2 mol of (CH,),N." 

Characteristic Spectroscopic Data. IR (CCl,): v(C=C) = 2168 cm- '. Mass 
spectrum (El, 70 eV): m/z 108 (M, 15% rel. int.), 79 (basepeak). 'H NMR 
spectrum (200 MHz, CDC1,): 6 = 2.01 (3H), 1.07 (4H), 0.87 ppm (6H). 
"B NMR spectrum (64.2 MHz, CDCl,): 6 = 73.9 ppm (hl,, = 150 Hz). 

NMR spectrum (50 MHz, CDCl,, - 50"): 6 = 119.8 (C=), 89.0 (BC=), 
21.2 (BCH,), 9.1 (BCH,CH,), 5.4 (=CCH,)ppm. 
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21. PENTAETHYL~,S-DICARBA-C~OSO-PENTABORANE(~) 
AND DECAETHYL-~,~,~,~O-TETRACARBA-~O- 

DEC ABORANE( 10) 

B* 

B 
+ 2 Iz.THF 

2B (C2H5)4C4B6(C2HS)6 

C 
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The preparations of the two perethylated carboranes with C2B3 and C,B, 
skeletons, respectively, starting from B, boranes are described in this section. 

A. PENTAETHYG~,~-DICARBA-C~OSO-PENTABORANE(~), 
Et,C,B,Et, 

Caution. All operations are carried out under inert gas (Ar, pure N 2 )  
with rigorous exclusion of air and moisture. The solvents used are dried and 
deoxygenated by  distillation from sodiumlpotassium alloy. 

The pentaalkyl-1,5-dicarba-closo-pentaborane~(5)~~~ and the 2,3,4-tri- 
ethyl-l,5-di~arba-closo-pentaborane(5)~~~ are prepared by elaborate methods 
in contrast to the syntheses of the unsubstituted C,B3H, carborane.6-8 The 
colorless liquid pentaethyl- 1,5-dicarba-closo-pentaborane(5) A, a represent- 
ative compound of this series, is available from diethyl- l-propynylborane 
with tetraethyldiborane(6) in triethylborane as solvent [i.e., with ethyldibor- 
anes(6) having a very low hydride content], by hydroboration with sub- 
sequent substituent Compound A with its 12 skeletal electrons 
has the structure of a trigonal bipyramid with the two carbons in the apices 
and the three boron atoms in the three 2,3,4-basal  position^.^ Compound A is 
the starting material for the synthesis of the dimeric solid compound C.9-1 

Procedure 

Pentaethyl-1,5-dicarba-closo-pentaborane(5) (A) is prepared from diethyl- 1- 
propynylborane and tetraethyldiborane(6)”* ‘3/triethylborane’4 mixtures in 
a 2-L flask, equipped with a magnetic stirrer, a thermometer tube, and a 
pressure-equalized dropping funnel (1 L). 

(with 1.4% hydride- 
H, - 2.37 mole >BH) and 711.5 g (7.25 mole) triethylboranet is dropped 
slowly (2.5 h) to stirred undiluted diethyl-l-pr~pynylborane~’~ l6 (1 18.7 g, 
1.1 mol) at about 0” by cooling with ice water. The temperature of the 

A mixture of 169.3 g of tetraethyldiborane(6)”* 

* Max-Planck-Institut fur Kohlenforschung, Kaiser-Wilhelm-Platz 1, D-4330 Mulheim an 

t Anorganisch-Chemisches Institut der Universitat Heidelberg, Im Neuenheimer Feld 270, 

$Triethylboraxie. is available from Schering AG, 4619 Bergkamen, Germany or from Callery 

der Ruhr, Germany. 

D-6900 Heidelberg, Germany. 

Chemical Company, Callery, PA 16024. 
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reaction mixture only rises a little. After the addition, the mixture is stirred for 
3 h at room temperature and the triethylborane (bp = 9495") is distilled off 
quantitatively first under atmospheric pressure (bath: I 125") and then 
together with an excess of tetraethyldiborane(6) under vacuum (7 torr) at 
I 30" (bath). From the residual colorless liquid ( N 108 g) 83.4g [GLC*: 
29% B(C2H5),, 61% A] is distilled off at 0.05 torr with bp I 110". Then 
24.7 g of a solid, dark red, highly viscous residue (found 17.1 O h  B) is obtained. 
The 83.4 g of colorless liquid is distilled under vacuum through a 50-cm 
spinning-band column (10 mm diameter) giving 51 g (46%) A (GLC* purity: 
98%) with bp = 8486" at 9 torr and mp = - 61.5". 

Anal. Calcd. for C12H,,B, (201.8): C, 71.43; H, 12.49; B, 16.08. Found: 
C, 71.25; H, 12.65; B, 15.8. 

Properties 

Pentaethyl- 1,5-dicarba-closo-pentaborane(5) (A) is a colorless, air- and mois- 
ture-stable liquid at room temperature. The compound can be distilled 
in uacuo without decomposition (bp = 87" at 14 torr) and also under atmo- 
spheric pressure (bp = 209" at 744 torr). Compound A with nko = 1.4472 and 
d i 0  = 0.7978 (g cm-,) is completely miscible with hydrocarbons and chloro- 
hydrocarbons. 

Characteristic Spectroscopic Data. Mass spectrum (EI, 70 eV): mlz 202 (M', 
68% rel. int.), 187 (43), 173 (82), 41 (basepeak). IR (neat): 2720, 1066,1005,958, 
800,762 cm- '. Raman (neat): 1069,1009,570,510 cm- ' (polarized lines) and 
1036, 996 cm- ' (depolarized lines). 'H NMR spectrum (200 MHz, CDCl,): 
6 = 2.44 (4H), 1.21 (6H), 0.95 (15H) ppm (JcH; see ref. 5). "B NMR spectrum 
(64.2 MHz, CDCl,): 6 = 13.2 ppm = 90 Hz). 13C NMR spectrum 

3.9 (br, BCH,), 9.8 pprn (BCH,CH,) (J,,, Jcc; see ref. 5).  
Compound A, stable to oxygen and to alkaline hydroperoxide below loo", 

reacts with anhydrous trimethylamine N-oxide under liberation of about 
9 mol (CH,),N per mol of A." Bromine reacts with neat compound A or 
CCl, solutions of A to give HBr and various brominated C2B3 compounds. 
Compound A does not react with nitric acid up to 85". Compound A is also 
stable toward pyridine at room temperature, and it shows no reaction with 
metallic sodium on heating in the absence of any solvent at I 150". 

(50.3 MHz, CDCl,, - 50"): 6 = 105.5 (C), 18.3 (CCH,), 15.7 (CCHZCH,), 

* GC column: 2.8 m, internal diameter: 5 mm; stationary phase: 7% "apiezon" on "embaoel" 
(silica gur). 
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B. DECAETHYL-2,6,8,1O-TETRACARBA-nido-DECABORANE(lO), 

Decaethyl-2,6,8,1O-tetracarba-nido-decaborane( 10) C (Fig. 2), a valence isomer 
of the as yet unknown decaethyl derivative in the series of the 2,4,6,8,9, 
lO-hexaboraadamantanes?* '* was the first C,B,+arborane syn- 
thesized.'-" Compound C is a representative of the peralkylated carbon-rich 
carboranes C4Bn-4Rn21 with 24 skeletal electrons (n = 10). The skeletal 
structure of C in solution (see NMR spectra) belongs to the nido series. Solid 
C has two reversible phase transformations at - 24.1" and - 4.3", respect- 
ively (DSC measurements*). Because of these phase changes or' valence 
isomerizations it was not possible for a long time to obtain suitable crystals 
for the determination of the molecular structure(s). Nido structures have been 
expected for C from the determination of the distribution of the skeletal 
atoms by homo scalar ("B"B)-correlated and hetero scalar (13C11B)- 
correlated "B and NMR spectra, respe~tively.~*"~ The correct structure 
of the solid C at 103 K (LT phase) has now been determined (1990) by X-ray 
diffraction analysis.' I b ~  22 

Compound C is synthesized from the pentaethyl-l,5-dicarba-cZoso- 
pentaborane(5) (A) by a dimerization that has not yet been fully clarified 
mechanistically; 1 mol of A (S"B = + 13.5) reacts with I 1.2 mol of metal- 
lic potassium in tetrahydrofuran (THF) at room temperature according to 
the above equation, slowly forming a dark brown solution. The metal does 
not react faster when the mixture is heated. If 2 0.5 mol of potassium per 
mole of A (611B = 13.5) are taken up, four new "B NMR signals of the 
weakly paramagnetic solution (ESR measurements?) appear at S = 26.8, 
- 14.2, - 16.2, and - 37.1 (see Fig. 1). The intensity of the "B NMR signal 

of A decreases to ca. 50% after reaction of 2 1.0-1.2 mol of potassium per 
rnol of A. Correspondingly, we presume that a potassium salt of the dianionic 
species B is formed in an equilibrium with A and a small amount of the 
radical anion salt B*. (see equation). 

The reduced carbaborate B reacts with iodine in THF rapidly becoming 
lighter in color and leading to the quantitative precipitation of potassium 
iodide. Crude colorless, crystalline C is obtained in about 60% yield from the 
yellow liquid together with about 40% of unreacted A according to the above 
equation. 

Et4C,B,Et, 

* DSC: DuPont 9900; lo" min-I, measured under a pure N, atmosphere. 
t ESR spectroscopy with V 4500 (Varian), H, = 3330 G; in X band (9.5 GHz). 
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I I I I 

Procedures 

A solution of the potassium salt B (see equation) is prepared from A in a 100- 
mL flask with a magnetic stirrer, a thermometer tube, and a gas bypass and a 
bubbler. A piece of 4.76 g (122 mmol) of potassium metal* is stirred for 
4 days with a solution of A (19.1 g, 95 mmol) in 100 mL of tetrahydrofuran 
(THF) at 20". After pipetting off the dark brown liquid from the excess 
potassium bead (0.51 g, 13 mmol) (consumption: 1.15 mmol K per mmol A), 
the small amount of suspended material therein is filtered off, and a weakly 
paramagnetic (structured ESRT signal) dark THF solution of B is obtained 
[with 1.18 mmol K per mL solution (acidimetric titration with normal 

* Purchased from Degussa AG, 6450 Hanau, Germany. 
t ESR spectroscopy with V 4500 (Varian), H, = 3330 G; in X band (9.5 GHz). 
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H,SO,)]. "B NMR: 6 = + 13.3 (ca. 50% A) and signals of B with main 
peaks at + 26.8, - 14.2, - 16.2, and - 37.1 ppm (ca. 50%); see Fig. 1. 

Compound C is prepared from B with iodine in a 100-mL flask with a 
magnetic stirrer, a thermometer tube, and a dropping funnel. 

A solution of 5.8 g (22.9 mmol) of iodine* in 80 mL of THF is added 
dropwise to 38 mL of a stirred solution of B (44.8 mmol K) in THF. The color 
of the solution becomes lighter and the mixture warmer (T,,, x 30") as KI is 
precipitated. After about 10 hr at x 20", 7.5 g (100%) of KI is filtered off and 
the solution is concentrated to about of a third under vacuum (15 torr). The 
oily, solid residue is taken up in 9 mL of diethyl ether, suspended particles are 
filtered off, and C is crystallized by cooling the solution to - 78". The 
supernatant solution is pipetted off and the crystals are washed with cold 
( I - 70") diethyl ether. After being dried under vacuum, 3.53 g (39%) pure 
(GCT: 99.6%) C are collected. Concentrating the filtrate under vacuum 
( 1  5 torr) affords about 5 g of a brown, viscous residue, which according to the 
"B NMR spectrum, contains x 34% unreacted A and x 45% C. The total 
yield of C is x 62%. 

Anal. Calcd. for C24H,oB6 (403.5): C, 71.43; H, 12.49; B, 16.08. Found: 
C, 71.59; H, 12.15; B, 16.32. 

Properties of Compounds B and C 

The reduction of A leads to a dark brown THF solution with the relatively 
complex "B NMR spectrum of B (see Fig. 1) in the presence of the remaining 
A with S"B = 13.3 ppm. 

Compound C sublimes at > 270" without decomposition and shows 
endothermic, reversible solid phase transformations at - 24.lt and - 4.3" 
(DSCS: exothermic on cooling). The carborane C is very soluble in aliphatic 
and aromatic hydrocarbons or in many other solvents such as CHCl,, and 
can be recrystallized from cold diethyl ether and pentane (slowly cooling 
to -78") or also from hot ethanol. Figure 2 shows the X-ray structure of 
the C4B6 skeleton of one molecule of C in the crystal state of the LT phase 
at 103 K.'Ib, 22 

Characteristic Spectroscopic Data of C .  Mass spectrum (EI, 70 eV): m/z 404 
(M', basepeak), 389 ( < 4% rel. int.), 375 ( < 3). 'H NMR ,spectrum 

* Purchased from Riedel-de Haen AG, 3016 Seelze. Germany. 
t GC column: 2.8 m, internal diameter: 5 mm; stationary phase: 7% "apiezon" on "embacel" 

$ DSC DuPont 9900; 10" min- '; measured under a pure N, atmosphere. 
(silica gur). 
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Fig. 2. 

(400 MHz, CDCl,): 6 = 1.94 (m, 2H), 1.76 (m, 4H), 1.64 (9, 2H), 1.49 (q, 2H), 
1.19 (t, 6H), x 1.0 (m, 20H), x 0.8 (m, br, 14H) ppm. “B NMR spectrum 
(64.2 MHz, CDCl,): 6 = + 50.3 (lB), + 6.7 (2B), - 6.3 (lB), - 20.7 (2B) ppm. 
13C{ “B)NMR spectrum (50.3 MHz, CD2C12): skeletal atoms: 
6 = 37.9 (br, lC), 29.2 (s, 2C), - 6.7 (s, 1C); ethyl residues: 6 = 20.64 (t, lC), 
20.45 (t, 2C), 20.30 (t, lC), 16.50 (q, lC), 14.40 (9, 2C), 12.60 (9, lC), 11.97 
(q, 2C), 11.15 (q, lC), 10.85 (q, 2C), 10.36 (4, lC), 9.7 (t, lC), 6.5 (t, 2C), 
4.2 (t, 3C) ppm. 

The solid white decaethyl-2,6,8,10-tetracarbadecaborane( 10) (C) can be 
exposed to air and moisture for only a short time without changing its 
appearance and composition at room temperature. Compound C is stable to 
iodine at room temperature. The solution of C in THF is attacked by metallic 
potassium to form a pale-yellow-colored mixture.22 Compound C reacts 
analogously to A with anhydrous (CH,),NO” above 75”. In refluxing 
toluene 1 mol of C liberates more than 16 mol of trimethylamine from the 
NLoxide reagent. 
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22. TRIMETHYLSILYL-SUBSTITUTED DERIVATIVES OF 
2,3-DICARBA-nido-HEXABORANE@) AND LITHIUM, 

DIANION ~,~-BIS(TRIMETHYLSILYL)-~,~-DICARBA-~O- 
HEXABORATE(2 - ) 

SODIUM, AND DILITHIUM SALTS OF THE CARBORANE 

B,H, + 4(CH,),SiCrCSi(CH3), -, [(CH3),Si],C2B4H6 
+ [(CH,),Si(H)C=CSi(CH ,),I ,B 

[(CH3),Si],C,B,H6 + HCl + [(CH3),Si]C2B,H, + (CH,),SiCI 

[(CH,),Si],C$& + NaH -+ Na+[((CH,),Si),C,B,H,]-* + H, 

Na+[((CH,),Si),C,B,H,]- + Li+[(CH,),C]- -+ ? 

Na+Li+[((CH,),Si)2C2B,H,]2 - + (CH,),CH 

[(CH,),Si],C,B,H, + 2 Li+[(CH,),C]- -+ Li~[((CH,),Si),C~B,H,]2- 
+ 2(CH,),CH 
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Small carboranes of the type nido-2,3-R,C,B4H, (R = H, alkyl, or aryl) and 
their mono- and dianions are of considerable interest in inorganic chemistry 
as these species are important building blocks for a variety of extended 
metallacarboranes.' -' However, the synthesis of these nido-carboranes has 
presented a challenge to chemists owing to the difficulties involved in 
producing the desired compounds in sufficient quantity and purity. Added to 
this, the safety considerations involved in the use of B,H9 have made the 
synthesis of these compounds a significant undertaking. The reports by 
Grimes and coworkers of convenient routes to these carboranes using a 
strong Lewis base have made their production in good yields and large 
quantities possible., 

These procedures, however, are not convenient for the synthesis of 
C-trimethylsiiyl and C-phenyl-substituted derivatives because of the difficult- 
ies arising in the separation of the desired carboranes from side products.' A 
new route, one that is both safe and that does not require the use of a Lewis 
base, has been developed to produce the trimethylsilyl-substituted derivatives 
of the carboranes in large quantities and with minimal separation problems. 
However, the yield and quantity isolated for the mono-C-trimethylsilyl 
derivative are much lower.8 Since it is expected that the chemistry of the 
mono-C-trimethylsilyl-substituted derivative will be different from that of the 
disubstituted cases, owing to the acidity of the C(c,ge)-hydr~gen,9 a high yield 
synthetic route to this compound is also desired. Previous work has shown 
that C,,,,,,-Si bonds are susceptible to attack by acids." When such an 
approach, using HCl, is employed on the bis-C-trimethylsilyl carborane 
derivative, the desired mono-trimethylsilyl carborane product is obtained in 
high yield. l 1  It should also be mentioned that variations of this process have 
successfully been employed to produce the parent nido-2,3-C2B,H, car- 
borane12 and may also be useful in the production of other derivatives. The 
procedures necessary to make the bis-C-trimethylsilyl- and mono-C-tri- 
methylsilyl-substituted C2B4-carborane derivatives are described here. 

Recently, the structure of the monosodium salt of C-SiMe,-substituted 
nido-C,B4-carborane has been determined by X-ray analysis.' The structure 
shows that the monoanion* is an ion cluster consisting of two C2B4 
carborane cages and two tetrahydrofuran (THF)-solvated sodium ions with a 

* The monoanion actually exists in the solid state as (C4H,O.Na+),[2,3-((CH,),Si),-2,3- 

t Department of Chemistry, Southern Methodist University, Dallas, TX 75275. 
$ Department of Chemistry, University of Virginia, Charlottesville, VA 22901. 

C,B,H;], (see Scheme 1). 
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crystallographic inversion center half way between the sodium ions. Al- 
though the preparation of the disodium salt of the carbons adjacent nido- 
C,B,-carborane is not yet known, the synthesis of its first stable dianion, 
Na+Li+[2-(Si(CH,),)-3-(R)-2,3-C,B,H,12- (R = Si(CH,),, CH,, H), was 
reported in 1986.14 The discovery of this stable double salt has led to the 
production of a number of sila and germacarboranes that could not be 
produced from the corresponding monosodium salts (see Scheme 1). 
Recently, Grimes and coworkers have found that the preparation of the 
lithium sodium and dilithium double salts is generally applicable to C-alkyl 
and C-aryl substituted nido-C,B,-carboranes as well. l 7  Also presented here 

I- or n-BuLi l o c  THF 

2MCI, THF 
-23°C I 

+ 
SiMe, 

+ 4LiCl + 4NaCl 

R = SiMe,, Me, or H 

M = Si, Ge, or Sn 
o = B H  . = C  

Scheme 1 



92 Boron Compounds 

are the synthetic procedures necessary to produce the Na'Li' and Li: salts 
of the bis(C-trimethylsily1)-substituted-C,B,-carborane dianions starting 
from the neutral nido-carboranes. These procedures may also be applied to 
produce the C-methyl-C-trimethylsilyl, mono-C-trimethylsilyl, and C-H- 
substituted carborane derivatives." 

A. 2,3-BIS(TRIMETHYLSILYL)-2,3-DICARBA-nido-HEXABORANE 
(8) 

Procedure 

Caution. B5H9 is highly toxic and explodes spontaneously on exposure 
to air. This procedure should be carried out only on a high-vacuum line by a 
chemist experienced in its use. 

A 100-g (588-mmol) sample of bis(trimethylsily1)acetylene (1,2-ethynediyl- 
bis(trimethylsi1ane)) [(CHJ3SiC=CSi(CH3)J* is placed into a 500-mL flask 
fitted with a Teflon stopcock and degassed on a vacuum line. No further 
purification is necessary. The pentaborane(9) B,H9't is used as received. 

A 500-mL single-ended stainless steel cylinder$ fitted with a high-vacuum 
Swagelok shutoff valve (Fig. lA), is attached to a vacuum line at torr. 
Since (CH3)3SiC=CSi(CH,), is not very volatile at room temperature 
in uacuo, the condensation of this material into the stainless steel cylinder is 
facilitated by using the shortest possible path on the vacuum line that is well- 
wrapped with a heating tape and heated to 60-70°C. It is important that the 
flask containing the degassed (CH,)3SiC=CSi(CH3)3 is also heated to 70°C 
during the condensation. The (CH,),SiC=CSi(CH3)3 and 10.6 g (168 mmol) 
of B5H9 are condensed sequentially into the cylinder at - 196°C. Care must 
be taken to keep the upper portion of the cylinder warm during condensation 
of the reactants (gentle heating with a heat gun) in order to prevent clogging 
of the valve. After the condensation of the reactants the shutoff valve is 
closed, the cylinder is detached from the line and allowed to warm to room 
temperature. The lower halfof the cylinder is then immersed in an oil bath at 
140-150°C for 48-72 h. At the end of this time, the cylinder is reattached to 
the vacuum line through a 100-mL glass bulb (Fig. lB),  cooled to - 78°C 
(Dry-ice bath), and pumped out over a period of 24 h through a series of traps 
at - 196°C to remove H, and to collect (CH,),SiH. Since the 
bis(trimethylsily1)-substituted carborane and other byproducts are handled in 
multigram quantities in high-vacuum lines, the traps used for this procedure 

* Huls America, Inc., P.O. Box 456, Piscataway, NJ 08855, 
t Callery Chemical Co., Mars-Evans City Road, Callery, PA 16024. 
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0 

A 

a 

Fig. 1. ( A )  Carborane reactor consisting of a 500-mL stainless steel cylinder (a), 
a Swagelok high-vacuum shutoff valve (b), and a ball joint to the vacuum line (c), 
(B)  Glass bulb trap consisting of a 100-mL glass bulb (d), and glass joints to connect it 
to the reactor cylinder (e) and the vacuum line (f). 
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are of - 100-1 10-mL capacity. The cylinder is then slowly warmed to 120°C 
using an oil bath and the volatile products of the reaction are fractionated 
through two traps at O", and one each at - 78 and - 196°C. The initial 
warming of the cylinder must be carefully monitored and controlled to 
prevent the migration of a viscous brown polymeric by-product into the 
traps. The task is facilitated by the glass bulb that acts as a room temperature 
trap. The fractionation is continued at this temperature for 24-48 h, at which 
point the temperature of the oil bath is increased to 140-150°C and the 
fractionation continued for an additional 24-48 h. During this time, the 
carborane 2,3-[(CH,),Sil2C2B,H6 (12.49 g, 56.9 mmol) is collected in the 
0°C traps. The contents of the - 78" and - 196°C traps are then combined 
and refractionated through traps at - 45" (C6H,Cl slush), - 93" (toluene 
slush), and - 196°C. These traps ultimately yielded unreacted 
(CH3)3SiC=CSi(CH3)3, unreacted B,H, (1.75 g, 27.7 mmol), and the product 
(CH,),SiH, respectively. The brown polymeric material, mentioned pre- 
viously, is retained in the cylinder. The unreacted starting materials may be 
collected into a separate container for reuse later. The yield for this process, 
based on the B,H, consumed is 40.7%. When the preparation of this 
carborane is scaled down to one-tenth for all reagents, yields as high as 30.4% 
are obtained. 

Properties 

2,3-Bis(trimethylsilyl)-2,3-dicarba-nido-hexaborane(8) (Fig. 2) is a clear, 
colorless liquid at room temperature thaf is slightly air-sensitive (Caution: 
This carborane ignites in air when in contact with cloth.) The boiling point of 
the liquid at 23 torr is 143.5 k 0.5"C. The IR (CDCl, vs CDCl,) exhibits 
major absorption bands at 2955 (vs), 2900 (s), 2590 (vs), 1948 (m), 1922 (w, br), 
1530 (w), 1495 (w), 1465 (w), 1410 (s), 1375 (ms), 1330 (ms), 1250 (vs), 1155 (ms), 
1100 (m), 1070 (m), 1030 (m), lo00 (s), 960 (m), 930 (vs), 845 (vs), 680 (vs), 655 

9 

O=B .=C o = H  

Fig. 2. Structure of nido-2,3-[(CH3),Si],-2,3-C,B,H,. 
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(ms), 620 (vs), 520 (s), 480 (m), 400 (vs), 368 (vs), and 275 (w) cm-.'. The proton- 
coupled "B NMR spectrum of the product gives doublets at + 1.99 ppm 
(J = 156 Hz) and - 49.9 ppm (J = 173 Hz). The 'H NMR spectrum gives a 
broad quartet at 3.99 ppm (basal B-H), a singlet at 0.36 ppm [(CH,),Si], a 
broad quartet at - 0.72 ppm (apical B-H), and a broad peak at 
- 1.66 ppm (B-H-B bridge). 

B. ~-(TRIMETHYLSILYL)-~,~-DICARBA-~~~O-HEXABORANE(~) 

Procedure 

rn Caution. Anhydrous hydrogen chloride stored under high pressure is 
corrosive, and causes severe burns if it is inhaled or comes in contact with the 
skin or eyes. All appropriate safeguards for the use of such a reagent should be 
applied. 

The anhydrous hydrogen chloride (obtained from Matheson)* is fraction- 
ated through a series of traps held at - 78°C (Dry Ice-isopropanol) 
- 120°C (ethanol slush), and - 196°C (liquid N,) that collected a trace 

quantity of H,O, a trace quantity of C1, impurity, and pure HCl gas, 
respectively. 

A 500-mL single-ended stainless steel cylinder? fitted with a high-vacuum 
Swagelok shutoff valve (Fig. 1A) is attached to a high-vacuum line at 

torr. Since nido-2,3-[(CH,),Si],-2,3-c,B4H6 is not very volatile at 
room temperature in uacuo, the condensation of this material into the 
stainless steel cylinder is facilitated by using the shortest possible path on the 
vacuum line that is well wrapped with a heating tape and heated to 60-70°C. 
It is necessary that the flask containing nid0-2,3-[(CH,)~Si],-2,3-C,B~H~ is 
also heated to 70°C during the condensation. A 11.8-g (53.7-mmol) sample of 
nid0-2,3-[(CH,),Si],-2,3-C,B,H,~, prepared in the previous synthesis, is 
transferred under high vacuum into the cylinder. The anhydrous HCl gas 
(Matheson*, 75 mmol) is then condensed into the cylinder at - 196°C and 
the shutoff valve is closed. The cylinder is detached from the vacuum line and 
allowed to warm to room temperature. The lower halfof the cylinder is then 
immersed in an oil bath at 140°C for 40-50 h. At the end of this time, the 
cylinder is cooled to room temperature and reattached to the vacuum line. 
Since the mono(trimethylsily1)-substituted carborane and the byproduct, 
Me,SiCl, are handled in multigram quantities in high-vacuum lines, the traps 
used for this procedure are of - 100-1 10-mL capacity. This cylinder is again 

* Matheson, P.O. Box 908, La Porte, Texas 77571. 
?Tech Controls, Inc., 4238 Spring Valley Road, Dallas, TX 75234. 
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slowly warmed to 100°C using an oil bath and the volatile products of the 
reaction are collected and fractionated through traps held at - 23"(CCI4 
slush), - 45" (C,H,Cl slush), - 78" (Dry Ice-isopropanol), and - 196°C for 
24 h. During this time, the carborane 2-[(CH3),Si]C2B4H, (3.77 g, 
25.6 mmol) is collected in the - 45°C trap. The traps at  - 23, - 78, and 
- 196°C ultimately yielded unreacted 2,3-[(CH,),Si],C,B4H, (1.21 g, 

5.5 mmol), (CH,),SiCI, and a trace quantity of unreacted HC1, respectively. 
The yield for this process, based on the 2,3-[(CH3),Si],C2B4H, consumed, is 
53.1 %. When the preparation of this carborane is scaled down to one-tenth 
for all reagents, yields as high as 37.6% are obtained. 

Properties 

2-(Trimethylsilyl)-2,3-dicarba-nido-hexaborane(8) (Fig. 3) is a clear, colorless 
liquid at room temperature that is slightly air-sensitive. The boiling point of 
the liquid at 39 torr is 83-84°C. The IR (gas phase; 5 torr) exhibits major 
absorption bands at 2965 (vs), 2908 (ms), 2860 (sh), 2600 (vs), 1975 (sh), 
1940 (m), 1518 (m), 1490 (sh), 1415 (w), 1340 (m), 1260 (vs), 1103 (s), 1085 (sh), 
978 (w), 916 (ms), 844 (vvs), 748 (m), 707 (w), 649 (w), 618 (w), 602 (vw), 
481 (vw), 400 (w), 359 (s) cm-'. The proton-coupled "B NMR spectrum of 
the product gives doublets at + 0.49 ppm ( 'J  = 160 Hz), - 0.11 ppm 
( 'J  = 160 Hz, ' J  = 43 Hz), and at  - 51.82 ppm (J = 176 Hz). The 'H NMR 
spectrum gives a broad singlet at 6.1 ppm [C(cage)-H], a broad quartet at 
3.2 ppm (basal B-H), a singlet at 0.40 ppm [(CH,),Si], a broad quartet at 
- 0.72 ppm (apical B-H), and a broad peak at  - 1.75 ppm (B-H-B 

bridge). 

O=B .=C o = H  

Fig. 3. Structure of nido-2-[(CH,),Si]-2,3-C2B,H,. 
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C. LITHIUM SODIUM 2,3-BIS(TRIMETHYLSILYL)-2,3-DICARBA- 
nih-HEXABORATE(2 - ) 

Procedure 

Caution. Sodium hydride (NaH) and t-butyllithium (t-BuLi) react ex- 
plosively with water, violently with lower alcohols, and ignite spontaneously in 
moist air. 

A 0.40-g (17.4-mmol) sample of sodium hydride (NaH)* is placed in a two- 
necked flask of 250-mL capacity with ground-glass or Teflon stopcocks. This 
is washed three (3) times with dry hexane in an evacuable glove-bag and 
stored under dry nitrogen. Hexane and tetrahydrofuran (THF) were distilled 
over sodium benzophenone and stored over Li[AlH,] under vacuum. The 
1.7 M t-BuLi in pentane (Aldrich Chemical Co.) is used as received. The nido- 
2,3-((CH,),Si),-2,3-C2B,H, is prepared by the method described above. 

A 2.25-g (10.2-mmol) sample of nido-2,3-((CH3),Si),-2,3-c2B4H6 is trans- 
ferred under vacuum into a 25-mL ampule that is fitted with a Teflon 
stopcock. This ampule is then attached in an inert atmosphere to the two- 
necked flask that contained NaH (flask A in F ig .4~) .  This flask is now 
attached to a sintered-glass filter unit with a sidearm that is also attached to 
another flask (flask B) equipped with a rubber septum and a magnetic stirring 
bar. The entire apparatus (Fig. 4a) is attached to a vacuum line and evacu- 
ated. Then 50mL of THF is condensed under vacuum into flask A at 
- 196°C. The carborane in the ampule is then poured onto the heterogen- 

eous mixture of NaH and THF in flask A at - 78°C (Dry Ice-isopropanol) 
and the reaction mixture is slowly warmed to room temperature. Care 
must be taken at this point to control the evolution and buildup of H, by 
occasional cooling of flask A to - 196"C, measuring evolved H,, and 
pumping of the hydrogen gas, sequentially. The reaction is allowed to 
continue until H, evolution ceases. At this point, the reaction flask is cooled 
to - 196°C and the evolved H, is measured and pumped out of the 
apparatus. The reaction mixture in flask A is allowed to settle and the THF 
solution of the salt is decanted through the glass frit of the filter unit into flask 
B. The THF in flask B is removed under vacuum and 50 mL of hexane is then 
condensed into this flask at - 196°C. At this point, 6.5-7.0 mL (1 1-12 mmol) 
of 1.7 M t-Buli in pentane is injected through the septum onto the solution in 
flask B (Fig. 4 4  at - 78°C. Flask B is then allowed to warm to room 
temperature and the mixture is stirred for 1 h. The solvents in flask B are 
then removed under vacuum to give 3.20g (10.2mmol) of [Na'Li'] 

* Aldrich Chemical Co., P.O. Box 2060, Milwaukee, WIS 53210. 
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( b )  

Fig. 4. Reaction apparatus for the synthesis of Na+Li+ (a) and Li; (b) salts of 
2,3-bis(trimethylsilyI)-2,3-dicarba-~i~~-hexa~rat~2 - ). 

(C4H80)[2,3-((CH3)3Si)2-2,3-C2B4H4]2-. The yield, based on nido-2,3- 
((CH,)3Si),-2,3-C,B4H, consumed, is essentially quantitative.” 

Properties 

The compound [Na+Li+](C4H,0)[2,3-((CH,),Si),-2,3-C,B4H4]2- is an 
off-white solid at room temperature that is highly air-sensitive. The IR (in 
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CD,CN) exhibits major absorption bands at  2982 (vs), 2912 (s), 2878 (ms), 
2509 (s), 2450 (s), 2350 (m), 2285 (m), 2150 (m), 1620 (w), 1508 (ms), 1491 (sh), 
1421 (ms), 1389 (ms), 1365 (m), 1270 (sh), 1258 (vvs), 1215 (sh), 1204 (ms), 
1168 (m), 1078 (w), 868 (vs), 852 (vs), 838 (vs), 770 (s), 688 (ms), 643 (ms), 
635 (sh) cm-'. The proton coupled "B NMR spectrum (in CD,CN) of the 
product gives doublets at + 20.85 ppm (2B, J = 112 Hz), 2.39 ppm 
(IB, J = 89 Hz) and at - 44.53 ppm (IB, J = 161 Hz). The 'H NMR spec- 
trum gives a singlet at 3.65 ppm (4H, THF), a quartet at 3.45 ppm (2 basal 
B-H), a quartet at 2.49 ppm ( 1  basal B-H), a singlet at 1.80 pprn (4H, THF), 
a singlet at 0.14 ppm [(CH,),Si], and a quartet at - 1.97 ppm (apical B-H). 

D. DlLlTHlUM Z,IBIS(TRIMETHY LSlLY L)-2,3-DICARBA-nido- 
HEXABORATE(2 - ) 

Procedure 

Caution. t-butyllithium (t-BuLi) reacts explosively with water, viol- 
ently with lower alcohols, and ignites spontaneously in moist air. 

A 1 S4-g (7.0-mmol) sample of nido-2,3-((CH,),Si),-2,3-C2B4H6 is trans- 
ferred under vacuum into a 25-mL ampule that is fitted with a Teflon 
stopcock. The ampule is then attached to the three-necked flask that is also 
equipped with a rubber septum, a connecter to a vacuum line, and a magnetic 
stirring bar (Fig. 4h). This apparatus is attached to a vacuum line and 
evacuated. Hexane (50 mL) is then condensed under vacuum into this flask at 
- 196°C. The carborane in the ampule is then poured onto hexane in the 

flask at room temperature. The flask is then cooled to - 78°C (Dry 
Ice-isopropanol) and 8.5-9.0 mL (14.5-15.3 mmol) of 1.7 M t-BuLi in pent- 
ane is now injected through the septum onto the solution in the flask (Fig. 4b). 
The homogeneous mixture in the flask is allowed to warm to room temper- 
ature and stirred for I h. The solvents in the flask are then removed under 
vacuum to give 1.62 g (7.0 mmol) of Li~[2,3-((CH,),Si),-2,3-C,B,H,12-. The 
yield, based on nido-2,3-((CH,),Si),-2,3-czB4H6 consumed, is essentially 
quantitative. l9 

Properties 

The compound Liz [2,3-((CH,),Si),-2,3-C2B4H4]' - is an off-white solid at 
room temperature that is extremely air-sensitive. The IR (CD,CN) exhibits 
major absorption bands at 2981 (s), 2930 (m), 2875 (m), 2548 (ms), 2509 (ms), 
2469 (sh), 2312 (s), 2282 (ms), 2165 (m), 1681 (w), 1520 (s), 1422 (br, ms), 
1369 (m), 1272 (ms), 1259 (vs), 1215 (m), 1 1  16 (mw), 990 (m), 870 (sh), 850 (vvs), 
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770 (m), 688 (mw), 643 (w), 631 (mw) cm-'. The proton coupled "B NMR 
spectrum (in CD,CN) of the product gives doublets at + 20.94 ppm 
(2B, J = 119 Hz), 2.37 ppm (lB, J = 89 Hz) and at - 44.50 pprn 
(lB, J = 160Hz). The 'H NMR spectrum gives a quartet at 3.70ppm 
(2 basal B-H), a quartet at 2.48 ppm (1  basal B-H), a singlet at 0.14 ppm 
[(CH,),Si], and a quartet at - 2.00 ppm (apical B-H). 
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23. 1,2-(1,2-ETHANYLDIYL)-192- 
DICARBADODECABORANE(12) (1,ZETHANOLo- 

CARBORANE) 

Submitted by MAITLAND JONES, Jr.,* ZHEN-HONC LI,* 
and ROBERT P. L’ESPERANCE* 
Checked by KENNETH WADE7 

1,24 1,2-Ethanyldiyl)- 1,2-dicarbadodecaborane( 12) [ 1,2-ethano-o-carborane] 
(1) has been made through the intramolecular insertion reaction of 
(2-methyl-0-carboran-l-yl)carbene.~ The reported synthesis of this cage com- 
pound is impractical, as it involves several steps with low yields, the last of 
which produces a number of products in comparable amounts. The new 
route to 1,2-ethano-o-carborane reported here uses an intramolecular dis- 
placement of a leaving group by a cage carbanion to produce 1 in 40% yield. 
The synthesis can also be accomplished through a one-step reaction in 
the gas phase in 64% yield.2 In both cases, 1,2-ethano-o-carborane is the 
predominant product. This relatively easy synthesis provides practical access 
to 1 for the first time, and should facilitate further study of this molecule 
which contains the smallest carbocyclic ring fused to a carborane frame. 

H CH,CH,OTs 

+ BULl 

21 c 
sen2ene- 

99 rely0 (40%) < 1 rel% t HCECCH,CH,OTs 

B,oH 1 ,(CH,CN), 

Ts = p-toluenesulfonate (4-methylbenzenesulfonate) 

* Department of Chemistry, Princeton University, Princeton NJ 08544. 
t Department of Chemistry, University of Durham, Durham, DH1 3LE, United Kingdom. 
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A. 2-(1,2-DICARBADODECABORAN(12)-1-YL)ETHYG 
METHYLBENZENESULFONATE [~-(o-CARBORAN-I-YL)- 
ETHANOL TOSYLATEJ 

Procedure 

In a 250-ml, three-necked, round-bottomed flask is placed 4 g (32.7 mmol) of 
decaborane(l4) (Dexsil) in 50 mL of acetonitrile. The solution is refluxed 
under an argon atmosphere for 2 h. A yellow solid is precipitated. The excess 
acetonitrile is removed by distillation to yield the B,,H,,(CH,CN), complex, 
which is used directly in the next step. The complex is dissolved in 50 mL of 
toluene, and 10.5 g (46.8 mmol) of 3-butyn-1-01 tosylate (3-butynyl 4-meth- 
ylbenzene~ulfonate)~ is added. The reaction mixture is refluxed under argon 
for 12 h. The toluene is removed by distillation to leave a gummy yellow 
solid. This material is placed in a Soxhlet apparatus and extracted with 
hexane for 12 h followed by dichloromethane for 6 h. The organic solutions 
are combined and the solvent removed on a rotatory evaporator to leave a 
whitish solid. This solid is purified by column chromatography on EM 
Science grade 62 silica gel (CHCl,) to give 4.5 g (40%) of a white solid, 
mp 112-1 14°C. 

Precise Muss. Calcd. for C11H2211B810B2S03: 342.2292, Found: 342.2246. 

Properties 

2-(o-Carboran-l-yl)ethanol tosylate is a white solid readily soluble in chlorin- 
ated solvents, benzene, and diethyl ether, but sparingly soluble in hexane. 
Treatment with conventional bases serves to eliminate p-toluenesulfonic acid. 

‘HNMR (CDCl,, 300 MHz) 6 7.78, 7.40 (AA’BB’, 4H), 4.11 (t, 2H, 
J = 6.1 Hz), 3.69 (br s, lH), 2.63 (t, 2H, J = 6.1 Hz), 2.49 (s, 3H), 1.4-3.0 (br m, 
10H, B-H). IR (KBr): 3058,2577, 1597, 1426, 1355, 1190, 1173, 815 cm-’. 

B. 192-ETHANO-+CARBORANE 

Procedure 

In a 100-mL, three-necked, round-bottomed flask is placed 1.5 g (4.4 mmol) 
of 2-(o-carboran-l-yl)ethanol tosylate in 50 mL of benzene. The flask is 
placed under an argon atmosphere, cooled with an ice bath, and 2.1 mL of 
2.5 M butyllithium (Aldrich) in hexane is added at once. The solution is 
allowed to stir for 14.5 h at room temperature. The reaction mixture is 
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poured into 25 mL of 5% HCl and the organic layer separated. The aqueous 
layer is extracted with 2 x 10 mL ether. The combined organic layers are 
washed with saturated NaHCO, solution and dried over MgSO,. The 
solvent is removed on a rotatory evaporator to leave a white solid. Analytic 
gas chromatography on a 6-ft xt-in 15% OV 17 on Chromosorb W-HP 
(80-100 mesh) column operated at 160°C with an injector temperature of 
200°C and detector temperature of 220°C showed 1 at 3.3 min. On occasion, 
approximately 1% of 1-vinyl-o-carborane also appeared at - 2.5 min. The 
crude material is purified by column chromatography on EM Science grade 
62 silica gel using hexane as solvent to give 0.3 g (40%) of a white waxy solid, 
mp 274-275" (~ealed).~ 

Properties 

1,2-Ethano-o-carborane is a white solid, which survives unchanged after 
heating at 350°C for 24 h. This four-membered carbon ring compound is 
remarkably stable and chemically inert. It remains untouched when treated 
with N-bromosuccinimide, LiN(SiMe,), Br2, or DDQ., The boron cage can 
be chlorinated with AlC13/CC14.2 

Spectral data are as follows: 'H NMR (CDCl,, 300 MHz), 6 2.85 (s, 4H), 
1.43.6 (br m, 10H, B-H). IR (KBr): 2975,2580,1442,1250,1230,1150,1060, 
720 cm-'; MS (70 ev): m/e 170.5, 169.5 (basepeak). 

References and Note 

1. S. L. Chari, S. H. Chiang, and M. Jones, Jr., J .  Am. Chem. Soc., 104, 3138 (1982). 
2. R. P. L'Esperance, Z.-H. Li, D. Van Engen, and M. Jones, Jr., Inorg. Chem., 28, 1823 (1989). 
3. L. Brandsma, Preparative Acetylene Chemistry, Elsevier, New York, 1971, p. 159. 
4. R. P. L'Esperance, unpublished work. 
5. The checkers suggest purification by sublimation at approximately 0.05 mm and 30°C. 

24. 7,9-DISELENA-NIDO-UNDECABORANE(9) 
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Submitted by G. D. FRIESEN,* T. P. HANUSA,* and L. J. TODD* 
Checked by L. G. SNEDDONt 

The diselenaborane was obtained as an unexpected minor product during the 
reaction of decaborane( 14) with polyselenide ion in aqueous base. The major 
product was the [Bl0H, lSe]-l ion.' It was reported previously that aqueous 
base degraded B1oH14 to form the [B,H,,]- ion.2 Subsequent study proved 
that polyselenide ion reacted rapidly with [B,H,,]- to form B,H,Se2 in 
good yield.3 The procedure for the preparation of this diselenaborane in two 
steps from decaborane(l4) is described here. 

Procedure 

Caution. This preparation should be conducted in a well-ventilated 
hood. Decaborane is a very toxic material and should be handled with gloves. 

The dipotassium polyselenide reagent is prepared in a three-necked 250- 
mL flask equipped with a magnetic stirrer, reflux condenser topped with a 
nitrogen inlet, and a heating mantle. A nitrogen atmosphere is maintained 
during the course of the entire preparation. Powdered gray selenium (8.31 g, 
0.105 g-atom), potassium hydroxide pellets (5.92 g, 0.105 mol), and 45 mL of 
deoxygenated water? are added to the flask, the magnetic stirrer is started, 
and the mixture is brought to reflux temperature. After refluxing for 20 
minutes, the deep red liquid is allowed to cool to room temperature. 

The potassium tetradecahydrononaborate(1 - ) is prepared in a separate 
two-necked 100-mL flask equipped with a magnetic stirrer and a nitrogen 
inlet. Decaborane(l4)t (2.57 g, 21.0 mmol), potassium hydroxide pellets 
(2.36 g, 42.1 mmol), and 35 mL of deoxygenated waterij are added to the 
flask, and stirring begun. The stirring is continued for 1 h, during which time 
the initially deep yellow solution fades to a very pale yellow. The solution is 
then neutralized by the cautious addition of concentrated aqueous hydro- 
chloric acid (approx. 37% HCl). This requires about 0.5 mL, but neutrality 
should be checked with pH-indicating paper, as the addition of excessive acid 
will decrease the product yield. When the gas evolution has ceased, trace 
amounts of regenerated decaborane(l4) are removed by adding 30 mL of 
hexanes to the [B,H,,]- solution. The mixture is stirred for a few minutes 

Department of Chemistry, Indiana University, Bloomington, IN 47405. 
t Department of Chemistry, University of Pennsylvania, 231 South 34th Street, Philadelphia, 

3 The water was deoxygenated by boiling for a few minutes, and then bubbling a stream of 

4 The decaborane is purified by sublimation at 60°C and 

PA 19104. 

nitrogen gas through it as it cooled. 
mm. 
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and the hexane layer is removed with a syringe. The extraction is repeated 
with a second 30-mL portion of hexanes. 

The solution containing the [B,H,,]- ion is added as rapidly as possible 
to the stirred polyselenide solution. A white precipitate is formed immedi- 
ately. Stirring is continued at room temperature for 1 h. The reaction mixture 
is then extracted in a separatory funnel with 600 mL of hexanes divided into 
several portions. The combined hexane extracts are rotary evaporated to 
dryness, and the crude B,H,Se, is purified by sublimation at 60°C ( lov2 torr) 
onto a water-cooled probe. The yield of white B,H,Se, is 4.32 g (78% based 
on decaborane). 

Properties 

7,9-Diselena-nido-undecaborane(9) is a white crystalline solid, mp 
340-342°C. It is soluble in dichloromethane and hexanes and insoluble in 
water. In the presence of air, the compound is stable for several months in the 
solid state, but in solution, red decomposition products are observed within a 
day or two. The infrared spectrum (KBr pellet) contains major absorption 
bands at 2590 (vs), 2555 (vs), 1400 (w), 997 (s), 974 (s), 906 (m), 880 (w), 857 (w), 
819 (w), 783 (m), 766 (m), 739 (w), 692 (w), 563 (w), and 500 (w) cm-'. This 
compound reacts with strong base to give an anionic intermediate that 
can then be reacted with cyclopentadiene monomer and anhydrous cobalt 
chloride in the presence of triethylamine to give complexes such as 
Co(q5-C,H,)(B,H,Se,) and CO,(~~-C,H,) , (B,H~S~).~ 
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25. 6,9-DISELENA-ARACHiVO-DECABORANE(10) 

B,H,,.S(CH,), + Na,(Se), + 4H20 - Na[B,H,Se,] + NaB(OH), 

+ S(CHJ2 + 4H2 

ion exchange 
Na[B,H,Se,] + H +  - B,H,,Se, + Na+ 
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Submitted by G. D. FRIESEN,* R. L. KUMP,* and L J. TODD* 
Checked by L. G. SNEDDONt 

Reaction of [B9H14]- with the polyselenide ion formed B,H,Se, in good 
yield.' Treatment of the closely related borane B9H1, . S(CH,), with the 
polyselenide reagent gave quite different results. In this case, both 6,9- 
B,Hl0Se, and the [B,H,,Se]- ion were formed.' The synthesis of the novel 
diselenaborane is described here. 

Procedure 

Caution. This synthesis must be conducted in a well-ventilated hood. 
Some of the possible by-products (e.g., H,Se) are toxic and malodorous. 

Under a nitrogen atmosphere that is maintained during the course of the 
preparation, 0.87 g (0.038 mol) of sodium is dissolved in 50 mL of liquid 
ammonia in a three-necked 100-mL flask equipped with a Dry Ice condenser 
topped with a nitrogen inlet and a magnetic stirring bar. Powdered gray 
elemental selenium, 6.0 g (0.076 mol) is added slowly (if addition is too rapid, 
vigorous splattering results) by means of a solid addition tube over a 45-min 
period. The mixture is stirred for an additional 30 min at Dry Ice temper- 
ature, at which point the solution is dark olive in color. The ammonia is 
evaporated to a volume of approximately 25 mL. Ice-cold water, 25 mL, 
previously deoxygenated and saturated with nitrogen, is slowly syringed into 
the reaction flask, The color of the solution changes to red. 

The reagent B9HI3 * S(CH,), is prepared using the literature method 
used for the synthesis of B9H1,*S(C2H,)2.3 First, 2 g (0.011 mol) of 
B,H,, * S(CH,), is rapidly added to the reaction mixture, which is stirred at 
room temperature for 12 h. Hexane (10 mL) that has been deoxygenated and 
saturated with N, is added to the dark green solution and stirred for 15 min. 
The hexane layer is drawn off by syringe to remove any hexane-soluble 
impurities. Excess tetramethylammonium chloride in deoxygenated water is 
added to the reaction flask, which gives a white precipitate. The solid is 
filtered, washed with water, and dried under nitrogen. The dried precipitate 
is dissolved in acetonitrile and rapidly placed on an H+ ion exchange column 
(50g of Rexyn 101 resin) and eluted with 150-200mL of acetonitrile. 
Deoxygenated water (50 mL) is added to the eluant and the acetonitrile is 
removed by rotary evaporation at 30°C. The resulting solid is removed 
by filtration in air and dried under vacuum. Crystallization from 

Department of Chemistry, Indiana University, Bloomington, IN 47405. 
t Department of Chemistry, University of Pennsylvania, 231 South 34th Street, Philadelphia, 
PA 19104. 
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CH,Cl2/CH3CN yields 0.68 g (24% based on B,H,,.S(CH,),) of white 
6,9-B8Hl,Se,, mp 197-199°C (dec.). 

Prqerties 

6,9-Diselena-arachno-decaborane( 10) is air-sensitive in solution but, as a 
solid, is stable under anhydrous conditions. The compound is very soluble in 
CH,Cl, and tetrahydrofuran, slightly soluble in acetonitrile, and insoluble in 
water. The infrared spectrum (KBr pellet) contains major absorption bands 
at 2570 (vs), 2550 (s), 1036 (w), 1010 (w), 990 (s), 976 (sh), 958 (w), 950 (w), 912 
(m), 900 (m), 863 (m), 800 (s), 728 (w), and 712 (m)cm-'. Thq "BNMR 
spectrum (CHCl, solvent) contains resonances at 14.9( 176); - 16.9(160); 
- 30.7 ppm (J l lB- lH 155 Hz) with peak areas of 2 : 4 : 2, respectively 

[BF, . O(C,H& = 0 ppm]. Bridge hydrogen coupling is observed on the 
- 16.9-ppm signal. The l lB  NMR spectrum indicates that the two selenium 

atoms are mostly likely in the 6 and 9 positions of an arachno 10-atom 
framework. Treatment of 6,9-B8H , ,,Se, with CoCl, and cyclopentadiene 
monomer in the presence of triet h ylamine forms Co( q 5-C H 5 )  (B, H , Se,). 
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Chapter Three 

TRANSITION METAL COORDINATION 
COMPOUNDS 

26. SOLVATED AND UNSOLVATED ANHYDROUS METAL 
CHLORIDES FROM METAL CHLORIDE HYDRATES 

MC1, -xH,O + 2x(CH,),SiCl-+ MCl, + x [(CH,Si],O + 2x HCl 

Submitted by PHILIP BOUDJOUK* and JEUNG-HO SO* 
Checked by MARLIN N. ACKERMANN,t SUSAN E. HAWLEY, and 

BENJAMIN E. TURKt 

Although there are several methods for preparing anhydrous metal halides,' 
thermal and chemical methods of removing water from hydrated metal 
halides are the most frequently employed. The pyrolysis of metal halide 
hydrates has been studied extensively and can lead to anhydrous salts, 
although temperature control .is important for many hydrates because water 
is released stepwise and mixtures of hydrates can be obtained., Dehydrating 
agents such as 2,2-dimethoxypropane and thionyl chloride are efficient 
dehydrating agents and have been widely used. The former has the dis- 
advantage of producing methanol and acetone, which often associate with 
metal  halide^;^ thus thionyl chloride has been used as the standard dehydrat- 
ing agent for metal  chloride^.^ On refluxing, it reacts with water to evolve 
hydrogen chloride and sulfur dioxide. Even though these by products are 
removed from the reaction mixture, there are drawbacks involved with 
thionyl chloride; it is a severe lachrymator that must be freshly distilled before 
use, and, because the reaction is slow, it must be used in excess to achieve 

* Department of Chemistry, North Dakota State University, Fargo, N D  58105. 
t Department of Chemistry, Oberlin College, Oberlin, OH 44074. 
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convenient rates of dehydration. Removing the last traces of thionyl chloride 
is sometimes difficult. 

A new dehydration method for metal chlorides is described here by which 
anhydrous transition metal chlorides can be prepared conveniently and in 
high yields under mild conditions. The large solubilities of some metal 
chloride hydrates in tetrahydrofuran (THF) allow homogeneous reactions 
and short reaction times ( - 1 h). The formation of HCl and of the very strong 
silicon-oxygen bonds in hexamethyldisiloxane drive the reaction. The reac- 
tions are easily monitored by characteristic color changes and work-up is 
a relatively simple procedure because low-boiling compounds [i.e., HCl 
( - 84"C), trimethylchlorosilane (57"C), and hexamethyldisiloxane (101 "C)] 
are efficiently removed from the reaction under reduced pressure. Since 
trimethylchlorosilane and hexamethyldisiloxane are very soluble in hydro- 
carbons, the last traces of both can be removed by washing with hexane. The 
halides are isolated as the THF complexes. 

The THF adducts were characterized by IR spectroscopy by comparing 
the C-0-C symmetric and asymmetric stretches with those reported 
elsewhere.6a Excellent agreement was obtained in each case. The reported 
yields are an average of two trials. 

Some salts could not be dehydrated in THF. Iron(II1) chloride for 
example, polymerizes THF6" and must be prepared using neat trimethyl- 
chlorosilane. Cobalt(I1) chloride dihydrate gave a similar result requiring 
neat trimethylchlorosilane. In both cases, nearly quantitative yields of the 
anhydrous salt were obtained. Hydrated zinc chloride, which we prepared by 
adding 10 wt YO water to the anhydrous chloride because well-defined hydra- 
tes are not commercially available, was very efficiently dehydrated in neat 
trimethylchlorosilane to give a 96% yield of zinc chloride. In contrast, the 
THF/trimethylchlorosilane mixture afforded a comparatively modest 71 YO 
yield of the tetrahydrofuranate. Chromium(II1) chloride hexahydrate, on the 
other hand, could not be completely dehydrated in neat trimethylchloro- 
silane and required THF for an efficient reaction giving 89% yield of 
chromium(II1) chloride tris(tetrahydr0furan). Our results are summarized in 
Table 1. 

Materials 

Commercially available metal chloride hydrates and trimethylchlorosilane 
can be used without further purification. Tetrahydrofuran should be freshly 
distilled from sodium benzophenone. Wet THF gives similar results but 
necessarily requires more trimethylchlorosilane. IR spectra were obtained as 
nujol mulls on a Beckman Model 4240 spectrometer. 
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TABLE I. Dehydration of Metal Chlorides with Trimethylchlorosilane 

MX, . H,O Color Product Color Yields (YO) 

CrC13. H,O"** 
CuCl, . 2H,0b 
BaCl, .2H,0b 
ZnC1, n(H20)C 
ZnC1, n(H,OFd 
BaCI, . 2H20d 
CuCI, . 2H,0d 
CoCl, . 6H20d-e 
FeCI3. 6H2OdVe 

Green 
Blue 
White 
White 
White 
White 
Blue 
Red 
Orange 

Cr(THF),CI, 
CNTH F)o. B Clz 
BaCl, 
Zn(THF),Cl, 
ZnC1, 
BaCl, 
CUCI, 
CoCl, 
FeCl, 

Purple 
Yellow 
White 
White 
White 
White 
Yellow 
Blue 
Dark. green 

89 
95 
95 
71 
96 
95 
90 
95 
95 

Requires THF for complete dehydration. 
Approximate composition of reaction mixture: 30 mL trimethylchlorosilane + 20 mL THF 
+ 10 mmol hydrate. 

* Samples of hydrated ZnC1, were made by adding water (10% by weight) to anhydrous ZnC1,. 
Dehydrations were performed in 30 mL trimethylchlorosilane + 10 mmol hydrate. 
FeCI, and CoCI, react with THF, reactions must be run in neat trimethylchlorosilane. 

Procedure 

Caution. HCl is corrosive. All reactions should be carried out in a well- 
ventilated hood. 

A. Chromium(II1) Chloride: A Typical Procedure 

(Also applicable to Cu, Ba, Zn, and Co dichlorides). Chromium(II1) chloride 
hexahydrate (2.66 g, 10 mmol), 20 mL of THF, and a magnetic stir bar were 
placed in a 100-mL, three-necked, round-bottomed flask equipped with a 
condenser fitted with a drying tube. At room temperature, 32 mL of trimeth- 
ylchlorosilane (253 mmol) was added dropwise with stirring to the slurry, 
causing the evolution of heat. The color of the reaction mixture changed from 
dark green to deep purple. The purple solid that precipitated was washed 
with hexane followed by evaporation of residual solvent at reduced pres- 
sure to give 3.34g (8.9 mmol) 89% yield of chromium(II1) chloride 
tris(tetrahydr0furan). The C - 0 4  stretches were observed at 850 cm - 
(symmetric) and 1010 cm- (asymmetric).6a No 0-H absorptions 
(3500- 3300 cm-') were detected. 

B. IronOII) Chloride 

Treatment of iron(II1) chloride hexahydrate by the above procedure leads to 
polymerization of THF. However, the reaction can be conveniently carried 
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out without solvent. Thus, 30 mL of trimethylchlorosilane was added to 
powdered iron(II1) chloride hexahydrate (2.70 g, 10 mmol) at room temper- 
ature. Stirring for 30 min followed by refluxing for an additional 3 h led to 
95% yield of the green anhydrous salt after removal of the liquid under 
reduced pressure. The IR spectrum showed no 0-H absorptions nor 
Si-C-H peaks (1225-1275 cm-'), indicating that all water and organo- 
silicon compounds were removed. 
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27. SOLID SOLVATES THE USE OF WEAK LIGANDS 
IN COORDINATION CHEMISTRY 

Submitted by WILLEM L. DRIESSEN* and JAN REEDIJK* 
Checked by KIM R. DUNBAR? and LAURA E. PENCE? 

Hydrated transition metal salts are commonly used as precursors for other 
coordination compounds with organic ligands. Water is a common solvent 
for the preparation and the characterization of many coordination com- 
pounds. However, the presence of water precludes the formation of coordina- 
tion compounds with weak ligands, which are not able or are barely able to 
compete with water as a ligand. For instance, when anhydrohs MgI, is 
allowed to react with dry acetone, the solid solvate' [Mg(acetone),]I, is 

* Department of Chemistry, Gorlaeus Laboratories, Leiden University, P.O. Box 9502, 2300 

t Department of Chemistry, College of Natural Science Michigan State University, East 
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formed,’ but the slightest contact with water, even exposure to the open 
air, rapidly transforms this compound to the corresponding hydrate 

To synthesize coordination compounds with weak ligands, methods have 
been developed whereby water is either absent from the start3 or is removed 
through a chemical r e a c t i ~ n . ~ ~ ~  In this contribution the preparation of 
coordination compounds of some divalent metals with nitr~methane,~ 
ethan01,~ acetone,6 diphenyl sulfoxide,’ and acetonitriles are described. 
These descriptions are merely examples of simple general methods for the 
preparation of coordination compounds of Mg2+, Mn”, Fe”, Co’+, Ni”, 
Cu”, Zn”, and Cd” with weak ligands, such as those mentioned above 
and acetic acid,5 nitr~benzene,~ hydrogen cyanide,’O tetrahydrofurane,” 
dioxane,” diglyme (l,l-oxybis[2-methoxyethane)),’3 1,4,7,10,13,16-hexa- 
oxacyclooctadecane (1 8-~rown-6) , ’~ ethyl acetate,’ and 2,4-pentanedione 
(acetylacetone in the neutral ketonic form). 

To obtain coordination compounds of nitromethane, the weakest ligand 
known so far,3 two conditions must be fulfilled. First, no other potential 
ligand must be present. This means, in practice, that all manipulations must 
be done under rigorously anhydrous circumstances. Second, a large counter- 
ion is r e q ~ i r e d ’ ~  to induce the cation to become completely solvated by only 
the nitromethane molecules. This demand is met by an elegant process called 
“the chloride-ion transfer method.” In this process a very large anion is 
formed through the incorporation of the relatively small chloride ion of a 
divalent metal chloride into the coordination sphere of a strong Lewis acid, 
like antimony pentachloride or iron trichloride. 

[Mg(HZo)6112. 

Starting Materials 

Extra care must be given to exclude any moisture in equipment, reagents, 
air (or N2), and solvents that are used for the preparation and isolation of 
the coordination compounds with complex chloroanions (procedures A, B, 
and E), and for the isolation of all other compounds: 

0 Air (or N, gas) can best be dried by passing it through a gas jar charged 
with P,O, on silica. 

0 For filtration, glass filters must be used throughout, as paper filters 
contain some water. Also, during the filtering process, totally dry air 
(or dry N2 gas) must be passed through the glass filter. 

0 All glassware, including the glass filters, must be thoroughly dried by 
heating at ca. 200°C for at least half an hour and then cooled to ambient 
temperatures in a desiccator charged with P205. 
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The rotatory evaporator must be flushed with warm dry air, and in the 
connection to the water pump a gas jar charged with P,05 (or P,05 on 
silica) must be inserted. When releasing the vacuum, dry air or dry N, 
gas must be admitted. 

0 Furthermore, all contacts of solutions or solids with the open air should 
be kept to a minimum. 

All solvents, ligands, metal hydrates, Lewis acids, and drying agents are 
available from the common commercial sources. 

The white solid AlCl, can also be prepared" freshly and quite easily by 
standard methods." Diphenyl sulfoxide (C,H,),SO can be prebared in very 
good yields through a Friedel-Crafts reaction with SOCl, and AlCl, in 
sodium-dried benzene, analogous to the synthesis of diphenyl sulfide.,' 
Equally good results can be obtained with ditolyl sulfoxide, (C,H,),SO, 
which can be prepared in the same way using toluene instead of benzene. 

Anhydrous divalent metal chlorides MCl,, in which M is Mn, Fe, Co,.Ni, 
Cu, and Zn can be obtained by heating the corresponding, commercially 
available, hydrated divalent metal chlorides MCl,(H,O),, n = 4,6 at 200°C 
for about 1 h in a gentle stream of dry HC1 gasig Other, more elaborate, 
methods have been reported, 1 s  22  for the preparation of anhydrous divalent 
transition metal chlorides. 

Acetone, acetonitrile, l,Zdichloroethane, and nitromethane are best dried 
by storage over anhydrous calcium sulfate, and n-hexane over CaH, or 
Na wire.,, 

Antimony pentachloride, a yellow liquid that hydrolyzes immediately 
when in contact with moist air, is preferentially used as the solid adduct with 
nitromethane. 

Caution. The corrosive and toxic liquid SbC15 must be handled in a 
well-ventilated hood. 

Preparation of the solid SbCl,(CH,NO,), pentachloro(nitromethane)anti- 
mony(V), is best done in relatively large quantities. 

Procedure 

A thoroughly dry 250-mL round-bottomed flask is charged with 40 mL of 
dry 1,Zdichloroethane and 30.0 g (0.1 mol) of antimony penttichloride.* To 
this solution, a solution of 6.1 g (0.1 mol) of dry nitromethane in 15 mL of dry 

*Weigh the stoppered flask with 1,2-dichloroethane. Add rapidly an estimated quantity of 
SbC1, directly from its bottle. Weigh again, and calculate the amount of dry nitromethane 
(a small excess is all right) to be added. 
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1,2-dichloroethane is rapidly added. Immediately, some heat will evolve, 
which will raise the temperature of the flask by - 10°C. After cooling, 
crystals of SbC1,(CH3N0,) will have formed, which can be used without 
further purification. A second crop can be obtained by evaporating most of 
the solvent under reduced pressure at elevated temperatures. Eventually, 
the product can be washed with a little dry n-hexane. CH3C1,N02Sb 
Pale yellow crystalline solid, very hygroscopic, decomposes with water. 
Yield: - 70%. 

A. HEXAKIS(NITROMETHANE)COBALT(II) BISIHEXA- 
CHLOROANTIMONATE(V)l, [Co(CH,NO,), I I SbCI, l2 

CH,NO, COCI2 + 2SbC1, + 6CH3NO2 - [CO(CH3NO,)6] [SbCl,]2 

Procedure 

A thoroughly dry 100-mL conical flask is rapidly charged with 1.3 g 
(0.01 mol) of CoCl,, 7.2 g (0.02 mol) of SbCl,(CH,NO,), 40 mL of dry 
nitromethane, and a magnetic stirring bar (1 cm) and then immediately 
tightly stoppered. This mixture is stirred at room temperature for several 
hours until almost all solid, blue CoCl, has disappeared. If not clear, the 
pink-red solution must be filtered without suction through a thoroughly dry 
glass filter. The clear solution is then concentrated under reduced pressure 
with the aid of a thoroughly dry rotatory evaporator to a volume of about 
10mL. The temperature of the solution should not be raised above 50°C. 
Crystallization of the desired product will occur when this solution is stored 
at low temperatures ( -= 5°C). The crystals must be collected and stored under 
rigorously anhydrous circumstances. In general, recrystallization is not 
necessary. Eventually,-the product can be washed with a little dry n-hexane. 
C , H , , C ~ , , C O N , ~ , ~ S ~ ~ ;  mp = 102°C dec.; pink-red solid. Yield - 60%. 

B. HEXAKIS(ACETONE)COBALT(II) BfS(HEXACHLOR0- 
ANTIMONATE(V)], ICo(CH,COCH,),] ISbCI, 1, 

CH NO [CO(CH,NO,),] [SbCI,], + 6CH,COCH, 4 

[Co(CH3C0CH3)61 CSbC1612 

Nitr~methane,~ the weakest known ligand for transition metal ions, is readily 
replaced by other weak ligands such as esters, aldehydes, ethers, and 
ketones.6."-'6 U sing this ligand substitution reaction, transition metal 
solvates of acetone may be prepared. 
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Procedure 

To a solution of 5.5 g (0.005 mol) of [Co(CH,NO,),] [SbCl,], in 40 mL of 
thoroughly dry nitromethane is added 1.8 g (0.03 mol) of dry acetone. 
(Instead of starting with solid [Co(CH,NO,),] [SbCl,],, compound B can 
also be prepared through the addition of the appropriate amount of dry 
acetone to the pink-red solution of procedure A). The colour of the solution 
becomes slightly more red. The solution is then concentrated by evaporation 
of the solvent nitromethane under reduced pressure at moderate temper- 
atures ( < SOT)  to about one-third its volume. Storage of the resulting 
solution below 5°C will produce pink crystals, which can be isolated by 
filtration and stored under rigorously anhydrous circumstances. Although 
recrystallization is usually not necessary, it can nevertheless be effected using 
a mixture of dry nitromethane and dry acetone in a 9 : 1 ratio. Eventually, 
the product can be washed with a little dry n-hexane. C,,H,,Cl,,CoO,Sb,; 
pink solid. Yield: - 60%. 

C. HEXAKIS(ETHANOL)NICKEL(II) BISITETRAFLUORO- 
BORATE(1 - )I, [Ni(C,H,OH),I IBF4I2 

[Ni(H20)61[BF412 + 6HC(OCZH5)3 

[Ni(C,H,OH),] [BF,], + 6 C2H50H + 6 HCOOC2H5 

When hydrated transition metal salts are allowed to react with certain 
dehydrating agents, such as triethyl orthoformate, or acetic anhydride,’ then 
coordination compounds of ethanol and acetic acid, respectively, are formed. 
These complexes may then react with other weak ligands, yielding co- 
ordination compounds that cannot be formed through a direct reaction 
of these ligands with the metal hydrates. 

Procedure 

A 100-mL Erlenmeyer flask is charged with 3.4g (0.01 mol) of 
[Ni(H,O),] [BF4I2 and 10 mL of absolute ethanol. Then, 9.0 g (0.06 mol) of 
triethyl orthoformate is added, and the mixture is stirred. Dissolution of the 
nickel salt is accompanied by a very slight rise in temperature. If Ohe solution 
is not clear, it should be filtered through a fine-pore filter paper. The resulting 
yellow-green solution is concentrated to about one-third of its volume 
(reduced pressure, rotatory evaporator) and then stored below 59C to allow 
crystallization. The solid is collected on a glass filter under anhydrous 
conditions and may be washed with a little dry n-hexane. The solid may be 
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recrystallized from absolute ethanol or dry nitromethane, although this is 
seldom necessary. C, 2H,6B,F8Ni06; green solid. Yield: - 60%. 

D. HEXAKIS(D1PHENYL SULFOXIDE)NICKEL(II) 
BIS(TETRAFLUOROBORATE(1-)], [Ni(dps~)~][BF,l, 

acetone 
[Ni(H20)6] [BF,], + 6HC(OC,H,), + 6DPSO ---+ 

[Ni(dpso),] [BF,], + 12 C,H,OH + 6 HCOOC,H, 

Diphenyl sulfoxide (DPSO) is a stronger ligand than ethanol and a weaker 
ligand than water. It can thus form coordination compounds from hydrates 
through the intermediate action of a dehydrating agent.,. 

Procedure 

A clear yellow-green solution of [Ni(C,H,0H)6] [BF,], is obtained by 
dissolving, while stirring, 0.65 g (0.002 mol) of [Ni(H20)6] [BF4], in a mix- 
ture of 10 mL of acetone and 5 mL of triethyl orthoformate, followed by 
filtration through analytic-grade filter paper. At room temperature a solution 
of 2.8 g (0.014mo1, which is a slight excess) of diphenyl sulfoxide in 15 mL of 
acetone is added. Yellow-green crystals start to precipitate within an hour. If 
not, the solution may be reduced in volume and then chilled. The next day 
these crystals are collected and washed once with 5 mL of acetone and twice 

yellow-green solid. Yield: - 80%. 
with 10-mL portions of diethyl ether. The product is C7,H6oB,F8NiO&; 

E. HEXAKIS(ACETONITRILE)IRON(III) 
BIS[TETRACHLOROALUMINATE( 1-)], 
IFe(CH3CN)61 lA1c141Z 

CH CN FeCI, + 2 AlCl, + 6 CH,CN J [Fe(CH,CN),] [AICI,], 

Solvates of acetonitrile can be obtained through the method of chloride-ion 
transfer. This can be performed through the nitromethane precursors, but 
also directly in acetonitrile itself. Acetonitrile is inert, unlike acetone, toward 
strong Lewis acids and is also a fairly good solvent for this type of 
coordination compound. In addition, Lewis acids weaker than SbCI, can be 
used as chloride-ion acceptors to form the chloroanions in acetonitrile, 
because acetonitrile is a stronger solvate-forming ligand than nitromethane. 



Solid Solvates: The Use of Weak Ligands in Coordination Chemistry 117 

Procedure 

A dry 100-mL Erlenmeyer flask is rapidly charged with a Teflon-coated 1-cm 
bar magnet, 1.3 g (0.01 mol) of anhydrous FeCl,, 2.7 g (0.02 mol) of AlCl,, and 
40 mL of dry acetonitrile, after which it is immediately tightly stoppered. The 
mixture is stirred until (almost) all of the solid has disappeared. If the solution 
is not clear, it should be filtered through a dry glass filter without suction in 
a moisture-free environment. The clear solution is concentrated to about 
one-half its volume (reduced pressure, T < 50°C). The product crystallizes 
at low temperature ( <  5OC) and may be washed with a little 
dry n-hexane. The product is Cl,Hl,A~,C~,FeN6; brown-yellow solid. 
Yield: - 60%. 1 

Some General Properties 

All the compounds described in this contribution are sensitive to moisture. 
When in contact with water, they decompose-as has already been stressed 
above-yielding hydrated metal salts and/or hydroxides or oxides. 

These compounds also contain large, noncoordinating, complex anions. 
As a consequence of their composite nature, these anions show characteristic 
infrared  absorption^.^^ The tetrahedral anion [BF,]- has a very strong 
absorption band at 1070 cm- ' (with in some cases a high-energy shoulder 
originating from 'OB) and an adsorption band at 530 cm- '. The octahedral 
[SbCl,]- anion has a very strong absorption band in the far-infrared region 
(at 345 cm- '). The tetrahedral [AlCl,]- anion has a very strong absorption 
band at 495 cm- '. 

The ligands acetonitrile and acetone have characteristic groups directly 
involved in the bonding to the metal ions. The bond orders of the nitrile bond 
and the carbonyl bond are influenced by the metal ions. The bond order of 
the nitrile group is increased on coordination. Consequently the CN-stretch- 
ing absorption (vCSN = 2257 cm-' in liquid acetonitrire) shifts to higher 
f req~encies .~~ The bond order of the carbonyl group is lowered on coordina- 
tion, which is reflected in a shift to lower frequencies of the C=O stretching 
vibration (vC4 = 1718 cm-' in liquid acetone).6 The magnitude of the shift 
depends on the "inductive effect" of the particular metal ion. Therefore, an 
Irving-Williams sequence26 in the magnitudes of frequency shifts is 
~ b s e r v e d ~ . ~ ~  for many complexes of the transition metal ions Mn%++, Fe2+, 
Co2+, Ni2+, Cu,,+ and Zn2+. 

The divalent metal ions in the compounds obtained with the methods 
described above are solvated by six molecules of one kind', and, cohsequen- 
tly, the reflectance spectra in the visible-near-infrared (VIS-IR) region of the 
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solid compounds containing metal ions with partly filled d orbitals are typical 
for a regular octahedral e n v i r ~ n m e n t . ~ ~ . ~ ~  

For further details, one is referred to the original literat~re.’~? 27.28 
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28. NIOBIUM(II1) AND (IV) HALIDE COMPLEXES 
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The structural inorganic chemistry of ligated niobium(II1) and niobium(1V) 
halides have been intensively studied over the years.’ More recently some d’ 
and d’ niobium reagents have been used in organic synthesis.’ In general, 
low-valent niobium complexes have been synthesized via reduction of a do 
precursor employing reducing agents such as sodium-mercury amalgam or 
aluminium powder.’ In all of these cases, removal of some or all of the 
reaction solvent is required in order to isolate the niobium complex. This 
requirement makes large-scale syntheses of these compounds cumbersome. 
Tributyltin hydride is an efficient reagent for reducing niobium pentachloride 
or pentabromide to lower oxidation states in high yields and on large 
s c a l e ~ . ’ ~ . ~ * ~  Furthermore, syntheses employing this reducing agent have been 
designed such that the niobium containing product precipitates from the 
reaction mixture, circumventing the aforementioned isolation problems. 

In addition to their applications in organic synthesis, all of the niobium 
halide complexes described here serve as convenient precursors to a variety of 
known coordination complexes of niobium(II1) and (IV)4 as well as organo- 
metallic  compound^.^ 

Caution. All reactions and manipulations should be performed under an 
atmosphere of nitrogen, either in a dry box or using standard Schlenk tech- 
niques. 

All solvents used in these reactions were purified by standard methods and 
purged with nitrogen immediately before use. The tributyltin hydride was 
either purchased from Aldrich Chemical Company and distilled prior to use 
(the checkers noted that they did not distill this material) or prepared from 
(Bu,Sn)~O/polymethylhydrosiloxane.5 In the latter case we recommend that 
the tributyltin hydride be immediately redistilled (through a 2-cm x 30-cm 
Vigreux column) after the initial distillation from the reaction mixture. The 
niobium pentachloride (Aldrich or Cerac) and the niobium pentabromide 
(Cerac) were used as received. 

Tributyltin hydride is toxic and readily absorbed through the 
skin. Niobium pentachloride and niobium pentabromide are corrosive solids. 

1 

Caution. 

* Department of Chemistry, University of California, Berkeley, CA 94720. 
t Aldrich Chemical Company, P.O. Box 355, Milwaukee, WI 53201. 
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A. NbCl,(thf), 

THF 

toluene. 0°C 
NbCl, + Bu,SnH - NbCl,(thf), + Bu,SnCl + 0.5 H, 

A three-necked 5-L Morton flask* is fitted with an overhead mechanical 
stirrer, a nitrogen inlet adapter, and a rubber septum and charged with 
toluene ( - 3 L) and niobium pentachloride (187.3 g, 0.693 mol). The mixture 
is cooled in an ice bath. A l-L Schlenk flask is charged with tetrahydrofuran 
(315 mL, 3.88 mol) and tributyltin hydride (202 g, 0.694 mol) and fitted with a 
rubber septum. This solution is added, via cannula,? over 20-30min to the 
vigorously stirred toluene suspension. Shortly after the addition is completed 
( < 1&20min), the solution is filtered and the solid is washed with toluene 
(200 mL) and pentane (2 x 300 mL) and dried in U ~ C U O  for 12 h ( < 1 mm). 
Yield, 249 g (95%)$ of a free-flowing yellow powder is obtained. Melting 
point (sealed capillary) = 127-137°C dec. (lit. 145°C); IR (cm-', Nujol mull) 
v 990, 820. 

Anal. The checkers analyzed for niobium. Calcd: Nb, 24.52. Found 
Nb, 24.7. 

Properties 

An alternative synthesis of this material employing aluminum powder as the 
reducing agent has been NbClJthf), appears to be indefinitely 
stable at room temperature if stored under an inert atmosphere. Only on a 
couple of occasions have we observed that the solid turns gray on standing. 
The yellow complex is easily retrieved by adding the discolored solid to 
tetrahydrofuran and stirring the suspension for 20 min followed by filtration 
and drying in uacuo. 

B. NbCl,(drne) 

DME 
NbCl, + 2BU$nH - NbCl,(dme) + 2Bu,SnC1 + H, 

A three-necked 5-L Morton flask8 is fitted with an overhead mechanical 
stirrer and a nitrogen inlet adapter and charged with 1,2-dimethoxyethane 

- 78°C 

*The checkers used a regular 5-L flask. 
t The checkers added the tributyltin hydride via an addition funnel. 
$The checkers obtained 244 g (93%). They have also run this reaction on two times this scale 

5 The checkers used a regular 5-L flask. 
and obtained the same yield. 
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(3 L) and tributyltin hydride (555 g, 1.91 mol). A 500-mL round-bottomed 
flask containing niobium pentachloride (250 g, 0.93 mol) is attached to the 
setup via a piece of Latex tubing (30 cm long, 1.8 cm in diameter) that is 
adapted with two male 24/40 joints on each end. The reaction mixture is then 
cooled to - 78°C and the solution is vigorously stirred while the niobium 
pentachloride is added over a 1-h period.* 

Vigorous stirring is essential and should be maintained in such 
a manner that any dark residue formed near the joint where the NbCl,  is 
introduced is constantly being washed into the reaction mixture. 

After the addition is complete the bath temperature is maintained between 
- 78" and - 60°C for 4 h. At this point, the cold bath is reploved and the 

mixture is stirred an additional 2 h. The solution is filtered? and the solid 
is washed with 1,Zdimethoxyethane (3 x 300 mL) and pentane (3 x 300 mL) 
followed by drying in U ~ C U O  (12 h at < 1 mm). Yield, 252 g (94%)$ of a brick- 
red solid is obtained. Melting point (sealed capillary) = 116130°C dec.; 
IR (cm-', Nujol mull) v 1283, 1238, 1178, 1069, 1028, 1007, 846. 

Caution. 

Anal. Calcd. for C,H,,C1,02Nb: C, 16.60; H, 3.48; C1, 36.76. Found: 
C, 16.94; H, 3.71; C1. 36.65; N, 0.00. The checkers analyzed for niobium. 
Calcd.: Nb, 32.11. Found: Nb, 31.1. 

Properties 

The molecular structure of NbCl,(dme) is currently unknown. The solid 
is indefinitely stable at room temperature when stored under an inert 
atmosphere. 

C. NbBr,(thf), 

THF 

toluene. 0°C 
NbBr, + Bu,SnH - NbBr,(thf), + Bu,SnBr + 0.5 H, 

A dry three-necked 1-L flask is fitted with an overhead mechanical stirrer, an 
addition funnel, and a nitrogen inlet adapter and charged with toluene 
(600 mL) and NbBr, (40.0 g, 81.2 mmol). The addition funnel is charged 
with tetrahydrofuran (120 mL, 1.48 mol) and tributyltin hydride (23.6 g, 
81.1 mmol). The reaction is cooled using an ice bath and the solution is 

* The checkers added the NbCI, via a powder addition funnel. 
If the reaction is to be filtered in a dry box, we have found it convenient to let the reaction 
stand for 30min, allowing the product to settle, and then removing a large portion of the 
solvent ( - 2.5 L) via cannula, directly into a waste bottle. 

$ The checkers obtained 240 g (88%). 
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stirred vigorously while the tributyitin hydride solution is added over 0.5 h. 
After the addition is completed, the mixture is stirred an additional 45 min 
and then filtered. The solid is washed with toluene (2 x 150 mL) and pentane 
(2 x 150 mL) and dried in oacuo (6 h, < 1 mm) to give 36.3 g (80%)* of a red- 
orange powder. Melting point (sealed capillary) = 97°C dec.; IR (cm-', 
Nujol mull) v 990, 816. 

Anal. The checkers analyzed for niobium. Calcd.: Nb, 16.69. Found: 
Nb, 16.9. 

Properties 

The product has been previously prepared by reaction of NbBr, with 
tetrahydrofuran." This complex must be stored in a low temperature freezer 
( < - 30°C). 

D. NbBr,(dme) 

NbBr, + 2 Bu,SnH 5 NbBr,(dme) + 2 Bu,SnBr + H, 
- 78°C 

A three-necked l-L flask is fitted with an overhead mechanical stirrer and a 
nitrogen inlet adapter and charged with dry 1,Zdimethoxyethane (600 mL) 
and tributyltin hydride (59.0 g, 0.203 mol). A 250-mL flask containing 
niobium pentabromide (50.0 g, 0.102 mol) is attached to the setup via a piece 
of Latex tubing (30 cm long, 1.8 cm in diameter) that is adapted with two 
male 24/40 joints on each end, The reaction mixture is cooled to - - 78°C 
(Dry Ice/2-propanol) and the solution is stirred vigorously while the NbBr, is 
added in portions over a 30-min period.7 

Vigorous stirring is essential to ensure that any NbBr, 
clinging near the top of the ground-glass joint is washed into the reaction 
mixture. 

After the addition is complete, the mixture is left to stir with no further 
addition of Dry Ice to the cold bath. After 3.5 h, the bath is removed and the 
material is allowed to warm to ambient temperature ( - 1 h). During this 
time the heterogeneous reaction mixture turns from a brownish hue to a light 
purple. The solution is filtered and the resulting solid is washed with 42- 
dimethoxyethane (2 x 150 mL) and pentane (2 x 150 mL) and dried in uacuo 
(12 h at < 1 mm). Yield, 37.8 g (88%)$ of a bright purple, free-flowing solid is 

Caution. 

*The checkers obtained 39 g (86%). 
t The checkers added the NbBr, via a powder addition funnel. 
3 The checkers ran this reaction on four times this scale and obtained 172 g (86%) of product. 
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obtained. Melting point (sealed capillary) = 13&160"C dec.; IR (cm-', 
Nujol mull) v 1070, 1021, 1006, 978, 845. 

Anal. Calcd. for C,H,,Br,O,Nb: C, 11.36; H, 2.38; Br, 56.70. Found: 
C, 11.34; H, 2.33; Br, 56.70; N, 0.00. The checkers analyzed for niobium. 
Calcd.: Nb, 21.98. Found: Nb, 21.9. 

Properties 

The molecular structure of NbBrJdme) is currently unknown. The solid 
appears to be stable at room temperature when stored under an inert 
atmosphere. However, storage in a low-temperature freezer ( < - 30°C) is 
recommended. 
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29. CHROMIUM(V) FLUORIDE AND CHROMIUM(V1) 
TETRAFLUORIDE OXIDE 

Submitted by S. P. MALLELA* and JEAN'NE M. SHREEVE* 
Checked by DARRYL D. DesMARTEAUt 

A. CHROMIUM(V) FLUORIDE 

190" 
2CrO,F, + 3F, - 2CrF, + 0, 

Chromium(V) fluoride has been prepared by the static fluorination of 
chromium powder by elemental fluorine at 400" and 200atm' and by 
the high temperature, high-pressure static fluorination of chromium(II1) 
fluoride.,. The procedure described below involves fluorination of 
chromium(V1) difluoride dioxide, CrO,F,, by elemental fluorine under rather 
mild conditions, which is the most convenient method. Chromium(V) fluoride 
is a useful precursor to a large number of complex salts that contain CrF, 
and CrF:-. 

Procedure 

Caution. Fluorine is a highly oxidizing and very reactive gas. It must 
not be allowed to come in contact with easily oxidized materials or any organic 
compounds. All metal components, especially valves, must be free of hydrocar- 
bon grease before use withjuorine. Eye protection must be worn, and skin and 
clothing should be protected with gloves and a lab coat. Information is available 
on the safe handling ofjuorine and on the treatment in the event of personal 
e x p ~ s u r e . ~  

A 100-mL Hoke$ spun Monel vessel (rated for 5OOOpsi) prepassivated 
with either F, or ClF and equipped with a Whitey stainless steel valve (SSD 
IRM4) (Seattle Valve§) is loaded with 15 mmol(l.83 g) of CrO2FZ5 (by PVT 
techniques) using a well-constructed Monel or nickel metal vacuum line6 
(prepassivated with ClF) and equipped with Whitey valves and Swagelok 
connections at - 196" (liquid N,). An excess of fluorine (Mathesonfl) 
(120 mmol) is introduced into the Monel vessel by a pressure difference 

*Department of Chemistry, University of Idaho, Moscow, ID 83843. 
t H. L. Hunter Chemistry Laboratory, Clemson University Clemson, SC 29634. 

0 Seattle Valve and Fitting Co., 13417 N.E. 20th St., Bellevue, WA 98005. 
YMatheson Gas Products, P.O. Box 85,932 Paterson plank Road, East Rutherford, NJ 07073. 

Hoke, Inc., One Tenakill Park, Cresskill, NJ 07626. 
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technique6 and the valve closed. The line is evacuated slowly through a soda 
lime trap to destroy the residual fluorine. 

Caution. The reaction betweenjuorine and soda lime is highly exo- 
thermic. Therefore, the Jluorine must be removed very slowly. 

The Monel vessel is allowed to warm to room temperature and then 
heated at 190" for 46 h. The vessel is then allowed to cool to ambient 
temperature and is cooled finally to - 196". The unreacted F, and other 
volatile compounds are removed under dynamic vacuum first at - 196" (the 
pump must be protected by a fluorine scrubber that contains soda lime or 
alumina) and later at - 60" (Dry Ice-ethanol slush). 

At low temperatures ( - 170") and low fluorine pressure,( - 77 mmol) 
small amounts of unreacted CrO,F, are recovered. Under the conditions 
described, CrO,F, is converted quantitatively to CrF, (2.12 g). The purity is 
checked by electron diffraction measurements' and by infrared spectra (solid 
as well as gas). 

Proper ties 

Chromium(V) fluoride is a red sticky solid that melts at 35". The infrared 
spectrum of liquid CrF, has strong absorption bands at 799, 730, 684, and 
533 cm-1.8,9 The liquid-phase Raman spectrum899 has bands at 780, 755, 
668,390,320,305, and 204 cm-'. The gas-phase (2 torr) IR has a very strong 
absorption band at 771 cm-' with a shoulder at 800cm-'. The mass- 
spectrometric cracking pattern of CrF, shows several peaks; these 
are assigned to single-charged positive ions: CrF:, CrFd, CrFl ,  CrF:, 
and Cr+.'O 

B. CHROMIUM(V1) TETRAFLUORIDE OXIDE 

CsF 
2CrO,F, + 2F, y 2CrF40 + 0, 

Chromium(V1) tetrafluoride oxide CrF40 was first synthesized via fluor- 
ination of either metallic chromium or Cr03,10*11 and the route has been 
modified to use CrO, at lower temperature.12 Very recently, fluorination of 
CrO,F, with KrF, in anhydrous HF  was r ep~r t ed . '~  However, this route 
requires the use of a rather exotic fluorinating agent. The procedure described 
below involves the catalytic fluorination of CrO,F, in the presence of CsF. 

Procedure 

Caution. Fluorine is a highly oxidizing and extremely reactive gas. 
Easily oxidized materials and all organic compounds must be absent. Eye 
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protection must be worn. Skin and clothing must be protected with gloves and 
lab coat. 

In a dry box, about 1 mg of dry CsF is introduced into a 150-mL Monel 
vessel (test pressure 5000 psi) (Hoke) (prepassivated with either F, or ClF) 
equipped with a stainless steel Whitey valve (SSD, IRM4) (Seattle Valve). 
The vessel is connected to a well-constructed Monel or nickel vacuum line 
prepassivated with C1F,6 and is evacuated and cooled to - 196". Then 
10 mmol (1.22 g) of CrO,FZ5 is transferred (using PVT techniques) into the 
vessel. Then - 54 mmol(2.05 g) of fluorine (Matheson) is introduced using a 
pressure-difference technique.6 After closing the valve, the vessel is allowed to 
warm to ambient temperature and the vessel is placed in a tube furnace. The 
valve is cooled by circulating cold tap water through a coiled copper tube 
placed around it. The vessel is heated at - 200" for 62 h. In the unlikely event 
of a fluorine leak, the reaction is carried out in an oven in a good fume hood. 
After the reaction, the vessel is allowed to cool to ambient temperature and 
attached to the vacuum line and cooled to - 196". The unreacted fluorine is 
slowly removed under dynamic vacuum via a soda-lime trap. All other 
volatile compounds are removed at - 60". The majority of the product is 
found in the vicinity of the valve. The dark red solid CrF,O remaining in the 
vessel is vacuum-transferred at 25" to a Kel-F tube (Zeus*) equipped with a 
Whitey valve. The product may also be removed by scraping it into a Kel-F 
container in a dry box. The yield is 1.3 g (9.0 mmol, 90%). 

Anal." Calcd. for CrF,O: Cr, 36.1; F, 52.8. Found: Cr, 35.9; F, 53.2. 

Properties 

Chromium(V1) tetrafluoride oxide (mp 55") is a dark red solid that exists in 
equilibrium with its purple vapor at 25".'O~ 13* It is highly soluble in BrF,, 
SO'ClF, and anhydrous HF." The gas-phase IR spectrum13 has a very 
strong characteristic absorption band at 755 cm- assigned to y,(E). Medium 
absorption bands are at 1028 yl(Al) and at 696 y2(A1)cm-'. The mass 
spectrometric cracking pattern is CrOFf, CrOFi,  CrOF;, CrF:, CrOF', 
CrO+, and Cr+.'O 
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30. AMMONIUM HEXACHLOROMOLYBDATE(II1) 

Submitted by TAKASHI SHIBAHARA* and MIKIO YAMASAKI* 
Checked by ABDUL K. MOHAMMED7 and ANDREW W. MAVERICK? 

Two methods have been used to obtain hexachloromolybdate(III), 
[MoC1,I3 -, and/or aquapentachloromolybdate(III), [MoCI,(H,O)]~ -: elec- 
trolytic reduction of MOO, in concentrated hydrochloric acid' (method 1) 
and oxidation of tetrakis(acetato)dimolybdenum, Mo,(O,CCH,),, in con- 
centrated hydrochloric acid2 (method 2). Method 1 requires an electrolytic 
apparatus and complicated procedures, and the yield is not high. Method 2 
is simpler than 1 and gives good yield; however, the starting material 
Mo,(02CCH,), is expensive and must be prepared from Mo(CO),. 

We report here a facile preparation of ammonium hexachloro- 
molybdate(II1). This method employs reduction of ammonium molybdate 
by tin metal in concentrated hydrochloric acid without air-free techniques. 

Material 

Ammonium molybdate (NH4),Mo,0,,~4H,O was purchased from Nacalai 
Tesque. The use of sodium molybdate instead of ammonium molybdate gives 

Department of Chemistry, Okayama University of Science, 1-1 Ridai-cho, Okayama 700, 

t Department of Chemistry, Louisiana State University, Baton Rouge, LA 70803. 
Japan. 
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a somewhat impure product, due, probably, to contamination with NaCl. 
The use of MOO, and H,MoO, is inadequate, since these scarcely dissolve in 
concentrated HCl. 

Hydrogen chloride gas is toxic. Operations should be carried 
out in a well-ventilated hood. 

First, 5 g (4.05 mmol) of (NH4),Mo7O2,4H2O is dissolved in concen- 
trated HCl(lO0 mL) in an Erlenmeyer flask (200 mL). Tin metal (shot; 20 g, 
0.17 mol) is added, and the loosely stoppered flask is heated in a boiling-water 
bath for 8 min with vigorous stirring. The color of the solution turns deep red 
brown via yellow green, deep green, and red brown. While heating, a yellow 
precipitate appears within a minute, which disappears, however, within 8 min 
on continuous heating. After further heating for 3 min, ammonium chloride 
(5.0 g, 0.094 mol) is added and dissolved by additional heating (2 min). The 
solution is cooled in an ice bath for 1 min (temperature of the solution is - 55°C) and filtered immediately using a sintered-glass filter (No. 3) by 
means of suction. Longer cooling will give rise to coprecipitation of the 
desired product. The amount of unchanged tin metal is - 13 g, and the 
yellow precipitate ( - 1 g) is discarded. The filtrate which is transferred into 
an Erlenmeyer flask (100 mL), is cooled with ice again and a fairly vigorous 
stream of gaseous hydrogen chloride is bubbled through the solution until it 
is saturated [ - 5 min; filtration at this stage gives - 4.3 g (42%) of the 
desired product], and then the flask is tightly stoppered. The solution is kept 
in a refrigerator for N 24 h and the red crystals that deposit are collected by 
filtration and washed with ethanol, then dried in a vacuum desiccator. 
Yield: - 6.5 g (64%). 

Caution. 

Anal. Calcd. for H,,N,MoCI,: Mo, 26.44; N, 11.58; H, 3.33%. Found: 
Mo, 26.4; N, 11.45; H, 3.38%. 

The filtrate contains an appreciable amount of Mo(II1) species: addition of 
ethanol ( - 25 mL) followed by introduction of HCl gas ( - 5 min) with 
cooling in an ice bath gives an additional product after a week's storage in a 
refrigerator; it is somewhat impure, though. Yield: - 1.2 g (12% based on the 
starting material (NH,) ,MO,~,~~~H,O) .  
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Proper ties 

The solid is stable in air; the solution, however, is air-oxidized, as described 
previously.'. ' Somewhat different electronic spectra have been reported on 
[ M o C ~ , ] ~ - , ~  and our finding [A,,,, nm ( E ,  M - '  cm-') 419 (40.5), 523 (30.5), 
and 677 (lS)] obtained in concentrated HCl solution under nitrogen atmo- 
sphere*, is very similar to the reported values in refs. 3a and 3b. Even a very 
small amount of oxygen will cause the spectrum to change around 310 nm. 
However, the shapes of the three peaks change only a little, and the spectrum 
can be measured in the air, if it is measured promptly. In 6 M HCl, 
[MoC1,I3 - undergoes aquation immediately to give [MoC~,(H,O)]'-.~~ 
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31. DIOXOBIS(2,4-PENTANEDIONATO)MOLYBDENUM(VI), 
MoO,(acac), A N D  pOXODIOXOTETRAKIS(2,4- 

PENTANEDIONATO)DIMOLYBDENUM)(V), Mo,O,(acac), 

Submitted by MUKUL C. CHAKRAVORTI? and 
DEBASIS BANDYOPADHYAY? 

Checked by MALCOLM H. CHISHOLM$ and CHARLES E. HAMMOND$ 

Extensive studies on the preparative and structural aspects of 2,4-pentane- 
dionato and other j?-diketonato complexes of transition metals have been 
made over the last 100 years. However, such complexes of molybdenum have 
not received much attention. The study of the coordination chemistry of 
molybdenum in general has had an impetus in recent years because of its 
key role in many biological systems. Two 2,cpentanedionato complexes of 
oxomolybdenum(V1, V) are well characterized. MoO,(acac), has been pre- 
pared starting from either MOO, or (NH,),Mo70,,~4H,0.' A method for 

* In order to get rid of trace amounts of oxygen in nitrogen gas to be used to purge air, 
nitrogen gas is passed through a bottle containing concentrated HCI and SnCI,.2H,O 
( - 0.5 M) prior to use. 

t Department of Chemistry, Indian Institute of Technology, Kharagpur 721 302, India. 
3 Department of Chemistry, Indiana University, Bloomington, IN 47405. 
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the preparation of this complex by refluxing MOO, with 2,4-pentanedione for 
18 h has appeared2 in Inorganic Syntheses. X-ray crystal structure3 and mass 
spectrometric studies4 of the complex have been made. The binuclear com- 
plex Mo203(acac), has been prepared by the reduction of MoO,(acac), with 
zinc in 2,4-~entanedione,~ heating Mo02(acac), with 2,4-pentanedione in a 
sealed tube,, or refluxing MoO(OH), with 2,4-pentanedione in an inert 
atm~sphere.~ However, no detailed method of preparation is available. The 
binuclear moiety Mo2O;+ offers for study a variety of structural arrange- 
ments. 

A rapid method for the preparation of MoO,(acac), at room temperature 
starting from ammonium para-molybdate, (NH4),Mo70,,.4H20, is de- 
scribed below. Two methods for the preparation of Mo,O,(acac), are also 
given. The first method is based on the refluxing of MoO(OH), with 2,4- 
pentanedione, while the other uses the electrochemical reduction of 
MoO,(acac),. 

A. DIOXOBIS(2,4-PENTANEDIONATO)MOLYBDENUM(VI), 
MoO,(acac), 

(NH4),Mo,02, + 14Hacac + 6H+ + 7Mo02(acac), + 6NHa + 10H20 

Procedure 

A 3.0-g (2.4-mmol) quantity of powdered ammonium para-molybdate, 
(NH4),Mo,024~4H20, is dissolved in 6.0 mL of aqueous ammonia (15%) by 
stirring.* To this clear solution 7.0 mL (6.8 mmol) of 2,4-pentanedione is 
added with stirring. A light yellow solution results. A 5.0-mL quantity of 
concentrated nitric acid (density 1.42) is added slowly to the mixture with 
vigorous stirring. The mixture warms and turns greenish yellow in color. The 
solution is allowed to cool to room temperature when a yellow precipitate 
appears. The solid is separated after half an hour by filtration under suction. 
It is washed with water and then with ethanol. The yield is about 4.0 g (72%).t 
The compound is of moderate purity and can be used for ordinary purposes. 
It is recrystallised by dissolving 2.0 g of the crude product in 6.0 mL of hot 
(about 90") 2,4-pentanedione followed by cooling to - lo" in a freezer for 
18 h. The yellow crystalline substance is separated by filtration under suction, 
washed with ethanol, and dried in uacuo. The yield of the recrystallized 

*The checkers used 6.0 mL of 58% aqueous ammonia. All the solid did not dissolve. After the 
addition of 2,4-pentanedione with agitation, some precipitate is formed which dissolved on 
the addition of 5.0 mL of concentrated nitric acid. 

t The checkers report a yield of 93% on cooling the hot solution in a freezer at - 10" for 18 h. 
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product is 1.8g. (The checkers note that all the 2,4-pentanedione is not 
removed and the product slowly becomes tinged with red.) 

Anal. Calcd. for MoO,(acac),: Mo, 29.4; C, 36.8; H, 4.3. Found: Mo, 29.2; 
C, 36.5; H, 4.1. 

Proper ties 

The compound is a light yellow crystalline substance, which decomposes over 
time when stored in air under fluorescent light, affording a light blue solid. 
But no decomposition occurs when stored in uucuo or under nitrogen. It 
melts at 179". It is insoluble in water, but very slightly soluble in ethanol and 
chloroform. In the infrared spectrum, it gives strong bands at 930 and 
900 cm- l ,  showing the symmetric and antisymmetric Mo=O stretches, 
respectively. Other important bands occur at 1560, 1500, 1350, 1260, 101 5, 
795,665, 570, and 445 cm-'. The visible, ultraviolet, and NMR spectra have 
been reported.* 'H NMR spectrum in CD,Cl, (yellow solution) at 25" has 
signals at 6 2.12, 2.14 and 5.83 ppm. The 13C NMR spectrum in CD,C12 at 
25" has signals at 6 196.7, 185.2, 104.9, 28.0, and 25.7 ppm. 

B. p-OXODIOXOTETRAKIS (2,4PENTANEDIONATO) 
DIMOLYBDENUM(V), Mo,O,(acac), 

2MoO(OH), + 4Hacac + Mo,O,(acac), + 5H,O 

Procedure 

Chemical Method. The compound MoO(OH), has been prepared by the 
method given in Inorganic Syntheses.' After 1.Og of finely ground 
MoO(OH), (6.1 mmol) and 6.0 mL (58.5 mmol) of 2,4-pentanedione are 
placed in a 25-mL round-bottomed flask, the mixture is heated under reflux 
for 6 h, during which time an intense brown solution forms. This is filtered 
warm by suction to remove a small amount of undissolved MoO(OH),.* The 
filtrate is kept in a freezer at - 10" overnight and then the brown micro- 
crystalline precipitate is separated by filtration under suction. This is washed 
with water and then with ethanol. The product is dried in uacuo. The yield is 

* The checkers noted that the residue contains both the product and unreacted MoqOH), 
after hot filtration. The residue was digested with 10 mL of 2,4-pentanedione at 120" and the 
filtrate cooled in a freezer. After washing and drying as described above, 0.9g of the 
compound was obtained. 
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about 1.2 g (61%). The compound is of moderate purity. It can be re- 
crystallized by dissolving in 10mL of hot ( - 120") 2,4-pentanedione fol- 
lowed by cooling in a freezer at - 10" overnight. The product is separated by 
filtration under suction, washed with ethanol, and dried in uacuo. The yield of 
the recrystallized product is 0.6 g. 

Electrochemical Method. The electrolytic cell used for this purpose is a 
100-mL tall-form beaker fitted with a rubber stopper through which four 
glass tubes are inserted. Two platinum foils each connected with platinum 
wire electric leads are inserted through two of the tubes. (The checkers used a 
platinum gauze as cathode and a nichrome coiled wire as anode.) The other 
two tubes allow input and exit of nitrogen gas (Fig. 1). 

N2 - 

4 
-I 

I----------- ==-I 
Fig. 1. Cell for electrochemical reduction of MoO,(acac),. 
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A 2.0-g (6.1-mmol) quantity of MoO,(acac), is placed in the electrolytic 
cell. To it, 5.0 mL of 2,4-pentanedione, 40 mL of acetonitrile and 0.05 g of 
tetraethylammonium perchlorate are added. A clear yellow solution is 
obtained on stirring. The electrodes are dipped in the solution, and nitrogen 
gas is passed through the inlet tube. The platinum foils are then connected to 
the two terminals of a variable-voltage power supplylo and a DC voltage of 
25 V is applied, giving a current of 60 mA. The solution gradually turns 
brown in the vicinity of the cathode. Finally, the whole solution becomes 
dark brown. The electrolysis is continued for 6 h. After the circuit is switched 
off, the solution (with a little brown precipitate deposited inside the beaker) is 
slowly evaporated on a water bath to one-third of the original volutne. The 
nitrogen supply is continued during this evaporation. The rubber stopper is 
removed, and the solution is allowed to cool to room temperature. A deep 
brown microcrystalline precipitate separates from the solution. This is 
removed by filtration, washed, dried, and recrystallized as described in the 
chemical method. Yield of the recrystallized sample is about 0.7 g (36%). 

Anal. Calcd. for Mo,O,(acac),: Mo, 30.1; C, 37.7; H, 4.4. Found: Mo, 29.8; 
C, 37.4; H, 4.5. 

For the analysis of molybdenum the samples are decomposed by repeated 
fuming with a few drops of nitric acid each time in a platinum crucible and 
finally heated to about 500" and weighed as MOO,. Carbon and hydrogen 
are determined by standard microchemical methods. 

Properties 

The compound is a dark brown crystalline substance. It melts at 169". It is 
insoluble in water and common organic solvents except for a slight solubility 
in chloroform. It is very weakly paramagnetic (peff is 0.33 BM at 24"). An 
Mo-0-Mo bridge was proposed" to account for the observed low 
magnetic moment. The infrared spectrum gives a band at 950 cm-' due to 
Mo-0, stretching. Other major IR bands occur at 1550, 1350, 1270, 1020, 
930, 800, 675, and 445 cm-'. The visible, UV, ESR, and mass spectra were 
reported ' 
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32. DECAKIS(ACETONITRILE)DIMOLYBDENUM(II) 
TETRAFLUOROBORATE( 1- ) 

F. ALBERT COTTON* and KENNETH J. WIESJNGER* 

rn Caution. The acetonitrile must be freshly and rigorously purijied. 
Extreme caution should be used in handling the tetrajluoroboric acid as it is 
corrosive. 

CH,CN/CHIC12 
Mo,(OZCCH3), + H[BF,].Et,O - 

heat 

Mo,(NCCH,), + [ax-CH,CN],[BF4],.2CH,CN 

drying, 8 h at 35°C 

1 

(1) 

~M~Z(NCCH3)~(~x~CH3CN~0.S~~BF414 

Complexes with multiple, especially quadruple, bonds between two metal 
atoms have been the subject of much research for at least 25 years.' There 
have been numerous reports of the synthesis of [MI]"+ species that contain 
weakly coordinating neutral and/or anionic ligands. Several examples of this 
class of species have been reported for M = Mo: [Mo,(H,O),(CF,SO,),] 
CCF,SO,IZ,~CM~Z(NCCH,),ICCF,SO,I,,~ ~~~-[M~Z(OZCCH,)~(NCCH,)~I 
p], (X = BF4-, CF3S0,-),334 [Mo~(E~O,CCH,),][CF~SO~]~,~ [Mo,(CF, 
so,),5 [M~,(en)~][Cl]~,~*' M ~ , ~ + ( a s ) , ~  trans-[Mo,(O,CCH,),(dmpe),] 
[BF,],,' and [MO~(O,CCH,),(NCCH~)~][BF~OH]~.~ It is unfortunate that 

* Laboratory for Molecular Structure and Bonding, Department of Chemistry, Texas A&M 
University, College Station, TX 77843. 
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many of these reported procedures lead to impure products or uncertain 
formulations, and only in the cases of [Mo,(O,CCH,),(NCCH,),][X], (X 
= BF,-, CF,S03-),3*4 and [MO,(O,CCH,),(~~~~),][BF,],~ were the 

actual structures determined crystallographically. Some analogous studies 
have been reported for the [Ru,]"' and [Rh,l"+ The most 
recent examples are [Rh,(NCCH,), 0] [BF,],,' and [Rh,(H,O),(NCCH,),] 
[PF6]4.2H20.'5 

We report here the synthesis of [MO,(NCCH,),(~X-NCCH~)~,~]- 
[BF,], (1). [Abbreviations used here are: ax = axial and dmpe = 1,Zbis- 
(dimethy1phosphino)ethane.l 

Procedures 

Tetrakis(acetato)dimolybdenum(II) is prepared as reported.', Acetonitrile 
(2L) is passed through a column (3 cm x 40 cm) of alumina gel (dried at 120°C 
for 2 days) and then distilled from calcium hydride under an atmosphere of 
dry nitrogen. Dichloromethane is distilled from phosphorus pentoxide under 
nitrogen. Tetrafluoroboric acid is used as purchased from Aldrich as an 
85% HCBF,] diethyl ether solution. It is handled with a pretreated syringe in 
a similar manner to alkyl-lithium reagents. All manipulations are performed 
using standard vacuum-line and Schlenk techniques under a dry and oxygen 
free atmosphere of argon. All glassware is oven dried at 120°C for > 18 h, 
assembled while hot and then evacuated. The reaction is carried out in a 
vented fume hood. 

The reaction is performed in a three-necked 250-mL flask equipped with a 
5-in. spiral-coil condenser. 

Tetrakis(acetato)dimolybdenum(II) (1.20 g, 2.80 mmol) is dissolved in ace- 
tonitrile (20 mL) and CH,Cl, (100 mL). To this vigorously stirring yellow 
solution is added HIBF,].EtzO (6.0mL, 85% H[BF,] solution) with a 
subsequent color change to a red solution. The solution is continuously 
stirred at room temperature and progresses through color changes from red 
to purple to blue-purple within 30min of the acid addition. During this 
period, a large crop of bright blue-purple microcrystals precipitates from the 
reaction solution. The reaction mixture is then heated to reflux temperature 
and gently refluxed for 40min. Since the blue-purple material forms so 
quickly, the solution is refluxed for a short period of time in order to 
coagulate the precipitate and remove any impurities. As the reaction mixture 
is cooled to room temperature, the solution becomes less intensely blue as a 
result of product precipitation from the solution. The supernatant liquid is 
decanted off. 

The solid is rinsed with dichloromethane (4 x 10 mL) until the wash 
solution is clear. The solid is further rinsed with diethyl ether (3 x 10 mL) 
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to remove any residual H[BF,].Et,O. On drying under vacuum for 8 h 
at 35"C, 2.24g (93% yield) of a bright blue solid, [Mo,(NCCH,), 
(ax-NCCH,),.,][BF,], (l), is isolated. Prolonged drying at elevated temper- 
atures causes decomposition to a black intractable material. 

The purest form of the material can be obtained by dissolving 200 mg of 
the product in acetonitrile (15 mL), filtering, and precipitating out large dark 
blue crystals by slow diffusion of diethyl ether or dichloromethane (20 mL) 
into the acetonitrile layer. These crystals have been shown to be 
[MO~(NCCH,),(~X-NCCH,)~][BF,],-CH,CN by X-ray crystallography." 
We believe that the species in solution is [Mo,(NCCH,),(ax- 
NCCH,),ICBF414. 

Properties 

The compound [Mo,(NCCH,),(ax-NCCH,),][BF,], is not stable in ace- 
tonitrile in air, as the solution turns purple and then decomposes to a brown 
color. Furthermore, the solid is hygroscopic. The solid dissolves in aceto- 
nitrile and ethanol: acetonitrile solutions. It is virtually insoluble in other 
common solvents and slowly decomposes in acetone. The pure compound is 
easily identified by UV-VIS, 'H NMR, and IR spectra. The electronic 
spectrum has one absorption at 597 nm. The 'H NMR (CD,CN, 22°C) 
spectrum contains only one singlet at 1.95 ppm due to free CH,CN. This 
indicates that the CH,CN ligands in this complex are labile and exchange 
with the CD,CN solvent. The infrared spectrum (CH,CN solution, cm- I )  

contains three stretches at 2360 (s), 2338 (m), and 2306 (w), and a strong BF; 
band at 1071 cm-'. Similar bands are seen at 2325 (m), 2293, (s) 2247 (w), and 
1059 (vs) cm-' for the Nujol mull. 
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33. HEXAKIS(DIMETHYLAMID0)DITUNGSTEN AND 
TUNGSTEN(1V) CHLORIDE 

Submitted by MALCOLM H. CHISHOLM* and JAMES D. MARhN* 
Checked by JOHN E. HILLt and IAN P. ROTHWELLt 

Crucial to the development of the chemistry of the triple bonds between 
molybdenum and tungsten have been high yield syntheses of the dinuclear 
complexes, M2(NMe2), , that provide excellent starting materials (see 
Scheme 1). These compounds sublime in uacuo, allowing a complete separa- 
tion from the halide salts generated during their preparation. Mo,(NMe,),' 
may be prepared in high yields from the metathetic reaction involving MoCl, 
and LiNMe, according to the following equation: 

MoCl, -t 6LiNMe2 --* Mo2(NMe2), (1) 

?LiR t 
ZMe,SiCI 

M2(NMe2), - 1,2-M2C12(NMe2), 

ZLiPR, I 
Scheme 1 

* Department of Chemistry, Indiana University, Bloomington, IN 47405. 
t Department of Chemistry, Purdue University, West Lafagette IN 47907. 



138 Transition Metal Coordination Compounds 

For tungsten no simple halide, WCl,, is known. Nevertheless, W,(NMe,), 
can be prepared in high yields from the metathetic reactions involving WCl,’ 
or NaW,C1,(thf),3 (the product of a Na/Hg reduction of WCl,) and 
LiNMe,. Both reactions yield W,(NMe,), in > 70% yield based on tung- 
sten. However, we have found the former reaction, which we report here, to 
be more useful and to give less of the undesired W(NMe,), by-product. The 
yield and purity of W,(NMe,), appear to be strongly correlated to the 
quality of the WCl, starting material. Our preparation of WCl, employs the 
reduction of WCl, by red phosphorus (Eq. 2), similar to that described 
previou~ly.~ 

(2) WCI, + +PA WCI, + 3Pc1, 

Our general procedures and techniques have been described in detail., The 
starting materials and products are air- and moisture-sensitive; therefore, 
an inert atmosphere of dry and oxygen-free nitrogen is used throughout all 
experimental procedures. WCI, is used as purchased from Pressure Chemical 
Co. All hydrocarbon solvents are dried and distilled from sodium- 
benzophenone and stored over 4-A molecular sieves under a nitrogen 
atmosphere. Lithium dimethylamide is prepared from HNMe, and n-butyl- 
lithium. 

A. TUNGSTEN(1V) CHLORIDE, WCl, 

TungstenfVI) chloride (50.0 g, 0.126 mol) and two-thirds of an equivalent of 
red phosphorous (2.60 g, 0.084 mol) are placed into chamber C of the reaction 
vessel shown in Fig. 1. The reaction vessel is then evacuated ( - lo-, torr) 

Fig. 1. Three-chamber reaction vessel for preparation of WCl,. Chambers A, B, and 
C are 14 in. diameter and constrictions a, b, and c are in. diameter. 
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and flame-sealed at constriction a. The two solids must be thoroughly mixed 
together and dispersed laterally in chamber C (see Fig. 1). Chamber C of the 
reaction vessel is placed into a tube furnace and heated to 225°C. Chambers 
A and B should remain at room temperature. As the reaction proceeds, PCl, 
begins to distill into chamber B. After 1 h the temperature is raised to 275°C. 
At this temperature impurities such as WOCl, (red), WO,Cl, (yellow), WCl, 
(green), and any excess WCl, (purple) sublime into chambers A and B. It is 
helpful to periodically heat the constrictions between the three chambers 
using a gas torch to clear any buildup of sublimate. After 2 h at 275°C 
chamber B is cooled with liquid nitrogen and flame-sealed at constriction b. 
The reaction vessel (now only chambers A and C) is inserted farther into the 
tube furnace such that only about one-third of chamber A remains exposed 
and the furnace temperature is raised to 300°C. After 12 h, chamber A is 
flame-sealed at constriction c, leaving the black, nonvolatile powder, WCl, in 
chamber C (39.0 g, 0.120 mol, 95%). This material is pure enough for most 
purposes but has been found to contain up to 0.15% phosphorous.4q6 

Reviewers noted some reactions on mixing WCl, and red phosphorus and 
advise keeping the time between mixing the reactants and beginning to heat 
the reaction mixture to a minimum. 

B. HEXAKIS(DIMETHYLAMIDO)DITUNGSTEN, W, (NMe,), 

A two necked 500-mL flask, equipped with a nitrogen inlet and a large 
Teflon-coated magnetic stirring bar, is charged with WCl, (32.0 g, 0.098 mol). 
The WCl, is taken up in Et,O (80ml), resulting in a gray ether slurry that is 
cooled to 0°C. A second two-necked 500 mL flask, equipped with a nitrogen 
inlet and a Teflon-coated magnetic stirring bar, is charged with LiNMe, 
(20.0 g, 0.392 mol). The LiNMe, is taken up in tetrahydrofuran (THF) 
(200 ml), giving an off-white slurry. The LiNMe, slurry is slowly transferred 
to the magnetically stirred WCl, slurry via cannula, causing the gray slurry to 
become a yellow brown solution with precipitated LiC1. When the addition of 
lithium amide is complete, the reaction mixture is stirred at 0" for an 
additional 3 h and then allowed to warm to room temperature. After about 
20 h at room temperature a reflux condenser is attached to the reaction flask 
and the reaction is refluxed for 2 h. The yellow solution of W2(NMe,), is then 
filtered through Celite to separate the product from LiCl. To ensure complete 
extraction, the original flask and Celite pad are washed k i th  THF 
(2 x 50 mL). The solvent is then removed in uucuo, leaving a yellow-brown 
residue.' The dried residue, on sublimation onto a water-cooled cold finger 
(100"C, lo-, torr), yields bright yellow crystals of W,(NMq), (23.3 g, 
0.037 mol, 75%).' The first isolated fraction may occasionally be discolored 
slightly by impurities including W(NMe,),. 
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Anal. Calcd. for W,N,C,,H,,: C, 22.78; H, 5.74; N, 13.34. Found: C, 22.53; 
H, 5.51; N, 13.02. 

Properties 

W,(NMe,),, (WEW), is an air- and moisture-sensitive yellow crystalline 
solid that may be stored for long periods under an inert atmosphere. It is 
appreciably soluble in hydrocarbon solvents. The 'H NMR spectrum shows 
one broad resonance at 3.4 ppm (C,D,, 25°C). Other physical and chemical 
properties are described in the literature., 
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34. TETRACARBONYL[1,2-ETHANEDIYLBIS- 

fic-(ACETONE) TRICARBONYLI 1,ZETHANEDIYLBIS- 
(DIPHENY LPHOSPHINE)]TUNGSTEN(O), 

(DIPHENYLPHOSPHINE)]TUNGSTEN(O), AND 
mer-TRICARBONY L [ 1,2-ETHANEDIY LBIS- 

(DIPHENY LPHOSPHINE)](PHENYLVINYLIDENE) 
TUNGSTEN(O)* 

W(CO), + PP - W(CO),PP + 2co 

W(CO I ~ P P  L f a c - ~ ( ~ ~ ) , ~ ~ ( a c e t o n e )  + co 

1 
I 

acetone 

1 2 

THF fac-W(CO),PP(acetone) + PhCCH - mer-W(CO),PP(C=CHPh) 

2 3 

PP = 1,2-ethanediylbis[diphenylphosphine] = dppe 
THF = tetrahydrofuran 

Submitted by KURT R. BIRDWHISTELL? 
Checked by ANNE C. DEMAJ XIAHOU LIJ C. M. LUKEHARTJ and 

MARGARET D. OWENS 

Thefuc-W(CO),(dppe)(acetone) complex (2) represents an important class of 
compounds containing labile ligands that are used as synthetic precursors. 
General preparative routes involve replacement of the labile ligand, acetone 
in complex 2, with the ligand of choice. The following is a list of the com- 
plexes that have been prepared by room-temperature replacement of the 
acetone ligand of complex 2: (1) mer-W(CO),(dppe)(q2-olefin)', (2) fac- 
W(CO),(dppe)(q2-alkyne)2, (3) mer-W(CO),(dppe)(C = CHR),, (4) mer- 
W(CO),(dppe)(g2-CS2 14, ( 5 )  mer-W(CO),(d~pe)(i~-SO,)~, (6)  fac-W(CO),- 
(dppe)(q'-acetylide).6a 

Complex 2 was first reported by Schenck.' We found it useful to modify 
his procedure in order to isolate 2 and store it for future use. Complex 2, an 
isolable solid, is significantly more convenient to use than labile solvent 
adducts such as W(CO),(thf), which must be photolytically produced 
each time. 

* Chemical Abstracts Service refers to the phenylvinylidene ligand as a phenylethenylidene. 
t Department of Chemistry, Loyola University, New Orleans, LA, 701 18. 
1 Department of Chemistry, Vanderbilt University, Nashville, TN, 37235. 
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The mer-(CO),(dppe) W(C=CHPh), 3, prepared as described below, con- 
tains a vinylidene ligand, a ligand that occupies a central role in the chemistry 
of monohapto carbon ligands in organometallic chemi~try.~ Chemical trans- 
formations relate the vinylidene ligand to  acetylides, $-vinyls, acyls, and 
ca rbyne~ .~  Low oxidation state monohapto vinylidenes of tungsten have 
recently been implicated as catalysts in the polymerization of terminal 
acetylenes.' 

Complex 3 has been converted to a number of carbynes, disubstituted 
vinylidenes, and related complexes via electrophilic addition to the p- carbon 
of the vinylidene.'. Complex 3 has also been used to build heterodinuclear 
transition metal complexes." 

Vinylidene (3), as well as related vinylidenes, have been obtained in good 
yields via the addition of electrophiles to acetylide complexes.6 The proced- 
ure below allows one to make these vinylidenes without the use of alkali 
metal acetylide reagents. Solid vinylidene 3 is not sensitive to air or water 
making it an attractive starting material. 

A. TETRACARBONY L[ 1,2-ETHANEDIYLBIS- 
(DIPHENYLPHOSPHINE)lTUNGSTEN(O), W(dppe)(CO),, 1 

Caution. This reaction should be done in the hood due to the evolution 
of toxic carbon monoxide. 

Materials 

The tungsten hexacarbonyl, dppe, and phenylacetylene were purchased from 
Strem Chemical Co. and Aldrich Chemical Co and used without further 
purification. Solvents are used as received from commercial suppliers after 
sparging with nitrogen. The following procedure was first reported in 1974." 

Procedure 

A 500-mL Schlenk flask is charged with tungsten hexacarbonyl (10.56 g, 
30 mmol), dppe (1 1.94 g, 30 mmol), 50 mL of l,l'-oxybis[2-methoxy- 
ethane] (diglyme) and a magnetic stirring bar. The almost colorless mixture 
was sparged with nitrogen for 5 min, fitted with a reflux condenser, and 
heated to reflux for 4 h under nitrogen. The tungsten hexacarbonyl and dppe 
slowly dissolve on heating. The tungsten hexacarbonyl that sublimes out of 
the reaction mixture is periodically returned to the mixture by vigorously 
swirling the flask. The use of the large flask inhibits the tungsten hexa- 
carbonyl from subliming into the reflux condenser. During the reaction the 
mixture turns a pale yellow. The solution is cooled to room temperature and 
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50 mL of methanol is added resulting in a pale yellow powder. The mixture is 
filtered in the air and the pale yellow powder is isolated. The powder is 
recrystallized by dissolving in chloroform, filtering, and adding methanol 
resulting in 14.6 g (70% yield) of very pale yellow crystals. 

Properties 

The W(CO),dppe (1) is an air-stable pale yellow crystalline solid. Complex 1 
is soluble in polar organic solvents such as dichloromethane, 1,2-dichloro- 
ethane, and tetrahydrofuran (THF). The literature melting point is 
206-207°C.11 The compound may be conveniently characterized by its 
infrared spectrum in the carbonyl region: v(CO)( 1,2-dichloroethaneY cm - I )  

2016 (s), 1912 (m), 1901 (s), 1876 (vs),” (KBr, cm-’) 2017 (s), 1915 (s), 1886 
(vs), 1872 (vs). 

B. ~uc-TRICARBONYL(~,~-ETHANEDIYLBIS(DIPHENYL- 
PHOSPHINE)] (ACETONE)TUNGSTEN(O), 
fic-W(CO),(dppe)(ACETONE), 2 

rn Caution. This reaction should be done in a fume hood due to the 
evolution of toxic carbon monoxide. The U V lamp can cause severe eye damage 
and should be used with adequate U V eye protection. The photolysis reactor 
should be hidden from sight during photolysis. 

Procedure 

Complex 1 (2.78 g, 4.0 mmol) is dissolved in 300 mL of nitrogen purged 
acetone. Photolysis of solutions that are more concentrated than this leads 
to incomplete reaction and undesirable by-products. The almost colorless 
solution of complex 1 is transferred via stainless steel transfer tube to a 
submersion-type, nitrogen-flushed photochemical reactor containing a mag- 
netic stirring bar.12 The reactor is set up with an acetone-saturated nitrogen 
sparge to assist in the removal of carbon monoxide and inhibit solvent loss 
during photolysis. In addition to the water-cooled jacket the entire reactor is 
cooled in an ice bath during photolysis. This quantity of material takes 4-5 h 
of photolysis time. The reaction may also be followed by monitoring the 
solution in the CO region of the IR. The high-energy CO absorption of 
complex 1 at approximately 2015 cm-’ should be almost gone on com- 
pletion of photolysis. The resulting deep yellow solution is transferred via 
stainless steel tubing to a Schlenk flask and the solvent removed in vacuo.(We 
use a nitrogen flushed rotary evaporator for this process.). The yellow residue 
is triturated and washed with 3 x 50 mL of a 3 : 1 petroleum ether-diethyl 
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ether mixture yielding a yellow powder. The yellow powder is dried under 
vacuum at room temperature. The yield is nearly quantitative; a small 
amount ( -= 1 YO as determined by I R) of W(CO),(dppe) generally remains. 
We use this material for all subsequent syntheses. 

The tetrahydrofuran adduct, [fac-W(CO), (dppe)(thf)], can be prepared 
in a similar fashion, but the THF adduct is much less stable in the solid state 
than the acetone adduct. Complex 2 can be quantitatively converted to the 
THF adduct by dissolving 2 in THF. 

Properties 

fac-W(CO),(dppe)(acetone) can be stored for several months in a freezer 
under nitrogen. Crystalline compound 2 can be transferred in the air for short 
periods without significant decomposition. The acetone ligand can be ex- 
changed at room temperature by ligands such as THF, acetonitrile, olefins, 
alkynes, or phosphines. Complex 2 decomposes quickly in CHCl, and slowly 
(over several hours) in acetone or THF at room temperature, forming 
W(CO),dppe as the main carbonyl containing product in solution. The 
compound can be conveniently characterized by its IR spectrum [v(CO), 
acetone, cm-’1: 1921 (s), 1825 (s), 1805-(s). Checkers report some trouble in 
obtaining an IR of 2. Complex 2 is very air sensitive and the solution I R  needs 
to be obtained under rigorously air-free conditions. 

C. mer-TRICARBONYLI 1,2-ETHANEDIYLBIS- 
(DIPHENYLPHOSPHINE) 1 (PHENYLVINYL1DENE)- 
TUNGSTEN(O), mer-(CO),(dppe) W (C=CHPh), 3 

The following procedure can be completed in 1 day, including the chromato- 
graphy. 

Procedure 

A solution of phenylacetylene (8.00 mmol, 0.83 g) in 20 mL of tetrahydro- 
furan was sparged with nitrogen in a 100-mL Schlenk flask. The phenylace- 
tylene solution is transferred via stainless steel tubing to a 250-mL Schlenk 
flask fitted with a rubber septum containing complex 2 (2.90 g, 4.00 mmol). 
After 5 min the red slurry is diluted to 100 mL with nitrogen-sparged THF. 
To this deep red solution of fac-tricarbonyl(dppe)tungsten(q’-phenyl- 
acetylene)’ is added approximately 0.2 mL of nitrogen-sparged water. We 
found that water catalyzes the alkyne to vinylidene isomerization, resulting in 
a higher yield of vinylidene. After stirring for 8 h at room temperature the 
reaction is complete and the mixture is deep green. The reaction may be 
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monitored by following the carbonyl region of the IR. The solvent is removed 
in vucuo. After solvent removal, a green tar remains. Chromatography of the 
green mixture under nitrogen on alumina column (30 cm x 2-3 cm) using 
toluene, followed by increasing amounts of CH,Cl, results in elution of a 
yellow band of W(CO), = dppe followed by a green band of 3. Removal of 
the solvent in vacuo of the green fraction and washing the green powder with 
pentane followed by drying in vacuum, yields 2.9 g (94% yield)* of green 
mer-W(CO),(dppe)(C=CHPh), 3. 

The reddish organge methoxycarbonyl mer-(CO),(dppe) W [C=CH- 
(CO,Me)I3, can be made in a similar fashion using methyl 2-propynoate and 
purification by florisil chromatography using toluene, CH2Cl2, and diethy1 
ether. 

Properties 

Complex 3 can be handled as a solid in the air for extended periods of time 
without decomposition. Solutions of this complex are air-sensitive. Complex 
3 reacts with CHC1, overnight at room temperature to form a truns- 
chlorotungstencarbyne.' , Complex 3 is soluble in CH,C12, THF, acetone, 
and aromatic hydrocarbons. The complex may be conveniently characterized 
by its IR spectrum: v(C0) (THF, cm-') 2002 (m), 1940 (s), 1900 (vs) (or KBr 
pellet), 2000 (m), 1915 (s), 1890 (vs), and 'H NMR (CDC13) 6 :  7.5-(m, Ph), 
4.99 (dd, 45,H = 6.7, 3.6 Hz, C=CHPh), 2.55 (m, PCH,CH,P). Complete 
spectroscopic details are given in the l i t e ra t~re .~  
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35. NITRIDO AND OX0 COMPLEXES OF RHENIUM(V) 

Submitted by B. PATRICK SULLIVAN,* JOHN C. BREWER,? and 
HARRY B. GRAY? 

Checked by DOUGLAS LINEBARRIERS and JAMES M. MAYERS 

Rhenium compounds in high oxidation states often contain multiply bonded 
[Re'N], [Re'O], and [Re'O,] units. It is clearly desirable to have large- 
scale, convenient preparations of these compounds. Although the nitrido- 
rhenium complex featured here, ReNCl,(PPh,),, is a key starting material, a 
detailed preparation has not been published previously. This new, versatile 
preparation is based quite closely on previous preparations and chemical 
observations. '-, 

The second synthesis is of the five-coordinate, cis-dioxo complex, 
ReO,I(PPh,),, described in 19694 and in 1983.5 The complex exhibits 
the rare d2 cis-dioxo configuration; importantly, it is a superior material for 
the preparation of new trans-dioxorhenium species. The preparation pre- 
sented here is based on the previously published method involving the 
hydrolysis of the complex trans-ReO12(OCH,CH,)(PPh,)2.4-6 

A. DICHLORONITRIDOBIS(TR1PHENYL- 
PHOSPHINE)RHENIUM(V) 

ReOCl,(PPh,), + [PhNHNHJCl + PPh, -P 

ReNCl,(PPh,), + OPPh, + [PhNH,]Cl + HCI 

The compound ReNCl,(PPh,), was first prepared in 1962 by reaction of 
hydrazine dihydrochloride with NaReO, and PPh, in aqueous ethanol, 
followed by distillation to remove the benzene-ethanol-water azeotrope. In 
later papers, two new general preparative methods were reported: (1) reaction 
of hydrazine dihydrochloride (or with a hydrazine/hydrazine dihydrochlor- 

Department of Chemistry, University of Wyoming, Laramie, WY 82071. 
t Arthur Amos Noyes Laboratory, California Institute of Technology, Pasadena, CA 91 125. 

$ Department of Chemistry, University of Washington, Seattle, WA 98195. 
Contribution no. 8057. 



Nitrido and 0 x 0  Complexes of Rhenium( V )  141 

ide mixture) with Re207 and PPh, in aqueous ethanol2*, and (2) the reaction 
of perrhenate with PPh, and various substituted hydrazinium salts, for 
example, 4-methylbenzenesulfonic acid hydrazide hydrochloride (p-tosyl- 
hydrazine hydrochloride) and phenylhydrazine hydrochloride.’ 

It was the latter preparative method and the observation that 
ReOCl,(PPh,), reacts with hydrazinium salts in wet ethanol, to give 
ReNCl,(PPh,), that prompted the development of this synthesis. The 
precursor complex ReOCl, (PPh,), is perfectly suited for use in this applica- 
tion since it is available conveniently in 10-100-g scales in 99% yield.7 

Procedure 

To a 250-mL, round-bottomed flask equipped with a reflux condenser and 
a nitrogen inlet are added 6.88 g (8.26 mmol) of ReOCl,(PPh,),,7 4.50 g 
(17.2 mmol) of PPh,, and 1.2 g (8.3 mmol) of [PhNHNH,]Cl (Aldrich). After 
addition of 150mL of absolute ethanol and 6 mL of distilled water, the 
mixture is heated at reflux for 2 h with vigorous magnetic stirring. The 
heating time at reflux is crucial, since at shorter times the isolated nitride is 
contaminated with unreacted ReOCl,(PPh,),, while at longer times the 
competitive formation of a dark brown, ethanol soluble material decreases 
the yield of product. Likewise, the addition of water to the reaction is crucial, 
since it shifts the ionization equilibrium of the hydrochloride toward the free 
hydrazine. After cooling the reaction to room temperature, the solid that has 
formed is filtered by suction from the red-brown filtrate. The solid is washed 
successively with the following solvents: water (2 x 25 mL), absolute ethanol 
(2 x 25 mL), acetone (3 x 25 mL), and diethyl ether (3 x 25 mL). Upon 
washing with acetone, a substantial amount of the red-brown impurity is 
removed. After air-drying, first for 1 h by suction, and then for several days at 
room temperature, the yield of the orange-brown microcrystalline solid is 
measured as 5.60 g (7.04 mmol) (85%). The material in this state is suitable for 
preparative purposes. 

Anal. Calcd. C, 54.34%; H, 3.80%; N, 1.76%. Found. C, 54.67%; H, 3.86%; 
N, 1.50%. Recrystallization can be accomplished from hot benzene/ethanol 
mixture. 

Properties 

The compound ReNCl, (PPh,), is an air-stable complex that is insoluble in 
coordinating solvents such as alcohols, acetonitrile, acetone, and diethyl 
ether, and only sparingly soluble in low-polarity solvents such as dichloro- 
methane, chloroform, and benzene. The melting point is reported, to be 
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219-221°C. The characteristic infrared stretch of the ReN triple bond has not 
been found due to interference from Ph modes; the ReCl stretch occurs at 
323 cm- (Nujol mull).' Despite the color of the complex in the solid state 
and the yellow color of a CH,Cl, solution, no distinctive features appear 
in the visible region of the spectrum. The dipole moment of 1.6 (3) D is 
consistent with the X-ray crystal structure obtained elsewhere' that reveals a 
distorted square pyramid with an apical nitrido ligand and mutually trans 
chloride ligands in the basal plane. The triphenylphosphine ligands are 
distorted toward the empty rhenium coordination site. 

The compound ReNCl,(PPh,), is formally a 16-electron species, and 
despite its insolubility, it reacts smoothly and in high yield with a variety of 
ligands with maintenance of the robust ReN bond. In fact, the chloride and 
phosphine ligands can be completely stripped from the metal under appropri- 
ate conditions. Examples include reaction with Et,NCS,- to give the five- 
coordinate complex ReN(Et,NCS,),9 and with CN- to give six-coordinate 
[ReN(CN),I3 - and related derivatives." Other characteristic reactions 
include those with monodentate and bidentate phosphines to give five- 
coordinate (e.g., ReNCl,(PMePh,),), and six-coordinate complexes 
(e.g., ReNCl,(PMePh,)), and [ReNCl(diphos),] +).,, 

B. trans-ETHOXYDIIODOOXOBIS(TRIPHENYL- 
PHOSPHINE) RHENIUM(V) 

KReO, + 3PPh, + 3HI + CH,CH,OH -, 
ReOI,(OCH,CH,)(PPh,), + OPPh, + KI + 2 H 2 0  

Procedure 

A mixture of 1.2 g (4.1 mmol) of KReO,, 5 mL of 56% HI, and - 30 mL 
absolute ethanol is heated to boiling for 10 min in an Erlenmeyer flask. After 
this period, 5.0 g (19 mmol) of PPh, is added and the sides of the flask are 
washed with - 15 mL of absolute ethanol, while maintaining vigorous 
magnetic stirring. Boiling of the mixture is continued for - 30 min. The light 
khaki-colored crystals that precipitate are filtered immediately from the 
hot solution, washed with absolute ethanol (3 x 50 mL) and diethyl ether 
(3 x 50 mL), and dried with an aspirator vacuum for - 1 h. The yield is 3.16 g 
(77 yo). 

Anal. Calcd. C, 44.50%; H, 3.44%. Found: C, 42.88%; H, 3.37%. 

solvate. The reaction can be run on a scale that is six times larger. 
The material can be recrystallized from benzene-ethanol as a benzene 
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Properties 

The compound trans-ReOI,(OCH,CH,)(PPh,), exhibits a medium-sharp 
(CH,CH,O)-Re=O asymmetric infrared stretch at 945 cm-' and a very 
sharp band characteristic of the ethoxy substituent (O-CH,) at 910 cm-'. 
The "PNMR spectrum shows a single resonance at - 11.1 ppm (relative to 
85% H,PO,). Proton NMR spectral shifts (CDCl, at 35°C with TMS 
as the internal standard) are as follows: 7.98 in and 7.38 in (C,H,), 

With the exception of the dehydration reaction discussed below (Sec- 
tion C), development of the chemistry of trans-ReOI,(OCH,CH,)(f'Ph,), 
has been limited. The ethoxy group is very reactive, and easily exchanges 
with other free alcohols (e.g., in acetone-methanol mixtures trans- 
ReOI,(OCH,)(PPh,), is f ~ r m e d ) . ~  It is anticipated that the iodo ligands will 
undergo substitution under mild conditions so that this complex could be 
used as a precursor to numerous new monooxo complexes of Re(V). 

1.514 (OCHZCH,), - 0.26t (OCHZCH,).' 

C. IODODIOXOBIS(TRIPHENYLPHOSPHINE)RHENIUM(V) 

ReOI,(OCH,CH,)(PPh,), + H,O -+ ReO,I(PPh,), + HI 

+ CH,CH,OH 

Procedure 

In an Erlenmeyer flask, trans-ReOI,(OCH,CH,)(PPh,), (1.0 g; 0.98 mmol) 
is suspended in a mixture of 50 mL of acetone and 2 mL of water. The 
suspension is magnetically stirred for 1 h, after which time a violet crystalline 
material is deposited. The complex ReO,I(PPh,), is filtered, washed with 
absolute ethanol (2 x 30 mL) and diethyl ether (2 x 30 mL), and dried by 
suction for - 1 h. 

Anal. Calcd. C, 49.72%; H, 3.48%. Found: C, 49.06%; H, 3.54%. 

ted on a scale that is - 20 times larger. 
The yield is 0.73 g (75%). This preparation has been successfully conduc- 

Properties 

The distinctive absorptions associated with the cis-ReO, grouping appear at 
923 (s) and 843 (s) cm- ' in the infrared spectrum of the complex (Nujol mull). 
The ,'PNMR spectrum exhibits a single resonance at + 4.57 ppm (telative 
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to 85% H,PO, as an external standard), and the ‘H NMR spectrum shows 
phenyl multiplets centered at 7.62 and 7.42 ppm (relative to TMS at room 
temperature).’ The beautiful violet solution color arises from a characteristic 
visible absorption that occurs at 560 nm (emax x 350 M -’ cm-’) in CH,Cl, 
solution. The X-ray crystal structure of the complex reveals distorted trigonal 
bipyramidal geometry. The phosphine ligands occupy the apical positions 
and are slightly bent toward the trigonal plane; the cis-ReO, core has an 
0-Re-0 angle of 139°.5 

ReO, I(PPh,), is a coordinatively unsaturated precursor that possesses 
reasonably good solubility in chlorinated hydrocarbons such as CH,Cl, and 
moderate to poor solubility in nonpolar solvents such as benzene or toluene. 
It is an exceedingly reactive complex and can even be used in solvents in 
which it has poor solubility to give complexes containing the trans-ReO, 
unit. For example, the complex trans-[ReO,(py),] I can be prepared in - 90% isolated yield by gently heating ReO,I(PPh,), in neat pyridine for 
15 min.4* A particularly interesting reaction from the chemical bonding 
point of view is that of ReO,I(PPh,), and alkynes. This gives a novel 
Re(II1)-oxo complex, ReOI(alkyne),.’3 
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36. ~~u~s-TRICARBONYLBIS(PHOSPHINE)IRON(O) 
COMPLEXES ONE-POT SYNTHESES FROM 

PENTACARBONYLIRON 

Submitted by J.-J. BRUNET,* F. B. KINDELA,* and D. NEIBECKER* 
Checked by S. A. WANDER? and M. Y. DARENSBOURGT 

Fe(CO), + 2KOH -+ K[FeH(CO),] + KHCO, 

K[FeH(CO),] + 2PR, + EtOH + Fe(CO),(PR3), + CO + H, + KOEt 
I 

Caution. Because of the toxic nature of pentacarbonyliron, the evolu- 
tion of highly toxic carbon monoxide (a  colorless and odorless gas) and highly 
Jlammable hydrogen, and the toxic nature and bad odor and risk of ignition of at 
least liquid phosphines, these reactions should be performed in a well-ventilated 
hood and gloves should be worn. 

Most of the preparations of molecular coordination compounds of iron 
published in Znorganic Syntheses or elsewhere require the readily available 
pentacarbonyliron or derivatives thereof. However, pentacarbonyliron is a 
rather stable compound that needs either thermal or photochemical activa- 
tion to react. We describe here the selective, high-yield, one-pot synthesis of 
the title complexes from potassium tetracarbonylhydridoferrate( 1 - ), easily 
generated from pentacarbonyliron, a method that can be referred to as a 
“nucleophilic activation of pentacarbonyliron.” 

Tricarbonylbis(phosphine)iron complexes are starting materials for the 
synthesis of several organometailic iron complexes and are gaining attention 
as catalysts for the photochemical olefin hydrosilation,’ and for the synthesis 
of carbamates from carbon dioxide, amines, and alkynes., Two preparations 
that witness the interest in these compounds already appeared in Inorganic 
Syntheses. In 1966 two methods were described for the synthesis of the 
Fe(CO),[P(C,H,),], and Fe(CO),[P(C,H,),] complexes in moderate yields 
(1 5-34%) by a thermal reaction of dodecacarbonyltriiron or pentacarbonyl- 
iron and triphenylphosphine in tetrahydrofuran or cyclohexanol, respect- 
ively., In 1989 the irradiation of Fe(CO), in cyclohexane in the presence of 
several phosphines was reported to produce Fe(CO),L, complexes in yields 
ranging from 28% for the synthesis of Fe(CO),[P(n-Bu),], to 80% for 
Fe(CO)3[P(CH,),],.4 Those authors critically reviewed the known pre- 
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YUniversitt Paul Sabatier et a I’Institut National Polytechnique, 205 route de Narbonne, 
31077 Toulouse Cedex, France. 

t Department of Chemistry, Texas A&M University, College Station, TX 77843. 
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parative methods and emphasized the separation difficulties of the mono- 
from the disubstituted product and of the phosphine from the products. In 
addition to these methods, two direct syntheses of Fe(CO),L, complexes 
should be mentioned. The first one is a time-consuming (50 h) but a fair yield 
(71 %) synthesis of the Fe(CO),[P(C,H,),], complex from the reaction of 
Fe(CO), with Li[A1H4] in the presence of excess PPh, in refluxing THF.' In 
the second one, the reaction of Fe(CO), with NaCBH,] and excess PR, 
(3 equiv) in 1-butanol at 127"C, affords fair to high yields (47-91%) of the 
Fe(CO),L, complexes.6 The reaction of Na[FeH(CO),] with PPh, under the 
same experimental conditions is reported to give the Fe(CO),[P(C,H,),], 
complex in 95% yield., 

The procedure we describe here involves the simple reaction of a stoichio- 
metric quantity of a phosphine (2 equiv only) with K[FeH(CO),] in EtOH to 
get the Fe(CO),L, complexes in high yields and in a pure state without 
cumbersome  treatment^.^ 

A. ETHANOLIC SOLUTIONS OF POTASSIUM 
TETRACARBONY LHYDRIDOFERRATE(1- ) 

Fe(CO), + 2KOH -+ K[FeH(CO),] + KHCO, 

Caution. Fe(CO), is a toxic liquid and should only be handled with 
hands protected by gloves in a well-ventilated hood. 

Solutions of tetracarbonylhydridoferrate(1 - ) salts can be prepared by 
numerous methods.* - l o  The most straightforward and widely used involves 
the reaction of Fe(CO), and an excess of an alkaline base in protic media. The 
conventional method to prepare ethanolic solutions of K[FeH(CO),] is to 
react Fe(CO), and 3 equiv of KOH in EtOH at room temperature." The 
procedure described here uses 2KOH equivalents only and allows the rapid 
and quantitative preparation of ethanolic K[FeH(CO),] solutions, which are 
stable provided that all traces of oxidizing agents are rigorously excluded. 

Procedure 

A 100-mL Schlenk flask containing a Teflon-coated magnetic stirring bar is 
charged with KOH (content 86%, the remaining being water) (1.47 g, 
22 mmol), closed with a serum cap and submitted to three vacuum-argon 
cycles. Absolute ethanol (60 mL), previously degassed by bubbling argon for 
OSh, is syringed into the Schlenk flask through the serum cap and the 
mixture stirred until dissolution ( - 0.5 h). Fe(CO), (1.5 mL, 11 mmol) is 
syringed into the resulting solution through the serum cap and stirring is 
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pursued for 0.5 h, during which time precipitation of KHCO, is observed. 
The IR spectrum of the pale pink reaction medium indicates complete 
reaction of Fe(CO), (no absorption bands near 2015 and 2035cm-') and 
exhibits the characteristic absorption bands of ethanolic solution of 
K[FeH(CO),] near 2000 (vw), 1915 (sh), and 1890 (s)cm-'. 

B. trans-TRICARBONYLBIS(TRIPHENYLPHOSPHINE)IRON(O) 

K[FeH(CO),] + 2P(C6H,), + EtOH - F~(CO),[P(C~H,),]Z 
+ CO + H, + KOEt 

Procedure 

A 60-mL ethanolic solution of K[FeH(CO),] (11 mmol) is prepared as 
described above. Solid triphenylphosphine (recrystallized from MeOH under 
argon and stored under argon) (5.76 g, 22 mmol) is added under a stream of 
argon. The Schlenk flask is fitted with a reflux condenser connected to an oil 
bubbler. The stream of argon is stopped and the mixture heated for 24 h at 
reflux by means of an oil bath. During that time, gas evolves slowly, the 
reaction medium becomes homogeneous and then precipitates a yellow solid. 
After cooling to 3040°C under a stream of argon, the solid is filtered in air on 
a sintered glass, thoroughly washed with distilled water up to neutrality of the 
filtrate (6 x 50 mL), and finally with EtOH (3 x 50 mL). Dissolution of the 
yellow solid on the sintered glass with CH,Cl, (3 x 50 mL) with simultaneous 
filtration affords a clear yellow solution. The solvent is removed on a rotatory 
evaporator to leave a yellow powder that is dried under reduced pressure 
(0.01 torr) up to a constant weight. The complex Fe(CO),[P(C,H,),], re- 
quires no further purification. Yield 7.3 g, 99%. mp 265°C (dec.). 

Anal. Calcd. for C,,H,,Fe03P,: C, 70.50; H, 4.55. Found: C, 70.68; H, 4.66. 

C. trans-TRICARBONYLBIS(TRI-n-BUTYLPHOSPHINE)IRON(O) 

K[FeH(CO),] + 2P(n-C4H,), + EtOH + Fe(CO),[P(n-C,H,),], + CO 
+ H, + KOEt 

Procedure 

A 60-mL ethanolic solution of K[FeH(CO),] (11 mmol) is prepared as 
described above. Tri-n-butylphosphine (distilled under argon and stored 
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under argon) (4.55 g, 22 mmol) is added under a stream of argon. The Schlenk 
flask is fitted with a reflux condenser connected to an oil bubbler. The stream 
of argon is stopped and the mixture heated for 1 h at reflux by means of an oil 
bath. During that time, gas evolves rapidly, the reaction medium becomes 
homogeneous and then precipitates a pale yellow solid. After cooling to room 
temperature, the solvent is removed under reduced pressure. The resulting 
yellow slurry is treated with water distilled under argon (150 mL) to give a 
yellow suspension. The solid is then filtrated under argon and washed with 
distillated water (6 x 50 mL) up to neutrality of the filtrate and dried under 
reduced pressure (0.01 torr) up to a constant weight (6.05 g). Recrystallization 
from CH,Cl, : MeOH (1 : 6) affords pure Fe(CO), [P(n-C,H,),], as a pale 
yellow powder. Yield: 5.6 g, 94%, mp 5655°C. 

Anal. Calcd. for,C,,H,,FeO,P,: C, 59.56; H, 10.0. Found C, 59.48; 
H, 10.12. 

D. trans-TRICARBONYLBIS(TRICYCLOHEXYLPHOSPH1NE)- 
IRON(0) 

K[FeH(CO),] + 2P(c-C6Hl 1)3 + EtOH + Fe(CO),[P(c-C6H1 J3I2 
+ CO + H, + KOEt 

Procedure 

A 60-mL ethanolic solution of K[FeH(CO),] (1 1 mmol) is prepared as 
described above. Solid tricyclohexylphosphine (recrystallized from MeOH 
under argon and stored under argon) (6.2 g, 22 mmol) is added under a stream 
of argon. The Schlenk flask is fitted with a reflux condenser connected to an 
oil bubbler. The stream of argon is stopped and the mixture heated for 
8 days at reflux by means of an oil bath. During that time, gas evolves very 
slowly and the reaction medium becomes homogeneous and then precipitates 
a pale yellow solid. The reaction medium is then filtrated while hot under 
argon and the resulting solid is washed with distilled water up to neutrality of 
the filtrate (6 x 50 mL), and with degassed EtOH (3 x 50 mL). Dissolution of 
the yellow solid on the sintered glass with CH,C12 (6 x 50 mL) with simultan- 
eous filtration affords a clear yellow solution. The solvent is removed on a 
rotatory evaporator to leave a pale yellow powder, which is dried under 
reduced pressure (0.01 torr) up to a constant weight. The complex 
Fe(CO),[P(c-C,H, 1)3]2 requires no further purification. Yield: 7.2 g, 93%. 
mp 226°C (dec.). 



frans-Tricarhonylhis(phosphine)iron(O) Complexes 155 

TABLE I. Spectral Characteristics of Fe(CO),L2 Complexes 

IR" 31P{ 'H}NMRb 13C{ 'HJNMR' 

Compound "co (cm- l )  6 (PPm) 6 (PPm) Jc-P (Hz)(mult.) 

Fe(C0)3[P(C6H5)312 1970 (w) 82.6 214.7' 29U) 

Fe(CO)3[P(n-C,H&I, 1958 (W) 64.4 2 16.0' 28(t) 

1887 (vs) 

1865 (vs) 

1855 (vs) 
Fe(C0)3[P(c-C6H1~).312 1945 (w) 85.9 217.5' 4) 

a Solution IR spectra use CH,CI, as the solvent. 
"P{'H}NMR spectra were recorded on a Bruker WH 90 at 36.43 MHz in CDCI,. 
Chemical shifts are in parts per million (ppm) downfield from external 85% H,PO,. 
' 13C{1H}NMR spectra were recorded on a Bruker WM 250 at 62.89 MHz in CD,CI,. 

Chemical shifts of the CO ligand are in parts per million downfield TMS, assigning the CD,CI, 
resonance at 53.6 ppm. 
Other signals for aromatic carbons at 136.7, 133.5, 130.3, and 128.5 ppm. 

'Other signals at 30.5, 26.2, 24.6, and 13.7 ppm. 
Other signals at 35.0, 30.1, 28.2, and 26.8 ppm. 

Anal. Calcd. for C,,H,,FeO,P,: C, 66.85; H, 9.49. Found: C, 66.81; H, 9.58. 

Proper ties 

The properties of the complexes Fe(CO),L, have been extensively studied 
and r e ~ i e w e d . ~ * ' ~ - ' ~  Spectroscopic data are listed in Table I. 
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37. DIC ARBONY L-cis-DIHY D R I D O - ~ ~ U ~ S -  
BIS(PHOSPHITE)IRON(II) COMPLEXES ONE-POT 

SYNTHESES FROM PENTACARBONYLIRON 

Submitted by J.-J. BRUNET,* F. B. KINDELA,* and D. NEIBECKER* 
Checked by S. A. WANDER7 and M. Y. DARENSBOURGt 

Fe(CO), + 2KOH -+ K[FeH(CO),] + KHCO, 

K[FeH(CO),] + 2P(OR), + H,O -+ FeH,(CO),[P(OR),], + 2CO +KOH 

Caution. Because of the toxic nature of pentacarbonyliron and the 
eoolution of highly toxic carbon monoxide ( a  colorless and odorless gas) and the 
toxic nature and bad odor of liquid phosphites, these reactions should be 
performed in a well-ventilated hood and gloves should be worn. 

Mononuclear dicarbonyldihydridobis(phosphine) complexes of iron are 
scarce. The synthesis of the complex FeH,(CO),[P(C,H,),], has been 
claimed in the literature but without reported yield nor spectroscopic data 
other than the IR spectrum.' The complex FeH,(CO),[P(OCH,)3]2 was 
prepared in low overall yield (9%) by hydrogenation of the p-dinitrogen 
complex { Fe(CO),[P(OCH,),],},-p-(N,) obtained by photolysis of 
Fe(C0)3[P(OCH,),]2 under nitrogen at - 80°C., A better synthesis 
of two FeH,(CO),[P(OR),], complexes [P(OR), = P(OC,H,),; 89%, 
P(OR), = P[(OCH,)],C(C,H,); 92%] is reported from the reaction of 
FeH,(CO), and the corresponding phosphite in ligroin., However, these 
latter syntheses require the cumbersome preparation of the unstable 
FeH,(CO), just before use. 

Finally, the complex FeH,(CO),(dppe), [dppe = 1,Zethandiylbis~ 
(diphenylphosphine)] was fortuitously obtained in 40% yield by the reaction 
of Fe(CO),(H)(SiR),[SiR, = Si(C6H,),, Si(CH,),C,H,] and dppe., 

The procedure we report here involves the very simple reaction of 
K[FeH(CO),] with a phosphite ligand in protic medium. It affords the 
complexes FeH,(CO),[P(OR),], in high yields.' 

* Laboratoire de Chimie de Coordination du CNRS, unite No. 8241 like par conventions a 
I'Universite Paul Sabatier et a 1'Institut National Polytechnique, 205 route de Narbonne, 
31077 Toulouse Cedex, France. 

t Department of Chemistry, Texas A&M University, College Station, TX 77843. 
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A. WATER-THF SOLUTIONS OF POTASSIUM 
TETRACARBONYLHYDRIDOFERRATE(1 -) 

Fe(CO), + 2KOH + K[FeH(CO),] + KHCO, 

Fe(CO), is a toxic liquid and should be handled with hands 
protected by gloves in a well-ventilated hood. 

Solutions of tetracarbonylhydridoferrate( 1 - ) salts can be prepared by 
numerous The most straightforward and widely used involves 
the reaction of Fe(CO), and an excess of an alkaline base in protic media. The 
procedure described here uses two KOH equivalents only and allods the 
rapid and quantitative preparation of K[FeH(CO),] solutions in H,O/THF 
solvent mixtures, which are stable provided that all traces of oxidizing agents 
are rigorously excluded. 

Caution. 

Procedure 

A 250-mL Schlenk flask containing a Teflon-coated magnetic stirring bar is 
charged with KOH (content 86%, the remaining being water) (1.47 g, 
22 mmol), closed with a serum cap and submitted to three vacuum-argon 
cycles. A H,O : THF solvent mixture (50 : 30 mL), previously degassed by 
bubbling argon for 0.5 h, is syringed into the Schlenk flask through the serum 
cap and the mixture stirred until dissolution ( - 0.5 h). Fe(CO), (1.5 mL, 
11 mmol) is syringed into the resulting solution through the serum cap and 
stirring is pursued for 0.5h. The IR spectrum of the pale pink reaction 
medium indicates complete reaction of Fe(CO), (no absorption bands near 
201 5 and 2035 cm- l )  and exhibits the characteristic absorption bands 
of solutions of K[FeH(CO),] in H,O/THF solvent mixtures at 2000 (w), 
191 1 (sh), and 1882 (s) cm-'. 

B. DICARBONYGcis-DIHYDRIDO-trans-BIS(TR1METHYL 
PHOSPHITE)IRON(II) 

K[FeH(CO),] + 2P(OCH,), + H,O - FeH,(CO),[P(OCH,),I, 
+ 2CO + KOH 

Procedure 

A 80-mL H,O : THF (50 : 30 mL) solution of K[FeH(CO),] (1 1 mmol) is 
prepared under argon as described above in a 250-mL Schlenk flask stop- 
pered with a serum cap. The stopcock of the Schlenk flask is closed and 
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connected to a gas buret. Trimethyl phosphite (distilled under argon and 
stored under argon) (2.73 g, 22 mmol) is syringed dropwise, through the serum 
cap, into the vigorously stirred reaction medium. The stopcock of the Schlenk 
flask is opened immediately after the first drop of trimethyl phosphite is 
added. A vigourous evolution of CO gas is observed. The reaction is complete 
when gas evolution ceases ( - 1 h) that is, when the volume of CO gas evolved 
equals the theoretical amount ( - 520 mL, 22 mmol at room temperature and 
760 torr). THF is then evaporated under reduced pressure (Caution: The 
reaction product sublimes!) up to the appearance of a milk-like precipitate. 
Extraction of the product from the remaining aqueous phase is performed, 
under argon, with pentane (6 x 30 mL). Careful concentration of the pentane 
solution to 50 mL and cooling to - 78°C for 3h affords a white solid and a 
light green pentane phase. The latter is removed with a syringe and the 
product is dried at - 20°C under reduced pressure (0.1 torr) up to a constant 
weight. The isolated FeH,(CO),[P(OCH,),], is a colorless, sometimes light 
green, oil.at room temperature. Yield: 3.6 g, 90%. 

Anal. Calcd. for C,H,,FeO,P,: C, 26.54; H, 5.57. Found: C, 26.32; H, 5.60. 

C. DICARBONYL-cis-DIHYDRIDO-trans-BIS(TR1ETHYL 
PHOSPHITE)IRON(II) 

K[FeH(CO),] + 2P(OC,H,), + H,O - FeH,(CO),[P(OC,H,),], 
+ 2CO + KOH 

Procedure 

The same procedure as above is followed, using triethyl phosphite (3.66 g, 
22 mmol). The isolated FeH,(CO),[P(OC,H5)3]z is a colorless, sometimes 
light green, oil at room temperature. Yield: 4.45 g, 91%. 

Anal. Calcd. for C,,H,,FeO,P,: C, 37.69; H, 7.23. Found: C, 37.75; H, 7.41. 

D. DICARBONYL-cis-DIHYDRIDO-trans-BIS(TR1PHENYL 
PHOSPHITE)IRON(II) 

K[FeH(CO),] + 2P(OC,H,), + H,O - FeH,(CO),[P(OC,H,),l, 
+ 2CO + KOH 

Procedure 

The same procedure as above is followed, using triphenyl phosphite (6.83 g, 
22 mmol). At the end of the CO gas evolution (24 h), evaporation of THF 
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under reduced pressure leads to an aqueous phase and a white precipitate. 
Water is removed by means of a syringe and the white crystals washed with 
water distillated under argon (3 x 30 mL). Extraction with THF (2 x 20 mL) 
under argon and filtration into another Schlenk flask affords a clear solution 
that is concentrated to 10 mL under reduced pressure. Addition of pentane 
(50 mL) and cooling at - 20°C overnight precipitates white crystals, which 
are separated, washed with cold pentane ( - 20"C), and dried at - 20°C 
under reduced pressure (0.1 torr) up to a constant weight. 
FeH,(CO),[P(OC,H,),], is a white solid that melts at 8485°C. Yield: 7.6 g, 
94 Yo. 

Anal. Calcd. for C,,H,,FeO,P,: C, 62.12; H, 4.39. Found: C, 62.32; H, 4.31. 

Properties 

FeH,(CO),[P(OC,H,),], is stable at room temperature and can be handled 
in air. On the contrary, FeH,(CO),[P(OCH,),], and FeH,(CO), 
[P(OC,H,),], are moderately stable at room temperature. They decompose 
with hydrogen evolution to give complex mixtures of Fe(CO),[P(OR),], and 
Fe(CO),[P(OR),], (as evidenced by IR analysis) and unidentified red iron 
complexes. However, they can be stored with little, if any, decomposition, at 
- 20"C, in the dark, under argon. All the complexes are insoluble in water 

and soluble in common organic solvents at room temperature (pentane, 
hexane, diethyl ether, THF, acetone, dichloromethane and chloroform). 
Spectral characteristics are Iisted in Table I. 
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38. THIONITROSYL COMPLEXES OF RUTHENIUM(I1) 

Submitted by K. C. JAIN* and U. C. AGARWALA* 
Checked by T. W. DEKLEVA,? P. LEGZDINSf and J. C. OXLEYt 

The chemistry of transition metal nitrosyl complexes has grown during the 
past three decades. The thionitrosyl complexes have, however, eluded syn- 
thesis until recently, apparently as a result of a lack of suitable thionitrosyl- 
ating agents; the literature contains syntheses of only a few thionitrosyl 
complexes. The first exploratory work in this area was carried out byChatt, 
et aL,l who prepared thionitrosyl complexes of osmium, rhenium, and 
molybdenum in poor yield via reactions of respective metal nitrides with 
elemental sulfur, propenesulfide-, or disulfur dichloride. An easier alternative 
approach has been reported2apb that utilizes the reaction of (NSCl), with 
transition metal complexes. The syntheses of two thionitrosyl derivatives of 
ruthenium are given here. 

A. TRICHLORO(THIONITROSYL)BIS(TRIPHENYL- 
PH0SPHINE)-RUTHENIUM(I1) 

THF/CH,CI, 
3RuCl,(PPh3)3 + 2(NSC1)3 - Ru(NS)Cl,(PPh,), + . . . 

Trichloro(thionitrosyl)bis(triphenylphosphine)ruthenium(II)was previously 
prepared by the reaction of trithiazyl trichloride in THF with RuCl,.xH,O 
and triphenylphosphine in absolute ethanol., The product crystallizes over a 
period of several hours, and the yield is very poor. The same complex can be 
prepared from dichlorotris(triphenylphosphine)ruthenium(II)4a in CH2C1, 
and trithiazyl trichloride5 in tetrahydrofuran (THF) in a better yield and in 
less time. 

Procedure 

After 2.87 g (3 mmol) of RuC13(PPh,), is placed in a 250-mL round-bottomed 
flask, 75mL of CH,Cl, is added, followed by the addition of a solution of 
(NSCl), (OSg, 2mmol) in 30 mL of dry THF. The mixture is stirred for 
30 min and 100 mL of methanol is added. Ru(NS)Cl,(PPh,), precipitates as 
shining brown crystals. The precipitation is completed within 1CL15 min. The 

Department of Chemistry, Indian Institute of Technology, Kanpur-208 016, Uttar Pradesh, 
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crude product is filtered, washed with methanol (4 x 10 mL) and ether 
(6 x 10 mL) and dried in uucuo (1 h). The crude complex is recrystallized by 
dissolving it in boiling CH,Cl, (200 mL), evaporated to small volume 
( - 20 mL) and adding 50 mL of methanol, after which shining brown 
crystals appear. These are centrifuged or filtered through a sintered-glass 
filtered funnel and washed with methanol (2 x 10 mL) and ether (4 x 10 mL) 
and dried in uucuo (2 h). Yield, 0.6g ( - 25% based on ruthenium complex). 

Anal. Calcd. for C,,H,,Cl,NSP,Ru: C, 55.6; H, 3.8; C1, 13.6; S, 4.1; N, 1.8; 
P, 8.0. Found: C, 54.22; H, 3.84; C1, 13.7; S, 4.0; N, 1.8; P, 7.8. 

Properties 

Trichlorothionitrosylbis(triphenylphosphine)ruthenium(II) is a reddish 
brown crystalline substance, which melts at 176-178" in air. The IR spectrum 
of the compound shows a strong absorption both in KBr pellet as well as 
in Nujol mull band due to v(NS) at 1310 cm- '. The compound is sparingly 
soluble in dichloromethane, chloroform, and benzene but insoluble in alco- 
hol, ether, and hexane. The compound is stabie in air for an indefinite period. 
The X-ray diffraction pattern of powdered Ru(NS)Cl,(PPh,), shows it to be 
isomorphic with RU(NO)CI,(PP~,),.~ 

B. TRICHLORO(THIONITROSYL)BIS(TRIPHENYLARSINE)- 
RUTHENIUM(II) 

THF/CH,CI, 
RuCl,(AsPh,),.MeOH + 2(NSCl), + 2(AsPh,) -, 

Ru(NS)Cl,(AsPh,), + . . . 
Trichloro(thionitrosyl)bis(triphenylarsine)ruthenium(II) was prepared earlier 
in a poor yield by keeping overnight a mixture of RuCl,.xH,O and tri- 
phenylarsine in ethanol and trithiazyl trichloride in THF. The procedure 
described below is based on the reaction of (NSCl), in THF with 
R u C ~ , ( A S P ~ , ) , . M ~ O H ~ ~  in a slightly better yield and in considerably less 
time. 

Procedure 

Solutions of 1.7 g (2 mmol) of trichlorobis(tripheny1arsine) monomethanol 
ruthenium(II1) in 40mL of CH,Cl, and of 1.Og (4mmol) of trithiazyl 
trichloride in 30mL of dry THF are mixed together rapidly. The initial 
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mixing of the two solutions results in the formation of a precipitate. The 
mixture is stirred under nitrogen atmosphere for 30 min and 100mL of 
methanol is added to it. The mixture was filtered and the filtrate is kept on the 
water bath for 10 min to remove dichloromethane and a solution of 1.2 g 
(4 mmol) of triphenylarsine in 20 mL of boiling methanol is added, which 
causes immediate precipitate formation.* After cooling the mixture to room- 
temperature orange-brown glistening plates are separated by centrifuging the 
mixture or by filtering it through a sintered-glass crucible. These are washed 
with methanol (5  x 10 mL) and ether (2 x 10 mL). The orange-brown complex 
is extracted in boiling dichloromethane (5  x 50mL) and the solution is 
evaporated to 25 mL. Then 100 mL of hot methanol is added td it and 
allowed to crystallize at room temperature for 10 min, after which orange 
brown crystals appear. These are washed with methanol (2 x 10 mL) and 
ether (2 x 10 mL) and dried in vucuo (2 h). Yield: 0.6 g [ - 40% based on 
RuCI,(AsPh,),.MeOH]. 

Anal. Calcd. for C,,H,,CI,NSAs,Ru: C, 49.9; H, 3.5; C1, 12.2; S, 3.7; N, 1.6; 
As, 17.3. Found: C, 49.8; H, 3.5; C1, 12.4; S, 3.5; N, 1.7; As, 17.1. 

Properties 

Trichloro(thionitrosyl)bis(triphenylarsine)ruthenium(JI) forms orange-brown 
glistening plates that do not melt upto 260°C in air. The infrared spectrum of 
the compound in KBr shows a strong absorption band at 1300cm-’ 
assigned to v(NS). The complex is moderately soluble in dichloromethane, 
chloroform, and benzene but insoluble in alcohol, ether, and hexane. 
The compound is stable in air for an indefinite period. X-ray diffraction pat- 
tern of powdered Ru(NS)CI,(AsPh,), shows it to be isomorphic with 
Ru(NO)CI,(PP~,)~.~ 
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39. trans-DICHLORO TETRAMINE COMPLEXES OF 
RUTHENIUM(II1) 

Submitted by CHI-MING CHE,* TAI-CHU LAU,* and 

Checked by JILL GRANTHAM? and THOMAS G. RICHMOND? 
CHUNG-KWONG POON* 

Linear and cyclic polyamine complexes of ruthenium(II1) have been little 
studied relative to those of first-row transition elements such as cobalt(II1) 
and nickel(II), presumably due to a lack of general routes of syntheses. A 
convenient and reproducible method for the syntheses of trans-[RuLCl,],+ 
where L is any multidentate aliphatic ligand with a four-amine donor 
combination, has been developed.'.' Procedures for the preparation of 
trans-[RuLCl,] + [L = (en),,$ 2,3,2,-tet,$ and cyclamS] are described here. 
The literature method is closely followed except that the much safer 
hexafluorophosphate( 1 - ) anion is employed in place of perchlorate. 

A. trans-DICHLOROBIS(1,2-ETHANEDIAMINE)RUTHENIUM(III) 
HEXAFLUOROPHOSPHATE 

K,[RuCl,(OH,)] + 2en + NH,[PF,] -+ trans-[Ru(en),Cl,][PF,] + 2KC1 
+ NH,Cl + H,O 

Procedure 

Potassium aquapentachlororuthenate(III), Kz[R~Cl,(OH,)] [Johnson 
Matthey*] (1.0 g, 2.7 mmol), suspended in methanol (100 mL, A.R. grade), is 
placed in a 500 conical flask fitted with a reflux condenser. This mixture is 
heated at reflux with vigorous stirring for 15 min. 1,2-Ethanediamine (0.33 g, 
5.5 mmol) dissolved in methanol (150 mL) is added dropwise (about 1 drop 

* Department of Chemistry, University or Hong Kong, Pokfulam Road, Hong Kong. 

3 Abbreviations: en = 1,Zethanediamine; 2,3,2-tet = N,N'-bis(2-aminoethyl)-l,3-propane- 
Department of Chemistry, University of Utah, Salt Lake City, UT 841 12. 

diamine; cyclam = 1,4,8,1 I-tetraazacyclotetradecane. 
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per second) through the condenser while the stirring and refluxing are 
maintained. 

Caution. 1,2-Ethanediamine is toxic and an irritant. Manipulation 
should be performed in a fume hood. 

The addition process takes about 3 h for completion. Heating at reflux is 
continued (12-16 h). The yellowish brown solution is allowed to cool and 
then filtered to remove any unreacted K2[RuCI,(OH,)]. The filtrate is 
rotary-evaporated to dryness. The brown solid is dissolved in a minimum 
amount of 0.1 M hydrochloric acid ( - 30 mL) and the suspension is then 
filtered. Ammonium hexafluorophosphate( 1 - ) ( - 4 g) is added to this 
solution, immediately precipitating the orange-yellow product. The sblid is 
removed by filtering through a medium porosity frit, washed with ice-cold 
water ( - 10 mL), and dried in uacuo. The crude product is recrystallized by 
dissolving it in hot 0.1 M hydrochloric acid ( - 40 mL). Golden-yellow 
platelets appear on cooling overnight at - 4" in a refrigerator and are 
isolated as noted above. Yield: 0.6 g (51%).* 

Anal. Calcd. for C,H,,N,C~,PF,Ru: C, 10.99; H, 3.66; N, 12.82. Found: 
C, 11.02; H, 3.62; N, 13.24. 

€3. trans-(R,s)-N,N'-BIS(2-AMINOETHYL)-l,~ 
PROPANEDIAMINEJDICHLORORUTHENIUM(III) 
HEXAFLUOROPHOSPHATE 

K,[RuCl,(OH,)] + 2,3,2-tet + NH,[PF,] + trans-[Ru(2,3,2-tet)C12] [PF,] 
+ 2KC1+ NH,Cl + H 2 0  

Procedure 

This compound is prepared from K2[RuCI,(OH2)] (1.0 g, 2.7 mmol) 
and 2,3,2-tet (0.43 g, 2.7 mmol) by the method described above for the 
bis( L2-ethanediamine) analog. Yield: 0.7 g (54%).1 

Anal. Calcd. for C,H,oN,C12PF,Ru: C, 17.61; H, 4.19; N, 11.74. Found: 
C, 17.76; H, 4.15; N, 11.96. 

* Using K,[RuCI,(OH,)] from other sources may result in poorer product yields. 
7 The checkers performed these reactions at 50% of the scale reported and found the product 

yields for rrans-[Ru(en),C1,]PF6 and trans-[Ru(2,3,2-tet)C1,1PF6 were 40 and 26%, respect- 
ively. 
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C. trans-DICHLORO( 1,4,8,11-TETRAAZACY CLO- 
TETRADECANE)RUTHENIUM(III) CHLORIDE 
DIHYDRATE 

K2[RuC15(OH,)] + cyclam + trans-[Ru(cyclam)Cl,]Cl + 2KC1 + H,O 

Procedure 

This compound is prepared by essentially the same method as that for the 
bis( 1,2-ethanediamine) analog described in Section A. Potassium 
aquapentachlororuthenate(II1) [Johnson Matthey] (1.0 g, 2.7 mmol), sus- 
pended in methanol (100 mL, A.R. grade), is placed in a 500-mL conical flask 
fitted with a reflux condenser. The mixture is heated at reflux with vigorous 
stirring for 15 min. 1,4,8,1 l-Tetraazacyclotetradecane (cyclam, prepared by 
the method of Barefield et al.,3 0.53g, 2.7mmol) dissolved in methanol 
(150 mL, A.R. grade) is added dropwise through the condenser at about 
1 drop per second. The addition process takes about 3 h for completion. 
Heating at reflux is continued overnight (12-16 h). The yellowish brown 
solution is cooled and filtered to remove any unreacted K,[RuCl,(OH,)]. 
The filtrate is rotary-evaporated to dryness and the solid redissolved in a 
minimum amount ( - 40 mL) of 0.1 M boiling HCl. The solution is filtered 
while hot, and 12 M. HCl (2 mL) is added to the filtrate, which is cooled 
overnight at - 4°C in a refrigerator. Light brown leaflets of the product as 
the dihydrate slowly crystallize. The solids are removed by filtering off, 
washed with ethanol ( - 10 mL) and diethyl ether ( - 15 mL), and dried in 
uucuo at room temperature. The complex was characterized as the dihydrate 
with characteristic water bands observed at about 3300 cm- ' and 
1630cm-'. Yield 0.46 g (42%). 

Anal. Calcd. for Cl,H,,N,C13Ru~2H20: C, 27.06; H, 6.36; N, 12.62. Found: 
C, 27.2; H, 6.20; N, 12.50. 

Proper ties 

All the prepared complexes are highly colored and give well-formed crystals 
that appear to be stable indefinitely in the solid state. They are low-spin 
monomeric species (perf lies between 2.1 and 2.2 Bm and A between 100 and 
110 Q- ' cm2 mol- ' in water at room temperature). All these complexes are 
characterized by the presence of an intense ligand-to-metal charge transfer 
band. In CH,CN, trans-[Ru(en),Cl,] [PF,] absorbs at 346 ( E  5740 
M-  ' cm- I), trans-[Ru(2,3,2-tet)C12] [PF,] absorbs at 353 ( E  4480) and 
trans-[Ru(cyclam)Cl,]Cl absorbs at 357 nm ( E  2260). 
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40. ~~u~s-DICHLOROBIS( 1,2- 
ETHANEDIAMINE)COBALT(III) CHLORIDE 

Submitted by W. GREGORY JACKSON* 
Checked by STANLEY KIRSCHNER,t THADDEUS J. GISH,? and 

STEVEN BARBER? 

4-tr~ns-[Co(en),(NO~)~]NO~ + 16HC1 + 5CH20 + 4(NH,),CO + 

4-trans-[Co(en),Cl,]Cl*HC1~2H,O + 6N2 + 9 c 0 2  + 1 1H,O 

A preparation of the trans-[Co(en),Cl,] + ion has appeared in Inorganic 
Syntheses on three occasions.'-3 The last3 of these is the most economical 
with respect to materials and especially time, but the very low solubility of 
the truns-[Co(en),Cl,]NO, product precludes its general usefulness. How- 
ever, the modification detailed below leads to the well-known trans- 
[Co(en),Cl,].CI.HCl.2H,O (or [H(OH,),]-[trans-Co(en),Cl2]*C1,) salt4 
(en = l,Zethanediamine), which on drying' affords the useful and very 
soluble trans-[Co(en),Cl,]Cl. 

The synthesis employs unrecrystallized trans-[Co(en),(N0,),]N03, ob- 
tained5 in 90% yield within 2.5 h from basic reagentst. The product, washed 
with methanol and then ether and air-dried, is sufficiently pure for the 
next step. 

Urea is well known as a scavenging reagent for HNO,, and in the 
following modified synthesis it may be included to reduce toxic fumes (NO,): 

tr~ns-[Co(en)~(NO~)~] + + 2HC13 trans-[Co(en),Cl,] + + 2HN0, 

2HNO2 + (NH,),CO + 2N2 + CO1+ H2O 

* University College (N.S. W.), Canberra, A.C.T., Australia 2600. 
t Department of Chemistry, Wayne State University, Detroit, MI 48202. 
$In that preparation it is advisable to dilute each of the 1,2-ethanediamine and nitric acid with 

twice its mass of ice prior to their careful mixing. 
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Less well known is the action of formaldehyde, which is used to destroy NO; 
without reduction of cobalt(II1) to cobalt(I1): 

The complete reaction requires - 3 h and gives a yield of 5769% based 
on trans-[Co(en),(N0,),]N03, or 4644% based on CoCl2.6H,O. It is 
also possible to convert trans-[Co(en),Cl,]NO: to trans-[Co(en),Cl,] 
C1.HCl.2H2O (87-94% yield) using the procedure below (but omitting urea). 

Procedure 

A mixture of trans-[Co(en),(N0,),]N03 (100 g, 0.30mol) in HCl (32%; 
350 mL) containing urea (20 g; 0.33 mol) and formalin (40% w/v HCHO, 
50 mL; 0.67 mol) in a 2-L flask is heated with occasional stirring on a steam 
bath. Within minutes, there is copious frothing, as the initially orange 
solution rapidly darkens to a red-brown. This quickly subsides, and then the 
solution slowly changes to black-green. After 2.5 h, the product mixture is 
cooled on ice, and swirled occasionally to induce crystallization.* After 0.5 h, 
the fine green plates of trans-[Co(en),Cl,]Cl~HC1~2H,O are collected by 
filtration.? Dull green metamorphs result on thorough washing with ethanol 
(3 x 100 mL) and diethyl ether (1 x 100 mL), which removes the lattice water 
and hydrogen chloride; this process is completed by oven drying at 110°C. 
Typical yield: 49 g (57%). 

Anal. Calcd. for [Co(C,H,,N,)Cl,]Cl: C, 16.83; H, 5.65; N, 19.63; C1, 37.26. 
Found: C, 17.0; H, 5.6; N, 19.6; C1, 37.4%. The product shows a single-line 
I3C NMR spectrum (D,O), and its visible absorption spectrum (~,,,(max) 
37.5) in 0.01 M HCl is in close agreement with the literature value., 
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* If the mixture is stirred continuously, or left too long, some cis-[Co(en),Cl,]Cl crystallizes 
with the trans isomer. 

?The addition of nitric acid (60mL) to the filtrate results in the deposition of cis- 
[Co(en),C1,]N03 (18.0g). It contains a little trans-[Co(en),Cl,]NO,, which is difficult to 
remove by recrystallization. 
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41. RESOLUTION OF THE DODECAAMMINEHEXA- 
p-HYDROXO-TETRACOBALT(II1) ION 

Submitted by TAKAJI YASUI,* TOMOHARU AMA,* and 
GEORGE B. KAUFFMANt 

Checked by DUSAN J. RADANOVICS and MILOS I. DJURANS 

Dodecaamminehexa-p-hydroxo-tetracobalt(II1) salts (ammine-hexol salts), 
first prepared by Jsrgensen,’ are analogous to the corresponding tris( 1,2- 
ethanediamine) compounds with the 1,2-ethanediamine (ethylenediamine) 
molecule replaced by the bidentate ligand 

Because of the then prevalent view that optical activity was always connected 
with carbon atoms, a number of Alfred Werner’s contemporaries argued that 
the optical activity of all the coordination compounds that he had resolved, 
beginning in 191 1, was somehow due to the 1,Zethanediamine or bipyridyl 
molecules or to the oxalate ions that they contained, even though these 
symmetric ligands are themselves optically inactive. Therefore, in 1914 
Werner successfully resolved the ammine-hexol chlorides or bromides, which 
do not contain carbon, using silver ( + )-3-bromocamphor-9-sulfonate (sil- 
ver[( lR)-(endo,unti)]-3-bromo-l, 7-dimethyl-2-oxobicyclo[2.2.l]heptane-7- 
methanesulfonate) as a resolving agent.’ This resolution silenced even 
Werner’s most skeptical opponents, unequivocally proved his postulated 
octahedral configuration for the cobalt atom, and confirmed his long-held 
view that no fundamental difference exists between organic and inorganic 
compounds. 

However, Werner’s classic resolution involves a complicated procedure 
that often gives isomers of low optical purity, as he himself admitted.* Mason 
and Wood3 also resolved ammine-hexol salts, but they did not give 
a detailed procedure. Kudo and Shimura4 modified Werner’s resoiution 

* Department of Chemistry, Faculty of Science, Kochi University, Akebono-cho, Kochi 780, 

t Department of Chemistry, California State University, Fresno, CA 93740. 
3 Department of Chemistry, Faculty of Science, Svetozar Markovic University, Kragujevac 

Japan. 
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method by using sodium bis(yd-tartrato)diantimonate(III) as a resolving 
reagent. They obtained the diastereomer as four fractions, but only the first 
and second crops indicated relatively high optical purity. The convenient 
procedure described below, which is a modification of Kudo and Shimura’s 
method, gives an optically pure product of high optical activity. 

Racemic ammine-hexol iodide is obtained by converting the sulfate, which 
is prepared according to the procedure of Kauffman and Pinnell,’ to the 
chloride with barium chloride solution and then by metathesis with sodium 
iodide solution. The racemic ammine-hexol iodide is stirred with sodium 
bis(p-d-tartrato)diantimonate(III) in a weakly acidic solution. The precipita- 
ted ( + )-diastereomer is converted to the ( + )-bromide with sodium bro- 
mide. The ( - knantiomer is isolated as the sparingly soluble sulfate by adding 
ammonium sulfate to the filtrate from the ( + )-diastereomer precipitation, 
and then converted into the chloride by adding barium chloride, and the 
( - )-enantiomer is finally isolated as the bromide by metathesis with sodium 
bromide. 

A. ( + )-DODECAAMMINEHEXA-p-HYDROXO- 
TETRACOBALT(II1) DI[BIS@-d-TARTRAT0)- 
DIANTIMONATE(1II)I IODIDE DODECAHYDRATE 

Procedure 

To a solution containing 9.0 g of barium chloride dihydrate in 200 mL of cold 
water 8.0 g of hexol-ammine sulfateS is added, and the suspension is stirrred 
for about 5 min. The white precipitate of barium sulfate is removed by 
suction filtration, and a solution containing 30 g of sodium iodide in 40 mL of 
cold water is added to the filtrate with stirring. After the solution has been 
cooled in an ice bath for about 15 min, the fine crystals of the hexol iodide are 
filtered, washed with a solution containing 2 g of sodium iodide in 10 mL of 
cold water, and then with 20 mL of ethanol, and air-dried. The yield is 10.2 g. 
The hexol iodide is used for the resolution without further recrystallization. 
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Anal. Calcd. for [CO{(OH)~CO(NH,)~},]I~~~H~~ ( ~ 0 4 ~ , o ~ ~ o ~ 1 2 ~ 6 ) :  

C, 0.00, H, 3.66; N, 12.22. Found: C, 0.11; H, 3.79; N, 12.21. 
Racemic ammine-hexol iodide tetrahydrate (8.25 g, 0.006 mol) is dissolved 

in 300 mL of 0.001 M hydrochloric acid. A solution containing sodium bis- 
(p-d-tartrato)diantimonate(III) pentahydrate (4.2 g, 0.00625 mol) in 100 mL 
of water (this solution is acidic6) is added to the first solution. A white-brown 
precipitate appears immediately in the solution, but it is not the desired 
diastereomer. (This precipitate may contain other compounds, e.g., ( f )- 
[Co{(OH),Co(NH,),},] [Sb2(d-C4Hz06)2]3). The desired diastereomer in 
the form of a pale brown crystalline powder is formed by stirring the solution 
at 20" for 30 min and is accompanied by disappearance of the whi)e-brown 
precipitates. The crystalline powder is collected by suction filtration and 
suspended again in 200 mL of cold 0.001 M hydrochloric acid. The suspen- 
sion is stirred for 4-5 min. The powder is collected by suction filtration on a 
sintered-glass filter and is used as described in Section B without being dried 
completely. Therefore yield was not calculated. 

Anal. (of Sample of Air-Dried Product). Calcd. for [CO{(OH)~CO(NH,),},] 

N, 8.07. Found: C, 9.32; H, 3.45; N, 7.94. 
The filtrate may be stored in an ice bath to obtain the ( - ),,,-enantiomer 

of the hexol bromide, but it should be used as described in Section C as soon 
as possible to minimize racemization. 

[Sb2(d-C4HzO6)z]zI2* 12H2O (Sb4CO4ClgH74042N12I2): C, 9.22; H, 3.58; 

B. ( + )-DODECAAMMINEHEXA-p-HYDROXO- 
TETRACOBALT(III) BROMIDE DIHYDRATE 

Procedure 

The diastereomer powder obtained as described above is suspended in 30 mL 
of cold 0.001 M hydrochloric acid, saturated with sodium bromide, and the 
suspension is vigorously stirred for 3 min in an ice bath. The resulting brown 
crystals of the crude ( + )-hex01 bromide are collected by suction filtration, 
and washed with 5 mL of cold water containing 1.0 g of sodium bromide, and 
then with 10 mL of cold methanol. 

The crude crystals are purified by,recrystallization as follows. They are 
placed in 60 mL of cold 0.001 M hydrochloric acid, the mixture is stirred for 
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2-3 min, and insoluble materials are removed by suction filtration. To the 
filtrate 25mL of cold 0.001 M hydrochloric acid, saturated with sodium 
bromide, is added, and the solution is cooled in an ice bath for 10 min. The 
resulting crystalline deposit is collected by suction filtration, washed with 
20 mL of methanol, and air-dried. The yield is 2.7g (85%, based on the 
assumption of equal amounts of each antipode in the racemic hexol iodide 
tetrahydrate).* 

The specific and molecular rotations, [a],,, = + 2640" and [M],,, = 
+ 27,906" (in 0.001 M hydrochloric acid), and [u]~,, = + 2380" and 

[MI,,, = + 25,156" (c = 0.05% in a 1 : 1 acetone: water mixture at 18").t 
(For 0.05% solutions Werner reported [a],,,,, = + 2620" and [M],,,,, = 
+ 27,713" or [a]sc0 = + 4446" and = + 47,038" in 1 : 1 aqueous 

acetone.') A ~ 6 1 4  = - 13.20 and = + 11.15 in 0.01 M hydrochloric 
acid at 18". (Kudo and Shimura reported = - 13.5 and = 

+ 1 1.3.4) An additional recrystallization does not increase the optical purity. 

C. ( - )-DODECAAMMINEHEXA-p-HYDROXO- 
TETRACOBALT(II1) BROMIDE DIHYDRATE 

Procedure 

To the filtrate from the ( + )-diastereomer precipitation (Section A) a solution 
containing 1.5 g (0.00223 mol) of sodium bis(p-d-tartrato)diantimonate(III) 
pentahydrate in 10 mL of water is added, and the solution is stirred at 20" for 
5 min. The resulting white-brown precipitate1 is removed by suction filtra- 

*If the resolution is carried out on a larger scale, the optical purity of both antipodes is 
decreased. 

t In 50% acetone-water the optical rotatory power of the optically active hexol-ammine 
bromide decreases with time. The half-life period of the intensity loss at 22" is about 55 mins. 

3 This precipitate is probably a mixture of ( )-diastereomer with ( - )-enantiomer in excess, 
and ( - )-hex01 bromide obtained from it has low optical purity. If the procedure in these two 
sentences is omitted, the ( - )-hex01 bromide obtained is of low optical purity. 
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tion, and a solution containing 5.0 g of ammonium sulfate in 30 mL of water 
is added to the filtrate with stirring. Violet-brown crystalline flakes of the 
( - )-hex01 sulfate appear immediately. After the solution is cooled in an ice 
bath for 30 min, the crystals are collected by suction filtration, washed with 
lOmL of cold water, and then with 20 mL of methanol, and air-dried. The 
yield is 1.1  g. 

Inasmuch as the hexol sulfate is sparingly soluble in water, it is converted 
into the chloride by metathesis with barium chloride solution and then 
isolated as the bromide as follows. The sulfate (1 .1  g) is added to a solution 
containing 1.6 g of barium chloride dihydrate in 50 mL of cold 0.001 M 
hydrochloric acid, and the suspension is stirred for about 3 min. Tbe white 
precipitate of barium sulfate is removed by suction filtration, and 15 mL of 
cold 0.001 M hydrochloric acid, saturated with sodium bromide, is added to 
the filtrate. The fine, dark brown crystalline deposit of ( - )-hex01 bromide 
dihydrate is filtered, washed with 10 mL of methanol, and air-dried. The yield 
is 1.0 g (31.5%, based on the assumption of equal amounts of each antipode 
in the racemic hexol iodide tetrahydrate). 

Anal. Calcd. for [ ~ 0 { ( ~ ~ ) 2 ~ 0 ( ~ ~ 3 ) 4 } , ] ~ ~ 6 ~ ~ ~ 2 ~ ( ~ 0 4 ~ 4 6 ~ , ~ , ~ ~ ~ 6 ) :  

C, 0.00; H, 4.38; N, 15.89. Found: C, 0.04; H, 4.53; N, 15.96. 
The specific rotation [alss9 = - 4350". The molecular rotation [MIss9 

= - 46,005'. A&,,, = + 20.75, and A&so, = - 17.86. These values were 
obtained in 0.01 M hydrochloric acid at 18". 

Properties 

The structure of the dodecaamminehexa-p-hydroxo-tetracobalt(II1) ion has 
been established by an X-ray crystal structure analysis of the racemic 
chloride,' and several investigations of the optical activity of the resolved 
isomers and related hexa-p-hydroxo-tetracobalt(II1)-type complex ions have 
been made.2* 3*8-1 O 

Both enantiomers of dodecaamminehexa-p-hydroxo-tetracobalt(II1) 
bromide are obtained as dihydrates. They are very soluble in water and 
rapidly undergo racemization. The highest specific rotation values that 
Werner2 reported for 0.05% solutions are [ Q ] ~ , ~ . ~  = + 2620" or [a3560 = 
+ 4446" for the ( + )-bromide and [a]56o = - 4500" for the ( - )-bromide in 

1 : 1 aqueous acetone. 
The active bromides exhibit strongly anomalous rotatory 

dispersion.2* l 2  Kudo and Shimura, reported that the circular dichroism 
(CD) intensity of the optically active ammine-hexol is affected by the anion 
coexisting in the solution, that the antipodes racemize readily in neutral and 
basic aqueous solutions, and that the racemization rate in acidic aqueous 
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solution is slow enough for measurement of the CD spectra. On the basis of 
their detailed CD measurements they determined the absolute configuration 
of the ( + ),,,-antipode as A, based on a negative sign of the E,  component of 
the COO, chromophore. Previously, two different assignments for the abso- 
lute configuration of this type of complex had been 
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42. TRICARBONYL PHOSPHINE, PHOSPHITE, AND 
ARSINE DERIVATIVES OF COBALT(1) 

Submitted by CHRISTA LOUSER* and SIMON LOTZ* 
Checked by JOHN E. ELLIS7 

Pentacoordinated complexes of cobalt(1) may be readily prepared by the 
reductive cleavage of the cobaltxobalt bond in Co,(CO), or its derivatives 
[cO(co)&]i 

[Co(CO),L], + 2 [Co(CO),L] - 

where L may be a phosphine, phosphite, or arsine. 
We found successful reduction to largely depend on the purity of the dimer 

[Co(CO),L],. Because of their low solubilities in nonpolar solvents (thereby 
facilitating purification), [Co(CO),L], (L = PPh,, P(OPh), or AsPh,), in 

* Department of Chemistry, University of Pretoria, Pretoria 0002, South Africa. 
Department of Chemistry, University of Minnesota, Minneapolis, MN 55455. 
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particular, lend themselves to effective reduction with high yields of the 
anions. Further, depending on the electrophilic reagent employed for the 
stabilisation of [Co(CO),L] -, it is possible to prepare cobalt(1) complexes of 
vastly varying stabilities. In the syntheses described here, chlorotrimethyl- 
stannane is used, affording compounds of high stability (decreasing in the 
order PPh, > AsPh, > P(OPh),). This enables them to be used as starting 
materials for a whole range of pentacoordinated organocobalt compounds, 
e.g., the analogous [Co(Ph,Sn)(CO),(PPh,)], which proved a useful starting 
compound for stable cobalt(1) carbenes.' 

The syntheses can be represented by the following set of general equations: 

CO,(CO), + 2L +[ Co(CO),L], + 2 c o  

[Co(CO),L], + Na/Hg + 2Na[Co(CO),L] 

Na[Co(CO),L] + Me,SnCl+ [Co(Me,Sn)(CO),L] + NaCl 

(L = PPh,, P(OPh),, AsPh,) 

A. TRICARBONYL(TR1METHYLSTANNYL) 
(TRIPHENYLPHOSPHINE) COBALT(1) 

Procedure 

Caution. Organotin compounds and benzene are highly toxic and 
should be handled with extreme care. Drying tetrahydrofuran ( T H F )  is hazar- 
dous and should be carried out with due caution.' Carbon monoxide (which is 
released during reactions) is a colorless, odorless gas of extreme toxicity. All 
reactions should be carried out in a well-ventilated hood. 

All reactions and sample preparations are carried out under inert atmo- 
sphere. Solvents are distilled under nitrogen atmosphere and dried in the 
following manner. Benzene is distilled from sodium. n-Pentane and n-hexane 
are distilled from sodium-lead alloy. Tetrahydrofuran is predried over 
calcium hydride and refluxed with sodium, whereafter benzophenone is 
added. After the solution turns blue, the tetrahydrofuran is distilled. 
Dichloromethane is distilled from phosphorous pentoxide. Commercial 
octacarbonyldicobalt* is recrystallized from hexane prior to use. Commercial 
triphenylphosphinet is used without further purification. 

Glassware is oven-dried at 110°C for 24 h and left to cool under ihert 
atmosphere. Glassware attached to the vacuum line should be heavy-walled 
and able to withstand pressures as low as 0.1 mmHg. 

* Strem Chemicals, P.O. Box 212, Danvers, MA 01923. 
t E. Merck, Darmstadt, Germany. 
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The method described for the preparation of [Co(CO),(PPh,)], is based 
on that of Manning., [CO(CO)~(PP~,)], is poorly soluble in most common 
solvents. It is therefore convenient to prepare the required amount immedi- 
ately prior to use and to convert the entire batch. 

In a 500-mL, two-necked, round-bottomed flask equipped with a magnetic 
stirring bar and a nitrogen inlet, a solution of 3.42 g (10 mmol) Co2(C0), in 
120 mL of benzene is prepared while a stream of nitrogen is passed through. 
Then, 5.25 g (20mmol) of triphenylphosphine is dissolved in 30 mL of 
benzene and added slowly to the contents of the flask while vigorous stirring 
is maintained. The flask is fitted with a condenser. A T junction, placed on top 
of the condenser, is connected to a supply of nitrogen and a mineral-oil 
bubbler. The mixture is refluxed on an oil bath at 80°C for 1 h. The reaction is 
complete when the initial orange-brown color has changed to red-brown. The 
heat is removed and the product allowed to cool and settle out. The benzene 
layer is carefully decanted. The flask is stoppered with a rubber stopper and 
the other inlet connected to the vacuum pump via a liquid nitrogen trap 
( - 196°C). The remaining solvent is then removed at reduced pressure (30"C, 
0.5mm). The fine red-brown powder is finally washed with 100 mL of 
pentane, the last traces of which are also subsequently removed in vacuo. The 
flask is stoppered and kept for the next preparation. Yield > 95%; IR: v(C0) 
= 1950cm-' (s), 1977 cm-l ( w ) ~ .  ([Co(CO),(PPh,)], is stable indefinitely at 

room temperature in the solid form, but gradually decomposes in solution.)* 
A l-L, two-necked, round-bottomed flask is placed under nitrogen atmo- 

sphere. The stopper is removed and under a stream of nitrogen, 500g of 
mercury is introduced. A 1% sodium amalgam is prepared by carefully 
stirring 5 g of sodium into the mercury by adding 0.2-g portions at a time.4 
(Warning: The formation of the amalgam is highly exothermic, and care should 
be taken to  preoent overheating.) After complete addition the amalgam is left 
to cool to room temperature, the [Co(CO),(PPh,)], is suspended in 300 mL 
of THF and added to the amalgam. The reaction mixture is stirred vigorously 
at room temperature with a mechanical stirrer. After 16 h, stirring is ceased 
and the flask left to stand for another 3 h to allow settling of the fine gray 
metal particles. The dark yellow solution is carefully decanted and filtered 
through a fine-porosity glass frit fitted on top of a 500-mL Schlenk tube5 
(Fig. l).? 

Filtration is aided by allowing a slight buildup of nitrogen pressure above 
the solution and by opening the bottom outlet. Further amounts of 

*The checker prepared this and the other dimeric products in about the same yield in toluene, 
which is a much less hazardous solvent than benzene. Instead of refluxing the solvent, the 
reaction mixture in toluene was vigorously stirred at about 80°C. 

?The checker used dry filter aid (Celite) to facilitate the filtration. 
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Outlet 

Fig. 1. Apparatus for filtration. 

Na[Co(CO),(PPh,)] are retrieved by carefully admitting 3 x 50 mL THF to 
the amalgam and filtering as before. 

Then 3.2 g (16 mmol) chlorotrimethylstannane* is dissolved in 20 mL of 
THF and added to the Na[Co(CO),(PPh,)] solution while stirring rapidly at 
room temperature. After 30 min stirring is ceased and the mixture lefts to 
allow settling of the formed NaCl. After filtering through a medium-porosity 
glass frit (using a similar setup as before), the NaCl is washed with 20 mL of 
dichloromethane. This washing is then filtered into the THF solution. The 

* E. Merck, Darmstadt, Germany. 
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Schlenk tube is stoppered with a rubber stopper and the solution is evapor- 
ated under reduced pressure. The residue is taken up in a minimum volume 
(5-10 mL) dichloromethane : hexane (1 : 1) and introduced to an alumina* 
(neutral, activity 111) column (15 cm x 3 cm) prepared in hexane. The product 
is eluated as a yellow band with hexane (100 mL). Subsequent removal of the 
solvent under vacuum and further drying (30"C, 0.5 mm, 1 h) gives typically 
4.4-5.0 g (4045% based on [Co(CO),(PPh,)],) of orange yellow crystals 
(mp 173-175°C (dec)). 

Anal. Calcd. for C,,CoH,,O,PSn: C, 50.66; H, 4.25. Found: C, 50.86; 
H, 4.30. The product is sufficiently pure to be used as starting material in 
subsequent syntheses, but further purification may be effected by crystalliza- 
tion from hexane solution. 

The experiment may be successfully scaled down (enabling the yield to be 
increased to 70%), but scaling up more than twice is not recommended 
because of the large volumes of THF required. Also, no concomitant increase 
in yield is obtained. 

Properties 

[Co(Me,Sn) (CO),(PPh,)] crystallizes as oblong translucent yellow crystals. 
An infrared spectrum in CC14 solution consists of two bands in the carbonyl 
region: 2013 cm-' (w) and 1936 cm-' (vs). The 'H NMR spectrum (benzene- 
d,) shows a sharp singlet at 6 0.72 ppm (9H) due to the methyl protons and 
two multiplets centered at 6 6.97 ppm (9H) and 6 7.60 ppm (6H) due to the 
phenyl protons. The ,lP{ 'H}NMR spectrum (benzene-d,, relative to 85% 
H,PO4) shows an extremely broad singlet at 6 53.4 ppm, while the 
lI9Sn{ 'H}NMR spectrum (benzene-d,, relative to Me,Sn) has a doublet at 
6 117.3 ppm ['J(PSn) = 240.8 Hz]. 

[Co(Me,Sn)(CO),(PPh,)] is stable indefinitely at room temperature in the 
solid form under inert atmosphere. It dissolves readily in polar solvents and 
sparingly in nonpolar solvents. 

B. TRICARBONYL(TR1METHYLSTANNYL) 
(TRIPHENYLPHOSPHITE) COBALT(1) 

Procedure 

Caution. Triphenyl phosphite is a toxic liquid. 
All reactions and sample preparations are carried out under inert atmo- 
sphere. Solvents are distilled under nitrogen atmosphere and dried as de- 

* M. Woelm, Eschwege, Germany. 
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scribed in Section A. Commercial triphenyl phosphite* is used without 
further purification. 

The method for the preparation of [Co(CO),{P(OPh),}], is based on that 
described in Section A for [Co(CO),(PPh,)],. 

A solution Of 5 mL (19 mmol) of triphenyl phosphite in 10 mL of benzene is 
added slowly to a rapidly stirred solution of 3.42 g (10 mmol) of octacarbon- 
yldicobalt in a 250-mL round-bottomed flask. After the initial effervescence 
ceases, a condenser is placed on the flask and the reaction mixture stirred at 
60°C for 2 h until the dark red color persists. The flask is cooled to room 
temperature and left to stand, thereby allowing the product to settle out. 
The benzene layer is decanted and the dimer washed repeatedly with SO-mL 
portions of warm hexane until the latter remains colorless. 

The last traces of hexane are removed under vacuum to yield typically 
7.8-8.0 g (8688%) [Co(CO),{P(OPh),}],. IR: v(C0) = 1966 cm-' (vs), 
1989 cm-' (sh),. 

A 500-mL, two-necked, round-bottomed flask is equipped with a nitrogen 
inlet and flushed. Then 300g of mercury is introduced under a stream of 
nitrogen. By adding 3 g of sodium (taking the necessary precautions as 
before), a 1 % amalgam is prepared and allowed to cool to room temperature. 
The [Co(CO),{P(OPh),)], is suspended in 100mL of THF and added to the 
amalgam. The reaction mixture is stirred vigorously with a mechanical stirrer 
(300 rpm) for 1&15 min. The color changes from dark red to brown to gray.t 
The yellow solution, still containing the suspended metal particles, is quickly 
decanted$ and filtered through a glass frit (fine porosity). Any remaining 
sodium cobaltate salt can be retrieved from the amalgam by rinsing twice 
with 30 mL THF. 

Chlorotrimethylstannane 2.32 g (1 1.6 mmol) is dissolved in 20 mL of THF 
and added to the Na[Co(CO),{ P(OPh),}] solution while stirring vigorously. 
After 30 min the THF is completely removed under vacuum ( -  20"C, 
0.5 mm). The residue is then repeatedly extracted with 20-mL portions of 
hexane until the latter becomes colorless. The orange-yellow hexane solution 
is filtered and reduced to dryness under vacuum to leave a dark yellow solid. 
If necessary, further purification can be accomplished by repeated dissolution 
of the product in a minimum volume hexane, followed by rapid cooling to 
- 30°C in a Dry Ice-acetone bath.§ The crystals are dried in U ~ C U O  for 2 h 

* Aldrich Chemical Company Inc., P.O. Box 2060, Milwaukee, WI 53201. 
7 The yellow solution appears gray as a result of the suspension of the fine metal particles 

3 Na[Co(CO),{ P(OPh),}] is extremely unstable in solution (even at subzero temperatures), 

5 As [Co(Me,Sn)(CO),{P(OPh),}] appears to decompose on alumina. this means of purifica- 

therein. 

and manipulation thereof should be swift. 

tion is not recommended. 
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(OOC, 0.1 mm). The yield is typically 5.1-5.6g (48-53%) based on [Co(CO),- 
{P(OPh),}], (mp 91-92°C). 

Anal. Calcd. for C,,H,,CoO,PSn: C, 46.72; H, 3.92. Found: C, 46.73; 
H, 3.89. 

An increase in yield can be obtained on scaling down the experiment. 

Properties 

[Co(Me,Sn)(CO),(P(OPh),]] crystallizes as pale yellow crystals. An infrared 
spectrum in hexane solution consists of two bands: v(C0) = 2030 cm-' (w, 
sh) and 1961 cm-' (vs). The 'HNMR spectrum (benzene-d,) shows a sharp 
singlet at 6 0.45ppm (9H) due to the methyl protons and a triplet at 
6 6.87 ppm (3H), a triplet at 6 7.03 ppm (6H), and a broad doublet at 
6 7.31 ppm (6H) due to the phenyl protons. The phosphorus atom gives rise 
to an extremely broad singlet at 6 130.6 ppm on the 31P{1H} NMR spectrum 
(benZene-d,, relative to 85% H,PO,). The l19Sn{ 'H}NMR spectrum shows 
a doublet ['J(PSn) = 418.7 Hz] at 6 136.2 ppm (benzene-d,, relative to 
Me,Sn). In the solid form, [Co(Me,Sn)(CO),{ P(OPh),}] can be exposed to 
air for very short periods of time, but it should not be kept above - 20°C for 
longer than a few minutes. 

C. TRICAR BONYL(TR1METHYLSTANNYL) 
(TRIPHENYLARSINE) COBALT(1) 

Procedure 

Caution. Triphenylarsine is extremely toxic and should be handled 

Commercial triphenylarsine* is used as purchased. 
In a 250-mL, two-necked, round-bottomed flask (flushed with nitrogen), a 

solution of 1.5 g (5 mmol) of octacarbonyldicobalt in 50 mL of benzene is 
prepared. Then 2.7 g (10 mmol) of triphenylarsine is dissolved in 20 mL of 
benzene and slowly added to the former solution while thorough stirring is 
maintained. After the initial gas evolution has subsided, the flask is fitted with 
a condenser. The solution is then stirred at 60°C. After 1 h the heat is removed 
and the contents of the flask allowed to cool to room temperature, where- 
upon the dimer settles as a fine purple-red solid. The benzene is carefully 
decanted and the product washed with 50-mL portions of warm hexane until 
the latter remains colorless. Subsequent in uacuo drying yields typically 3.2 g 

with the greatest of care. 

* E. Merck, Darmstadt, Germany. 
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(71 YO) [Co(CO),(AsPh,)],. An infrared spectrum in Nujol shows strong 
absorption at 1949 cm-' in the carbonyl region. 

In a 500-mL, two-necked, round-bottomed flask, a 1 % sodium amalgam is 
prepared (see Section A) using 2.5 g of sodium and 250 g of mercury and left 
to cool to room temperature. The dimer is suspended in 100 mL of THF and 
added to the amalgam. Using a mechanical stirrer, the suspension is stirred 
vigorously for 20 min, after which the dark red color has vanished completely. 
The suspension is decanted quickly* and to it is added 1 g of chlorotrimethyl- 
stannane dissolved in 10 mL of THF. After stirring for 30 min at room 
temperature, the THF is removed under reduced pressure. The residue is 
repeatedly extracted with hexane (20-30-mL portions) until the solvent no 
longer becomes yellow. The hexane solution is filtered through a fine- 
porosity glass frit and reduced to complete dryness with the aid of the 
vacuum pump (OOC, 0.5 mm). The dark yellow product is taken up in 4 mL 
dichloromethane : hexane (1 : 1) and introduced to an alumina (neutral, 
activity IV) column (20 cm x 1 cm) prepared in hexane under inert atmo- 
sphere. The product is eluted as a yellow band with hexane, which is 
subsequently removed under vacuum. Further drying (25"C, 0.1 mm, 2 h) 
yields 2.9-3.2 g (6673%) of primrose yellow crystals [mp 122-124°C (dec)]. 

Anal. Calcd. for C,,H,,AsCoO,Sn: C, 47.03; H, 3.95. Found: C, 47.08; 
H, 3.88. 

Properties 

[Co(Me,Sn)(CO),(AsPh,)] is sparingly soluble in hexane and soluble in 
benzene and more polar solvents. Dissolution in acetone results in rapid 
decomposition. The infrared spectrum in hexane shows v(C0) = 1946 cm-' 
(vs) and 2015 cm-' (w). The 'HNMR spectrum (C,D,) exhibits a singlet 
at 6 0.73 ppm (9H) due to the methyl protons and multiplets centered 
at 6 6.98 ppm (9H) and 6 7.58 ppm (6H) due to the phenyl protons. The 
119Sn{'H}NMR spectrum is typified by a singlet at 6 143.6 ppm (benzene-d,, 
relative to Me,Sn). 

[Co(Me,Sn)(CO),(AsPh,)] should be stored below 0°C under inert condi- 
tions, but may be exposed to air for very short periods of time. 
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43. DECAKIS(ACETONITRILE)DIRHODIUM(II) 
TETRAFLUOROBORATE 

Submitted by KIM R. DUNBAR* and LAURA E. PENCE* 
Checked by JOANNA CZUCHAJOWSKAt and F. ALBERT COlTONf 

While the existence of fully solvated transition metal monomers is fairly 
common,’ binuclear compounds of this type are The advantages of 
solvated systems are numerous, allowing for designed syntheses of substitu- 
tion products whose formation may be inhibited or otherwise influenced by 
the presence of strong donor ligands. Metal dimers that are stabilized solely 
by labile solvent ligands are expected to be valuable synthons for a variety of 
applications. Attempts to access these types of complexes have typically 
involved the action of strong acids on binuclear metal carboxylate~.~-~ The 
acidic medium, however, complicates the isolation of the desired solvated 
products and promotes decomposition. By taking advantage of the demon- 
strated use of trialkyloxonium reagents to esterify and remove bridging 
carboxylate ligands,’t8 we have prepared the first example of an easily 
accessible solvated binuclear compound whose synthesis and crystallization 
are presented herein. 

Triethyloxonium tetraJluoroborate (1 - ) is toxic, corrosive, a 
neurologic hazard, a suspected carcinogen, and moisture-sensitive, and should 
be stored under nitrogen in a freezer. 

Caution. 

Procedure 

Using standard Schlenk-line techniques, 200 mg of Rh,(O,CCH,),- 
(MeOH),9 (0.395 mmol), 5 mL of a 1 M solution of (Et,O) [BF,] in CH,CI, 
(5.0 mmol, Aldrich), and 10 mL of CH,CN (freshly distilled from calcium 
hydride) are refluxed in a 100-mL, three-necked, round-bottomed flask at 

Department of Chemistry, Michigan State University, East Lansing, MI 48824. 
t Department of Chemistry, Texas A & M University, College Station, TX 77843. 
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atmospheric pressure for 7 days. The reaction is performed under N, without 
stirring; the reaction vessel is fitted with a 12-in West condenser. The 
methanol adduct of rhodium acetate is preferred over the anhydrous form; 
the latter undergoes much more sluggish reactions with triethyloxonium 
tetrafluoroborate (1 - ). All glass joints should be lubricated with Apiezon H 
grease and well secured. The color of the reaction solution changes from 
purple to red within 2 h and gradually becomes deep orange over a period 
of several days. The initial purple color is due to the presence of 
Rh,(O,CCH,),(NCCH,),, which undergoes a facile reaction with Et,O+ 
to give the red-purple cation [Rh,(O,CCH,),(NCCH,),]Z+ and 
EtO,CCH,.' The conversion of [Rh,(02CCH3)2(NCCH,)6~z + to 
[Rh2(NCCH3),,]4+ proceeds much more slowly and vigorous reflux condi- 
tions are required. 

Between the period of several days and one week of reflux time, large 
orange block-shaped crystals of [Rh,(NCCH,),,] [BF,], form on the walls 
and bottom of the flask; these are collected by filtration under an inert 
atmosphere, washed three times with 5 mL amounts of CH,Cl, followed by 
10 mL of diethyl ether, and dried in uacuo. These crystals do not require any 
further purification. The filtrate from the reaction solution is promptly 
pumped to a low volume ( - 10 mL) and chilled at - 20" for 2 h. A crop of 
orange microcrystals admixed with orange solid is obtained in this manner. 
Reduction of the volume and subsequent chilling is repeated several times 
until a minimal volume of 1 mL is achieved. Additional product is obtained 
by adding 5-18mL of diethyl ether to the above concentrated solution, 
chilling for 2 h, and decanting the solution from the solid. At this point, if the 
product is decidedly red instead of dark orange, indicating that some 
unreacted intermediate remains, the entire amount should be redissolved in 
acetonitrile and made to react further react with triethyloxonium tetrafluoro- 
borate( 11). On grinding, a crystalline sample should yield an orange rather 
than a red-purple powder. 

The mixture of solid and microcrystalline material obtained in the afore- 
mentioned procedure is treated with three 5-mL portions of CH,Cl, to 
remove excess triethyloxonium reagent and residues of vacuum grease. 
(Prolonged exposure to CH,CI, should be avoided as it will eventually 
decompose the compound.) This crude form of the product may be purified 
by dissolving - 200mg in 1&20 mL of warm acetonitrile, filtering, and 
alternating cycles of reduction of the volume and chilling to - 20°C to 
produce microcrystals. The final amount of solvent ( - 1 mL) should be 
decanted in order to ensure that one obtains a clean product free of sticky 
residues. Combined yields are typically - 260 mg (70%). Single crystals may 
be grown by slow diffusion of diethyl ether or CH,Cl, into a solution of 
the compound in acetonitrile. Highly concentrated solutions of the dimer 
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coupled with an excessive amount of precipitating solvent should be avoided 
as this invariably results in an oiling of the product. 

The 200-mg reaction scale, while small, has resulted in the highest overall 
yield. Doubling the scale not only significantly increases the reaction time, 
but tends to yield large amounts of [Rh2(02CCH,)2(NCCH,)6]2+ with only 
small quantities of [Rh2(NCCH3),o]4+. The purity of a given sample is 
easily established by 'H NMR and infrared spectroscopy. 

Properties 

The compound [Rh,(NCCH,)lo][BF,], is fairly stable in air, both 
in solution and in the solid state, but exposure to light should be minim- 
ized because of its photochemical lability." The title compound is hygro- 
scopic, being prode to formation of the pink axial water adduct 
[Rh,(NCCH,)8(0H2)2]4+. The water is easily removed by redissolving the 
pink solid in acetonitrile. The compound exhibits two absorptions in the 
electronic spectrum in CH,CN at AmaX(nm) = 468 (E = 3.90 x lo2 M - '  cm-') 
and 277 (2.2 x lo4) in the absence of air and minimum exposure to light. The 
salient features of the infrared spectrum (Nujol mull, Csl, cm- ') are the three 
C=N stretches at 2342 (m), 2317 (m), and 2300 (w) as well as the strong v(B- 
F) at 1024 (vs) and 1062 (vs). The 'H NMR spectrum in CD,CN performed 
under anaerobic conditions shows only one resonance at + 1.95 ppm(s) due 
to rapid exchange of both axial and equatorial CH,CN ligands with the 
deuteriated solvent. Cyclic voltammetric studies reveal a single irreversible 
reduction for [Rh,(NCCH,),,] [BF,], at Ep,c = - 0.05 V versus Ag/AgCl. 

Anal. Calcd. for C20H33F,6NloB,Rh2: C, 24.93; H, 3.13; F, 31.55. Found: 
C, 25.44, H, 3.58; F, 31.37. 
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44. (2,2’-BIPYRIDINE)DICHLOROPALLADIUM(II) 
AND [N’-(2-DIAMINOETHYL)- 

1,2-ETHANEDIAMINE]CHLOROPALLADIUM(II) 
CHLORIDE 

Submitted by F. L. WIMMER*, S. WIMMER,? and P. CASTANT 
Checked by RICHARD J. PUDDEPHATTS 

The synthesis of [Pd(bpy) (L)]’ + (L = chelating ligand) usually involves the 
reaction of Pd(bpy)Cl, with L. Although the preparation of Pd(bpy)Cl, has 
been described in Inorganic Syntheses,’ this method is generally tedious 
as the reactants K, [PdCl,] and 2,2‘-bipyridine in water initially form 
the insoluble salt [Pd(bpy),] [PdCl,]. Conversion of this complex to 
Pd(bpy)Cl, involves treatment with HC1, but the completeness of this 
reaction is not evident, as both [Pd(bpy),] [PdCl,] and Pd(bpy)Cl, are 
insoluble and have similar colors. An alternate approach is to react bpy with 
K,[PdCl,] under acidic conditions. However, again there is a possibility of 
formation of the salt, and contamination by this is not obvious from 
elemental analyses. These methods generally give a powdery product. 

[Pd(dien)Cl]Cl§ is employed extensively to study substitution reactions 
because of its relatively simple chemistry and as a model to understand the 
behavior of the antitumor drug cis-Pt(NH,)Cl, (cis-platinum) toward 
nucleotides and nucle~sides.~.~ The same problem of formation of the salt 
[Pd(dien)Cl], [PdCl,] arises on reaction of dien with K,[PdCI,]. To pre- 
vent this, PdCl, is normally allowed to react with dien in water, but the 
eventual workup to isolate [Pd(dien)Cl]Cl is irksome with yields of only 
4&50%., 

* Laboratoire de Pharmacologie et de Toxicologie Fondamentales du CNRS. 
t Laboratoire de Chimie Inorganique, 205, route de Norbonne, 31077 Toulouse Cedex, 

$ Department of Chemistry, University of Western Ontario, London, Ontario N6A5B7, 

5 Diethylenetriamine (dien): N-(2-aminoethyl)- 1,2-ethanediamine. 

France. 

Canada. 
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We present here a simplified synthesis of pure crystalline Pd(bpy)Cl, and 
[Pd(dien)Cl]Cl with almost quantitative yields. The method works equally 
well for the complexes of 4,4‘-dimethyL2,2’-bipyridine, 1,lO-phenanthroline, 
54trophenanthroline, 4,7-dimethylphenanthroline, and 3,4,7,8-tetra- 
methylphenanthroline. 

A. (2,2’-BIPYRIDINE)DICHLOROPALLADIUM(II) 

PdCl, + 2CH,CN -+ Pd(CH3CN),C1, 

Pd(CH,CN),Cl, + bpy + Pd(bpy)Clz + 2CH3CN 

This method is essentially that of Newkome and coworkers.’ Preparation 
and isolation of the complex requires - 4 h. 

Caution. Acetonitrile is toxic and flammable, and 2,T-bipyridine is a 
skin irritant. Any contact with skin for both chemicals should be avoided and the 
manipulations should be performed in a well-ventilated fume hood. 

Dichloropalladium(I1) (PdC1,) (0.404 g, 2.275 mmol) is dissolved in boiling 
acetonitrile (120 mL), and the mixture is then filtered to give a red solution. 
The dissolution is facilitated by extracting the PdC1, with small portions of 
hot acetonitrile. 2,2’-Bipyridine (0.3905 g, 2503 mmol) in acetonitrile (25 mL) 
is added dropwise to the hot stirred solution of Pd(CH3CN),Cl, in acetoni- 
trile contained in a 250-mL Erlenmeyer flask. Orange needles of Pd(bpy)Cl, 
rapidly separate. The mixture is digested at room temperature for 3 h, filtered 
and the solid washed with acetonitrile, acetone, and diethyl ether and dried in 
uacuo (silica gel). The yield is 0.69-0.71 g (91-94%, based on PdCl,). 

Anal. Calcd. for Pd(bpy)Cl,: C, 35.98; H, 2.40; N. 8.40. Found: C. 35.89; 
H, 2.32; N, 8.30. 

Properties 

The compound Pd(bgy)Cl, is obtained as fine light orange needles. It is 
insoluble in water and organic solvents, but soluble (with solvolysis) in polar 
solvents such as dimethyl sulfoxide (DMSO) and N,N-dimethylformamide 
(DMF). It dissolves in 2 M sodium hydroxide solution with hydrolysis of the 
chloro groups. The P d 4 1  stretching vibrations occur at 340 and 347 cm- 
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B. [N-(2-AMINOETHYL)-1,2-ETHANEDIAMINE]- 
CHLOROPALLADIUM(I1) CHLORIDE 

PdCl, + 2CH3CN -+ Pd(CH,CN),Cl, 

Pd(CH,CN),Cl, + dien -+ [Pd(dien)Cl]Cl + 2CH3CN 

w Caution. Acetronitrile is toxic and flammable. Dien is toxic and a 
strong irritant. Any contact with skin for both chemicals should be avoided and 
the manipulations should be performed in a well-ventilated fume hood. 

Preparation of the complex requires - 2 h. Dien (0.3 mL, 2.80 mmol) in 
acetonitrile (20 mL) is added dropwise to the hot stirred solution of BdC1, 
(0.487 g, 2.75 mmol) in acetonitrile (100 mL) contained in a 250-mL round- 
bottomed flask. Undissolved PdClz should be removed before the dien is 
added. A creamy yellow precipitate separates instantaneously. The mixture is 
heated under reflux with stirring for 5min, whereupon the solid gradually 
becomes yellow. The solid is collected, washed several times with acetonitrile 
and then ethanol and dried in vacuo (silica gel). The yield is 0.694-0.730g 
(90-95%, based on PdCl,). 

Anal. Calcd. for [Pd(dien)Cl]Cl: C, 17.11; H, 4.63; N, 15.00. Found: 
C, 17.21; H, 4.68; N, 15.01. 

Properties 

The compound [Pd(dien)Cl]Cl separates as a light yellow microcrystalline 
solid. It is very soluble in water, but only slightly soluble in polar organic 
solvents such as acetone. The electronic spectrum depends on the 
chloride-ion concentration. Thus, the complex has an absorption maximum 
in water at 330 nm ( E  = 462 cm-’ dm3 mol-’)6 and in 0.1 M NaCl at 334 nm 
( E  = 480 cm- ’ dm3 mol-’). The Pd-Cl stretching vibration is situated as a 
strong band at 331 cm-’. 
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45. trans-DICARBONYL-DI-p-IODO- 
DIIODODIPLATINUM( 11) 

Submitted by BIANCA PATRIZIA ANDREINI,* DANIELA BELL1 
DELL'AMICO,* FAUSTO CALDERAZZO,* and NICOLA PASQUALETTI* 

Checked by ALLEN L. SELICSONt and WILLIAM C. TROGLERt 

PtI,(s) + 2 c o  --* PtI,(CO), 

2Pt1, (CO), * Pt,I,(CO), + 2 c o  

(1) 

(2) 

Platinum(I1) iodo carbonyl derivatives were first prepared by carbonylation 
of platinum iodides at high pressure and temperature.' 

A simple preparation of the trans-dicarbonyl-di-p-iododiiododi- 
platinum(I1) is reported here, which is carried out at subatmospheric pressure 
of CO starting from PtI, with the intermediate formation of PtI,(CO), 
according to equilibrium (2). 

Procedure 

Platinum(I1) iodide is prepared in substantially quantitative yields from an 
aqueous solution of [PtC1J2 - obtained from dihydrogen hexachloro- 
platinate(1V) and hydrazine hydrochloride2-by addition of the stoichiometric 
amount of aqueous K13. The platinum iodide so obtained has a lower 
platinum content (35.8%) than expected (43.5%) after drying in U ~ C U O  at 
room temperature, due to the presence of unknown impurities not containing 
platinum. The yields of the presently described preparation are based on the 
platinum content of the starting platinum(I1) iodide. 

A quantity of PtI, (2.327g) corresponding to 5.18mmol of platinum 
is suspended in 100mL of toluene under an atmosphere of CO at room 
temperature ( - 20°C). After stirring for 12 h, the suspension is filtered to 
eliminate a small amount of a black residue. Under these conditions the 
solution obtained contains the species PtI,(CO),, an equilibrium mixture of 
the trans and the cis isomers, with prevalence of the former [ - 95%, Cco, 
2120 (s) cm-'1. Only one band [2147 (w) cm-'1 is observable for the cis 
form, probably as a result of overlapping of the second band with that of the 
trans isomer. The solution of the PtI, (CO), isomers is evaporated to dryness 
and a violet-black residue is obtained, consisting mostly of Pt,I,(CO),. 

The violet-black residue is suspended in pentane (150mL), and the 
suspension is stirred for 12h under CO at 24°C. The temperature of the 

* Dipartimento di Chimica e Chimica Industriale, Sezione di Chimica Inorganica, via 
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carbonylation must be carefully controlled with a thermostat; 24°C and 
pentane as a solvent appear to be the best choice for optimizing the yield of 
the dimer under the relatively low partial pressure of CO existing under these 
conditions. The violet dimer Pt214(CO), is collected by filtration, dried 
in uucuo for 4 h, and then sealed in vials under N, (1.70 g, 68.8% yield). 

Anal. Calcd. for Pt,C,I4O2: Pt, 40.9; Found: Pt, 40.6. CO (gasvol~metric)~ 
Calcd.: 5.9. Found: 5.5. 

Properties 

trans-Dicarbonyl-di-p-iodo-diiododiplatinum(I1) is sensitive to moisture 
over a long exposure to air and moderately soluble in the common organic 
solvents. It is characterized by a carbonyl stretching vibration at 2104 cm-' 
in toluene. The product decomposes without melting at 12Cb14O"C in air, and 
sublimes in U ~ C U O  (lo-, mmHg) at 110°C with extensive decomposition. It 
darkens in uacuo, and the product so obtained is no longer completely soluble 
in hydrocarbons unless it is treated under a CO atmosphere. It reacts with 
NBu41 in CH,Cl, to give4 [PtI,(CO)] -. The crystal and molecular structure 
of the compound has been solved by X-ray diffraction methods. The complex 
is a planar centrosymmetric iodo bridged dimer.4 

I 
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46. CHLOROHYDRIDOBIS(TRIALKYLPH0SPHINE)- 
PLATINUM(I1) COMPLEXES 

Submitted by JULIA R. PHILLIPS* and WILLIAM C. TROGLER* 
Checked by MICK BRAMMERt and DIANNE L. PACKETTt 

Chlorohydridobis(trialkylphosphine)platinum(II) complexes are useful as 
precursors to a variety of platinum hydridesl-5 and platinum a l k y l ~ , ' . ~ - ~  as 
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well as catalysts or catalyst  precursor^.'.^ Previously reported methods of 
synthesis of trans-chlorohydridobis(trimethylphosphine)platinum(II) use 
hydrazine hydrate,' (naphthalene)sodium-hydrogen,4 or sodium tetrahydro- 
borate(1 - ) in methanol'.'' as the reductant. The former methods give an 
unstable product of questionable purity, while the latter procedure gives a 
low yield. The problem may arise from the heterogeneous nature of the 
reaction, as the cis-dichlorobis(trimethylphosphine)platinum(II) starting ma- 
terial exhibits a very low solubility in most solvents. Addition of diethylamine 
to a methanol suspension of cis-dichlorobis(trimethylphosphine)platinum(II) 
solubilizes the starting material, so the sodium tetrahydroborate( 1 - 1 
reduction results in a good yield of product. A 3'P{'H}NMR spectrum 
was recorded to investigate the nature of the species in the 
methanoldiethylamine solution. This showed a doublet of doublets 
(6 - 23.41, lJpt-p 3003 Hz; 6 - 24.19, '.Ip,+ 3527Hz; 2Jp-p  21 Hz) con- 
sistent with displacement of chloride by diethylamine, to form a cis-chloro- 
monoamine complex in situ, which is then reduced by tetrahydroborate 
(1 - ). After reduction, the volatile diethylamine can be removed easily. This 
method can also be used to synthesize the triethylphosphine derivative, as an 
alternative to the hydrazine hydrate reduction.'. l 2  

A. ~~u~s-CHLOROHYDRIDOBIS(TRIMETHYLPHOSPHINE)- 
PLATINUM(I1) 

H N C P d z  

CH,OH 
cis-PtC1, [P(CH,),], + Na[BH4] - trans-Pt(H)CI[P(CH,),], 

Procedure 

cis-Dichlorobis(trimethylphosphine)platinum(II) is prepared by adding 
slowly 1.6 mL of trimethylphosphine to a stirred solution of 3.2 g of cis- 
dichlorobis(diethy1 sulfide)platinum(II)' dissolved in a minimum amount 
of benzene4 under an atmosphere of nitrogen. The white precipitate is col- 
lected in the air on a fritted funnel, washed with diethyl ether to remove 
excess trimethylphosphine, and recrystallized from a minimum amount of 
hot N,N'-dimethylformamide. Yield: 2.4 g, 70%. 

Into a 50-mL Schlenk flask is weighed 0.25 g of the recrystallized cis- 
dichlorobis(trimethylphosphine)platinum(II). Under a nitrogen atmosphere, 
the solid is suspended in 10 mL of methanol (refluxed under nitrogen and 
distilled from magnesium). To the suspension is added 3 mL of diethylamine 
(distilled and stored under nitrogen), and the suspension is stirred until the 
solid dissolves. Then 1 equiv (0.022 g) of sodium tetrahydroborate(1 - ) is 
added and stirring continued for about 5 min until gas evolution ceases. The 
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solvent is removed from the light yellow solution in uacuo. The residue is 
taken up in 15 mL of benzene (refluxed under nitrogen and distilled from 
potassium-benzophenone) and filtered into a 25-mL Schlenk flask through a 
piece of filter paper that had been folded and wired to the tip of a ~annu1a. l~ 
The benzene is removed in vacuo and the resulting white residue is dissolved 
in 10mL of toluene (refluxed under nitrogen and distilled from sodium 
benzoylbiphenyl) and filtered, again using filter paper wired to a cannula, into 
another 25-mL Schlenk flask. The resulting clear solution is again filtered 
into a 25-mL Schlenk flask, the volume reduced in vacuo, and the solution is 
cooled ( - 10') overnight. White crystals of the product are isolated by 
removal of the supernatant by cannulation and drying under vaauum. The 
crystals are not rinsed because of their extreme solubility. The supernatant is 
concentrated and cooled to produce a second crop of crystals. Yield 0.17 g, 
75%. 

Anal. Calcd. for C6HlgP,ClPt: C, 18.78; H, 4.99. Found (Galbraith Labor- 
atories): C, 18.99; H, 5.10. 

Properties 

trans-Chlorohydridobis(trimethylphosphine)platinum(II) is air-sensitive and 
must be stored and manipulated under an inert atmosphere to avoid 
decomposition. It is soluble in benzene, toluene, acetone, and methanol. 
Chlorinated solvents should be avoided. The 'HNMR spectrum in C6D6 
shows the hydride resonance at b - 16.13 (lJpt-H 131 1 Hz, 2J,+, 16.6 Hz), 
and the ,'P{ 'H}NMR spectrum exhibits a single resonance at 6 - 14.26 
with lg5Pt satellites ('JPt+ 2627 Hz). 

B. Z~~~.S-CHLOROHYDRIDOBIS(TRIETHYLPHOSPHINE)- 
PL ATINUM(II) 

HN(CzH,L 

CH,OH 
cis-PtC1, [P(C,H,),], + Na[BH4] trans-Pt(H)Cl[P(C,H,),], 

Procedure 

cis-Dichlorobis(triethylphosphine)platinum(II) is synthesized from 3.2 g of 
cis-dichlorobis(diethy1 sulfide)platinum(TI)' and 2.4 mL of triethylphosphine 
using the same method as given above for the synthesis of cis-diehlorobis- 
(trimethylphosphine)platinum(II), with recrystallization from boiling aceto- 
nitrile. Yield 2.9 g, 80%. 
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The procedure given for the trimethylphosphinechlorohydrido derivative 
is then followed, starting with 0.26 g of the recrystallized cis-dichlorobis(tri- 
ethylphosphine)platinum(II) and 0.01 9 g of sodium tetrahydroborate( 1 - ). 
When gas evolution ceases, after addition of the sodium tetrahydroborate- 
(1  - ), the solvent is removed from the yellow solution in uacuo. The residue is 
extracted using pentane (refluxed under nitrogen and distilled from sodium- 
benzophenone) and filtered through filter paper wired to a cannula as 
described above. The solvent is removed in uucuo and the residue is re- 
dissolved in more dry pentane. The solution is treated with activated 
charcoal, filtered as before, and the solvent is removed from the resultant 
colorless solution in vacuo. The white product is recrystallized in the air from 
boiling hexanes. The supernatant remaining after isolation of the first crop of 
crystals is concentrated and a second crop is obtained. Yield 0.14 g, 57%. 

Anal. Calcd. for C,,H,,P,ClPt: C, 30.81; H, 6.68. Found (Galbraith Labor- 
atories): C, 30.73; H, 6.74. 

Properties 

trans-Chlorohydridobis(triethylphosphine)platinum(II) is air stable for an 
indefinite period of time. It is soluble in most organic solvents, including 
pentane, but chlorinated solvents should be avoided. The 'H NMR spectrum 
in C6D6 shows the hydride resonance at 6 - 16.84 (lJpt-H 1273 Hz, 
'JP-, 14 Hz), while the "P{'H)NMR spectrum has a single resonance at 
6 23.54 with 195Pt satellites (lJpt-p 2721 Hz). 
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Chapter Four 

TRANSITION METAL ORGANOMETALLICS 
AND LIGANDS 

47. LARGE-SCALE SYNTHESIS OF 1,2,3,4,5PENTA- 
METHYLCY CLOPENTADIENE 

Submitted by CAROL M. FENDRICK,* LARRY D. SCHERTZ,* 
ERIC A. MINTZ,* and TOBIN J. MARKS* 

Checked by T. E. BIlTERWOLF,t P. A. HORINE,? T. L. HUBLER,? 
J. A. SHELDON,t and D. D. BELINt 

The pentamethylcyclopentadienyl ligand has proved to be of great utility 
in main group, d-element, and f-element organometallic chemistry. In com- 
parison to the unsubstituted cyclopentadienyl ligand, the pentamethylcyclo- 
pentadienyl ligand is a greater donor of electron density, and generally 
imparts enhanced solubility and crystallizability to a variety of metal com- 
plexes. As an ancillary ligand, it increases thermal stability in a number of 
metal hydrocarbyl systems. Furthermore, the greater steric demands of the 
permethyl ligand prevent oligomer formation and accompanying coordin- 
ative saturation in several organo-felement systems. 

King and Bisnette reported the first extensive study of transition metal 
pentamethylcyclopentadienyl chemistry.' The ligand was prepared using the 
laborious (six steps) and expensive procedure of de Vries.z This approach was 
later improved somewhat by substituting CrO,/pyridine for MnO, in the 
step involving oxidation of di-sec-2-b~tenylcarbinol.~ A method that begins 
with hexamethyl Dewar benzene is more straightforward but not eco- 
n ~ m i c a l . ~  The three-step procedure of Feitler and Whitesides beginning with 

* Department of Chemistry, Northwestern University, Evanston, IL 60208. Research Sup- 

f Department of Chemistry, University of Idaho, Moscow, ID 83843. 
ported by NSF Grant CHE-8800813. 

193 

Inorganic Syntheses, Volume 29 
Edited by Russell N. Grimes 

Copyright © 1992 by Inorganic Syntheses, Inc.



194 Transition Metal Organometallics and Ligands 

2-butanol and tiglic acid represents a significant, further impr~vement.~ 
Several years ago, we reported a large-scale pentamethylcyclopentadiene 
synthesis6 based on a refinement of a procedure originally developed by 
Sorensen et al.' and subsequently modified by Threlkel and Bercaw.* This 
procedure is relatively economical and is amenable to scales of several 
hundred grams. Nevertheless, it has the drawback of necessarily handling 
large quantities of noxious bromine and 2-bromo-2-butenes, as well as 
efficiently converting the latter to the corresponding lithium reagents. We 
report here a s y n t h e s i ~ ~ . ' ~  that is even more economical and that, in our 
laboratory, has been carried out on scales of 500g or more. Such a scale 
ensures that a typical organometallic research group need prepare this 
valuable ligand only at infrequent intervals. Moreover, the intermediate 
2,3,4,5-tetramethylcyclopent-2-enone is a precursor for a host of other useful 
l i g a n d ~ . ~ ~  The present approach to pentamethylcyclopentadiene is a refine- 
ment and/or simplification of a reaction sequence originally reported by 
Burger et aL4 and is shown below. The overall yield of pentamethylcyclo- 
pentadiene is 41 YO. 

1 

2 

3 

Procedure for Reaction 1 

Adequate ventilation and gloves are recommended. 
Caution. Acetaldehyde is toxic, and inhalation should be avoided. 
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2.3,5,6-Tetrahydro-2,3,5,6-tetramethyl-y-pyrone ( 1 ) .  A 12-L, three-necked, 
round-bottomed flask fitted with an efficient mechanical stirrer and a gas 
inlet is flushed with dinitrogen. Under a dinitrogen flush, 2360mL of 
methanol and 380 g (6.77 mol) of KOH are added to the flask. The solution 
is then cooled to 0°C in an ice bath and 2000 mL (18.9 mol) 3-pentanone 
(Aldrich) is added under a dinitrogen flush. The solution is maintained at WC, 
and 4245 mL (75.5 mol) of acetaldehyde (Fluka, puriss) is added dropwise 
with stirring over a period of 36 h. During the addition of acetaldehyde, the 
color of the reaction mixture changes to a deep red, then to a dark brownish 
red color. After acetaldehyde addition is complete, the reaction solution is 
stirred an additional 12 h at 0°C. 

With rapid stirring, cold concentrated HCl (600 mL) is next added drop- 
wise to the reaction mixture at 0°C over a period of 4 h. Using the 12-L flask, 
rapid mechanical stirring, and glass tube-nitrogen pressure siphoning tech- 
niques, the aqueous and organic layers are then separated, and the organic 
layer is washed three times with 1 L of 2 N  aqueous HCl solution. The 
aqueous phase is then backextracted with two 2.5-L portions of ether. After 
the ether is removed by rotary evaporation, the organic layers are combined 
and washed once with 1 L of 2 N NaCl solution. The remaining methanol is 
next removed by rotary evaporation, leaving a viscous red oil. Fractional 
distillation through a 600-mm Vigreux column at 70-83", 15 torr, affords 
1780 g (60% yield) of a clear yellow liquid, which is predominantly 2,3,5,6- 
tetrahydro-2,3,5,6-tetramethyl-y-pyrone (l), but contains a small quantity 
( - 5%)  of 3-methylhex-2-en-4-one. The 3-methylhex-2-ene-4-one does not 
interfere with the subsequent reaction, and this product is not subjected to 
additional purification. 

Properties 

The 2,3,5,6-tetrahydro-2,3,5,6-tetramethyl-y-pyrone obtained is a clear yel- 
low liquid. The 'H NMR (60 MHz, CCl,) exhibits signals at S 1.45 (d, 6H, 
J = 7 Hz), 1.80 (d, 6H, J = 7 Hz), 2.60 (m, 2H), 3.80 (m, 2H). 

Procedure for Reaction 2 

2,3,4,5-Tetramethylcyclopent-2-enone (2 ) .  A 12-L, three-necked, round-bot- 
tomed reaction flask is cooled in an ice bath. It is charged with 6500 mL of 
95-97% HCOOH (Aldrich) and 2250 mL of concentrated H,SO, (exother- 
mic), and the solution is allowed to cool to room temperature. The 2,3,5,6- 
tetrahydro-2,3,5,6-tetramethyl-y-pyrone, 1580 g (1, 10.1 mol), is then added 
with rapid stirring to the acid solution at a fast trickle. After addition is 
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complete (4 h), the reaction solution is heated to 50°C and stirred for 24 h. The 
resulting dark brown mixture is next slowly poured in 500-mL aliquots with 
swirling into 2-L Erlenmeyer flasks, each containing lo00 g of ice. Two or 
three flasks can be used repetitively in this procedure. Rapid temperature 
rises should be avoided to prevent frothing. Ether (500 mL) is added to each 
flask, and each aqueous phase is separated and backextracted twice with 
250 mL of ether using a 2-L separatory funnel. The combined ether layers of 
each aliquot are then washed twice with 500 mL 2 M NaCl solution and with 
250-mL aliquots of 10% aqueous NaOH solution until the aqueous layer 
becomes yellow in color. This indicates approximate neutrality, which should 
be additionally verified using pH paper. If necessary, further washing should 
be carried out until the aqueous phase is alkaline. Failure to remove all 
HCOOH from the organic layer at this stage results in product decomposi- 
tion during the subsequent distillation. The organic layer is finally washed 
with two 500-mL portions of aqueous 2 N NaCl solution, dried over 300 g of 
anhydrous Na,SO,, filtered, and the ether removed by rotary evaporation. 
The combined crude product mixture is then purified by fractional distil- 
lation through a 600-mm Vigreux column. The colorless to yellow liquid 
boiling at 77-90°C at 15 torr is collected. Yield: 1045 g (75%). 

Properties 

The 2,3,4,5-tetramethylcyclopenta-2-enone is obtained as a yellow liquid. If 
purified by an additional fractional distillation, it is a colorless liquid. The 
'H NMR spectrum (400 MHz, CDCl,, major isomer) exhibits resonances 
at 6 1.16 (d, 3H, J = 7.4 Hz), 1.18 (d, 3H, J = 7.2 Hz), 1.69 (s, br, 3H), 1.89 
(qd, lH, J = 7.4, 2.5 Hz), 1.98 (s, 3H), 2.25 (9, br, 1H). 

Procedure for Reaction 3 

1,2,3,4,5-Pentarnethylcyclopentadiene (3). A 2-L three-necked flask contain- 
ing a large magnetic stirring bar is fitted with a reflux condenser and purged 
with dinitrogen. Methyllithium (Aldrich, 1714 mL, 1.4 M in ether, 2.40 mol) is 
transferred into the flask by cannula. Behind a safety shield, the solution 
volume is reduced to approximately 1200mL by vacuum transfer. The 
solution is then cooled in an ice bath and with rapid stirring, 2,3,4,5S 
tetramethylcyclopent-2-enone (2,276 g, 298 mL, 2.00 mol) is added dropwise 
over a period of 2h. The solution is next allowed to warm to room 
temperature and stirred overnight. After this time, any remaining methyh 
lithium is hydrolyzed by slow, dropwise (exothermic reaction) addition of 
methanol (80 mL) followed by water (400 mL). The reaction mixture is next 
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divided into two portions, and each is washed with a solution prepared from 
ammonium chloride (240 g), concentrated hydrochloric acid (200 mL), and 
water (1 L), until the aqueous phase becomes acidic. The combined aqueous 
phases are then backextracted twice with 500 mL of ether. The ether fractions 
are next combined and reduced to a total volume of 700 mL on the rotary 
evaporator. At this point, water elimination from the intermediate cyclopen- 
tenol is nearly complete (as judged by 'HNMR and gas chromatography 
using an OV-101 column at 130°C). As a precaution, the ether concentrate is 
stirred for 1 h with 2 mL of 6 N HC1 solution, then washed three times with 
200 mL of 5% NaHCO, solution and dried over 100 g of anhydrous K,CO,. 
After filtration, the remaining ether is removed on the rotary evaporator and 
the product purified by careful fractional distillation using a 600-mm Vigreux 
column. The fraction boiling at 6M5"C at 15 torr affords 245 g (90% yield) 
of pentamethylcyclopentadiene. Gas chromatography (OV- 101 column at 
130") indicates the product to be greater than 97% pure. 

Proper ties 

1,2,3,4,S-Pentamethylcyclopentadiene is a colorless to pale yellow liquid with 
a sweet olefinic odor. It can be stored indefinitely under dinitrogen in a 
- 15°C freezer. The 'H NMR spectrum (60 MHz, CClJ exhibits resonances 

at 60.95 (d, 3H, J = 8 Hz), 1.75 (s, br, 12H), and 2.40 (m, IH). The infrared 
spectrum (neat liquid) exhibits transitions at 2960 (vs), 2915 (vs), 2855 (vs), 
2735 (w); 1660 (m), 1640 (w), 1390 (s), 1355 (m), 1150 (w), 1105 (mw), 1048 (2), 
840 mw, and 668 (w)cm-'. 
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48. DICHLOROBIS(t/5-CHLOROCYCLOPENTADIENYL)- 
TITANIUM, (CIC,H,),TiCI, 

Submitted by ERIC A. ANSLYN* and ROBERT H. GRUBBS* 
Checked by CHRISTIAN FELTENt and DIETER REHDERt 

Methyl-substituted cyclopentadienyl ligands have played a major role in 
organometallic chemistry. Corresponding cyclopentadienyl ligands with elec- 
tron-withdrawing groups are rare with chlorocyclopentadienyl' and tri- 
fluoromethylcyclopentadiene' as the major exceptions. Transition metal 
complexes of these ligands are prepared through their thallium derivatives. 
An important complex that is needed in multigram quantities for substituent 
effect and other studies is dichlorobis(~5-chlorocyclopentadienyl)titanium.3 
The literature preparation of this complex requires the use of chlorocyclopen- 
tadienyl thallium and yields only 180 mg of product. Increasing the scale of 
the literature preparation by several fold proved laborious and often resulted 
in very poor yields. Because of the toxicity of thall i~rn,~ its high price on a 
multigram scale and the small quantity of material produced per run, another 
synthetic pathway was developed. A route (Eq. 1) was developed that yields 
8-10 g of dichlorobis(~5-chlorocyclopentadientyl)titanium in an overall 
40% yield from readily available (la,3aa,4a,7a,7aa)-3a,4,7,7a-tetrahydro-4,7- 
methano- ll-l-inden- 1-01.~ This quantity of product would require approxim- 
ately 420g of CpTl and 192g of TlOEt if synthesized by the current 
procedure.' 

Procedure 

Caution. All reactions are performed under Ar using Schlenk-tube 
techniques. All solvents are dried and then distilled from sodium benzophenone 
ketyl. The vacuumjash pyrolysis must be done at less than 0.005 torr. If the 
vacuum is not maintained, the reaction should be stopped and repeated. Carbbn 
tetrachloride is  a carcinogen and must be handled with care in a hood. 

1 
*Contribution No. 8034 from the Arnold and Mabel Beckman Laboratories of Chemical 

t Department of Chemistry, University of Hamburg, D-2000, Hamburg 13, Germany. 
Synthesis, 164-30, California Institute of Technology, Pasadena, CA 91 125. 
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+JCI - Q + acl (3) 

A. (1~,3a/9,4/9,7/9,7aS)-l-CHLOR0-3a,4,7,7a-TETRAHYDRO-4,7- 

A 100 mL, three-necked, round-bottomed flask equipped with an argon inlet 
is charged with 10 g (67.5 mmol) of or-1 -hydroxy-endo-di~yclopentadiene.~ 
The flask is purged with Ar, and 30 mL of CCl, (distilled from P4010) is 
added via syringe. Triphenyl phosphine (19.7 g, 75.2 mmol) is added to the 
mixture, which is then stirred under Ar at 60°C for 9 h. The clear solution 
forms a white precipitate of Ph,PO. The reacton mixture is cooled to room 
temperature and 50 mL pentane is added to precipitate the remaining 
Ph,PO. The suspension is filtered through a 7-cm coarse frit covered with a 
1-cm layer of silica gel. The precipitate is then washed with 3 2 40 mL of 
diethyl ether. The filtrate is concentrated to a light yellow oil, which is 
distilled at 35°C at 5 torr to yield 8.5 g (75%) of product. 'H NMR (CDCI,) 

METHANO-1H-INDENE 
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(400 MHz JEOL GX-400) 6 5.92, 5.84, 5.74, 5.51 (each lH, rn olefinic), 1.36, 
1.54 (each lH, d, CH, bridge), 2.82, 3.07 (each lH, s, bridgeheads), 2.97, 3.44 
(each lH, m, fused bridgeheads), 4.27 (lH, s, CHCl); I3CNMR (CDC13) 
S 137.2, 137.8, 133.3, 131.3, 66.1, 54.8, 54.2, 51.1, 45.1, 45.0. 

A n d .  Calcd. C, 72.07: H, 6.65. Found: C, 72.32: H, 6.48. 

B. (CHLOROCYCLOPENTAD1ENYL)LITHIUM 

Two medium Schlenk tubes are connected by a Teflon stopcock (plug type) 
to opposite ends of a glass-bead-filled 2-cm x 50-cm heat-resistant, glass tube, 
equipped with a vacuum attachment. Then (1 a,3ap,4p,7p,7a/?)- l-chloro- 
3a,4,7,7a-tetrahydr0-4,7-methano-l H-indene (1 8.7 g, 1 12.6 mmol) is trans- 
ferred by syringe into one of the Schlenk tubes, degassed twice, and frozen. 
The entire apparatus is then evacuated to 0.002 torr. The tube is heated under 
vacuum to 450°C in an oven. The empty Schlenk tube is cooled to - 78°C 
and the flask containing the chlorodicyclopentadiene is thawed and heated to 
90°C. The pyrolysis requires about 1 h. The Schlenk tube containing the 
product is filled with Ar and warmed to 0°C. The reaction product is kept at 
0°C and used.immediately-or stored at - 50°C (only slight decomposition is 
observed over week periods at this temperature). The resulting 18 g of 
product, containing cyclopentadiene and chlorocyclopentadiene, is added by 
a cannula to 180 mL of THF (distilled from Na/benzophenone) at 0°C. To 
this solution, 44.4 mL (0.9 equiv., 97.2 mmol) of 2.2 M n-BuLi in hexane is 
added dropwise over a 5-min period. The reaction mixture is then stirred at 
room temperature for 3 h and one-half the volume of solvent is evaporated 
under vacuum (room temperature). The THF solution is then transferred by 
cannula into 500 mL of vigorously stirring pentane at - 78°C. The resulting 
pink precipitate is collected by filtration at - 78"C, washed twice with 30 mL 
of pentane at - 78"C, dried in uucuo, and transferred in a dry box. (Caution: 
Extremely air-sensitive.) Yield 9.5 g (80% based on chloro-endo-dicyclopen- 
tadiene) 'HNMR D8 THF 65.47 s; I3CNMR, 102.5 and 102.0. 

C. DICHLOROBIS($-CHLOROCY CLOPENTADIENY L)- 
TITANIUM 

A 500-mL round-bottomed Schlenk flask is charged with (chlom- 
cyclopentadieny1)lithium (8.12 g, 76.6 mmol) in a dry box. Diethyl ether, 
200 ml, is added via syringe and the salt suspended by stirring. The reaction 
mixture is cooled to 0°C and 4.2 mL (38.3 mmol) TiCl., is added via syringe. 
The resulting dark red mixture is stirred for $ h at room temperature. 
Aqueous HCl(40 mL, 3 M) is added by syringe and the reaction mixture is 
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vigorously stirred for 5 min to yield a red precipitate. The mixture is filtered 
in air through a coarse frit, and the brick-red solid is washed with 4 x 20 mL 
of EtOH, then 4 x 20 mL of ether. The precipitate is dried under vacuum to 
yield 8.2 g (67%) of product. An analytic sample can be prepared by 
sublimation at 220°C at (0.005 torr). The 'HNMR was identical to that 
reported in the literature.' 

Anal. Calcd. C, 37.78: H, 2.54. Found: C, 37.44: H, 2.51. 

Proper ties 

The dichloride bis(~5-chlorocyclopentadienly)titanium is a brick-red solid 
that is stable in air and light. It is sparingly soluble in THF and insoluble in 
hydrocarbons. 
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49. q3-ALLYLHYDRIDOBIS[ETHYLENEBIS 
(DIPHENYLPHOSPHINE)]MOLYBDENUM(II) 

THF MoCl, + 2Ph,PCH,CH,PPh2 + C,H,- 

MoH(q3-C,H,) [Ph2PCH,CH,PPhZ], + 5 NaCl 
N a p e  

Submitted by CHRISTOPHER J. BISCHOFF,* JOHN M. HANCKEL,* 
MARIA M. LUDVIG,* and MARCElTA Y. DARENSBOURG* 
Checked by M. MACIEJEWSKIt and M. RAKOWSKI DUBOISt 

The title compound is of interest because its method of preparation repre- 
sents one of the first definite examples of C-H bond activation.' Further- 
more, the temperature-dependent 'H NMR spectrum indicates the reversible 

*Department of Chemistry, Texas A&M University, College Station, TX 77843. 
t Department of Chemistry, University of Colorado, Boulder, CO 80309. 
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abstraction of hydrogen from a metal-bound olefin, again providing a bona 
fide example of an important organometallic process, olefin isomerization. 

+ y + e +  
Mo H-MO Mo 

The reported procedures for the preparation of HMo(q3-C,H,)(diphos), 
(diphos = (C,H,),PCH,CH,P(C,H,),) are two-step syntheses beginning 
with MoCl,. One method uses isolated MoCl,(diphos).C,H, as inter- 
mediate,’ and the other uses MoCl, (tetrahydrofuran),.2 Both intermediates 
are reduced further by sodium amalgam in the presence of 1,2- 
bis(dipheny1phosphino)ethane and propene, with overall yields, calculated 
from MoCl,, of 23 and 31%, respectively.’ The synthetic route described 
below is a “one-pot” reaction of MoC1, and diphos over a Na/Hg amalgam 
in the presence of propylene. This approach, which is identical to the 
synthesis of trans-M~(N,),(diphos),,~ both simplifies the synthesis and 
increases the yield to 50-60Y0. 

Procedure 

Caution. MoCl, is very moisture-sensitive and reacts violently with 
water to form HCI. 

The first portion of the synthetic procedure must be performed under an 
argon atmosphere. A 500-mL three-necked flask is equipped with a gas 
adapter, glass stopper, rubber septum, and magnetic stirring bar. A 1 YO w/w 
Na/Hg amalgam is prepared in the flask, utilizing 14 mL of Hg and 2.0 g of 
Na. A solution of (C,H,),PCH,CH,P(C,H,), (4.4 g) in 125 mL of tetra- 
hydrofuran (THF ) freshly distilled from sodium benzophenone ketyl is 
prepared in a 250-mL round-bottomed flask and is added to the Na/Hg 
amalgam through a stainless steel cannula. A solid addition tube equipped 
with gas inlet is filled with MoCI, (1.25 g). Using Schlenk-line techniques, 
with a strong argon flow, the addition tube is fitted to the reaction flask. The 
gray mixture is vacuum-degassed and the flask is charged with propene 
before the slow addition of MoCl,. As the MoCl, is added, a white vapor is 
evolved and the solution immediately turns light green-brown. The solution 
is stirred for 24 h, under a propene atmosphere with an oil bubbler, to allow 
for a very slow flow of gas, During this time the solution changes to a dark 
yellow-brown. 

The remainder of the synthesis may be carried out under N,, although 
argon is preferable. The solution is removed from the Na/Hg amalgam, 
filtered through Celite, and collected in a 250-mL Schlenk flask. The solvent 
is removed under vacuum, and the resulting orange-brown solid is re- 
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dissolved in toluene (75 mL) to give an orange-brown solution. The solution 
is filtered through Celite, and the volume reduced by half. Methanol (75 mL) 
is added to precipitate the product, which is collected by filtration on a fine 
frit. A second recrystallization may be necessary to remove all uncomplexed 
diphos. Yield after a second recrystallization is 2.076 g (48.5%). 

Anal. Calcd. for C,,H,,P,Mo: C, 70.66; H, 5.82; P, 13.25. Found: C, 70.39; 
H, 5.74; P, 12.91. 

Proper ties 

The product is a deep orange-red crystalline solid, soluble in THF, benzene, 
and toluene. The allyl-hydride is moderately air-stable; however, it must be 
kept under argon or nitrogen when in solution. The solid decomposes at 
temperatures > 142°C. The 'HNMR spectrum in d,-benzene at + 5°C 
shows a quintet centered at 6 - 2.6 ppm (Mo-H) (JP-" = 39 Hz), with 
signals at 6 0.38, 1.16, and 3.72 ppm for the q3-C3H,. The frequencies listed 
here agree with the data acquired by Osborn and coworkers? The hydride 
quintet coalesces as the temperature is increased, as the hydride is undergoing 
rapid site exchange with the terminal hydrogen atoms on the ally1 group. 

The free diphos ligand at room temperature shows proton NMR reson- 
ances in d,-benzene centered at 6 7.32 and 7.02 ppm for the phenyl hydro- 
gens, and a triplet centered at 6 2.21 ppm for the ethylene hydrogens. In the 
case of the bound diphos the phenyl resonances remain unchanged, while the 
triplet transforms into two very broad peaks shifted upfield to 6 2.10 and 
1.58 ppm. The 31P NMR signal for free diphos is a singlet at 6 - 13.4 ppm in 
C,H, and the bound is shifted downfield to 6 84.7ppm, relative to an 
external standard of H,PO,. 

The allyl-hydride ligands cannot be displaced by dinitrogen, nor will the 
Mo(0) complex tr~ns-Mo(N,),(diphos),~ react with propene to give the 
allyl-hydride, even at elevated temperatures. Propene can be liberated on 
reaction with CO (1 atm), yielding the known trans-Mo(CO),(diphos), 
[v(CO) = 1823 cm-', THF solution], which slowly (48 h) isomerizes to 
cis-Mo(CO),(diphos), [v(CO) = 1861 and 1797 cm- 

I 
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50. BIS(q'-CYCLOPENTADIENYL)MOLYBDENUM(IV) 
COMPLEXES 

Submitted by NED D. SILAVWE,* MICHAEL P. CASTELLANI,* and 
DAVID R. TYLER* 

Checked by MARK A. BECK,? JOSEPH D. LICHTENHAN,t and 
NANCY M. DOHERTYt 

Dihydridobis(~5-cyclopentadienyl)molybdenum(IV), Cp,MoH,, was first re- 
ported in 1959 from the reaction between MoCl,, NaCp (Cp = $-C,H,), 
and NaBH,.' Since then, several reports have appeared that have refined this 
basic procedure., The procedure reported here incorporates the use of solid 
NaCp.DME, which simplifies the product work-up. An alternate method to 
prepare Cp,MoH, by metal-vapor synthesis in moderate yields has been 
described, but this preparation is not practical for synthesis on the 
gram scale.3 Dihydridobis(~5-methylcyclopentadienyl)molybdenum(IV) has 
been prepared by the reaction of MoCl,, Na(C,H,Me), and NaBH, in a 
manner analogous to that described for the unsubstituted c~mpound .~ .  
Photolysis of Cp,MoH, provides a convenient method for the in situ 
generation of molybdocene.6* 

The synthesis of dichlorobis(~5-cyclopentadienyl)molybdenum(IV), Cp, 
MoCl,, was first reported in 1964.' This synthesis involved the reaction 
between Cp,MoH, and CHCl,. A second procedure developed by the same 
investigators involves the reaction of Mo,(O,CCH,),, NaCp, and PPh, 
followed by the addition of HCl,, .9 This reaction provides the dichloride in 
comparable overall yields to the following procedure, but requires signific- 
antly less time to complete. If Cp,MoH, is not needed, then this syn- 
thesis should be considered. Dichlorobis(~5-methylcyclopentadienyl)molyb- 
denum(1V) has been prepared by an analogous method.' The chloride ligands 
on these complexes are easily metathesized, providing a convenient source of 
the Cp2M02+ moiety.'0.'' Reduction of Cp,MoCl, with Na/Hg amalgam 
provides a source of molybdocene.6 

The study of organometallic 0x0 complexes has been hindered by the 
limited number of pure compounds available. One of these complexes, 
oxobis(~5-cyclopentadienyl)molybdenum(IV), Cp,MoO, was first reported in 
1972." That preparation involved the reaction of dichlorobis(~5-cyclo- 
pentadienyl)molybdenum(IV) with aqueous NaOH. Unfortunately, the prod- 
uct obtained by this method is difficult to purify. The procedure that 
follows includes a new and reproducible method of purification. A second, 

* Department of Chemistry, University of Oregon, Eugene, OR 97403. 
t Department of Chemistry, University of Washington, Seattle, WA 98195. 
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less convenient, procedure involving the Na/Hg amalgam reduction of 
Cp,MoC12 in the presence of epoxides has also been reported.6 The synthesis 
of oxobis(~5-methylcyclopentadienyl)molybdenum(IV) has been reported.', 

All manipulations should be carried out under a nitrogen atmosphere, 
either in a glove box or by employing standard Schlenk techniques. 
Tetrahydrofuran (THF ), pentane, hexanes, benzene, toluene, and 1,2-dimeth- 
oxyethane (DME) should be distilled under nitrogen from sodium be- 
nzophenone. Dichloromethane and chloroform should be distilled from 
CaH, under a nitrogen atmosphere. The 6 M HCI,, and 12 M NaOH,, 
solutions can be sufficiently deoxygenated by placing them under dynamic 
vacuum and then freezing the solution with liquid nitrogen. The wetone and 
water should be deoxygenated by three freeze-pumpthaw cycles. 

A. DIHY DRIDOBIS(q 5-CY CLOPENTADIENY L) 
MOLYBDENUM(1V) 

MoC1, + 3Na(C,H5).DME + 2NaBH4 + Cp,MoH, + 5NaC1+ )Cp, + B,H, 

Procedure 

This procedure requires 5-6 days to complete. Inside a glove box, combine 
28.0g (0.102 mol) of MoCl,, 90.0g (0.505 mol) of NaCp-DME,I3 and 18.0g 
(0.476 mol) of NaBH, in a 2-L three-necked flask equipped with a vacuum 
adapter,I4 a 500-ml equal-pressure addition funnel stoppered with a septum 
cap, and a mechanical stirrer. On a Schlenk line, transfer 200-mL hexanes to 
the flask via cannula or syringe. Cool the flask, with stirring, in a dry 
ice-acetone bath. Fill the addition funnel with 700 mL of THF (in portions) 
via cannula from a flask containing the distilled solvent and slowly drip it 
into the slurry (addition time is - 90 min). Remove the dry ice-acetone bath 
and allow the reaction mixture to warm to room temperature. Replace the 
addition funnel with a reflux condenser equipped with a vacuum adapter. 
Next heat the reaction mixture to reflux for 5 h with a heating mantle. After 
cooling the mixture to room temperature, add a magnetic stirring bar to the 
flask and replace the mechanical stirrer and the reflux condenser with 
ground-glass stoppers. Remove the solvent under vacuum with stirring. This 
last step will require several hours. 

Replace one of the stoppers with a 500-mL addition funnel, and add 6 M 
HCl,, to the addition funnel with a cannula. (A &in.-i.d. polyethylene cannula 
is best used for this transfer. Use a cork borer to put holes in two septa and 
insert the cannula into the septa before inserting the septa into the ground- 
glass joints of the addition funnel and the storage flask initially containing the 
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degassed HCl,,.) Cool the flask containing the reaction mixture in an ice bath 
and add the HCl,, dropwise with occasional swirling or stirring of the 
solution. A gas is evolved, accompanied by the evolution of white fumes. The 
latter should be kept to a minimum by controlling the addition rate of 
the acid. After adding sufficient HCl,, to completely react with the solid in 
the reaction flask, the gas evolution will cease. Filter the brown mixture by 
transferring the slurry to a separate Schlenk frit (attached to a 2-L Schlenk 
flask to be used as a receiving vessel) with a polyethylene cannula. Wash the 
solid that remains on the frit with 150-200-mL portions of 6 M HCl until the 
HCl solution becomes pale brown to colorless. (The HCl,, that is used to 
wash the solid is conveniently added to the frit with a cannula. The volume of I 

the combined filtrate and washing solutions is 900-1’000 mL.) Remove the 
Schlenk frit and replace it with a ground-glass stopper. Cool the solution in 
an ice bath with stirring. Slowly add 12 M NaOH,, to this solution until the 
solution becomes basic to litmus paper. As the solution approaches the 
endpoint, a yellow precipitate will form. Transfer this basic slurry in portions 
to a Schlenk frit with a s in .  polyethylene cannula and filter it. (This process 
takes several hours.) Dry the yellow solid* under vacuum for several hours. 
The product is purified by extracting it into acetone,? followed by evapor- 
ating the extract to dryness under vacuum. Dry the resulting yellow solid at 
room temperature under vacuum for at least 12 h. The product can be further 
purified by sublimation at 100-110°C at torr employing a liquid 
nitrogen-filled cold finger. Be sure the solid is dry before subliming it. The 
yield of yellow powder is 9.37 g (41.1 mmol, 40%).$ 

B. DIHY DRIDOBIS(v’-METHY LCY CLOPENTADIENY L) 
MOLYBDENUMUV) 

MoCl, + 3Na(MeCp) + 2NaBH, + (MeCp),MoH, + 5NaCl + 
WeCp) ,  + B2H6 

Procedure 

This procedure requires 5-6 days to complete. This procedure is the same as 
above except for the following changes. Reflux 90 mL (0.529 mol) of freshly 
cracked methylcyclopentadiene dimer with 20.0 g (0.870 mol) of sodium 

*The checkers report that the color of this solid is sometimes gray-green. 
t The checkers report that benzene is more efficient at extracting the product from the crude 

$The checkers report a 33% yield. 
material. 
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sand in 350 mL of dimethoxyethane for 12 h to prepare the Na(MeCp) 
(MeCp = C5H,CH3). 

Caution. Do only in a well-ventilated hood because H2 is liberated in 
this reaction. 

In the three-necked, 2-L, round-bottomed flask combine 36.0 g (0.132 mol) 
of MoCl, and 27.0g (0.714 mol) of NaBH,, cover the solids with 150 mL of 
toluene, and cool the flask in a Dry Ice-Acetone bath. Transfer the 
Na(MeCp) solution to the addition funnel via cannula and slowly drip it into 
the reaction mixture. The addition of the Na(MeCp) solution will cause the 
production of a white gas that should be kept to a minimum by controlling 
the rate of addition. While still cold, slowly add 500 mL of THF, thdn allow 
the reaction mixture to warm to room temperature and follow by heating to 
reflux for 4-5 h. The reaction mixture may become viscous, presumably from 
the polymerization of THF. Proceed to completion according to the pre- 
paration of Cp,MoH, described previously. If the sublimate is tinted slightly 
green, the product may be purified by eluting it through a NaOH-treated 
alumina column (see the preparation of Cp,MoO) with hexanes. The yield of 
golden yellow (MeCp),MoH, is 14.5 g (56.7 mmol, 43%).* 

Properties 

Both compounds are oxygen- and light-sensitive and thermally sensitive and 
should be stored in the freezer in the dark. Exposure to room light at room 
temperature for a day or so causes little decomposition. Both of these 
compounds are soluble in common aromatic hydrocarbons, CH,Cl,, THF, 
and acetone. The methylcyclopentadienyl analogue is also soluble in ali- 
phatic hydrocarbons, diethyl ether, methanol, and acetonitrile, while the 
unsubstituted derivative is only slightly soluble in these solvents. The methyl- 
cyclopentadienyl derivative is generally more soluble in a given solvent than 
the cyclopentadienyl derivative. They react with CHCl, (slowly) and CHBr, 
(violently) at room temperature to form the corresponding Cp,MoX, 
(X = C1 or Br) compounds (see next synthesis). The 'HNMR spectrum of 
Cp,MoH, in benzene-d, consists of singlets from the Cp rings at 4.35 ppm 
and from the hydrides at - 8.80ppm. The 'HNMR spectrum of 
(MeCp),MoH, in benzene-d, consists of two broad singlets at 4.45 and 
4.20 ppm (Cp protons), a sharp singlet at 1.86 ppm (Me protons), and a 
singlet from the hydrides at - 8.25 ppm. The Mo-H stretch in the infrared 
spectrum of Cp,MoH, is observed at 1826 cm-' in CH,C12 solution, while 
v(Mo-H) in the MeCp complex is observed at 1835 cm-' in CH2C1,. In 
Nujol mulls, v(Mo-H) are observed at 1847 cm-' for C ~ , M O H , ~ "  and at 
1840 cm-' for ( M ~ C ~ ) , M O H , . ~  

*The checkers report a 36% yield. 
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C. DICHLOROBIS(I/~-CYCLOPENTADIENYL)MOLYBDENUM(IV) 

Cp,MoH, + 2CHC1, + Cp,MoCl, + 2CH,C1, 

Procedure 

Inside a glove box, dissolve 5.00g (21.9 mmol) of Cp,MoH, in 125 mL of 
CHC1, in a 500-mL Schlenk flask equipped with a magnetic stirring bar. A 
yellow-brown solution is obtained. Attach a reflux condenser equipped with a 
vacuum adapter14 to the flask and transfer the apparatus to a Schlenk line. 
Reflux the solution for 10 h and then allow it to cool to room temperature for 
several hours. A green precipitate will separate out. Replace the reflux 
condenser with a Schlenk frit, filter the solution, and dry the olive green solid 
under vacuum. The yield is 5.95 g (20.0 mmol, 91 YO). 

D. DICHLOROBIS(I/~-METHYLCYCLOPENTADIENYL) 
MOLYBDENUM(IV) 

(MeCp),MoH, + 2CHC1, + (MeCp),MoCl, + 2CH,CI, 

Procedure 

This preparation is the same as above except that (1) 6.64 g (25.9 mmol) of 
(MeCp),MoH, is dissolved in 150mL CHCl, and (2) after the refluxed 
solution cools to room temperature, add 50 mL of pentane with stirring. Stir 
this solution for 2 h, after which time filtration followed by drying in uucuo 
yields 6.86 g (21.1 mmol, 81%) of a gray-green solid. Adding another 50 mL 
of pentane to the filtrate followed by cooling to - 25°C produces an 
additional 0.48 g (26.6 mmol, 87% total) of product. 

Proper ties 

Both Cp,MoCl, and (MeCp),MoCl, are somewhat light-sensitive in the 
solid state, although the latter compound is much less so. Both should be 
stored in the dark. While both compounds are oxygen-sensitive, they may be 
briefly exposed to the air without significant decomposition. The cyclopenta- 
dienyl complex is soluble in dimethyl sulfoxide (DMSO) and CHCl, and is 
insoluble in most other common organic solvents. The methylcyclopenta- 
dienyl derivative is soluble in DMSO, CH,Cl,, and CHCl, and is slightly 
soluble in methanol and acetonitrile. The 'H NMR of Cp,MoCI, in DMSO- 
d,  consists of a singlet at 5.64ppm (Cp protons). The 'HNMR of 
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(MeCp),MoCl, in DMSO-d, consists of a sharp singlet at 1.92ppm (Me 
protons) and two broad singlets at 5.23 and 5.30 ppm (Cp protons). 

E. OXOBIS(~S-CYCLOPENTADIENYL)MOLYBDENUM(IV) 

Cp,MoCI, + 2NaOH + Cp2Mo0 + H 2 0  + 2NaCl 

Procedure 

In a glove box, combine 2.01 g (6.77 mmol) of Cp2MoC1, and 9.0g (0.122 mol) 
of NaOH in a 100-ml Schlenk flask equipped with a magnetic stirring bar. 
With a syringe, add 40 mL of water with stirring and cool the solution in an 
ice bath until it is approximately room temperature, then leave it stirring at 
room temperature with the Schlenk flask wrapped in aluminum foil. After 
10 h, filter the solution through a Schlenk frit and dry the emerald green 
precipitate under high vacuum for at least 12 h. Extract the brown filtrate 
with dichloromethane ( - 25 mL per extraction) until the aqueous layer is 
pale brown. (The CH2C12 layers are emerald green.) Evaporate the combined 
extracts to dryness under vacuum, then further dry them on a high-vacuum 
line for 12 h to remove any residual water. The yield of emerald green solid is 
0.8 g (3.5 mmol, 52%).* 

The product can be purified by eluting it through a specially treated 
alumina column. In the air, treat 500 g of basic alumina with 500 mL of 
saturated alcoholic NaOH in a 1-L Erlenmeyer flask. Shake the mixture 
occasionally over the next 2 h. Filter the mixture through a Buchner funnel, 
transfer the wet solid to a 1-L Schlenk flask, and remove the residual ethanol 
in uucuo. (A substantial amount of the solution will remain with the alumina 
after filtering.) Next heat the alumina in a silicon oil bath at 140°C under high 
vacuum for &5 h. The alumina should be stored in a glove box. 

Prepare a 6-in-long column (25 mm id.) with this alumina and pentane as 
the solvent. Load a solution of 0.50 g (2.1 mmol) of crude Cp2Mo0 in 10 mL 
of benzene onto the column. Elution of the complex with pentane ( - 75 mL 
using flash chromatography) removes any yellow Cp2MoH2 that may be 
present; elution with benzene ( - 100 mL) removes a blue band;? and a 1 : 1 
mixture of benzene/THF ( - 150 mL) elutes the blue-green Cp,MoO band. 
Removal of the solvent in uucuo yields 0.25 g (1.0 mmol, 50%) of Cp2Mo0. 
The overall yield is 26% of emerald green Cp2Mo0. The product is pure by 
'H NMR spectroscopy. 

* The checkers report a 70% yield. 
t The checkers report that this band is sometimes green. 
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F. OXOBIS($-METHYLCYCLOPENTAD1ENYL)- 
MOLYBDENUM(1V) 

(MeCp),MoCl, + 2NaOH + (MeCp),MoO + H 2 0  + 2NaCI 

This procedure is the same as above except that 3.10g (9.54mmol) of 
Cp,MoCl, and 12.4g (0.310 mol) of NaOH are stirred in 120 mL of water. 
The yield is 2.10 g (7.78 mmol, 82%) of crude green product.* Purifying the 
product as above yields (MeCp),MoO as a green solid in 40% overall yield. 
Note: With this complex the second band eluted from the column is purple. 

Properties 

Both Cp,MoO and (MeCp),MoO are oxygen-, light-, and temperature- 
sensitive and should be stored in the dark and in the freezer. Both compounds 
are soluble in benzene, THF, CH2C1,, acetone, and acetonitrile. The MeCp 
complex is also soluble in diethyl ether, but the Cp complex is only slightly 
soluble in this solvent. Both complexes react rapidly with methanol. Both 
complexes react with CHCl, to form the corresponding dichloro complex. 
The 'H NMR of Cp2Mo0 in benzene-d, consists of a singlet at 5.1 1 ppm 
(Cp protons). The 'HNMR of (MeCp),MoO in benzene-d, consists of a 
singlet at 1.67 ppm (Me protons) and two triplets at 4.20ppm ( J H - H  

= 2.2 Hz) and 5.90 ppm (JH-H = 2.2 Hz) (Cp protons). 
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Submitted by FRANCINE AGBOSSOU,* EDWARD J. O’CONNOR,* 
CHARLES M. GARNER,* N. QUIR6S MENDEZ,* JESOS M. 

FERNANDEZ,* ALAN T. PATTON,’ JAMES A. RAMSDEN,* and 
J. A. GLADYSZ* 

Checked by JOSEPH M. O’CONNORP and TRACY TAJIMAt (Sections A-G), 
and KEVIN P. GABLES (Section H) 

Chiral, pseudotetrahedral cyclopentadienyl rhenium complexes of formulas 
Re(q5-C5H5)(NO)(PPh3)(X) and [Re(q5-C5H5)(NO)(PPh3)(L)]+X- have 
proved to be of broad utility in synthetic and mechanistic organometallic 

As described in the procedures that follow, they are readily 
available in optically active form. This provides a valuable stereochemical 

Furthermore, the Re(q5-C5H5)(NO)(PPh3) moiety can function as an 
efficient chiral auxiliary for the stereospecific introduction of new ligand- 
based chiral c e n t e r ~ . ~ * ~ ~  12.16,18*24,29.31-33.35 Organic compounds of high 
enantiomeric purity can be prepared subsequently. The complexes de- 
scribed here have also proved useful in the development of Cl  ligand 

probe for mechanistic studies.2+5$7+8. 11~12.14~17~19~21~22.26~2&32~34~35~40~41 

chemistry. 1.4.5,ll. 13.15 

A. (t/5-CYCLOPENTADIENYL)(TRICARBONYL)RHEMUM 
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$ Department of Chemistry, Oregon State University, Corvallis, OR 97331. 
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Procedure' 

rn Caution. This reaction evolves CO, and should be conducted in a well- 
ventilated hood. The starting material and product have signijicant vapor 
pressures and contain CO; hence, they should be considered toxic. 

A 100-mL round-bottomed flask is equipped with a stirring bar and a 
reflux condenser. The condenser is fitted with a three-way stopcock that is 
attached to a vacuum line and an oil bubbler for pressure release. A Teflon 
sleeve or a liberal application of silicone grease is applied between the flask 
and the condenser. The flask is charged with molten dicyclopentadiene 
(16 mL, 0.13 mol; vacuum-distilled) and Re,(CO),, (15.084 g, 23.117 mmql; 
used as received from commercial sources). The mixture is degassed with 
stirring under oil pump vacuum and saturated with nitrogen. This is repeated 
twice. The flask is placed in an oil bath, with the oil slightly below the level of 
the contents. The bath is heated to - 200°C to reflux the reaction mixture. 
Stirring is commenced when the Re,(CO),, dissolves. 

The reaction is monitored by silica gel thin-layer chromatography (TLC) 
(with flourescent indicator) in 90 : 10 hexane : ethyl acetate (v/v). UV light 
visualization shows starting material Re,(CO),, with R ,  = 0.72, and product 
Re(qS-C,H,)(CO), with R,  = 0.38. After approximately 12 h, the reaction 
ceases to reflux, although gas evolution is still apparent. The oil bath 
temperature is raised to 230°C, and maintained for an additional 3 h. The 
reaction mixture is then allowed to cool to room temperature. It solidifies, 
and is extracted with acetone (2 x 40 mL). This gives a clear solution, and 
leaves behind a small amount of white polymer-like solid. The acetone extract 
is filtered through a coarse-frit sintered-glass funnel containing 1.5 cm of 
silica gel topped with 1.5 cm of Celite. Additional acetone (400 mL) is passed 
through the funnel to completely elute the product. Solvent is removed from 
the filtered extracts by rotary evaporation, giving a white solid. The solid is 
dissolved in CH,Cl, (40 mL), and hexanes (100 mL) are added. The mixture 
is concentrated by rotary evaporation to - 50 mL, at which point colorless 
crystals form. These are collected by filtration and are air-dried overnight to 
give Re(q5-C,H,)(CO), (14.384 g, 42.89 rnmol, 93%) as an off-white solid. 

Properties 

The product is air-stable and thermally stable for an indefinite period undkr 
ambient conditions. IR (cm-', CH,Cl,) vco 2023 (s), 1937 (s), 1902 (s). 
'H NMR (6, CDCl,) 5.37 (s, C5H5). Additional purification can be effected 
by s u b l i m a t i ~ n ~ ~ - ~ ~  (mp 110.5-1 11°C; lit.:42 11 1-1 12°C) or CH,Cl,/hexabe 
recry~tallization.~~ 
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Merits of Procedure 

This preparation is based on the original synthesis of Re(~5-CSHs)(CO)3 
reported by Green and Wilkin~on.~, The synthesis of Re($-CSHs)(CO), 
from Re2(CO),o via Re(CO),X (X = C1, Br) has been reported by other 
 investigator^.^^ -46 The two-step route is superior for the preparation of 
the deuterated complex Re(qS-C,D,)(CO)3 .* Carbonyl complex Re($- 
C,H,)(CO), is also the entry point for elegant rhenium 0x0 ~hemistry.~’ 

B. (q’-CYCLOPENTADIENYL)DICARBONYL 
(NITROSYL)RHENIUM(I) TETRAFLUOROBORATE(1 -) 1 

Procedure‘ 

Caution. This reaction evolves carbon monoxide, and should be con- 
ducted in a well-ventilated hood; (NO)’ [BF,]- is corrosive, and rubber gloves 
should be worn during all manipulations. Etching of the flask may occur. 

A 250-mL Schlenk flask is equipped with a stirring bar and a stopper and 
is attached to a vacuum line. The flask is charged with Re(~5-CSHs)(CO)3 
(8.00g, 23.9mmol) and CHzC1, (50mL). The solution is degassed under 
vacuum with stirring, and then saturated with nitrogen. This is repeated 
twice. The colorless solution is cooled to 0°C with an ice bath. The stopper 
is momentarily removed, and then crystalline (NO)+ [BF,] - (4.00 g, 
34.2 mmol), which has been freshly washed with CH,Cl,, is added with 
stirring. The solution immediately turns a deep clear yellow, and is stirred for 
12 h while the ice bath is allowed to warm. During this period the reaction 
mixture darkens and a yellow precipitate forms. 

Solvent is removed from the flask by rotary evaporation, leaving a brown 
solid. This is extracted with acetone ( - 1 L) and the extracts are ’filtered 
through Whatman No. 1 filter paper. Solvent is removed from the filtrate by 
rotary evaporation to give a yellow-brown solid. This is washed with THF 
until the THF is colorless and dried under oil pump vacuum to give 
[Re(q5-C,H,)(NO)(CO),]+BF; (9.12 g, 21.5 rnmol, 90%) as a yellow solid. 
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Properties 

The product is air-stable and thermally stable for an indefinite period under 
ambient conditions. IR (cm-', KBr) vco 2102 (s), 2041 (s), vNo 1803 (s). 
'HNMR (S, acetone-d,) 6.67 (s, C5H5). Additional purification may be 
effected by recrystallization from acetone/diethyl ether, which gives yellow 
plates, mp 255-257°C dec. 

Merits of Procedure 

Essentially equivalent syntheses of [Re(q5-C,H,)(NO)(CO),] 'X- com- 
plexes have been reported by Fi~cher,~* C a ~ e y , ~ ~  and Graham.49 The latter 
two investigators have utilized this cation as an entry point for elegant C, 
chemistry. 

C. CARBONYL(qS-CYCLOPENTADIENYL)NITROSYL- 
(TRIPHENY LPHOSPHINE)RHENIUM(I) TETRA- 
FLUOROBORATE(1 -) 

Procedure' 

A 200-mL Schlenk flask is equipped with a stirring bar and a stopper. The 
flask is charged with [R~(~,I~-C,H,)(NO)(CO),]+ [BF4]- (5.00 g, 11.8 mmol) 
and CHJCN (50 mL). Nitrogen is bubbled through the solution for 20 min. 
The solution is cooled to 0°C with an ice bath, and freshly prepared 
iodosylbenzene (2.60 g, 11.8 m m ~ l ) ~ ~  is added as a solid.* The iodosylben- 

* In larger-scale reactions (1&20 x ), uncontrolled foaming can occur. Thus, the iodosoben- 
zene should be added slowly, and a proportionally larger reaction flask utilized. 
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zene is only slightly soluble, and the suspension is stirred for 3.5 h while 
gradually being brought to room temperature. The progress of the reaction 
can be directly monitored by 'H NMR on a continuous-wave (CW) instru- 
ment (starting material q5-C5H5, 6 6.21 s; [Re(q5-C,H5)(NO)(CO) 
(NCCH,)]+ [BF,]-, 6 6.02s).* The solvent is removed by rotary evap- 
oration, leaving an oily brown residue. This is extracted with acetone and 
filtered, applying slight vacuum, through a short plug of silica gel on a 
medium-frit sintered-glass funnel. Solvent removal by rotary evaporation 
gives the acetonitrile complex [Re(q5-C,H,)(NO)(CO)(NCCH3)] + [BF,] - 
as a brown. oil.? This is taken up in methyl ethyl ketone (50mL) and 
transferred to a 200-mL round-bottomed flask that is equipped with a 
stirring bar and a reflux condenser. The condenser is attached to a nitrogen 
line and an oil bubbler for pressure release. Then PPh, (6.19 g, 23.6 mmol) is 
added, and a nitrogen atmosphere is established. The solution is refluxed (oil 
bath) with stirring for 24 h. A yellow solid begins to precipitate after a short 
period of time. The mixture is allowed to cool and is then filtered using a 
medium-frit sintered-glass funnel. The solid is collected, washed with diethyl 
ether, and dried under oil pump vacuum to give [Re($- 
C,H,)(NO)(PPh,)(CO)]+ [BF,]- (5.80 g, 8.81 mmol, 75%) as thin yellow 
needles. 

Properties 

The product is air-stable and thermally stable for an indefinite period under 
ambient conditions. Recrystallization from CH,Cl,/diethyl ether gives 
golden prisms, mp 277-278"C, dec. 

Anal. Calcd. for C,,H,,BF,NO,PRe: C, 43.78; H, 3.06; N, 2.13; P, 4.70. 
Found: C, 43.28; H, 2.87; N, 2.49; P, 4.59. IR (cm-', CH,Cl,) vco 2001 (s), vNo 
1760 (s). 'HNMR (6, CD,CN) 7.63 (m, PPh,), 5.90 (s, C,H,). l3CNMR 
(ppm, CD,CN) 213.3 (s, CO); PPh, at 134.8 (d, J,, = 11.3 Hz), 134.0(s, para), 
132.2 (d, Jcp = 61.5 Hz, ipso), 131.2 (d, J,, = 11.3 Hz); 96.4 (s, C,H,). 

* If required, more iodosylbenzene is added. This is seldom needed if the iodosylbenzene has 
been freshly prepared. 

t The acetonitrile complex [Re(q5-C,H,)(N0)(CO)(NCCH3)]+ [BF,]- can be purified by 
recrystallization from acetone/diethyl ether. This gives air-stable, orange-yellow needles, 
mp 105-107°C (dec. 175-179°C). Anal. Calcd. for C,H,BF,N,O,Re: C, 21.97; H, 1.84; N, 
6.40; Re, 42.57. Found: C, 21.88; H, 1.84; N, 6.35; Re, 42.30. IR (cn-', CH,Cl,) v, 2028 s, 
uN0 1758 s. 
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D. (I/’-CYCLOPENTADIENYL) (METHOXYCARB0NYL)- 
(NITROSYL)(TRIPHENYLPHOSPHINE) RHENIUM 

Re’ + Na0CH3 CH,OH * 9  ON’ Re I \PPh3 + Naf[BF4]- 

co [BF4]- CH,O’ \b 
C 

9 
ON’ 1 \PPh3 

Procedure2* 

A 25-mL round-bottomed flask is equipped with a stirring bar and charged 
with [Re($-C,H,)(NO)(PPh,)(CO)] + [BF,]- (3.00 g, 4.56 mmol) and 
methanol (5  mL). The suspension is treated with 4.37 M sodium methoxide in 
methanol (3.6 mL, 15.7 mmol; commercially available from Aldrich). The 
heterogeneous mixture warms slightly, and is stirred for 1.5 h. The greenish- 
yellow solid is collected by filtration, washed with methanol (3 x 2 mL), 
washed with water (2 x 5 mL), washed with methanol (2 x 3 mL), and dried 
under vacuum to give “methyl ester” Re(qS-C,H,)(NO)(PPh,)(COzCH,) 
(2.64 g, 4.38 mmol, 96%) as a light yellow solid. 

Proper ties 

The product, decomposition point (gradual darkening) 203-205”C, is air- 
stable and thermally stable for an indefinite period under ambient conditions. 

Anal. Calcd. for C,,H,,NO,PRe: C, 49.83; H, 3.85; N, 2.32; P, 5.14. Found: 
C, 49.23; H, 3.74; N, 2.50; P, 5.06. IR (cm- ’, CHCl,) vNo 1670 s, vco 1580 m. 
‘HNMR (6, CDCl,) 7.97-7.37 (m, PPh,), 5.25 (s, C,H,), 3.11 (s, CH,). 
13CNMR (ppm, CDCl,) 196.5 (d, J,, = 4.8 Hz, CO), PPh, at 135.2 
(d, J = 55 Hz, ipso), 133.2 (d, J = ll.OHz), 130.0 (s, para), 128.0 (d, J 
= 10.6 Hz); 91.6 (s, C,H,), 49.0 (s, CH,). 

This compound and Grignard reagents RMgX react to give acyl com- 
plexes Re($-C,H,)(NO)(PPh,)(COR).6 These may, in turn, be elaborated 
to vinylidene complexes [Re($-C,H,)(NO)(PPh,)(=C=CHR)] +X-, acetyl- 
ide complexes Re($-C,H,)(NO)(PPh,)(C=CR),’8 and alkyl complexes 
Re (q -C , H , ) (NO) (PP h , ) (CH R). 

Optically active Re (q ,-C, H , )(NO) (PPh, )(CO , CH , ) can be prepared by 
reaction of NaOCH, with optically active [Re($-C,H,)(NO)(PPh,)(CO)] + 

[BF,] - (below), but for best optical purity the reaction should be conducted 
at - 24°C or lower. 
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Merits of Procedure 

This procedure has been scaled up by a factor of 27 without any diminution 
in yield. 

E. (+)-(SR)-(q’-CYCLOPENTADIENYL) 
[I [ l-(l-NAPHTHALENYL)ETHYL]AMINO]- 
CARBONYL] (NITROSYL)(TRIPHENYLPHOSPHINE) 
RHENIUM 

Q 
O . N / ~ \ P P h ,  

C 
CH,O’ %O 

rnb CH,CI, 

(-CH,OH) 

Procedure’ 

A 25-mL Schlenk flask is charged with a stirring bar, Re($- 
CsHs)(NO)(PPh3)(C02CH3) (1.600 g, 2.65 mmol),* a nitrogen atmosphere, 
and CHzC1, (4 mL, freshly distilled from P,O,).t Then commercial ( + )-(R)- 
1-( 1-naphthaleny1)ethylamine (0.52 mL, 3.20 mmol) is added by syringe, and 
the yellow solution is stirred for 4 h. Then toluene (10 mL, freshly distilled 
from sodium) is added, and the CH2Cl, is removed by rotary evaporation at 
room temperature.$ The solution is kept for 12h  at room temperature, 
during which time a yellow powder precipitates. The powder is collected by 
filtration, washed with toluene (3 x 1 mL), washed with hexanes (3 x 1 mL), 
and dried under vacuum to give a first-product crop (0.622 g, de > 98%). The 

*It  is important that the starting material be washed with water as described in the preceding 

t If necessary, the solution can be filtered at this stage. 
$Crystallization may commence during rotary evaporation, but this does not affect the de. 

The de is assayed by integration of the cyclopentadienyl ‘H NMR resonances of the two 
diastereomers.2* 26 

preparation (Section D). 
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combined filtrates are concentrated to 2 mL by rotary evaporation at room 
temperature, and kept for 12 h at room temperature. This gives a second- 
product crop (0.182 g, 2 98% de), which is collected by filtration, washed 
with toluene (2 x 1 mL), washed with hexanes (1 mL), and dried under 
vacuum. The crops are combined to give “amide” ( + )-(SR)-Re($- 
C,H,)(NO)(PPh,) [CONHCH(CH,)C,,H,] (0.804 g, 1.084 mmol, 82%). 

Recrystallization is recommended when a product de of > 99% is sought. 
The amide (0.804 g, 1.084 mmol) is dissolved in CH2C12 ( - lOmL), and 
toluene is added ( - 1 1  mL). Then the CH2C12 is removed as above.$ The 
mixture is kept for 2 days at room temperature, after which time the amide is 
isolated at bright yellow needles analogously to the first crop obtained above 
(0.707 g, 0.953 mmol, 88%), 2 99.6% de. 

Properties 

The product, [a]:& = 113” ( c  = 0.90 mg/mL, CHCI,), mp 241-243°C dec., is 
indefinitely stable under ambient conditions. 

Anal. Calcd. for C36H32NZ02P Re: C, 58.29; H, 4.35; N, 3.78. Found 
C, 58.40; H, 4.36; N, 3.74. IR (cm-’, CHCl,) vNo 1644 (s), vco 1532 (m). 
‘HNMR (6, CDCl,) naphthyl at 8.18 (d, J H H  = 7.8 Hz, lH), 7.83 (dd, 
J H H  = 7.9,2.2 Hz, lH), 7.72 (dd, J H H  = 7.9,2.2 Hz, 1H); naphthyl and phenyl 
at 7.56-7.40 (m, 19H); 5.74 (pseudoquintet, JHH = 7 Hz, NCH), 5.58 

13C{1H) NMR (ppm, CDC1,) 189.7 (d, J c p  = 12.0 Hz, CO), aryl carbons at 

131.4 (s), 130.2 (s), 128.5 (d, Jcp = 11.2 Hz), 128.2 (s), 127.2 (s), 126.9 (s), 
125.6 (s), 125.4 (s), 125.3(s), 124.5 (s), 122.2 (s); 92.2 (s, C,H,), 44.2 (s, CH), 
20.9 (s, CH,). 

(d, J H “  = 7.8 Hz, NH), 5.21 (s, C5H5) 0.99 (d, J H H  = 6.6 Hz, CH3). 

141.2 (Np), 136.2 (d, Jcp = 55.4 Hz, ipso-PPh,), 133.8 (d, J C p  = 11.5 Hz), 

Merits of Procedure 

This procedure has been scaled up by a factor of 35 without any dimunation 
in yield or optical purity. 
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F. ( + )-(S)-CARBONY L($-CY CLOPENTADIENY L)- 
NITROSYL(TRIPHENYLPHOSPH1NE)- 
RHENIUM(1) TETRAFLUOROBORATE(1 -) 

+ CFaCOZH 

Na+[BF,]- 1 

Procedure2 

w Caution. Since CF3C02H is corrosive and toxic, rubber gloves should 
be worn and all manipulations should be performed in a well-ventilated fume 
hood. 

A 20-mL round-bottomed flask is equipped with a stirring bar, charged 
with ( + )-(SR)-Re($-C,H,)(NO)(PPh,)[CONHCH(CH, )C,,H,] (0.600 g, 
0.809 mmol) and CH2C12 (3 mL), and cooled to 0°C in an ice bath. Then 
CF,C02H (0.155 mL, 2.01 mmol) is added with stirring. The solvent is 
removed by rotary evaporation to give a bright yellow oil or foam. The 
residue is taken up in methanol (3 mL), and a solution of Na+[BF,J- 
(0.178 g, 1.62 mmol) in water (1.5 mL) is added with vigorous stirring. A 
bright yellow solid immediately precipitates. Additional water (5  mL) is 
added, and the mixture is stirred for 15 min. The yellow solid is collected by 
filtration, washed with water (4 x 5 mL), washed with THF (3 x 5 mL), 
and dried under vacuum to give carbonyl complex ( + )-(S)-[Re(qS- 
C,H,)(NO)(PPh,)(CO)] + [BF, 1- (0.513 g, 0.779 mmol, 96%).* 

*If recovery of the amine is desired, the aqueous supernatant is neutralized with K,CO, and 
the resulting milky-white suspension is extracted with CH,CI,. The extract is washed with 
brine and dried over Na,SO,. The drying agent is removed by filtration, and solvent is 
removed under oil pump vacuum to give ( + )-(R)-1-(1-naphtha1enyl)ethylamine as a light 
yellow oil, [a]::, = 61" (c = 9.7 mgmL-', CH,OH). 
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Proper ties 

The product, [a]:& = 184" (c = 0.43 mgmL-', CH,Cl,), mp 278-279"C, 
shows less than a 1% optical activity loss after storage for 3 months under 
nitrogen in a refrigerator. 

Anal. Calcd. for C,,H,oBF4N02PRe: C, 43.78; H, 3.06; N, 2.13; P, 4.70. 
Found: C, 43.68; H, 3.16; N, 2.26; P, 4.69. Other properties are identical to 
those of the racemate, ( f )-[Re($-C,H,)(NO)(PPh,)(CO)]+ [BF4]-, de- 
scribed above. 

The enantiomer, ( - )-(R)-[Re($-C,H,)(NO)(PPh,)(CO)]+ [BF; 1, is 
available by two routes. First, procedure E can be executed with commercial 
( - )-(S)- 1 (l-naphthaleny1)ethylamine and the enantiomeric product used in 
this procedure. Second, the supernatants that are enriched in ( - )-(RR)- 
Re(~5-C,H,)(NO)(PPh,)CCONHCH(CH,)C,,H71 from procedure E can 
be converted to enantiomerically enriched ( - )-(R)-Re [($-C,H,)(NO)- 
(PPh,)(CO)]+ [BF; 1. The latter is then optically purified by repeating 
procedure E with ( - )-(S)-1-(1-naphthaleny1)ethylamine. 

Merits of Procedure 

This procedure has been scaled up by a factor of 40 without any diminution 
of yield. A sequence of reactions corresponding to those in procedures D, E, 
and F can be utilized to resolve the enantiomers of the analogous penta- 
methylcyclopentadienyl carbonyl complex, Re[q5-C5Me,)(NO)(PPh,)- 
(CO)] + [BF; 

G. ( +)-(S)-(t$-CYCLOPENTADIENYL)(METHYL)- 
NITROSY L (TRIPHENY LPHOSPHINE) RHENIUM 

Re + Na[BH,] 9 f Na+[BF,]- 
THF - O N \ \ ' " ~ ' " ~ p p h ,  

9 
ON \\'" 1 '''//pPh, 

CO [BF,I- CH, 

Procedure'' 

Caution. Since benzene is a known carcinogen, all manipulations 
should be performed in a well-ventilated fume hood. 
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A 100-mL Schlenk flask is equipped with a stirring bar and a stopper and 
is attached to a vacuum line. The flask is charged with ( +)-(S)-[Re(q'- 
C,H,)(NO)(PPh,)(CO)]' [BF,]- (1.368 g, 2.08 mmol) and THF (20 mL). 
The mixture is degassed under vacuum with stirring, and then saturated with 
nitrogen. This is repeated two additional times. Then the stopper is moment- 
arily removed and NaCBH,] (0.237 g, 6.26 mmol) is added. The mixture is 
stirred for 2 h and then filtered through a plug of Celite on a coarse-frit 
sintered-glass funnel. Solvent is removed from the filtrate by rotary evapora- 
tion at room temperature (this precaution is unnecessary when preparing 
racemic compound) and the residue is taken up in benzene. This is filtered 
through a plug of silica gel on a coarse-frit sintered-glass funnel, yidlding a 
bright orange solution. The benzene is removed by rotary evaporation under 
oil pump vacuum (room temperature). The residue is reprecipitated in a 
refrigerator from benzene-hexanes to give methyl complex ( + )-(S)-Re(qS- 
C,H,)(NO)(PPh,)(CH,) (0.923 g, 1.65 mmol, 79%) as a bright orange 
amorphous solid, which is collected by filtration and dried under oil pump 
vacuum. 

Proper ties 

The product, [a]& = 178" (c = 0.44 mgmL-', CHCl,), mp 192-194"C, is 
air-stable and thermally stable for a period of hours under ambient condi- 
tions. For longer periods, storage under nitrogen in a refrigerator is re- 
commended. After 3 months, less than a 1% loss in optical activity occurs. 

Anal. Calcd. for C,,H,,NOPRe: C, 51.60; H, 4.15; N, 2.51; P, 5.54. Found: C, 
51.39; H, 4.23; N, 2.72; P, 5.45. IR (cm-', THF) vNo 1630s. 'HNMR 
(6, CD,Cl,) 7.8-6.8 (m, PPh,), 4.96 (s, C5H,), 0.95 (d, Jcp = 5 Hz, CH,). 
13C{ 'H} NMR (ppm, CD2C12) PPh, at 136.3 (d, J,, = 53 Hz, ipso), 133.8 
(d, J,, = 1 1  Hz), 130.4 (s, para), 128.7 (d, Jcp = 10 Hz); 90.2 (s, CSHs), - 37.5 
(d, J,, = 6 Hz, CH,). ,'P{ 'H}NMR (ppm, C,D,) 25.5 (s). 

The racemic methyl complex, ( k )-Re($-C,H,)(NO)(PPh,)(CH,), is 
prepared in an analogous fashion from ( f. )-[Re(q5-C,H,)(NO)(PPh,)- 
(CO)]' [BF,]- (procedure C).' It is obtained as an orange amorphous solid, 
mp 214-2 15°C from CH,Cl,/hexanes or benzene-hexanes (refrigerator). 

Anal. Calcd. for C,,H,,NOPRe: C, 51.60; H, 4.15; N, 2.51; P, 5.54. fiound: 
C, 51.28; H, 3.96; N, 2.94; P, 5.54. 

The optically active or racemic products react with (Ph,C)+ [yF6]- 
to give the optically active or racemic methylidene complexes [Re- 
($-C,H,)(NO)(PPh,)( =CH,)]+ [PF,]-.2*s These can, in turn, can be 
elaborated to a variety of alkyl complexes Re(?'-C,H,)(NO)(PPh,)(CH,R) 
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and alkylidene complexes [Re(q5-C,H,)(NO)(PPh,)( =CHR)]+X-.2*3*5,40 
The product readily reacts with acids HX to give complexes of the formula 
Re($-C,H,)(NO)(PPh,)(X).’ The product reacts with H[BF,] - OEt, and 
HCPF6-j . OEt, in dichloromethane to give species that serve as the functional 
equivalent of the optically active chiral Lewis acid [Re($-C,H,)(NO)- 
(pph,)] + .21,23,29,31.34-36.38 

H. (q5- CY CLOPENTADIENYL)(FORMY L)- 
NITROSY L (TRIPHENY LPHOSPHINE) RHENIUM 

Q 
Re + NaCBH41 Re + Naf[BF4] 

CO [BF4]- 
ON’ I ‘PPh, 

C 
H’ \O 

ON’ I ‘PPh, 

Procedure‘ 

Caution. This reaction evolves hydrogen, and should be conducted in a 
well-ventilated hood away from any flames or ignition sources. 

A 50-mL Schlenk flask is equipped with a stirring bar and a stopper and 
is attached to a vaccum line. The flask is charged with [Re($-C,H,)- 
(NO)(PPh,)(CO)]+[BF,]- (1.021 g, 1.55 mmol) and THF/H,O (25 mL, 
1 : 1 v/v). The mixture is degassed under vacuum with stirring, and then 
saturated with nitrogen. This is repeated twice. Theheterogeneous mixture is 
cooled to 0°C in an ice bath and Na[BH,] (0.155 g, 4.10 mmol) is added. The 
mixture is stirred for 1.5 h at O’C, allowed to warm to room temperature over 
the course of 1 h, and then extracted with CH,CI, (3 x 10 mL). Each extract is 
transferred via cannula to a 100-mL Schlenk flask. Solvent is then removed 
via oil pump vacuum, and the flask is taken into a nitrogen atmosphere glove 
box. The yellow residue is extracted with THF (1 x 20 mL and 2 x 10 mL) and 
filtered through a medium-frit sintered-glass funnel. Hexane ( - 60 mL) is 
layered on top of the filtrate. Air-sensitive yellow microcrystals of formyl 
complex Re($-C,H,)(NO)(PPh,)(CHO) form overnight and are collected 
by filtration and dried under vacuum (0.640 g, 1.12 mmol, 72%). The checker 
substituted a gastight syringe for the cannula in transferring the CH,Cl, 
extracts, and reports a 57% yield. 

Properties 

The product is air-sensitive, especially in solution, and should be stored 
cold under a nitrogen atmosphere. Decomposition points vary somewhat 



Cyclopentadienyl Rhenium Complexes 223 

between samples. Darkening (typically at 130°C) precedes gradual melting 
(155-158°C). 

Anal. Calcd. for C,,H,,NO,PRe: C, 50.34; H, 3.70. Found: C, 50.45; 
H, 3.68. The IR vco is medium-dependent. The following data (cm-'; 
7mgmL-' for solutions) are for the same sample and are calibrated to 
polystyrene at 1602 cm-': vco (s) 1549 (KBr), 1565 (THF), 1542 (CHCI,); 
v,, (s) 1655 (KBr), 1662 (THF), 1661 (CHCI,). 'HNMR (S, CD,CI,) 16.48 
(s, CHO), 7.50-7.36 (m, PPh,), 5.25 (s, C,H,). 13C{ 'H)NMR (ppm, CD,CI,, 
- 30°C) 251.3 (d, Jcp = 11.0 Hz, CO); PPh, at 135.4 (d, Jcp = 55.0 Hz, ipso), 
133.5 (d, Jcp = ll.OHz), 131.0 (s, para), 129.0 (d, Jcp = 11.0Hz); 94.0 

The product is a useful hydride donor toward a variety of organometallic 
compounds.'. ' *  The by-product [Re(qS-C, H, )(NO)(PPh,)(CO)] + X - 
can be recovered in high yield. In contrast to borohydride reductants, no 
Lewis acidic by-products are generated. 

(s, CSH,). 
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52. DI-p-CHLORO-BIS[(t/'-PENTA- 

CHLORORUTHENIUM(III)], ICp*RuC12]2 AND DI-p- 
METHOXO-BIS(t/'-PENTAMETHYLCYCLO- 

METHYLCYCLOPENTADIENYL) 

PENTADIENY L)DIRUTHENIUM(II), [ Cp*RuOMe], 

Submitted by U. KOELLE* and J. KOSSAKOWSKI* 
Checked by D. GRUMBINEt and T. DON TILLEYt 

Di-~-chloro-bis[(~5-pentamethylcyclopentadienyl~hlororuthenium(III)],1~z 
[C~*RUC~,] ,~  (1) is the general entry into Cp*($-C,Me,) Ru sandwich and 
half-sandwich chemistry and has been used in numerous transformations 
since its introduction in 1984. It is easily prepared according to Eq. 1. 
Analogous bromo and iodo complexes are obtained by halide exchange with 
NaX in MeOH.4 

[ C ~ * R U O M ~ ] , ~ * ~  (2) is a versatile reagent for the preparation of all kinds 
of complexes Cp*RuL2X, where the dimer is complexed or cleaved by ligands 
L and the OMe group is exchanged for X concomitantly or ~eparately.~ It is 
also easily transformed into the chloride [Cp*RuC1I4 by treatmenb with 
either Me,SiC15 or LiCP in ether. Acid cleavage gives a cationic Cp*Ru+ 
fragment that can be complexed by addition of suitable ligand~.~.' 

* Institute for Inorganic Chemistry, Technical University of Aachen, 5100 Aachen, Germany. 
f Department of Chemistry, University of California, San Diego, La Jolla, CA 92093. 
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Complex 2 is prepared from 1 according to Eq. 2 with yields up to 
quantitative depending only on the rigorous exclusion of oxygen in the work- 
up procedure. 

Alternative routes to [Cp*RuOMe], are the reaction of [Cp*RuCl], with 
Na(Li)OMe* or the treatment of Cp*Ru( 1,5-cyclooctadiene)C1 with LiOMe 
in MeOH.6 The procedure given below gives the highest yield starting 
directly from [Cp*RuCl,],, the ultimate precursor for the other procedures 
as well. 

'1) 
ROH 6-h renun 1 

RuC1,.3H2O + C,Me,H -z [Cp*RuCl,], + RuCpf - HCI 

MeOH 
[Cp*RuCl,], + 2K,C03 - [Cp*RuOMe], + CH,O + 4KC1 

+ 2H20 + 2C0, (2) 

A. [Cp*RuCI,], (1)' 

All operations are carried out in a 500-mL round-bottomed flask under an 
inert atmosphere. 

To a filtered solution of 8.0g (31.6 mmol) of RUCI,.~H,O'~ ( - 42% Ru) 
in 200 mL of MeOH is added 9.6 g (72 mmo1)'l of C,Me,H, and the mixture 
is refluxed for 4 h.12*13 The brown solution, which contains part of the 
product as a microcrystalline precipitate, is chilled to - 80°C for 12 h and 
filtered cold through a porous frit. The solid is dried in uucuo and washed 
twice with 30 mL of pentane in order to remove decamethylruthenocene, 
which can be collected in 10-20% yield from the pentane washings. The yield 
of 1 is 80% of the theoretical based on Ru. 

In case the methanolic mother liquid is green, the reaction has not gone to 
completion. It can be refluxed for a second time, and more of the product can 
be recovered using the above work-up procedure. 

Proper ties 

[Cp*RuCl2I2 is soluble in dichloromethane and chloroform and slightly 
soluble in acetone and methanol, where it tends to react. As a solid it is stable 
toward air for shorter periods. Storage in a refrigerator for longer periods is 
recommended, since samples having been at ambient temperature for weeks 
showed diminished solubility. 

The 'H-NMR spectrum shows a broad singlet with a chemical shift 
depending on the solvent? 6 6.8 (CD2C1,), 5.1 (CDC1,).4 IR (KBr): 2958 (w), 
1436 (br, s), 1376 (s), 1151 (w), 1075 (w), 1024 (s), 436 (m) cm-'. 



Anal. Calcd. (found): C39.1 (38.9), H4.9 (4.9), C123.1 (22.4). 

B. [Cp*RuOMe], (2)14 

Into a 100-mL Schlenk flask is placed 1 g of [Cp*RuCl,], and 3 g of dry 
K,CO,, which has been heated to 200°C for several hours and cooled under 
nitrogen atmosphere. The flask is evacuated, and filled with nitrogen, and 
30 mL of pure, dry, nitrogen-saturated methanol is added. The mixture is 
stirred at ambient temperature for about 6 h or, alternatively, refluxed for 1 h. 
During that time the brown Ru(II1)-halide complex dissolves anf the 
mixture turns intensely red. 

For many transformations of [Cp*RuOMe],, this methanolic solution 
can be used directly after filtration from excess K,CO,. It contains the 
product along with CH,O and KCl. It can be assayed photometrically by 
measuring the absorbance at 490 nm in an optical Schlenk cuvette taking 
E = 365 M-lcm-’. 

To isolate the methoxo complex in pure form, methanol is evaporated in 
uamo and the residue is extracted with several portions of either pentane or 
diethyl ether. The higher solubility in the latter solvent facilitates extraction, 
although the ensuing red solution contains nearly all of the KC1. Extraction 
with pentane requires more solvent ( - 70-100 mL) but gives the complex 
free from any salt impurities. After extraction a white residue, devoid of Ru 
complexes or salts, remains. Crystalline [Cp*RuOMe], is obtained in 
75% yield by slowly cooling the saturated pentane extract to - 30°C. 

Proper ties 

[Cp*RuOMe], is air-sensitive, especially in solution, and solutions are 
preferentially transferred by canule or syringe techniques. Air oxidation is 
indicated by the formation of a green color and later a brown precipitate. 
This latter can be reconverted into [Cp*RuOMe], by stirring it again with 
K,CO, in MeOH. 

The compound is soluble without decomposition in hydrocarbon and 
ether solvents as well as in acetone, benzene, and toluene. It slowly reacts with 
halocarbon and coordinating solvents. The solid state molecular structure is 
that of a folded dimer,”~* and it is dimeric also in solution. ‘H NMR 
(C6D12): 6 1.62 (Cp*), 4.82 (OMe). 

Anal. Calcd. (found): C49.4 (49.3), H6.8 (6.7). 

mined as 290 M - ’ cm - ’ at 490 nm. 
The extinction coefficient of [Cp*RuOMe], in pentane has been deter- 
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53. (q5-PENTAMETHYLCYCLOPENTAD1ENYL)RHODIUM 
AND -IRIDIUM COMPOUNDS 

Submitted by C. WHITE,* A. YATES,* and P. M. MAITLIS* 
Checked by D. M. HEINEKEYt 

A significant development of organometallic chemistry in recent years has 
been the increasing use of pentamethylcyclopentadienyl compounds. Not 
only are such compounds usually more soluble and more readily crystallized 
than their unsubstituted cyclopentadienyl analogs, but they are generally 
more stable. as a result of the steric and electron-donating effects of the five 
methyl groups. This is particularly so for the (q5-pentamethylcyclo- 
pentadieny1)rhodium and -iridium complexes, where the qS-C,Me, acts as an 

* Department of Chemistry, The University, Sheffield S3 7HF, United Kingdom. 
?Department of Chemistry, Yale University, New Haven, CT 06511. 
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excellent stabilizing ligand toward Rh or Ir since it is displaced only with 
considerable difficulty. The chlorides [M(q5-C,Me,)Cl,], (M = Rh or Ir) are 
the precursors to a wide range of (q5-pentamethylcyclopentadienyl)rhodium 
and -iridium complexes. They have previously been prepared by the reaction 
of hexamethylbicyclo[2.2.0]hexa-2,5-diene (hexamethyl Dewar benzene) with 
the corresponding metal trichlorides;’ however, the procedure reported here 
utilizes the more readily available pentarnethylcyclopentadiene.’ It is also 
convenient for large-scale preparations and consistently gives high yields and 
pure products. 

A useful property of the complexes [M(q5-C,Me5)C1,], (M = Rh or Ir) is 
their ability to react with AgY in the presence of coordinating solvents to 
form the tris-solvent complexes [M(q5-C,Me,)(solvent),](Y), (Y = [BF,] - 
or [PF,] -). With weakly coordinating solvents (e.g., CH,CI,, Me,CO, or 
MeOH), these may be generated in situ and the coordinated solvent mole- 
cules can be displaced by a wide range of donor ligands under extremely mild 
conditions. Alternatively, with more strongly coordinating solvents, e.g., 
MeCN, dimethylsulfoxide (DMSO), (Py) the tris-solvent complexes may be 
isolated, stored if necessary, and subsequently used as precursors to other 
(q5-pentamethylcyclopentadienyl)rhodium or -iridium compounds. 

The preparations and utility of these solvent complexes are illustrated by 
the syntheses of [M(q5-C5Mes)(NCMe),]’+ (M = Rh or Ir) and the syn- 
thesis of the fluorene complex [Ir(q5-C5Me,)(q6-C, 3Hlo)][PFs]2 from the in 
situ reaction of fluorene with the acetone complex ~r(q5-C,Me,)(Me,C0),]- 

The rhodium and iridium trichloride hydrates are nonstoichiometric 
materials that vary in composition and that can give variable results. We find 
that the materials supplied by Johnson Matthey give good and reproducible 
yields. 

CPF612. 

A. DI-c(-CHLORO-DICHLOROBIS($- 
PENTAMETHY LCY CLOPENTADIENY L)DIRHODIUM(III) 

2RhC1,.3H2O + 2C5Me,H + [Rh(q5-C,Me,)C1,], + 2HC1 

Rhodium trichloride trihydrate (10 g, 0.042 mol, Johnson Matthey) penta- 
methylcyclopentadiene (6 g, 0.044 mol),’ reagent-grade methanol (300 mL) 
and a magnetic stirring bar are placed in a 500-mL round-bottodd flask 
fitted with a reflux condenser. A nitrogen bubbler is attached to the top of the 
condenser, the apparatus purged with nitrogen for 5 min, and the mixture 
then refluxed gently under nitrogen for 48h with stirring. The teaction 
mixture is allowed to cool to room temperature and the dark red precipitate 
is filtered off in air through a glass sinter. The red filtrate is reduced involume 
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to - 50 mL using a rotary evaporator to give more red crystals that were 
combined with the first crop and washed with diethyl ether (3 x 50 cm3). Air 
drying gives 11.25g (95% yield) of [Rh(q5-C,Me,)C1,],, which is pure 
enough for most purposes. If required, the product may be recrystallized by 
dissolving in a minimum volume of chloroform, filtering if necessary, and 
slowly adding twice that volume of hexane. 

Anal. Calcd. for Rh,C,,H,,Cl,: C, 38.9; H, 4.9; C1, 22.9. Found: C, 38.8; 
H, 4.8; C1. 22.3. 

B. DI-~-CHLORO-DICHLOROBIS(~~-PENTAMETHYL- 
CY CLOPENTADIENY L)DIIRIDIUM(III) 

21rC13 xH,O + 2C,Me,H +[Ir(qS-C,Me,)C1,], + 2HC1 

This may be prepared by the procedure described in Section A using iridium 
trichloride hydrate (10 g, 0.026 mol, Johnson Matthey) and penta- 
methylcyclopentadiene (5.0 g, 0.036 mol). Recrystallization of the product 
from chloroform-hexane gives 10.7 g (85% yield) of [Ir(C,Me,)Cl,], as an 
orange microcrystalline solid. 

Anal. Calcd. for Ir~C~oH30C14: C, 30.2; H, 3.8; C1, 17.8. Found: C, 30.5; 
H, 3.7; C1, 16.5. 

Properties 

Both the chloro complexes [M(q’-C,Me,)Cl,], (M = Rh or Ir) are thermally 
stable (mp > 230°C) and have been stored in air at room temperature for 
several years without any apparent decomposition. They are readily soluble 
in chlorinated solvents but only sparingly soluble in acetone or alcohols. The 
rhodium complex is also somewhat soluble in water. The simplicity of their 
PMR spectra [i.e., CDCl,, 6 1.60s (M = Rh); 1.73s (M = Ir)] allows their 
reactions to be conveniently followed by monitoring the shift in this C,Me, 
resonance. 

The corresponding iodo complexes are readily prepared by metathesis 
reactions with sodium iodide.’ Other reactions have been reviewed3 and 
recently [M(q5-C,MeS)C1,], have proved to be valuable precursors to novel 
bridged carbene complexes of the type [{M(qS-CSMe,)Y},(p-CH2)2].4 In 
the presence of base, [Rh(q5-C,Mes)Cl,], is an effective catalyst for 
the hydrogenation of olefins’ and for the hydrosilylation of olefins6 and 
the disproportionation of aldehydes.’ 
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C. TRIS(ACETONITRILE)(~I5-PENTAMETHYL 
CYCLOPENTADIENYL)RHODIUM(2 + ) 
HEXAFLUOROPHOSPHATE 

[Rh(~5-C,Me,)Cl,], + 4Ag[PF,] + 6MeCN --+ 

2[Rh(qS-C,Me,)(NCMe)3][PF6]z + 4AgC1 

Procedure 

m Note. Silver hexafluorophosphate is moisture sensitive and therefore for 
convenience it is best to accurately weigh out an approximate desired amount of 
silver salt and then to adjust the weight of [Rh(qs-CSMe,)Cl,], used according 
to the stoichiometry of the reaction. 

Silver hexafluorophosphate (1.30 g, 5.2 mmol, Aldrich) is weighed out into 
a stoppered dry sample tube. The [Rh(qS-C,Me,)Cl,], (0.8 g, 1.3 mmol) is 
weighed into a dry 50-mL conical flask; a magnetic stirring bar together with 
acetonitrile (10 mL, dried over MgSO,) is added and a ‘T piece’ connected to 
a standard-type joint fitted into the neck of the flask. The mixture is stirred 
gently while a slow stream of dry nitrogen is passed over the top of the flask 
via the ‘T piece’. After 5 min the stirring rate is increased to a brisk pace and 
the silver hexafluorophosphate is tipped into the flask; any mixture remaining 
in the sample tube is washed into the reaction flask with additional dry 
acetonitrile ( N 1 mL) using a dropping pipette. The reaction mixture be- 
comes warm, and fast stirring is continued for 10 min. A precipitate of silver 
chloride forms and is removed by cen’trifugation in air; the yellow super- 
natant liquid is decanted, and the solid is washed with acetone (5  mL). The 
combined acetonitrile solution and acetone washings are taken to dryness 
using a rotary evaporator to leave an orange oil. Any remaining silver salts 
are removed by dissolving the oil in acetone (10mL) and allowing this 
acetone solution to flow under gravity through a short column, - 15cm 
long and 1.5 cm diameter, packed with Hyflo-Supercel filter aid (BDH 
Chemicals Ltd., Broom Road, Poole, BH12 4NN, U.K.). The checker substi- 
tuted Celatom FW-50 filter agent (Aldrich) and obtained the same or slightly 
better yields of product cited below. 

The column is washed with additional portions of acetone (2 x 4 mL), 
and the solvent is then removed from the combined eluate using a rotary 
evaporator. An orange oil remains, and this solidifies on pumping 
( N 0.1 mm Hg) for several hours. This orange solid is pure enough for most 
purposes, but if desired the product may be recrystallized with difficulty by 
dissolving in a minimum volume of acetone and adding 1 drop of acetonitrile 
followed by the slow dropwise addition of diethyl ether until precipitation of 
the yellow-orange solid is complete. This is filtered off and dried in uacuo to 
give 1.10 g (65% yield) of yellow-orange [Rh(C,Me,)(NCMe),](PF,),. 
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Anal. Calcd. for RhCl,H2,F12N3P,: C, 29.5; H, 3.7; N, 6.5. Found: C, 29.4; 
H, 3.7; N, 6.6. 

D. TRIS(ACET0NITRILE)(~I5-PENTAMETHYL- 
CYCLOPENTADIENYL)IRIDIUM(2 +) 
HEXAFLUOROPHOSPHATE 

[Ir(q5-C,Me,)C12], + 4Ag[PF,] + 6MeCN - 
2[Ir((q5-C5Me5)(NCMe),](PF,), + 4AgCl 

This may be prepared as white crystals by the procedure described in Section 
C using [Ir(qS-C,Me,)C1,], (0.8 g, 1 mmol) and silver hexafluorophosphate 
(1.0 g, 4 mmol). Yield: 1.1 1 g (84%). 

Anal. Calcd. for ~rCl6H2,Fl2N3P2: C, 25.9; H, 3.3; N, 5.7. Found: C, 25.9; H, 
3.3; N, 4.7. 

Properties 

The complexes [M(q5-C,Me,)(NCMe),][PF,], (M = Rh or Ir) are air- 
stable and may be stored in a dry atmosphere for weeks without any 
significant decomposition. Their infrared spectra (Nujol) exhibit v(CN) at 
2298 and 2320 cm-' (Rh) and 2300 and 2330 cm-' (Ir); this compares with 
v(CN) at 2254 and 2295 cm-' observed for uncoordinated acetonitrile. The 
'HNMR spectrum of each complex consists of two singlets in the ratio of 
5 : 3 [in acetone-d, M = Rh, 6 1.85 (C,Me,) and 2.53; M = Ir 1.89 (C,Me,) 
and 2.761. 

Partial or complete displacement of the coordinated acetonitrile ligands 
may be achieved with monodentate ligands (e.g., phosphines'), bidentate 
ligands (e.g., d iene~) ,~  or tridentate ligands, providing a convenient entry to a 
range of (11'-pentamethylcyclopentadienyl)rhodium and -iridium complexes. 

E. PREPARATION OF TRIS(ACETONE)($-PENTA- 
METHYLCYCLOPENTADIENYL) IRIDIUM(2 + ) 
AND ITS REACTION WITH FLUORENE TO GIVE 

DIENYL)IRIDIUM(Z + ) 
($-FLUORENE)(~5-PENTAMETHYLCYCLOPENTA- 

[Ir(q5-C,Me,)C12], + 4Ag[PF,] + 6Me2C0 - 
2[1r(?S-C5Me,)(0CMe2)31 CPF612 

[1r(q5-C5MeS)(oCMe2)31[pF612 + C13H10 

C1r(?'-C5 MeS)(C 1 3H 1011 CPF6i 2 
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Procedure 

Tris(acetone)(q5 -pentamethylcyclopentadienyl)iridium(2 + ) is prepared ftom 
[Ir(q5-C5Me,)C1,], (0.200 g, 0.25 mmol) and silver hexafluorophosphate 
(0.254g, 1.0 mmol) by the procedure described in Section C using acetone 
(dried over MgSO,) in place of acetonitrile. After centrifuging off the 
precipitated silver chloride, the last traces of silver salts are removed by 
allowing the pale yellow solution to flow under gravity through a short 
column ( N 10 cm x 1.5 cm) packed with Hyflo supercel (or Celatom FW-50) 
filter aid (see procedure C above). The eluate is collected in a 50-mL conical 
flask containing fluorene (0.30 g, 1.80 mmol) and a magnetic stirring bar; slow 
stirring is commenced as the eluate begins to drip into the flask. The silver 
chloride precipitate is washed with acetone (5  mL) and the washings passed 
down the column. To remove any remaining iridium complex from the 
column, it is washed with a further portion of acetone (5 mL). Stirring is 
continued for a further 5 min after the last drop of the acetone washings 
enters the flask, and then the solvent is removed using a rotary evaporator. 
The oil remaining is washed with diethyl ether (2 x 5 mL) and dichloro- 
methane (5mL) to remove excess fluorene and then dissolved in acetone 
( - 3 mL). Dropwise addition of chloroform to the acetone solution pre- 
cipitates out [Ir(q5-C,Me5)(q6-C13Hlo)] [PF,], as a white solid that is 
filtered off and dried in uacuo (0.358 g, 91 % yield). 

Anal. Calcd. for I r C 2 3 H ~ 5 F l ~ P ~ :  C, 35.3; H, 3.2. Found: C, 35.7; H, 3.2. 

Proper ties 

Although [Ir(q5-C,Me,)(OCMe,),CPF6]z cannot be isolated, it can be 
readily identified by the characteristic q5-C,Me5 resonance in its 'H NMR 
spectrum, specifically, 6 1.75 in acetone-d,; the 'HNMR spectra of the 
rhodium analog and also of the corresponding methanol and dichlorometh- 
ane solvent complexes have been reported." If left in solution for several 
days at room temperature, [Ir(q5-C,Me,)(OCMeZ),1 [PF,], and the corres- 
ponding rhodium complex undergo a series of complex rearrangements.'' 
However, if used immediately, such complications do not arise and the 
extreme lability of these solvent complexes, as illustrated by the mild 
conditions under which fluorene reacts, makes them valuable synthons for 
a wide range of pentamethylcyclopentadienyl rhodium and iridium 
complexes. 10,12 

The chemistry and NMR data of the fluorene complex [Ir(q5-C5Me,)- 
(q6-C13Hlo)] [PF,], have been reported." It is pertinent to note that this 
complex is remarkably stable, considering that it contains an arene ligand 
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bonded to a metal in a 3 + oxidation state, and this exemplifies the 
stabilizing influence of the bulky, strongly electron-donating pentamethyl- 
cyclopentadienyl ligand. 
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54. BIS(~S-CYCLOPENTADIENYL)BIS(DIETHYLAMIDO)- 
URANIUM(1V) AND TRIS(qS-CY CLOPENTADIENY L) 

(DIETHYLAMIDO)URANIUM(IV) 

Submitted by F. OSSOLA,* G. ROSSETTO,* P. ZANELLA,* A. ARUDINI,? 
J. D. JAMERSON,? and J. TAKATSt 

Checked by A. DORMONDS 

Organouranium amides are useful precursors for the synthesis of a large 
variety of organouranium derivatives since they are known to undergo very 
easy cleavage of the uranium nitrogen bond by acidic hydrogen or to give 
insertion of molecules with polar multiple bonds.' The compounds 
UCp,(NEt,), and UCp,NEt2 (Cp = qs-CsH,, Et = C,H,) are the most 

* Consiglio Nazionale della Ricerche, Istituto di Chimica e Tecnologia dei Radioelementi, 
35100 Padua, Italy. 
Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada, T6G 2G2. 

$ Laboratoire de synthese et d'electrosynthese associe au C.N.R.S. (U.A. 33), Faculte des 
Sciences, 6 Bd. Gabriel, 21100 Dijon, France. 
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convenient organouranium amides for these purposes. These molecules were 
first synthesized in 1974 by the stoichiometric reaction of CpH with 
U(NEt,),.’ More recently an alternative synthetic route, which utilizes the 
displacement of chloride ions from UCp,Cl,-, by LiNEt,, has been pro- 
posed., Both methods are useful for the preparation of UCp,NEt,, but 
UCp,(NEt,), is often contaminated by unwanted UCp,NEt,, and its puri- 
fication is rendered difficult by the similar solubilities of the two compounds 
in common organic solvents. We describe here improvements over the 
procedures reported previously, which provide convenient, high-purity, and 
high-yield syntheses of UCp,(NEt,), and UCp,NEt,. 

H Caution. Organouranium compounds are very air-sensitive. They must 
be handled in a glove box or in Schlenk vessels under rigorously purijed 
nitrogen or argon. All procedures described here were carried out in a glove box. 
The solvents used must be dried by heating at reftux, under purijed nitrogen, 
with potassium benzophenone and distilled just prior to use. 

A. BIS(tj’-CYCLOPENTADIENYL)BIS(DIETHYLAMIDO)- 
URANIUM(1V) 

THF 

room temp., 24 h 
UCl, + 2TlC,H, -“U(qS-C5HS),Cl2”* + 2TlC1 

THF 

room temp., 24 h 
“U(q5-C5HS),Cl2” + 2LiNEt, - U(q’-C,H,),(NEt,), + 2LiCl 

Procedure 

H Caution. Thallium compounds are extremely toxic. The one used here 
is volatile and should be handled with extreme care. 

Cyclopentadienylthallium,4.t 5.39 g (20 mmol), is added to a vigorously 
stirred suspension of uranium tetrachloride,’*$ 3.80 g (10 mmol) in 100 mL of 
freshly distilled tetrahydrofuran (THF) contained in a 200-mL, single-necked, 
round-bottomed flask. The suspension is stirred at room temperature for 

*Although “UCp,CI,” as a pure solid cannot be isolated, it can be prepared in situ in 
equili6rium with UCp,CI and UCpCI,.ZTHF: 

THF 
“2UCp,CI,” u c p  ,c1 + UCpCI, 

The formation of only UCp,(NEt,), strongly indicates that “UCp,CI,” reacts with LiNEt, 
much faster than do UCpCl3.2THF and UCp,C1. 

t Cyclopentadienylthallium is available from Strem Chemicals, Inc., P.O. Box 108, Newbury 
Port, MA 01950. 

3 Uranium tetriichloride is available from Cerac Inc., Box 1178 Milwaukee, WI 53201. 
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24 h. After this time, the mixture is filtered to remove the thallium(1) chloride 
formed. The residue is then washed with THF until the washings are 
colorless. Freshly prepared (diethylamido)lithium,6 1.58 g (20 mmol) dis- 
solved in 50 mL of THF, is added dropwise over 2 h with constant stirring to 
the combined filtrates of “U($-C,H,),C12”. After 24 h, the volatile compon- 
ents are removed from the brown solution under vacuum, and the residue is 
treated with 200 mL of pentane and then filtered. The solvent is removed 
again, and the yellow solid is dried for 5 h under vacuum at room tem- 
perature. Yield 4.35 g (85%). 

Anal. Calcd. for C,,H,,N2U: C, 42.19; H, 5.90. Found: C, 42.31; H, 6.04. 

Properties 

Bis(~5-cyclopentadienyl)bis(diethylamido)uranium(IV) is a golden yellow, 
air-sensitive solid that is very soluble in aromatic and aliphatic solvents, as 
well as in THF and diethyl ether. Its ‘H NMR spectrum, which can serve as a 
satisfactory check for the purity of the compound, exhibits a singlet at 
6 - 13.70ppm due to the cyclopentadienyl moiety and a quartet and a 
triplet at 6 8.78 and 1.54ppm due to the CH2 and CH, moieties of the 
diethylamido group, respectively (C6D,, 27”C, internal standard C,D,H, 
shifts in ppm calculated with respect to SiMe,). 

B. TRIS(~5-CYCLOPENTADrENYL)(DIETHYLAMIDO)- 
URANIUM(1V) 

UCl, + LiNEt, A U ( N E t , ) ,  + 4LiCl 
room temp., 30 h 

THF 

room temp., 24 h 
U($-C,H,),CI + LiNEt, -U($-C,H,),NEt, + LiCl 

Procedure 

Method I. A 250-mL, single-necked, round-bottomed flask containing a 
magnetic stirring bar and wrapped in foil to exclude light, is charged with 
3.80 g (10 mmol) of uranium tetrachloride, 3.32 g (42 mmol) of (diethyl- 
amido)lithium, and 100 mL of anhydrous diethyl ether. The reaction mixture 
is stirred at room temperature for 30h, then filtered, and the solvent is 
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removed under vacuum. The resulting dark green oil is dissolved in 30 mL of 
pentane. To this solution, 2.5 mL (30 mmol) of freshly distilled cyclopenta- 
diene, dissolved in 10 mL of pentane, is added. The solution is stirred for 24 h, 
then filtered, and the red solid is washed with pentane until the washings are 
colorless. The solid residue is dried for 2 h under vacuum at room temper- 
ature. Yield 4.14g (82%). 

Method II. A 200-mL, single-necked, round-bottomed flask containing a 
magnetic stirring bar is charged with 4.68 g (10 mmol) of chlorotris 
(~5-cyclopentadienyI)uranium(IV),7 100 mL of freshly distilled THF, and 
0.79 g (10 mmol) of (diethylamido)lithium.6 The red solution is stirkd for 24 h 
at room temperature. The solvent is then removed under vacuum. The 
residue obtained is dissolved in 100 mL of toluene, and the solution is filtered 
to separate the lithium chloride, which is washed with toluene until the 
washings are colorless. The solvent is then removed under vacuum, giving a 
red solid that is dried for 2 h under vacuum at room temperature. Yield 4.29 g 
(85%). 

Anal. Calcd. for C,,H,,NU: C, 44.27, H, 4.89. Found: C, 45.23; H 5.06. 

Proper ties 

Tris(~5-cyclopentadienyl)(diethylamido)uranium(IV) is a red, air-sensitive 
solid that is very soluble in toluene, THF, and diethyl ether and slightly 
soluble in aliphatic hydrocarbons. It sublimes at 150°C at mm Hg. The 
purity of the compound can be checked by its 'HNMR spectrum, which 
shows a singlet at 6 - 11.62 ppm due to the cyclopentadienyl hydrogens, a 
quartet at 6 0.84 ppm, and a triplet at 6 - 1.16 ppm due to the CH, and CH, 
moieties of the diethylamido group, respectively (C$6,27"C, internal stand- 
ard C,D5H, shifts in ppm calculated with respect to SiMe,). 
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Chapter Five 

CLUSTER AND CAGE COMPOUNDS 
CONTAINING TRANSITION METALS 

55. DISODIUM TRIS(TETRABUTYLAMM0NIUM) 
[@-HEXATRICONTAOXO (p  1,-TETRAOXOSILICATO) 
(10,11,12-TRINIOBIUMNONATUNGSTEN)ATO (7 - )] 

(q5-PENTAMETHYLCYCLOPENTADIENYL) 
RHODATE (5 -)*, Na,(Bu,N),(Rh(~Nb3 

SiW90401(q5-C5(CH3) 5 1 I 

Submitted by R. G. FINKE,t K. NOMIYA,t C. A. GREEN,? 
and M. W. DROEGEt 

Checked by A. R. SIEDLEt 

The interest in polyoxoanions, such as ~b3SiW,040]7-  , l s2  stems from the 
fundamental interest in this large class of compounds as well as their broad 
range of potential applications; these points have been discussed in a recent 
volume of Inorganic S y n t h e ~ e s . ~  In the present case, [Rh[.l-Nb3SiW,Ol0] 
{~5-C,(CH3),}]5 - is a prototypical example of a transition metal supported 
on the surface oxygen atoms of a Keggin-type polyoxoanion. Other related 
complexes, notably [Ir(Nb3SiW,040)(COD)]6- (where COD = 1,5-cyclo- 
octadiene), have proved to be interesting catalyst  precursor^.^ 

In the present synthesis, the initial polyoxoanion product results from oli- 
gomerization, under acidic conditions, to form three bridging Nb-0-Nb 

* For numbering of Keggin structures and nomenclature, see “Nomenclature of Polyanions,” 

t Department of Chemistry, University of Oregon, Eugene, OR 97403. 
j3M Central Research Laboratories, St. Paul, MN 55144. 

Pure Appl.  Chem., 59 ( l l ) ,  1529-1548 (1987). 
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bonds (detectable by a strong IR band at 690 cm-’): 2[Nb3SiW,040]7- 
+ 6H’ + [Nb6Si2W18077]8- + 3H2O. The product, [(C4H,),NI6H2 

[Nb6Si2W18077], has been characterized by elemental analysis, fast- 
atom bombardment mass spectroscopy (FAB-MS), solution ultra- 
centrifugation molecular-weight measurements, IR, and lE3W NMR 
spectroscopy. ’, Reversal of the oligomerization reaction (cleavage of the 
three Nb-0-Nb bonds) is readily effected by tetrabutylammonium 
hydroxide, [(C,H9),N]OH. The stoichiometry of this reaction, 
[H2(Nb6Si2W180,7)]6- + 8 0 H -  + 2[Nb3SiW,040]7- + 5H@, has been 
quantitatively established by monitoring the loss of the 690-cm-’ IR band. 
The resultant [(C4H9)N]7[Nb3SiW,040] has been characterized by I 

FAB-MS, solution molecular-weight measurements, IR, and its two-line 
lB3W NMR spectrum.’.’ The title complex, A-/l-[(C,H,),N],Na,[Rh[& 
Nb,SiW,040]{~5-C,(CH.3)5}], is then formed by the addition of [Rh{$- 
C,(CH,),)(CH3CN)3]2+ and characterized by a full elemental analysis and 
IR, ‘H NMR, and lE3W NMR spectroscopy.2b Earlier, we characterized the 
[(C,H,),N], salt by each of these techniques as well as by solution molecu- 
lar-weight measurements and studies employing ion exchange resins. ‘ A  The 
data show that [Rh{q5-C,(CH,),}]” is firmly and covalently attached to 
the surface oxygen atoms of (Nb,SiW,040)7- in a fashion that yields a Cs 
symmetry complex. 

A. HEXAKIS(TETRABUTYLAMMON1UM)DIHYDROGEN 
10d:10d‘, 10f:lOf’ , 1 lf:llf’-TRI-/t4-OXOBIS- 
pTRITRICONTAOXOO( 1 2-TETRAOXOSILICATO) 
(10,11,12-TRINIOBIUMNONATUNGSTEN)]ATE 
(8- 1, [(c4H9)4N16H2[ O(4-0)3&Nb3SiW90371~1 

(H[Nb60,,])7- + 2{H[SiW,0,4])9- + (17 + x)H’ + (8 - X)[ (C~H~)~NI+  

{H[Nb6019]}7- + 2{H[SiW903,]}’- + 19H’ + 6[(C4H,),N]+ -P 

~(C4H9)4N~6H2~Nb6Si2w18~77~ + lOH2O 

The preparation of the title complex is based on the reaction of the lacun- 
ary {H[SiW90,4]}9- with Nb(V).’.’ Excess H 2 0 2  is present with the 
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[Nb6Ol9]'- to inhibit the formation of Nb205 that would otherwise occur 
on acidification in aqueous s ~ l u t i o n . ~  Work-up consists of slow NaHSO, 
addition to destroy the peroxide,2 precipitation of crude [(C,H,),N], --r 

H,[Nb,Si,W,,O,,] (x I 2) with tetrabutylammonium bromide, precip- 
itation of crude [(C,H,),N],H,[Nb6Si2W16077] from CH,CN by the addi- 
tion of aqueous HCl, and then recrystallization of the [(C,H,),N], 
H2[Nb,Si,W,80,7] from CH3CN. The more soluble monoprotonated com- 
plex, [(C,H9)4N]7H[Nb6Si2W18077], can also be isolated in I 50% yield 
by recrystallization of the initial precipitate from CH,CN.' 

Preparation 

In a hood, K7H[Nb601,]. 13H20* (12.0 g, 8.76 mmol) is added to a vigor- 
ously stirred solution of 0.6 M H,O, (1.5L, 0.90mol). As soon as the 
K7H[Nb,019] dissolves (a colorless solution is initially formed), 20.4 mL of 
6 M HCL (0.122 mol) is immediately added, and the solution turns yellow. 
Crude Na,H[SiW,O,, ].23H203 (50.0g, 17.5 mmol) is quickly addedJ and 
the solution turns to yellow-orange and effervesces as the lacunary tungstosil- 
icate dissolves. The resulting solution is stirred for 15 min, and then excess 
sodium hydrogen sulfite (125g, 1.2mol) is slowly added (over 10-15min) 

* The preparation and characterization of this complex have previously been r e p ~ r t e d . ~ . ~  The 
preparation described here is similar to that described by Flynn and Stucky7 and provides a 
simple means of obtaining the complex in good yield as a powder. A mixture of Nb,O, (10 g, 
37.6 mmol) and 85% KOH (35 g, 530 mmol) is combined in a nickel crucible. In a hood, the 
crucible is heated cautiously with a low flame (to prevent boilover and minimize splattering), 
until the contents occasionally boil. During the heating, the reaction mixture changes from 
white to gray through the formation of a transparent melt. The crucible is then heated using a 
high flame for 10 min and then allowed to cool to room temperature ( - 30 min). The 
crucible and melt (now gray in color) are placed in a 250-mL beaker with 200 mL of H,O. 
After the melt has dissolved (this may be hastened by stirring with a glass rod), the crucible is 
removed and the warm solution is filtered through Celite to remove any insoluble material. 
The solution is transferred to a beaker and, while rapidly stirring with a glass rod, 200 mL of 
95% ethanol is added to the solution. The product separates first as an oil that is readily 
transformed into a white powder with continued stirring ( - 15 min). After standing for 30 
min, the product is collected on a filter (medium glass frit), washed twice with 25 mL of 
ethanol/water (60/40), twice with 25 mL of 95% ethanol, and with 25 mL of diethyl ether. 
The product is then air-dried for 4-6 h; yield 14.2-17.0 g (83-99%). 

t Sodium metasilicate (60 g, 0.21 mol) is dissolved in 500 mL of water in a 1-L beaker with 
vigorous stirring. Sodium tungstate (362 g, 1.1 mol) is dissolved in the clear solution, and 
then 200 mL of 6M HCI(l.2 mol) is added in 1-2 min with vigorous stirring (during which a 
white gelatinous silica precipitate forms). The mixture is rapidly stirred for 10 min, and then 
filtered through glass wool on a coarse glass frit. After the filtrate has been refrigerated at 4" 
overnight, the white crystalline precipitate is collected on a filter and dried at 80". Yield 66 g 
(19%) of crude A-/?-Na,H[SiW,O,, ].23H20. 
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to destroy the peroxides; a color change from yellow-orange to colorless 
accompanies this step.' 

rn Caution. This reaction is very exothermic, and care should be taken 
during this addition. 

The hot, colorless solution is vigorously stirred for 2 h, as it cools, and then 
filtered through Celite, if necessary, to remove undissolved material (occa- 
sionally, a small amount of white material, presumably hydrous niobium 
oxide, is present). The solution is cooled to ice temperature and tetrabutylam- 
monium bromide, [(C,H,),N]Br (25.1 g, 78 mmol), is added over 10min to 
the well-stirred solution. The product precipitates as a white powder. After 
stirring for 1 h, the mixture is allowed to stand overnight in a refrigerator at 
4". [By cooling the mixture before addition of the [(C,H,),N]Br, and by 
allowing the mixture to stand overnight, the material is more easily collected 
and washed.] The white precipitate is collected by vacuum filtration on a 
600-mL 90M glass-fritted Buchner funnel. The material is extensively 
washed: three times (i.e., 450mL total) with 150 mL of water, three times with 
150mL of 95% ethanol, and three times with 150mL of diethyl ether. The 
white powder is dried overnight at 50". 

An explosion-proof oven should be used because of ether 
fumes. Alternatively, air drying for 2 1 day can be used. 

This typically yields 60 g of crude material, [(C,H,),N], -xHx 
[Nb,Si,W,,O,,] (x 5 2). This material is dissolved in 360mL of hot 
(80") acetonitrile and immediately filtered through Celite to remove any 
undissolved material (on a 350-mL coarse glass frit to avoid long filtration 
times). The slightly yellow filtrate is transferred to a 600-mL beaker and 
rapidly stirred as 150mL of 8 M HCl (excess, 1.2mol) is added as follows: 
30 mL of acid is added quickly to the solution (which turns colorless), 20 mL 
of acid is added in 5-mL portions (over 10min) to cause the solution to cloud, 
the mixture is stirred for 2&30 min (during which a white microcrystalline 
powder precipitates), and then the remaining 100mL of acid is added (over 
1 h in 10-1 5-mL portions). The slurry is stirred for 1 h and then refrigerated at 
4" overnight. The crude [(C4H9),N],H,[Nb6 Si2WI8O7,] is collected on a 
600-mL 90M glass-fritted Buchner funnel and extensively washed, twice 
(i.e., 200mL total) with 100mL of H,O, twice with 100mL of 95% ethanol, 
and twice with 100mL of diethyl ether. It is then dried at 50" overnight (yield: 

Caution. 

5 1.7 g, 89?40).* 

* In the hands of one of us, the (lowest observed) yield was 32.7 g. In this case, a second crop 
can be isolated as follows. The combined filtrate and washings are evaporated to 400-mL 
total volume on a steam bath. This produces an oily residue, and 100 mL of H,O is added to 
aid separation of the material from the solution. After stirring the mixture for 30 min, the 
residue is collected on a filter. The residue is dissolved in 150 mL of hot (807 acetonitrile, 40 
mL of 8 M HCL is added, and the mixture is rapidly stirred for 1 h. The product is collected 
and washed as before. [Additional yield 8.7 g for a combined yield: 41.4 g (71%).] 
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rn Caution. An explosion-proof oven should be used. Alternatively, air 
drying for 2 1 day can be used. 

This material is recrystallized by dissolving it in 360mL of hot (80") 
acetonitrile, rotary-evaporating the solution to 150 mL, transferring the 
solution to a 250-mL beaker, tightly covering the beaker, and allowing the 
mixture to stand overnight in a refrigerator at 4". The crystalline precipitate is 
filtered (medium glass frit), washed with 15 mL of ice-cold acetonitrile, and 
dried overnight at 50" (yield: 24.8 g). After rotary evaporating the filtrate and 
wash to 30-mL total volume, a second crop is similarly isolated (yield 5.2 g). 
Combined yield: 30.0 g (52%).8 

Anal. Calcd. for [(C,H9),N]6H,[Nb,Si,wl,0,,]: C, 17.4; H, 3.32; N, 1.27; 
Si, 0.85; W, 50.0; Nb, 8.43. Found: C, 17.4; H, 3.41; N, 1.33; Si, 0.85; W, 50.5; 
Nb, 8.15. 

I 

Properties 

The product is soluble in polar aprotic solvents such as acetonitrile and 
dimethylformamide. It is very slightly soluble to insoluble in ethanol, meth- 
anol, and water. The three Nb-0-Nb bridges in [Nb6Si2W180,,]8- 
are readily cleaved (as monitored by the loss of the 690cm-' IR band) by 
OH-, H,O,, 2-aminoethanol, and other nontertiary amines'.' in reactions 
that closely parallel those of hydrous niobium oxide, [Nb,O, .xH,O]. 
Spectroscopic data (FAB-MS, IE3W NMR, IR) are also available.'.' 

B. DISODIUM TRIS(TETRABUTYLAMM0NIUM) 
I&HEXATRICONTAOXO@,,-TETRAOXOSILICATO) 
(1 0,11,12-TRINIOBIUMNONATUNGSTEN)ATO( 7 - )] 
[$-PENTAMETHYLCYCLOPENTADIENYL)RHODATE(5 - ), 
Na2[(C4H9)4N13 [Rhl&Nb3SiW90401 { 't ' -C5(CH3)5} 1 

{H,[Nb6Si2W180,7])6- + 80H-  + 2[Nb3SiW9040]7- + 5H,O 

[Rh(C,(CH,),)Clz]z + 4Ag+ + 6CH,CN -+ 

2[Rh(C,(CH3),)(CH,CN),]' + + 4AgCI 

2CNb,SiWg040]7- + ~Rh(C,(CH,),)(CH,CN),]'+ + 6[(C4Hg)4N+ $4Na'+ 

~ ~ ~ , C ~ ~ 4 ~ 9 ~ 4 ~ l , ~ ~ ~ ~ B - ~ ~ 3 ~ ~ ~ 9 ~ 4 0 1 ( r l S - ~ , ~ ~ ~ , ~ , ) 1  + 6CH,CN 
t 

{Hz[Nb6Si2W,,0771~6- + 80H-  + [Rh(C,(CH3),)C1,], + 4Ag+ 

+ 6[(C4H9),N]+ + 4Na+ + 

~~~~4~9~4~1,~~z~~~[P-Nb,SiW9040] {qs-CS(CH3),}] + 5H20 + 4AgCI 
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The deprotonated, organic solvent-soluble [(C,H,)4N]7[Nb3SiW9040] is 
formed by cleavage of the [(C4H9),NI6H2[Nb,Si,w~ complex with 
8 equiv of tetrabutylammonium hydroxide, [(C,H,),N]OH. The resultant 
triniobium-substituted Keggin-type anion is then heated in refluxing CH,CN 
with [Rh(C,(CH3),)(CH3,CN)3]z+9 to form a single isomer of the poly- 
oxoanion-supported organometallic complex. The product is isolated in the 
best yield, and in analytically pure form and free of solvate, with the 
counterion composition { [(C4H9)4N]3Naz}S+. The product is also readily 
isolated, but in somewhat lower yield, as its {[(C4H9),N],}'+ salt; most of 
our earlier spectroscopic, characterization, and other studies were done with 
this salt.'vz In the present case, contamination of the desired product'*2a by 
[(C,H,),N] '[BF,] - (from the Ag[BF,]) is avoided, and purification ac- 
complished, by reprecipitating at least twice from acetonitrile using ethyl 
acetate, since [(C,H,),N] +[BF,] - is very soluble in this solvent. 

Preparation 

A solution containing [Nb3SiW,0,,I7- is prepared by dissolving 
[(C,H,),N]6H,[Nb6Si2Wl8o77] (5.00 g, 0.756 mmol) in 50 mL Of CH3CN 
and adding dropwise an aqueous solution of tetrabutylammonium hydrox- 
ide, [(C,H,),N]OH (34% solution, 4.65 g, 6.05 mmol, Aldrich). The solvent is 
then removed by rotary evaporation, and the resulting residue, 
[(C,H,),N]7[Nb,SiW,0,0], is redissolved in 50 mL of CH3CN. Next, 
[Rh(C,(CH,),)Cl,],* (0.467 g, 0.756 mmol) is suspended in lOmL of CH,CN 
and Ag[BF,] (0.589 g, 3.03 mmol) is added to the well-stirred solution. The 
solution turns almost immediately from red to yellow-orange, and the AgCl 
precipitate forms. After stirring for 10 min, the yellow-orange solution is 
filtered (using a medium glass-fritted funnel) directly into the well-stirred 
[Nb3SiW90,0]7- solution. The AgCl collected is washed with 5mL of 
CH,CN, and the wash is also added to the solution. The orange solution is 
transferred to a 200-mL round-bottomed flask and then refluxed (under dry 
N2) for 1 h (without this step, several isomers are observed in the IE3W NMR 

* The preparation of [Rh(C,(CH,),)CI,], is based on the direct reaction of pentamethylcyclo- 
pentadiene with Rh(III)C1,.3H,0.10 First, Rh(III)CI3.3H,O (2.75 g, 10.4 mmol) is added to 
95% C,(CH,),H (2.75 g, 19 mmol, Aldrich) dissolved in 90 mL of methanol. The mixture is 
refluxed, under dry N,, for 4 h and then refrigerated at 4" overnight. The brick-red crystals 
are collected by filtering the cold mixture through a medium glass-fritted funnel and washing 
twice with 3 mL of ice-cold methanol. The product is air-dried and then dried overnight 
under high vacuum at room temperature; yield 2.81 g (87%). Additional product can be 
isolated by rotary evaporation of the filtrate to 15-20 mL and refrigeration of the mixture 
overnight. The product is collected as before; yield 0.13 g (combined yield of 91%). The 
product is readily characterized by 'H NMR (6 = 1.60 in dimethyl-d, sulfoxide (DMSO-d,). 
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While the solution is hot, solid NaBF, (0.332 g, 3.024 mmol) is 
added,* and the system is well stirred. [Alternatively, a homogeneous 
solution of Na[BF,] (0.332 g) in roughly 100mL of CH,CN can be prepared, 
then added.] After all the Na[BF,] dissolves, the solution is cooled to room 
temperature. The resulting orange-red solution is filtered once through paper 
(Whatman No. 5 )  and then rotary-evaporated to form a thick red-orange 
oil. After the remaining solvent is removed under high vacuum for 5 h, an 
orange-red solid is obtained [which, at this point, contains 4equiv of 
[(C,H,),N][BF,] as a contaminant]. 

About 5mL of CH,CN is added to the orange-red solid in,a round- 
bottomed flask, and the solution is then transferred to a 600-mL beaker. The 
round-bottomed flask is washed with small amounts of CH,CN, and the 
washings are added to the beaker. Ethyl acetate (320mL total) is added in 
40-mL portions with efficient stirring. With slow addition of the second or the 
third portion of ethyl acetate, a yellow-orange solid begins to deposit. (The 
smaller the amount of total CH,CN used the better. The total amount of 

*When desired, the work-up can proceed without the addition of Na[BF,] and 
[(C,H,),N],[Rh[~-Nb,SiW9040]{q~-CS(CH,)~}] can be obtained in Bu,N+[BF,]--free 
form. In this case, adding excess ethyl acetate to the CH,CN solution produces a reddish 
paste or oil, but not a precipitate. After the mother liquor is decanted and the residue is 
washed several times with diethyl ether, the product is dried overnight under vacuum at 
room temperature to give a yellow-orange powder [yields of the first and final EtOAc 
reprecipitations are 3.15 g (50%) and 1.75 g (38.5%), respectively]. Numerous attempts at 
crystallizations of this salt failed. The lE3W NMR of this material at 20°C in DMSO-I, (0.12 
M), obtained as previously described' and relative to external, saturated Na,WO, in D,O, is 
[G,(intensity)]: - 50.67(2), - 90.76(2), - 102.81(2), 148.27(2), 152.75(1). 
Anal. Calcd. for [(C,H9)4N]5[Rh[~-Nb3SiW9040]{qs-Cs(CH,)s~]: (2.26.68; H, 4.85; 
N, 1.73; Rh, 2.54; Si, 0.69; W, 40.8; Nb, 0.88; 0, 15.8. Found C, 26.10; H, 4.19; N, 1.71; Rh, 
2.34; Si, 0.72; W, 41.6; Nb, 0.85; 0, 16.1; total, 100.4%. 

Even if the amounts of Na[BF,] used are changed, no salts other than the 
[(C,H,),N],Na2 and sodium-free [(C,H,),N], could be obtained in significant yields. For 
example, when 1 equiv of Na[BF,] (0.166 g, 1.512 mmol) is used, the [(C,H,),N],Na, salt is 
not obtained, but rather, the [(C,Hg),N],Na2 salt is obtained in lower yields [for the first 
and final reprecipitations: 2.83 g (52%) and 1.98 g (36%), respectively]. The reddish filtrate of 
the first reprecipitation contains the [(C,H,),N], salt as its main product in this case. The 
> 50% yield suggests that the product is slightly contaminated with [(C,Hg),N],-,Na, 
(x = 0 or 1). 

As part of our efforts to obtain salts that might afford crystallographic-quality single 
crystals, the tetrapropylammonium salt [(C,H,),N] , has been prepared by making the 
appropriate substitutions of [(C,H,),N]+ for [(C,H,),N]+ and then twice reprecipitating 
from CH,CN using EtOAc and drying overnight at 60°C at 1 atm. The product is not quite 
analytically pure. 
Anal. Calcd. for [(C3H,),N],Rh[/?-Nb3SiW,040]{ qS-C5(CH3),}]: C, 22.29; H, 4.14; 
N, 1.86; Rh, 2.73; Si.O.74; W, 43.9; Nb, 7.39; 0, 17.0. Found C, 21.19, H, 4.19; N, 1.73; Rh, 
2.48; Si, 0.76; W, 44.6; Nb, 7.85; 0, 17.8; total, 100.6%. 
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CH,CN should be less than 10 mL, otherwise the yield is markedly lowered, 
even if a large excess of ethyl acetate is used.) After the addition of a final 
40-mL portion of ethyl acetate, the suspension is stirred for 30min. The 
precipitate is filtered with a medium glass-fritted funnel, washed three times 
with 40 mL of diethyl ether, and dried under high vacuum overnight at room 
temperature (since some CH,CN insoluble material is formed if 50°C is used 
in this step) [yield: 4.32 g (79%)]. This material, still contaminated by small 
amounts of [(C,H,),N][BF,] (as determined by its lOM-cm-' KBr IR 
band), is redissolved in less than lOmL of CH,CN. The solution is filtered 
through paper (Whatman No. 2) and the desired compound reprecipitated 
with eight 40-mL portions of ethyl acetate. The now BFi-free yellow-orange 
solid is isolated as before [final yield: 3.49 g (64%)]. 

Anal. Calcd. for [(C4H9)4N],Naz[Rh[fi-Nb3SiW9040]{q5-C5(CH3)5}]: 
C, 19.28; H, 3.43; N, 1.16; Na, 1.27; Rh, 2.85; Si, 0.78; W, 45.8; Nb, 7.71; 0, 17.7. 
Found: C, 19.59; H, 3.78; N, 1.18; Na, 1.29; Rh, 2.62; Si, 0.81; W, 45.6; Nb, 7.30; 
0, 17.9; total, 100.1%. This material is slightly hygroscopic. 

Proper ties 

The [(C,H,),N],Na2 salt of the product is very soluble in CH,CN, N,N-  
dimethylformamide and DMSO, slightly soluble in acetone, and insoluble 
in ethyl acetate, diethyl ether, and all nonpolar organic solvents. In water, 
alcohol, and chloroform, it seems to react partly or to decompose, although 
the nature of these reactions was not investigated except to confirm (by IR) 
that [Nb,SizWl,077]*- is produced in H,O. 

A solution molecular-weight measurement is consistent with the title 
(monomeric) formulation. The heteropolyanion-supported organometallic 
complex moiety [Rh[fi-Nb,SiW,O,o]{~S-C,(CH,),)IS- is further charac- 
terized by its 'H NMR in CD,CN [1.82ppm, C,(CH,),], its IR spectrum 
[measured as a KBr disk, characteristic bands at 996,957, N 923 (sh), 888, - 839 (sh), - 801 (sh), and 781 cm-'1, and especially its five-line 
Ia3W NMR [signals of 2 : 2 : 2 : 2 : 1 intensity, which requires C, sym- 
metry in the product, 6 (DMSO-d6) of a 0.11 M solution, 21"C, relative to 
external, saturated Na,WO, in D,O at 21°C: - 52.28, - 90.95, " - " 103.33, 
- 148.8, - 153.11. Coupling constants (zJw-o-w), the non-ion exchange- 

ability of the [Rh(C,(CH,),)]2' moiety, and other data are also available.'.' 
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CYCLOTRIPHOSPHIDO- 
[CpCr(CO),],(p-q2-P,) A N D  DICARBONYL- 

(q5-CYCLOPENTADIENYLCHROMIUM), CpCr(C0),(q3-P,) 
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There is much current interest in the synthesis and reactivity of transition 
metal complexes containing P atoms or aggregates.' In particular, (p-q2-P2) 
dinuclear and cyclo (q3-P3) mononuclear complexes have received special 
attention, on account of their ability to act as complex ligands in the 
formation of polynuclear complexes.2 - * Whereas reported syntheses of these 

* Department of Chemistry, University of Malaya, 59100 Kuala Lumpur, Malaysia. 
t Fachbereich Chemie der Universitat Kaiserslautern, Erwin-Schrodinger-Strasse, D-6750 

Kaiserslautern, Germany. 
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P, and P, complexes of Group 6 metals from the reaction of the triply 
bonded dinuclear complexes [MCp(CO),], (M = Cr,' Mo,1° and W;" 
Cp = q5-cyclopentadienyl) with elemental phosphorus have generally pro- 
duced low product yields, we recently obtained a high-yield process for the 
synthesis of [CrCp(CO),],(p-qz-P,) (1) and CrCp(CO),(q3-P,) (2) from the 
following reaction: 

General Procedures 

The syntheses are performed either in a Vacuum Atmospheres Drilab, or 
using conventional Schlenk-tube techniques' under an atmosphere of dry 
oxygen-free argon. Toluene and n-hexane are distilled under nitrogen from 
sodium benzophenone. The compound [CrCp(CO),], is synthesised as 
described previously.' Yellow phosphorus is obtained from BDH Chemicals 
Ltd., United Kingdom. Chromatographic materials are silica gel (Merck 
Kiesel gel 60, 35/70-mesh ASTM), alumina standardized (Merck) and florisil 
(Sigma, 100/200 mesh), dried at 140°C overnight before use. 

Yellow phosphorus (P4) is extremely toxic and causes severe 
burns. Owing to the known toxicity of metal carbonyls and gaseous CO (which is 
evolved in this synthesis), all preparative procedures must be carried out in an 
eficient fume hood. N o  other hazardous steps are involved, although care must 
be exercised when handling metallic sodium. 

w Caution. 

Procedure 

The time required for the complete work-up is 2-3 days. A deep green 
suspension of [CrCp(CO),], (1.0 g, 2.49 mmol) and yellow phosphorus* 
(0.31 g, 9.94mmol) in toluene ( - 25 mL) is stirred in a 50-mL Schlenk flask 
fitted with a condenser and immersed in an oil bath maintained at 85-90°C 
for 3.5 h.t A gradual color change to reddish brown is observed. The resultant 

*Washed with ether followed by toluene. The checkers dried P, in an oil pump vacuum. 
?The resulting product composition, and hence the yields of (1) and (2), are very sensitive to 

the Cr-P mole ratio and the temperature and duration of the reaction, owing to the 
formation of [CrCp(CO),], and Cr,Cp,P, as thermolytic by-prod~cts. '~ 
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product solution is allowed to cool and filtered through a 2-cm-thick disk of 
silica gel, which is then eluted with two 5-mL portions of toluene. The filtrate 
cum washings is concentrated to 2-3 mL under reduced pressure. Addition 
of - 0.5mL hexane, followed by overnight cooling at - 30"C, gives fine 
lustrous deep magenta crystals of [CrCp(CO),],P, (1) (400 mg, 0.98 mmol, 
39% yield). 

The mother liquor is concentrated to - 1 mL and loaded onto a column 
(2 cm x 11 cm) of florisil or alumina prepared in n-hexane. Elution with 
n-hexane (80 mL) gives a yellow fraction that on concentration to - 2 mL 
and cooling at - 30°C yields yellowish brown flakes of CrCp(CO),Pp (2) 
(525 mg, 1.97 mmol, 40% yield). Further elution with 1 : 1 n-hexane-toluene 
(30 mL) followed by toluene (30 mL) gives a magenta-colored fraction, which 
on concentration to 1-2mL, addition of a little hexane, and cooling to 
- 30°C leads to isolation of a further lot of (1) (120mg, 0.29mmo1, 
12% yield). 

An alternative work-up involving chromatography of the total product 
solution on an alumina column (2.5 cm x 14 cm) may be employed.* 

Anal. Calcd. for CI4Hl0Cr2O4P2 (1): C, 41.19; H, 2.47; Cr, 25.47; P, 15.19. 
Found C, 40.74; H, 2.56; Cr, 24.95; P, 15.14. 

Anal. Calcd. for C,H,CrO,P, (2): C, 31.59; H, 1.90; Cr, 19.53; P, 34.95. 
Found: C, 31.96; H, 1.80; Cr, 18.80; P, 35.30. 

Properties 

The complex [CrCp(CO),],P, (1) crystallizes as fine deep magenta crystals, 
stable in the solid state in air and for prolonged periods under an inert 
atmosphere at ambient temperature. It is soluble in most organic solvents, 
giving magenta solutions that are stable at ambient temperature under an 
inert atmosphere. The infrared spectrum shows v (CO) ( k 5cm-') at 1970 
(ssh), 1950 (vs), 1925 (ssh), and 1890 (vs) cm-' (toluene). The NMR spectrum 
in benzene-d, shows singlet resonances for the Cp rings (lH, 6 4.15; 13C, 6 
86.4) the carbonyl ligands (6 238.6) and the p-q2-P, ligand (,'P, 6 110.5). The 
mass spectrum exhibits the parent ion m/z 408 and a fragmentation pattern 
indicative of successive losses of CO ligands, as well as the fragmentation 

*The checkers found that in, both methods of work-up, they could get yields of only 213-264 
mg (21-26%) of (1) and 185-238 mg (14-18%) of (2), and that higher volumes of eluent dere 
required. Using Kieselgel60 (0.063-0.2 mm, MacLerey-Nagel) heated before use to 250°C for 
5 h and reactivated with 3% H,O, their yields could be improved to 380 mg (37%) and 
350 mg (26%), respectively, via chromatography of the total product solution. 
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patterns of CrCp(CO),P, and Cr,Cp,P,. The structure has been determined 
and reveals the presence of a Cr2(p-q2-P2) group.” 

The complex CrCp(CO),P, (2) exists as moderately air-stable yellowish 
brown crystalline flakes. These are very soluble in organic solvents, giving a 
yellow solution that is fairly stable at room temperature under an inert 
atmosphere. The infrared spectrum shows v (CO) ( f 5 cm-’) at 1975 (vs) and 
1920 (vs) cm- ’ (toluene). The NMR spectrum in benzene-d, possesses singlet 
resonances for the Cp ring (’H, 6 3.92; 13C, 6 84.9), the carbonyl ligands 
(6 233.7), and the cyclo-P, ligand (,lP, 6 - 285.7). The mass spectrum 
exhibits the parent ion m/z 266 and a fragmentation pattern showing 
successive losses of the CO ligands, as well as the presence of the mass ion 
Cr,Cp,P, and a trace of Cr,Cp,P,. The structure has been determined and 
shown to possess a cyclo-q3-P, ligand.” 
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57. qS-CYCLOPENTADIENYLCHROMIUM COMPLEXES 
OF SULFUR 

Submitted by LA1 YOONG GOH* 
Checked by MARCE’lTA Y. DARENSBOURGT and YUI-MAY HSIAOt 

There is much current interest on transition metal chalcogen complexes. 
Recent investigations focused on the reactivity the p-Sz ligand,1-4~. ’-’. I t  

and the linear M=E=M (M = S, Se) multiple bond5-” show their potential 
in the generation of heterometallic  cluster^'^"^ and in organic ~ynthesis.~ We 
describe here the facile high-yield synthesis of [CpCr(CO),],S (1) and the 
related complex Cp,Cr,(CO),S, (2) from the reaction of [CpCr(CO),], with 
elemental sulfur. These complexes are of interest as precursors to the 
homometallic cubanes Cp,Cr,(CO),S, and Cp4Cr4S46 and potential pre- 
cursors to heteronuclear clusters.’ 3-’ 

General Procedures 

The syntheses are performed either in a Vacuum Atmospheres Drilab or 
using conventional Schlenk-tube techniques’ under an atmosphere of dry 
oxygen-free argon. Tetrahydrofuran (THF), toluene, and n-hexane were 
distilled under nitrogen from sodium-benzophenone. [CpCr(CO),], is syn- 
thesized as described previously.” Silica gel used is Merck Kieselgel 60 
(35/70 mesh ASTM). Convenient scales of preparation are described below, 
but the reaction can easily be scaled up several times if necessary. 

Owing to the known toxicity of metal carbonyls and gaseous 
CO (which is evolved in these syntheses), all preparative procedures must be 
carried out in an eficient fume hood. N o  other hazardous steps are involved, 
although care must be exercised when handling metallic sodium. 

Caution. 

A. TETRACARBONYL-p-SULFIDO-BIS(t$-CYCLO- 
PENTADIENYLDICHROMIUM) 

* Department of Chemistry, University of Malaya, 59100 Kuala Lumpur, Malaysia. 
t Department of Chemistry, Texas A&M University, College Station, TX 77843. 
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Procedure 

A deep green suspension of [CpCr(CO),], (400 mg, 1.0 mmol) and S ,  (32 mg, 
1.0 mmol S) in THF or toluene (20 mL) is stirred in a 50-mL Schlenk flask at 
ambient temperature for 30 min. A rapid color change to a deep greenish 
brown occurs, accompanied by some effervescence. The resultant homogen- 
eous solution is filtered through a disk of silica gel (1.5 cm x 2.0 cm), which is 
then washed with THF (-10 mL), leaving a deep green rim at the top. 
The filtrate cum washings is concentrated under vacuum to 1-2 mL when 
crystallization begins. Addition of ether (2 mL) followed by cooling several 
hours, preferably overnight, at - 30°C gives deep green crystals of 
[CpCr(CO),],S (140 mg, 0.37 mmol, 37%) which are washed with cold 
ether-hexane. The mother liquor and washings is concentrated under 
vacuum to almost dryness, and redissolved in ether-n-hexane. Cooling 
overnight at - 30°C deposited more crystals (190 mg, 0.50 mmol, 50%).* 

Anal. Calcd. for C1,H,,Cr,O,S: C, 44.45; H, 2.66; Cr, 27.49; S, 8.48. Found: 
C, 44.56; H, 2.77; Cr, 26.9; S, 8.27. 

Proper ties 

The complex, [CpCr(CO),],S, crystallizes as dark green needles, stable in the 
solid state in air and for prolonged periods under an inert atmosphere at 
ambient temperature. The crystals melt at 11 1-1 12"C, accompanied by 
decomposition with effervescence to a dark brown liquid. It is readily soluble 
in most organic solvents, giving dark greenish-brown solutions, which de- 
compose in air. The infrared spectrum shows v(C0) at 2005 (m), 1964 (vs), 
1935 (ms), 1928 (sh) cm-' (n-hexane), and at 1994 (vs), 1955 (vs), 1938 (vs), 
1916 (ssh), 1906 (vs), 1885 (vs) cm-' (KBr). The NMR spectra in benzene-d, 
or toluene-d, show singlet resonances for the Cp rings ['H, 6 4.36; 13C, 
6 89.201 and the carbonyl ligands (6 246.7). The mass spectrum exhibits 
the parent ion m/z 377.9110 and a fragmentation pattern indicative of 
successive losses of CO ligands. The structure has been determined and 
reveals a linear Cr=S-Cr group.5 

B. PENTACARBONYL-p-(q':q2- DISULFIDO)BIS(q5-CYCLO- 
PENTADIENYLCHROMIUM) 

~CpCr(Co)312 + is8 -+ Cp2Cr2(C0)5S2 
(2) 

*The analogous Se complex, [CpCr(CO),],Se, can be similarly prepared as dark brown 
crystals in - 85% yield. 



~5-Cyclopentadienylchromium Complexes of Sulfur 253 

Procedure 

A deep green suspension of [CpCr(C0)J2 (400 mg, 1.0 mmol) and S ,  
(64 mg, 2.0 mmol) in THF (20 mL) is stirred in a 100-mL Schlenk flask at 
ambient temperature, whereupon the solution instantaneously turns blood- 
red. (Owing to the high lability of the complex in solution7 a rapid work-up is 
essential for isolation of the pure complex.) The homogeneous product 
solution is immediately filtered through Celite, which is then washed with 
THF (10 mL). The filtrate from washing is rapidly concentrated under 
reduced pressure to - 2 mL. Addition of n-hexane ( - 3 mL), followed by 
cooling at - 30°C for 15 min, gives a fine reddish-brown air-stable ,crystal- 
line product (260 mg, 0.60 mmol, 60% yield) which is washed with cold 
hexane. A second crop ( 1  20 mg, 0.28 mmol, 28%) is obtained with addition of 
more n-hexane followed by cooling. 

Anal. Calcd. for C,,H,,Cr,O,S,: C, 41.10; H, 2.30; Cr, 23.72; S, 14.63. 
Found: C, 41.05; H, 2.46; Cr, 22.8; S, 14.0. 

Proper ties 

The dark brown air-stable crystals of Cp,Cr,(CO),S, readily dissolve in 
most organic solvents to give blood-red solutions which rapidly undergo 
extrusion of S and CO, giving a greenish brown s ~ l u t i o n . ~  The infrared 
spectrum shows v(C0) at 2031 (m), 1979 (vs), 1953 (m), 1940 (m), 1906 (m), 
1865 (w) (THF) and at 2014 (s), 1969 (vs), 1939 (vs), 1924 (vs), 1919 (vs), 1852 
(s), 1821 (wsh) cm-' (KBr). The NMR spectra in benzene-d, exhibit two 
singlets for the two Cp rings ('H, 6 4.17 and 4.51), ('%, 6 91.33 and 93.28). 
The mass spectrum does not show the parent ion, but rather the fragmenta- 
tion pattern of [CpCr(CO),],S. The crystal structure shows the presence of a 
Cr2(q1:q2-Sz) group.7 
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58. SULFUR-BRIDGED DINUCLEAR MOLYBDENUM(V) 
COMPLEXES WITH Mo,03S AND Mo,02S, CORES 

Submitted by TAKASHI SHIBAHARA* and HARUO AKASHI* 
Checked by ANDREAS TOUPADAKISt and DIMITRI COUCOUVANISf 

Methods of preparing molybdenum(V) complexes with Mo,O, cores 
have been published.' However, those of sulfur-bridged molybdenum(V) 
complexes with Mo,O,S and Mo20,S2 cores remain difficult. 
Molybdenum-sulfur cluster compounds attract much attention since almost 
all molybdenum enzymes contain both molybdenum and sulfur, being always 
accompanied by iron. 

Facile syntheses of two types of molybdenum(V) complexes with Mo,O,S 
and Mo20,S, cores--especially Na2[Mo,0,S(cys),]~4H,0 [cys 
= cysteinato(2 - )] and Na,[Mo20,S,(cys),].4H,0-are described here. 

The cores, Mo,O,S and Mo20,S,, of the compounds described here have 
the geometry of syn (Fig. 1). 

The purity of the cysteinato and analogous edta [edta = (1,Z-ethane- 
diyldinitrilo)tetraacetato(4 - ) = ethylenediaminetetraacetato(4 - )] com- 

* Department of Chemistry, Okayama University of Science, 1-1 Ridai-cho, Okayama 700, 

TDepartment of Chemistry, University of Michigan, Ann Arbor, MI 48109. 
Japan. 
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Fig. 1. The syn geometry of the Mo,O,S (A) and Mo,O,S, (B) cores. 

plexes has been checked against the complexes prepared from the pure aqua 
ion and the corresponding ligands by comparison of their electronic spectra. 
Once the cysteinato complexes are prepared, many other complexes with 
Mo2O,S and Mo,O,S, cores can be prepared through substitution reac- 
tions. The methods described below can be scaled up, and a relatively large 
amount of compound can be obtainable. 

The sulfur bridged complexes described here are stable to aerobic oxida- 
tion, in contrast to di-poxo complexes.' 

I 

Starting Materials 

Sodium molybdate dihydrate, hydrazine dihydrochloride, and L-cysteine 
hydrochloride monohydrate were purchased from Nacalai Tesque. 

A. SODIUM ~-OXO-~-SULFIDO-BIS((L-CYSTEINATO)- 
OXOMOLYBDATE(V)J TETRAHYDRATE, 
Na,lMo,O,S(cYs),1.4H,O (A) 

4Mo0:- + N2H4.2HCl + 10H+ -2[Mo2O4(aq)l2+ + N, 

+ 8H,O + 2C1- 

[M0,0,(aq)]~+ + Na,S + 2H+ - [Mo,O,S(aq)]'+ + 2Na+ + H,O 

[Mo,O,S(aq)l2+ + 2H2cys - [M0,0,S(cys)],~- + 4H+ 

Water-soluble dimeric molybdenum(V) complexes containing ~ p-0x0 
p-sulfido cores (Mo,O,S) were first prepared by Schultz and coworkers.2 
Studies on the complexes with Mo,O,S cores in organic solvents have also 
been made., We use here the easily obtainable sodium molybdate and 
hydrazine hydrochloride instead of molybdenum pentachloride, and sodium 
sulfide instead of H,S 
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Procedure 

Concentrated HC1 (50 mL) is added to sodium molybdate dihydrate (9.6 g, 
0.04 mol) dissolved in water (150 mL).* Hydrazine dihydrochloride (10 g, 
0.1 mol) is added to the solution, which is then heated to > 90°C for 1.5 h. 
The hot solution is then poured into a polyethylene bottle containing sodium 
sulfide nonahydrate (10 g, 0.04 mol) and a magnetic stirrer, and the bottle is 
tightly stoppered. The solution is allowed to stand with magnetic stirring 
until the solution comes to room temperature ( - 2 h). (The bottle may 
partially collapse as a result of the low inside pressure). L-Cysteine hydro- 
chloride monohydrate (7 g, 0.04 mol) is dissolved in the solution, which is 
then filtered. After the solution is cooled in an ice bath, the pH of the solution 
is raised to - 12t by addition of concentrated sodium hydroxide solution 
( - 13 M) and the solution is kept in a refrigerator overnight. The precipitate 
is filtered and then washed with methanol and diethyl ether; yield - 7.5 g 
(58%). Recrystallization is as follows: The crude solid is dissolved in hot 
water (60mL), the solution is filtered, and the volume of the solution is 
reduced to about one-third by heating in a water bath. The solution is kept in 
a refrigerator, and the crystals that deposit are collected and washed as 
above. Yield: 5.7 g.S 

Anal. Calcd. for C,H,,N,O,,S,Na,Mo,: C, 11.47; H, 2.88; N, 4.45%. 
Found: C, 11.60; H, 2.97; N, 4.39%. Electronic spectral data are given in 
Table I. 

B. MAGNESIUM [~-(1,2-ETHANEDIYLDINITRILO)- 
TETRAACETATO)l-p-OXO-jt- SULFIDO-BIS 
(OXOMOLYBDATE(V)J HEXAHYDRATE, 
Mg[Mo20,S(edta)~.6H20 (B) 

[M0,0,S(cys),]~- + edta4- - [MozO,S(edta)lZ- + 2cys’- 

* Relatively high acidity of 3 M HCI as solvent is employed to minimize the formation of the 
di-p-sulfido species. In the final stage of the preparation, the pH of the solution is raised to - 12, which gives the cysteinato complex in a fairly pure form, since the di-p-0x0-Mo(V) 
cysteinato complex, which is the main by-product in the preparation, is decomposed in high- 
pH solution. Before recrystallization the cysteinato complex is of sufficiently high purity 
( > 95%) to serve as the starting material for the preparation of other complexes with 
Mo,O,S cores (e.g., the edta complex described in Section B). 

t During the addition of the NaOH solution, a yellow precipitate appears at - pH 3 but 
disappears at pH - 6. 

$ The corresponding calcium, barium, and magnesium salts can be easily prepared by the 
addition of CaC1,.2H20, BaC1,.2H,O, and MgCI,.6H,O to the solution of the sodium salt, 
respectively.’ 
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TABLE I. Electronic Spectral Data for Mo(V) Dimern".* 

Compound A,,, ( E  hf-lcm-')  

1. [Mo,0,S(aq)12 + 220 (sh)(5600), 278(3950), 
314(3250), 450 (shX57) 

220 (sh)(7000), 277(4290), [ 310 (sh)(3440), 450 (shX53) 

214(26,000), 245 (sh)(11,230), 284(12,610), 
320 (sh)(8010), 470 (sh)(192) 

235(9500), 281(7950), 31 1(5920), 480 (shX110) 

1 
2. Na,[Mo,O3S(cys),]~4H,0 

3. Mg[Mo,0,S(edta)].6H20 

225(5800), 245(4120), 280(5510), 300 (sh)(4360), 
3 70( 1 940) 

1 225 (sh)(6000), 245 (sh)(4320), 
282(5550), 300 (shX4640), 372( 1830) 

5. Na,~Mo,O2S,(cys),]~4H2O 

6. Na,[Mo,O,S,(edta)]~H,O 

229(32,160), 280 (sh)( 10, loo), 3 10 (sh)(8790), 
370 (shX4060) 

255 (sh)(7160), 278(11,800), 305 (sh)(6710), 
350 (sh)(2430), 460 (sh)(54) 

a Data for compounds 1 and 4 are for compounds in 1 M HCIO,; for compounds 2,3,5, and 6, in 

* E values per dimer. 
water. The values in square brackets are those for 1 and 4 in 1 M HCI, respectively. 

The cysteinato complex A (1.2 g, 0.0019 mol) and disodium ethylenediamine- 
tetraacetate dihydrate Na,HZedta*2H,O (0.80 g, 0.0021 mol) are dissolved 
in hot water (18 mL), to which concentrated HCl (2.5 mL) is added. The 
temperature of the solution is kept above 90°C for - 5 min. After the 
solution is ice-cooled, the pH of the solution is adjusted to - 6 by use of 
concentrated NaOH. Then, MgCI, (0.8 g)* dissolved in water (2 mL) is added 
and the solution is kept in a refrigerator overnight. The crystals that 
deposited are filtered and washed with methanol and diethyl ether succes- 
sively and air-dried. Yield: 1.0 g (75%). 

*The corresponding barium salt, Ba[Mo,03S(edta)].3H,0, can be prepared by the addition 
of BaC1,.2H,O instead of MgCI2.6H,O, using the following amounts of materials: the 
cysteinato complex, 1.2 g; Na,H,edta.ZH,O, 0.8 g; water, 50 mL; concentrated NaOH (to 
adjust the pH of the solution to - 6); BaCI,, 0.9 g in 20 mL of water; yield 1.2 g (83%). 
And. Calcd. for C,,H18N,01,SBaMo,: C, 17.34; H, 3.49; N, 4.04%. Found C, 17.28; 
H, 3.48; N, 4.05%. 
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Anal. Calcd. for C,,H2,N201,SMgMoz: C, 17.34; H, 3.49; N, 4.04%. 
Found: C, 17.28; H, 3.48; N, 4.05%. Electronic spectral data are given in 
Table I. 

C. c(-OXO-C(-SULFIDO-BIS[OXOMOLYBDENUM(V)~(~ + ) 
AQUA DIMER, [Mo,03S(aq)12+ (C) 

[M0~0,S(cys)~]~-  + nH,O - [Mo,03S(aq)lZ+ + 2cys2- (n x 6) 

The cysteinato compound A (7 g, 0.01 1 mol) is dissolved in 1 M HCl(70 mL), 
the solution is stirred for - 30 min and filtered, and Sephadex G-10 column 
chromatography (column diameter 3.5 cm, length 60 cm) is used for separa- 
tion (eluent: 1 M HCl; - 5 h). The second yellow band contains the aqua ion 
[SO%: typically 300 mL of a 0.03 M (per dimer) solution].* The first (yellow) 
and third (yellow) bands contain small amounts of [M0~0,(aq)]~' and 
[Mo202S2(aq)12 +, respectively. Electronic spectral data are given in 
Table 1.t 

D. SODIUM DI-~-SULFIDO-BIS[(L-CYSTEINATO)- 
OXOMOLYBDATE(V)I TETRAHYDRATE, 
NazlMo2O,S,(cYs),l.4H,O (D) 

2MoO:- + 3Na,S + 12H+ - [M0,0,S,(aq)]~+ + 6Na+ + S + 6 H 2 0  

[M0,0,S,(aq)]~+ + 2H2cys - [M0,0,S,(cys),]~- + 4H+ 

So far, two synthetic methods for the preparation of the di-ysulfido cystein- 
ato complex have been reported: (1) bubbling H2S gas into the di-p-oxo 
complex, [M~,O,(cys),]~-, in water;7 (2) reduction of a one-to-one (1 : 1) 
mixture of thiomolybdate and molybdate by sodium dithionite, followed by 
the addition of the ligand.8 

In the method described here, both reduction of molybdate and introduc- 
tion of sulfide bridges are achieved by the addition of sodium sulfide to a 
solution of sodium molybdate. The addition of L-cysteine hydrochloride 
monohydrate to the resultant solution then gives the desired product. 

Procedure 

Concentrated hydrochloric acid (3.5 mL, 0.042 mmol) is added to 100 mL of 
water containing sodium molybdate dihydrate (4.8 g, 0.020 mol). Sodium 

* Perchloric acid (1 M) can also be used instead of 1 M HCI here.6 
t Isolation of the aqua ion as a solid has not been successful. 
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sulfide nonahydrate (10 g, 0.042 mol) is added to the solution,* which is then 
heated above 90°C until the solution becomes red-orange and transparent 
( - 20 min). To the solution, L-cysteine hydrochloride monohydrate (6.0 g, 
0.0342 mol) is added.? The solution in a beaker is heated above 90°C with 
stirring until its volume reduces to 40-50 mL ( - 3 h).t During the concen- 
tration, orange crystals appear. The solution, together with the crystals, is 
kept in a refrigerator overnight; the amount of crystals increases. The crystals 
are filtered by suction and washed successively with ethanol and diethyl 
ether. Yield: 4.8 g (75%).$ Recrystallization is accomplished as follows. The 
sample (4.8 g) is dissolved in hot water (35 mL), the solution is filteref, and 
the volume of the solution is reduced to - 15 mL by heating in a water bath. 
The solution is kept in a refrigerator overnight, and the crystals that deposit 
are collected and washed as above. Yield: 4.5 g (70%). 

Anal. Calcd. for C,H,8N,010S4Na,Mo,: C, 11.18; H, 2.81; N, 4.34%. 
Found: C, l l . l@ H, 2.77; N, 4.31%. Electronic spectral data are given in 
Table 1. 

E. SODIUM /I-( l92-ETHANEDIYLDINITR1LO)TETRA- 
ACETAT0)BIS-/I-SULFIDO-BIS[OXOMOLY BDATE(V)]- 
MONOHYDRATE, Na,[Mo,O,S,(edta)] * H,O (E) 

[M0,0,S,(cys),]~- + edta4- - [M~,O,S,(edta)]~- + 2cys'- 

The cysteinato complex D (1.2 g, 0.00186 mol) and Na,H2edta.2H,O (0.70 g, 
0.00188 mol) are dissolved in hot water (75 mL), to which concentrated HC1 
(7 mL) is added. The solution is maintained at above 90°C for - 30 min. 
After the solution is cooled to - 40"C, the pH of the solution is adjusted to - 6 by addition of concentrated NaOH. Then the solution is kept in a 
refrigerator overnight. The crystals are filtered and washed with methanol 
and diethyl ether successively and stored in U ~ C U O  over P,O,. Yield: 
1 .o g (90°/o). 8 

*The pH of the solution, after the addition of sodium sulfide, is 13.5 and, after heagng for 
3 h, is - 11. No pH measurement or adjustment, however, is required in this method. 

? A  smaller amount of L-cysteine hydrochloride monohydrate (e.g., 3.51 g, 0.02 mol) gives a 
smaller amount of the desired compound (2.3 g). 

1 The cysteinato complex before recrystallization is of sufficiently high purity ( > 95%) to 
serve as a starting material for the preparation of other complexes with Mo,O,S, cores. 

8 Before dehydration in vacuum, the compound has about six water molecules of crystalliza- 
tion. 
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Anal. Calcd. for C,,,H,,N,0,,S2Na2M02: C, 18.76; H, 2.20; N, 4.37%. 
Found: C, 18.57; H, 2.21; N, 4.48%. Electronic spectral data are given in 
Table I. 

F. DI-~-SULFIDO-BIS[OXOMOLYBDENUM(V)J(2 + ) AQUA 
DIMER, [Mo,0,S,(aq)]2+ (F) 

The pure aqua ion, [M0,0,S,(aq)]~+, is obtained by the aquation of the 
corresponding cysteinato complex D followed by Sephade G-10 separation. 
as described in the Section C. Electronic spectral data are given in Table I. 
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59. SULFUR-BRIDGED CUBANE-TYPE (Mo,S,) AND 
INCOMPLETE CUBANE-TYPE (Mo,O,_,S,; II = 1-4) 

MOLYBDENUM AQUA IONS 
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Molybdenum clusters have attracted much attention, and a number of 
compounds with cubane-type or incomplete cubane-type cores have been 
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A B 

Fig. 1. Cubane-type (A) and incomplete cubane-type (B) cores. [X = 0 or S in (B)]. 

prepared and characterized.' Many reports have appeared on cubane-type 
and incomplete cubane-type aqua ions with sulfur and the core 
structures of the aqua ions or their derivatives have been confirmed 
by X-ray analyses: cubane type, [Mo4S4(aq)]"+ (n = 5,6)2,3,6 and 
[Mo,OS,(aq)] +;, incomplete cubane type, [Mo3S4(aq)l4+, - I 2  

[M0~0S , (aq ) ]~+ , '~  [M0,0,S,(aq)]~+,'~ and [M0,0,S(aq)]~+.~~* l 8  

The sulfur-bridged molybdenum aqua ions have been prepared by 
the following methods: (1) reduction of [M0,0,S,(cys),]~- with 
Na[BH4],',0. ' ' 9  15* l 6  (2) reduction of [Mo,O,S(aq)] + with Na[BH,],3*4. l 8  

(3) degradation-disproportionation of [M~,O,S(edta)]~- in a weak 
alkaline ~olu t ion , '~  (4) reaction of Mo(CO), with Na , s ,6~ '~  (5 )  electro- 
lysis of [Mo,O,S(cys),] 2 -  or [Mo,O,S,(cys),] 2-:*5*7* (6) reaction of 
[Mo2O3S(aq)l2+ or [Mo2O,S2(aq)l2+ with [MoC~,]~-: (7) aquation 
of [Mo4S,(edta),l3-,' (8) reaction of [Mo,OS,(aq)l4+ with iron metal,, 
and (9) electrolysis of [ M ~ , S , ( a q ) l ~ + . ~ . ~  

Detailed preparative methods of sulfur-bridged cubane-type and incom- 
plete cubane-type aqua ions except [Mo40S3(aq)] 5 +  are described here (see 
also Fig. 1). 

No air-free or special techniques and apparatus are required for these 
syntheses, and the procedures can be scaled up or down easily. Once the aqua 
ions are prepared, the derivatives are easily prepared by substitution 

The facile preparative methods of Mo(V) dimers, Na, [Mo,O,S- 
(cys),] .4H,0,18*'9 Na,[Mo,O,S,(cys),] .4H,0,'9 [ M 0 ~ 0 ~ S ( a q ) l J ~ + , ' ~ . ' ~  
and [M0,0,S,(aq)]~','~ which are the starting material for the cubane-type 
and incomplete cubane-type aqua ions, have been reported recently. The 
synthesis and characterization of the oxo-bridged aqua ion, [M0,0,(aq)]~+, 
and its derivatives have appeared lately.20 

reactions.6. 10-12,15-18 
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A. INCOMPLETE CUBANE-TYPE AQUA ION, (Mo, ( p - 0 ) ,  
( p 3 - s )  (as)]' + 

Procedure 

To Mo(V) aqua dimer [M0'~0,S(aq)]~+ (300 mL, 0.03 M per dirner in 
1 M HC1)'8*'9 is added NaCBH,] (7 g, Na[BH,]/Mo z 10) gradually with 
stirring. Concentrated HCl (20 mL) is then added slowly, and the solution 
turns from orange-red to brown. 

Caution. Rapid addition of Na[BH,] or concentrated HCl will cause 
violent H z  evolution. 

The resultant brown solution is heated in a boiling-water bath for - 2 h 
with introduction of an air stream to give a red-brown solution with a tint of 
purple. The volume of the solution is decreased to - 100 mL by use of a 
rotary evaporator and the solution is cooled to room temperature. After the 
precipitates of boric acid are filtered off by means of suction, the filtrate is 
subjected to Sephadex G-15 (or G-10) column chromatography (eluent, 
1 M HCl; diameter 4 cm, length 80 cm). The following species are eluted from 
the column in order: [Mo3O,S(aq)l4+ (red-purple, 70%: the first part of 
red solution that may contain [Mo,O,(aq)]'+ is discarded (- lOrnL), 
and typically 210mL of a 0.02M (per trimer) solution is obtained), 
[M0,0,S,(aq)]~' (grayish green, 5%), [Mo2O4(aq)l2 + (orange, 1 %), 
[M0,0S,(aq)]~' (green, l%), [M0,0,S(aq)]~+ (orange, 15%), 
[Mo, S,(aq)14+ (green, 0.1 %), and unidentified green species. 

The Sephadex resin used can be easily refreshed by the following method. 
About 100 mL of hydrogen peroxide ( - 3%) was passed though the column, 
and the resin was washed well with water ( > 6L). 

In order to obtain a solution in 2M HPTS (p-toluenesulfonic acid), the 
[Mo,O,S(aq)I4+ solution in lMHCl is diluted to five times its original 
volume with water, and was absorbed to Dowex 50W-X2 cation exchanger 
(column diameter 21x1, length 10cm). The column is then washed with 
0.1 M HPTS to remove C1- ion ( - 200 mL; the column can be washed 
rapidly, and full removal of C1- ion is checked by AgNO, solution) and 
eluted slowly with 2 M HPTS. Typically 120 mL of a 0.04 M (per trimer) red 
solution is obtained. 

Properties 

The aqua ion, [Mo,0,S(aq)14+, is air-stable, contrary to the case of 
[Mo,0,(aq)14'. Electronic spectral data are given in Table I. On reduction 



Sulfur-Bridged Cubane- Type and Incomplete Cubane- Type Molybdenum Aqua Ions 263 

TABLE I. Electronic Spectral Data for [Mo3O4-,!S,(aq)]*+(n=0-4) and 
[Mo,S4 (as)]' + Aqua Ions"** 

Compound Arnsx(~M-l cm-') Ref. 

1. [Mo30,(aq)14+ 303 (799, 505 (189) 20f 
2. [ Mo3 O3 S (as)]*' 

3. [Mo3O2S,(aq)I4+ 338 (2760), 450 (sh) (177), 572 (202) 16 

4. [Mo,0S3(aq)14+ 

333 (932), 512 (153) 
225 (8480), 339 (930), 522 (153) 

260 (sh) (5760) , 336 (2770), 580 (186) 

307 (3080), 370 (sh) (2200), 410 (sh) (1760) 
588 (263) 15 

17 
This work 

This work 
I 

252 (8930), 310 (sh) (2960) , 361 (2180), 
414 (sh) (1720) , 605 (243) This work 

5. [Mo3S4(aq)14+ 367 (5190), 500 (sh) (290), 602 (351) 11 

6. [Mo4S4(aq)ls' 370 (sh) (1008), 643 (449, 1100 (128) 2 

256 (10,350), 372 (%lo), 620 (315) 

300 (sh) (4380) , 380 (sh) (1 140) , 647 (444) 

1116 (120) 

This work 

This work 

(I- A,,, in nanometers ( E  values: per trimer for incomplete cubane-type aqua ions and per tetramer 
for cubane-type aqua ion). 

*In 2 M HPTS underlined values are in 1 MHCl for [Mo,0,S(aq)14', [M0,0,S,(aq)]~', and 
[Mo,0S,(aq)14' and in 2 M HCl for [Mo,S,(aq)14+ and [Mo4S4(aq)]". 

of the aqua ion, [ M ~ " ~ o , S ( a q ) ] ~ + ,  two different reduced species, Mo'''~ and 
Mo"Mo"', trimers, are identified. 

B. CUBANE-TYPE [Mo, (p3-S), (aq)Is + AND INCOMPLETE 
CUBANE-TYPE [M0,(p-O),(p-S)(p~S)(aq)1~+ AQUA IONS 

1. Cubane-Type [Mo,S,(aq)ls + and Incomplete Cubane-Type 
[Mo,0,S,(aq)]2+ Aqua Ions in Solution 

Procedure 

To the ice-cooled Mo(V) aqua dimer [M0,0,S,(aq)]~ + (0.035M per dimer, 
200 mL in 1MHCl)" in a beaker, is added NaCBH,] (5.5 g, NatBH,]/ 
Mo x 10) gradually with stirring. Concentrated HCl(l0 mL) is added slowly 
and the solution turns from orange-red to brown. 
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w Caution. Rapid addition of Na[BH,] or concentrated HC1 will cause 
violent H, evolution. 

The resultant brown solution is heated in a boiling-water bath for - 30min (see Properties) with introduction of an air stream to give dark 
green solution. Then, the solution is cooled to room temperature. After the 
precipitates of boric acid are filtered off by suction, the filtrate is subjected to 
Sephadex G-15 (or G-lo)* column chromatography (eluent, 1 M HCl; dia- 
meter 4 cm, length 80 cm; Fig. 2). 

The order of elution is as follows: [Mo4S,(aq)J5 + [green, 20%: typically 
150 mL of a 0.005 M (per tetramer) solution], [M0,0,S,(aq)]~+ [greyish 
green,*, 17%: 70 mL of a 0.01 M (per trimer) solution], [Mo30S,(aq)14+ 
[green, 22%: 350mL of a 0.003 M (per trimer) solution], [Mo,S,(aq)14+ 
(green, 4%), and [Mo20,S,(aq)lZ+ (orange, 1%). The first and second bands, 
containing [Mo,S,(aq)]” and [Mo30,S2(aq)14+, respectively, overlap 
each other slightly. To purify the solution of [Mo,S,(aq)]*+ aqua ion, the 
solution obtained from the Sephadex separation is diluted to five times its 
original volume with water, and Dowex 50W-X2 column chromatography 
is performed (diameter 2 cm, length 15 cm). A small amount of 
[M0,0,S~(aq)]~+ elutes with 1 M HCl at first, then [Mo,S4(aq)l5+ is eluted 
with 2M HC1. Typically 130mL of a 0.005M (per tetramer) solution is 
obtained. 

To purify the solution of [M0~0,S,(aq)]~’ aqua ion, the solution 
obtained from the Sephadex separation is diluted to five times its original 

1 

T 
Fig. 2. Sephadex G-10 separation. 

* Sephadex resin can be refreshed as described in Section A. 
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volume with water, and Dowex 50 W-X2 column chromatography is per- 
formed (diameter 2 cm, length 15 cm). Typically 500 mL of a 0.007 M (per 
trimer) solution in 1 M HCl is obtained. A more concentrated solution is 
obtainable by loading the solution in 1 M HCl onto a short 50W-X2 cation 
exchanger and eluting with 2 M HC1. The gray-violet* aqua ion in 2 M HPTS 
is obtained by loading the aqua ion in 1 or 2 M HCl onto a short 50W-X2 
cation exchanger followed by elution with 2 M HPTS. Typically a 0.05 M (per 
trimer) solution is obtained. 

Yields of the aqua ions, especially that of [Mo,S,(aq)]’+, depend heavily 
on the period of heating as shown in Fig. 3. When longer heating ( =- 1 h) 
was employed, the yield of [Mo,S,(aq)]’+ and [M0,0,$~(aq)]~+ 
decreased, and the yield of [Mo,S4(aq)l4+ increased. The aqua ions, 
[Mo,OS3(aq)l4+ and [Mo,S4(aq)l4+, can be prepared more easily from 
Na,[Mo, O,S,(cys),] .4H,O (see Section C). 

Properties 

Since the aqua ion [Mo,S,(aq)]’ + is slightly air-sensitive, it should be kept 
in a refrigerator under a nitrogen atmosphere when it is stored more than a 
day, although air-free techniques are not required during the synthesis. The 

Aeration (h) 

Fig. 3. The dependence of yields (%) of aqua ions on the period of heating of the 
mixture of [M0,0,S,(aq)]~+ and NaBH, in diluted HCI (see Section B-I). 

*The color of the aqua ion varies considerably by the change of the solvent from HCI to 
H PTS. 
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[M0,0,S,(aq)]~+ is much more stable than [Mo4S4(aq)lS+ and can be 
stored in the air for several days. A mean M03.25+ state or a formal oxidation 
state of Mo'"Mo"', is assigned for the cubane-type aqua ion. The reduced 
species, [Mo4S4(aq)I4+, can be obtained from the aqua Spectral data 
are given in Table I. 

Procedure 

A solution of [Mo4S4(aq)15+ in 2 M HCl (0.005 M per tetramer, 100 mL)* 
is diluted to five times its original volume with water, and is absorbed to 
a short Dowex 50W-X2 cation exchanger (column diameter 1 cm, length 
8 cm).? The column is then washed with 0.1 M HPTS (p-toluenesulfonic acid) 
to remove C1- ion ( - 50 mL), and elution with 4 MHPTS very slowly 
(0.3 mL/min) gives green solution [4 mL of a 0.1 M (per tetramer) solution]. 
The eluted solution is kept in a freezer ( - - 10°C) for a few days. The green 
plate crystals deposited are filtered quickly at room temperature and then 
washed with ethyl acetate. Yield: 0.9 g ( - 75%) based on [ M O , S , ( ~ ~ ) ] ~ +  
in 2 M HCl. 

Anal. Found (calcd.): C, 23.08 (22.89); H, 4.60 (4.77)%. X-Ray structure has 
been determined.3 

Properties 

The solid aqua compound is much more stable than that dissolved in HCl 
or HPTS; however, it is recommended to keep the crystals in a refrigerator 
under a nitrogen atmosphere. The crystals dissolve in several organic sol- 
vents, including acetonitrile, acetone, methanol, and ethanol. Spectral data 
are given in Table I. 

C. INCOMPLETE CUBANETYPE [M~,(p-O)(p-S),(p,-S)(aq)]~+ 
AND IMo, (p-S),(p,-S)(aq)14+ AQUA IONS 

1. Incomplete Cubane-Type W0,0S,(aq)]~+ and Wo,S4(aq)I4+ 
Aqua Ions in Solution 

The method described here (method C) uses Na,[Mo,O,S,(cys),] -4H ,O as 
it is and is more convenient than that described in Section B (method B), 

* Much more diluted solution of [Mo,S,,(aq)l4+ in 1 or 2 M HCI can also be used. 
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because no aquation-separation step using Sephadex G- 15 is required. 
Furthermore, method C gives higher yield ( - 25%) of [Mo,S,(aq)I4+ than 
method B using [Mo,O2S,(aq)l2+ as a starting material [yield - 15% even 
by longer (e.g., 20 h) aeration with heating]. By method C, the yields of 
[Mo4S4(aq)]’+ and [M0,0,S,(aq)]~+ are low, even if the period of heating 
is short and method B is suitable for the preparation of [Mo4S4(aq)]’+ and 
rMo302S2 (aq)I4 +. 

Procedure 

The compound Na, [Mo,O,S,(cys),] -4H,O (10 g, 0.0155 mol),is dissolved 
in water (1 L) with stirring and 1 M HCl(30 mL) is added, which is followed 
by the slow addition of Na[BH,] (5 g, Na[BH,]/Mo x 10). After the 
addition of Na2S.9H,0 (5  g)* to the solution, concentrated HCl(l50 mL) is 
added very slowly. 

Caution. Rapid addition of Na[BH,] or concentrated HCl will cause 
violent H, evolution. 

After IOmin, the resulting dark brown solution is heated in a boiling- 
water bath for - 20 h (which need not be continuous) with an air stream 
bubbling through the solution to give a dark green solution. During heating 
in a water bath, a small amount of 1 M HCl is added occasionally if the 
volume of the solution drops below 200 mL. After the solution is cooled to 
room temperature, the precipitates of boric acid are filtered off by means of 
suction and the filtrate is subjected to Sephadex G-15 (or G-lo)* column 
chromatography (eluent, 1 M HCI; diameter 4 cm, length 80 cm). The order 
of elution is as follows: [Mo,S,(aq)]’+ (green, trace), [Mo,O2S,(aq)l4+ 
(grayish green, 1.5%), [Mo30S3(aq)14+ [green, 27%: typically 900 mL of a 
0.003M (per trimer) solution], [Mo3S4(aq)14+ [green, 25%: 750 mL of a 
0.0035 M (per trimer) solution], and [M0,0,S,(aq)]~+ (orange, 17%). To 
obtain a more concentrated solution, the aqua ion [Mo, S4(aq)l4+ is diluted 
to five times its original volume with water, and applied to Dowex 50W-X2 
column chromatography (eluent, 2 M HCl; diameter 2 cm, length 10 cm). 
Typically 25 mL of a 0.1 M (per trimer) solution is obtained. 

For the preparation of the aqua ion [Mo,0S,(aq)14+, heating for 6 h  
gives nearly the same yield as does 20 h heating. The ion is also Concentrated 
similarly. 

Properties 

The aqua ions [Mo,0S,(aq)14+ and [Mo,S,(aq)I4+ are very stable toward 
air oxidation and do not require a nitrogen atmosphere for storbge. Spectral 

*The resin (H+ form) should be nearly replaced by the aqua ion to obtain a concentrated 
solution. 
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data are given in Table I. The incomplete cubane-type aqua ion 
[Mo,S4(aq)14+ reacts with metals to give cubane-type aqua ions with 
Mo,MS, (M = Fe, Co, Ni, Cu, and Sn, etc.) cores." 

A procedure similar to that for the preparation of [Mo,S~(H,O),~]- 
(CH,C6H4S0,), . 14H20 (see Section B.2) is employed. A solution of 
[Mo,S4(aq)l4+ in 2MHCl (O.1M per trimer, 15 mL)* is diluted to five times 
its original volume with water (resulting in - 0.4 acid concentration), and is 
absorbed on a Dowex 50W-X2 cation exchanger (column diameter 1 cm, 
length 8 cm).? The column is washed with 0.1 M HPTS (p-toluenesulfonic 
acid) to remove C1- ion ( -  100mL), and very slow elution 
( - 0.3 mLmin-') is effected with 4 MHPTS to give a green solution 
[ - 12 mL of a 0.1 M (per trimer) solution]. The eluted solution is cooled in a 
freezer ( - - lOOC) for a few days to give green plate-like crystals. The 
crystals are filtered and washed with ethyl acetate. Yield: 1.5 g ( - 70%) 
based on [Mo,S4(aq)14+ in 2 M HCI. 

Anal. Found (calcd.): C,  23.94 (23.59); H, 4.02 (4.52)%. 

Properties 

The aqua compound dissolves in several organic solvents, including aceto- 
nitrile, acetone, methanol, and ethanol. Spectral data are given in Table I. 
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60. PREPARATION OF DINUCLEAR AND TRINUCLEAR 
FERRABORANES, Fe, (CO),B,H, AND Fe,H(CO),,BH, 

Submitted by XIANGSHENG MENG* and THOMAS P. FEHLNER* 
Checked by KENTON H. WHITMIREt 

The dinuclear ferraborane, Fe,(CO),B,H,, was first isolated in 1978.’ Since 
then further investigation of its properties have been carried out2 as the 
compound serves as a good reagent for the preparation of other new 
compounds. That is, it serves as a “pattern maker” for the synthesis of other 
ferraboranes. Although the preparation of Fe,(CO),B2H, was later modi- 
fied, the yield of the compound was still low ( x 1%) and the procedure 
complicated. Hence, further investigations of the ferraborane were limited by 
its inaccessability. Herein we report a new procedure that is simple (requires 
two reagents without acidification rather than four reagents plus acidifica- 
tion), provides a higher yield (15% rather than < l%), and involves a short 
reaction and separation time (10 min and 2 h rather than 4 h and 24 h), 
respectively. This method not only yields Fe,(CO),B,H, (Section A), but 

*Department of Chemistry, University of Notre Dame, Notre Dame, IN 46556. 
‘!Department of Chemistry, Rice University, Houston TX 77251. 
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also produces the trinuclear ferraborane Fe,H(CO),,BH, (30% yield; Sec- 
tion B). The latter compound was first isolated in low yield from the reaction 
of Na [Fe(CO),C(O)CH,] in tetrahydrofuran (THF) with BH,.THF and 
Fe(CO), followed by acidification., 

Procedure 

Caution. The reaction must be run in a hood because of the toxicity of 
the borane complex and iron carbonyls. 

All the following manipulations are performed under nitrogen using , 
Schlenk techniques or a nitrogen-atmosphere dry bag. All solvents are 
degassed and distilled under nitrogen before use unless stated otherwise. 
Fe,(CO),, BH, * SMe, (10.0 M) and CF,CO,H (99%) were purchased from 
Aldrich Chemical Company and used as received. 

A. Fe,(CO),B,H, 

Fe,(CO), + BH, . SMe, -+ Fe,(CO),B,H, 

A 1.5-g (4.1-mmol) sample of Fe,(CO), is transferred into a double-necked, 
round-bottomed, 250-mL flask containing a magnetic stirring bar. The flask 
is fitted with a water cooled reflux condenser that is connected to a vacuum 
line and nitrogen source. The flask is evacuated for 2min [slowly at first 
prevent flakes of Fe,(CO), from being pulled into the vacuum line] and is 
refilled with nitrogen, and 45 mL of hexane and 0.82 mL of BH, .SMe, 
(8.2 mmol) are then added. The flask is immediately immersed in a hot oil 
bath (75°C) of sufficient volume such that a substantial decrease in bath 
temperature is avoided, and the reaction is allowed to proceed for about 
10 min. After cooling to room temperature and then WC, the solution is 
concentrated to about 20 mL volume under reduced pressure using the 
vacuum line. The solution remaining in the flask is placed on a short (about 
3 cm diameter, 8 cm long) silica gel chromatographic column and eluted with 
degassed hexane. The first band (yellow) is collected. For the column 
preparation silica gel 60, EM Science 70/230 mesh, is dried in an oven 
overnight before use. Air contained in the silica gel in the column is removed 
under reduced pressure using the vacuum line. Then degassed solvent is 
added into the column under a nitrogen atmosphere. The bubbles in the 
column can be removed by pumping until the solvent and the silica gel are 
mixed well followed by refilling the column with nitrogen. Note, the solvent 
level must be higher ( - 6 cm) than that of silica gel before pumping. This 
process usually removes all bubbles in the column but can be repeated if 
necessary. The solution collected from the yellow band in the column 
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contains a small amount of Fe(CO), that can be removed with the solvent 
hexane using a vacuum line at - 15°C or below. The yield is 10-15% of 
Fe,(CO),B,H, based on boron as determined by "B NMR. 

Properties 

Fe,(CO), B, H, is volatile, and the solvent-free, pure compound (viscous, 
yellow-brown, oil) can be obtained only by removing the solvent under 
vacuum at - 15°C or below. The compound is very air-sensitive (but not 
pyrophoric) in either the pure state or in solution. Further, it can be stored for 
long periods of time in an inert atmosphere (e.g., N,) at low temperature 
( e g ,  < - 20°C). MS, P+ = 56Fe,"B,'2C6'6061H,+, 307.9048 calculated, 
307.9066 observed. The "BNMR spectrum in hexane at 25°C shows an 
apparent broad quartet at 24.4 ppm with JB-" x 60 Hz. The infrared spec- 
trum shows two weak B-H absorptions at 2526 and 2444cmP1, and CO 
absorptions at 2090 (s), 2046 (vs), 2026 (s), 2022 (s), 1996 (s), and 1990 (s) cm-'. 
The variable temperature (from - 110°C to + 35°C) 'HNMR spectra in 
CD,Cl, are shown in Fig. 1 ( - llO"C, S 2.89, 2H, - 2.44, lH, - 12.88, 
lH, - 15.57, 2H).2b 

B. Fe,H(CO),,BH, 

Fe,(CO), + BH, . SMe,--+ Fe,H(CO),,BH2 

The trinuclear ferraborane, Fe,H(CO),,BH,, can also be obtained from the 
above procedure for the preparation of Fez(CO),B,H, by employing a 8 : 1 

I. 

l " " l " " l " " 1 " " I " " ~ "  
5 0 -5 -1 0 -15 -20 PPk? 

Fig. 1. Variable-temperature 'H NMR spectra of Fe,(CO),B,H, in ,CD,CI,. 
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ratio (Fe : B) of Fe,(CO), + BH,-SMe, rather than 1 : 1. That is, a 1.5 g 
(4.1 mmol) sample of Fe,(CO), was reacted with 0.10mL of BH,.SMe, 
(1.0 mmol) according to the procedures in Section A. After the reaction 
solution cools to room temperature, a silica gel column (about 3 cm diameter, 
8 cm long) is used to separate the solution. The product Fe,H(CO),,BH, is 
deprotonated on a room-temperature silica gel column and therefore stays at 
origin. However, it can be eluted with degassed methanol as the correspond- 
ing anion after all other compounds are washed out from the column by 
degassed toluene. The methanol solvent is removed under reduced pressure. 
Then 15 mL of hexane is added to the dry residue followed by slow addition 
of 0.03 mL of CF,COOH ( - 0.39 mmol) (or 10 mL of degassed 80% 
aqueous phosphoric acid4) while stirring the solution. This protonation is 
allowed to proceed for 30 min and yields the neutral compound as a dark 
brown solution in hexane. The excess acid in the solution is removed by 
pumping until dry, and fresh hexane is then added. This procedure produces 
a yield of about 30% of Fe,H(CO),,BH, based on boron from "B NMR. 
Fe,H(CO),,BH, can also be obtained in somewhat higher yield from the 
reaction mixture as the third band (brown) from a low-temperature silica gel 
columnS [ - 15T,  about 2.5 cm diameter, 12 cm long, degassed hexane; 
the first band, yellow, is Fe2(CO),B2H6 and the second band, green, is 
HFe4H(C0),,BH, plus a small amount of Fe,(CO),,]. 

Properties 

Fe,H(CO),,BH, is air-sensitive in solution and is pyrophoric in the solid 
state. The solution can be stored for long periods of time under a N, 
atmosphere at low temperature (e.g., - 20°C). The crystal structure has not 
been obtained, but the compound has been characterized spectroscopically. 
"B NMRZb: hexane, 20"C, 56.5 ppm, doublet, JB-" = 110 Hz. IR: hexane, 
2495 (w) (v,-,);'~ 2106 (w), 2073 (s), 2054 (vs), 2041 (sh), 2031 (m), 2022 (m), 
2010 (m), 1995 (m), 1868 (m) ( ~ ~ 4 . ~  'H NMR: toluene-d,, - 60°C, 6 5.9 (br, 
lH), -13.7 (br, lH), -25.6 (s, 1H). MS: P+ =s6Fe310B112C,~601~H3+, 
460.790 calculated, 460.788 ~bse rved .~  
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61. PREPARATION OF THE METAL- AND 
HYDROGEN-RICH FERRABORANE Fe,H(CO),BH, 

Submitted by XIANGSHENG MENG* and THOMAS P. FEH&NER* 
Checked by KENTON H. WHITMIRE? 

The ferraborane, Fe, H(CO),BH,, was first synthesized from the reaction of 
Na[Fe(CO),C(O)CH,] with BH, .THF$ at 65°C followed by acidification.’ 
Later the procedure was modified to yield x 5% of the compound.’ The low 
yield of this ferraborane limits the investigation of its potentially interesting 
properties. Herein we report a new method that gives a 30% yield of the 
ferraborane. 

Procedure 

[PPN] [Fe,(CO), ,I$ + BH,.THF + Fe, H (CO), BH, 

rn Caution. The reaction must be run in a hood because of the toxicity of 
the borane complex and iron carbonyls. 

All the following manipulations are performed under nitrogen using 
Schlenk techniques or a nitrogen-atmosphere dry bag. All solvents are 
degassed and distilled under nitrogen before use unless mentioned otherwise. 
BH,.THF and CF,CO,H (99%) are purchased from Aldrich Chemical 
Company and are used as received. 

After a 1-g (0.6-mmol) sample of [PPN], [Fe4(C0),,I3 in 20 mL of THF 
is heated to 75°C in a double-necked, round-bottomed, 250-mL flask fitted 
with a water-cooled reflux condenser connected to nitrogen, a single 10-mL 
(10-mmol) alliquot of BH, . THF is quickly added and the solution stirred for 
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2 h. Before the BH,.THF is added the compound [PPN],[Fe,(CO),,] is 
only slightly dissolved. As the BH, * THF is added, the solution becomes 
dark-red with all the starting material finally dissolving in the THF. After 2 h 
the THF solvent is removed under reduced pressure at 75°C until brown oil- 
like residue remains in the flask. The residue is then cooled to room 
temperature and 20 mL of hexane is added followed by the slow addition of 
1.5 mL of CF,COOH while the solution is stirred. During this step gas is 
evolved. The acidification is carried out for 1 h, then the solution is trans- 
ferred by a transfer needle into a second flask. In order to extract more of the 
products, 2 x 10 mL of hexane (but no more acid) is sequentially added to the 
reaction flask and transferred to the second flask. The pure compound 
Fe,H(CO),BH, is obtained by collecting the second band [dark red follow- 
ing a yellow band, H,Fe3(CO),CCH3] in a cold chromatographic column4 
( - 2OOC, about 3 cm diameter, 12 cm long) filled with silica gel using about 
1 L of degassed hexane to elute it. To prepare the column silica gel 60, EM 
Science 70/230 mesh, is dried in an oven overnight before use. Air contained 
in the silica gel in the column is removed under reduced pressure using the 
vacuum line. Then solvent is added into the column under a nitrogen 
atmosphere. The bubbles in the column are removed by pumping until the 
solvent and the silica gel are mixed well (the solvent level must be higher, 
about 6 cm, than that of silica gel before pumping) followed by refilling the 
column with nitrogen. This process usually removes all bubbles in the column 
but can be repeated if necessary. Removing the hexane from the second 
fraction under reduced pressure using the vacuum line yields 105mg of 
Fe,H(CO),BH, (30% based on iron). Dark red crystals are obtained by 
placing a saturated Fe,H(CO),BH, hexane solution in a refrigerator 
( = OOC) overnight. 

Properties 

The compound is air-sensitive in solution and moderately air-sensitive in the 
solid state (but not pyrophoric in either state). The solution can be stored for 
long periods of time under a N, atmosphere at low temperature (e.g., 
- 20°C) and survives for days under a N, atmosphere at room temperature. 

The compound has been fully characterized. MS, P+ = 56Fe311B,1H5+, 
183.855 observed, 183.853 calculated. "BNMR (hexane, 2OOC, d), 1.5 (m), 
.IB-,., 50 Hz; IR vco (hexane, cm-') 2096 (m), 2061 (s), 2042 (s), 2030 (s), 
2021 (s), 2013 (s), 1998 (m); 'HNMR (toluene-d,, 20°C, d), 3.2 (b, d, 1 H), 
- 14.7 (b, asymmetric, = 3H), - 24.3 (b, = 1 H) (The molecule is fluxional 

at 20°C and near coalescence at 300 MHz.), The X-ray crystal structure as 
well as some other properties have also been r e p ~ r t e d . ~ . ~  
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62. TETRAMMONIUM HEXAKIS VETRAETHY L-2k3-DI- 
OXOBUTANE-1,1,4,4-TETRACARBOXYLATO(2 - )- 

0 1 ’ , 0 2  : 0 ,04’]TETRAMETALATE(4 - ) 

EtO JJ OEt 

Method A: 
1. MeMgI 

Method B: 
1. MeLi/MClz 

3. NH4Cl/Hz0 

“H4+ I, 
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Submitted by ROLF W. SAALFRANK,* ARMIN STARK,* and 
ROMAN BURAK* 

Checked by WILL E. LYNCH? and RICHARD L. LINTVEDTt 

The synthesis described here represents a general procedure for preparing 
four-nucleus metal chelate complexes in a kind of “spontaneous self-assem- 
bly.” The products are interesting as model species in the bioinorganic 
chemistry. For example, four manganese atoms per photosystem I1 reaction 
center are essential for activity. There water is oxydated by the photo- 
synthetic process in plants. So four-nucleus manganese complexes will pro- 
vide useful models for the oxygen-evolving complex in plants. 

Method A is applicable only to the metal MgZ+;  the modified method B, 
however, allows synthesis of four-nucleus metal chelate complexes with 
different metals such as Mg2+, Mn2+, CoZ+, Ni2+, and Zn2+.  Both methods 
have several advantages: (1) easy availability of the reagents, (2) one-pot 
operation, and (3) high yields and easy isolation of the products. 

Procedure 

Caution. Oxalyl chloride is toxic. This preparation should be carried 
out in a well-ventilated hood. All solvents should be tried thoroughly and air-jiree 
before use. The reaction must be performed under an atmosphere of nitrogen 
during the course of the reaction. 

A. METHOD A (M=MgZ+)  

A 500-mL, three-necked, round-bottomed flask is equipped with a magnetic 
stirring bar, a thermometer, a reflux condenser, and a 50-mL dropping funnel 
fitted with a nitrogen inlet adapter. The flask is charged with 1.5 g (0.060 mol) 
of magnesium and 50 mL of dry diethyl ether. Then 8.5 g (0.060 mol) of 
methyl iodide is added dropwise. The resultant solution of methyl magne- 
sium iodide is added with freshly distilled tetrahydrofuran (100 mL) and is 
cooled to - 78°C with a Dry Ice-acetone bath. Diethyl malonate (9.6 g, 
0.060mol) in dry tetrahydrofuran (50mL) is added over 30min from the 
dropping funnel. The addition is accompanied by evolution of methane. The 
white reaction mixture is stirred 2 h at - 78°C. A solution of distilled oxalyl 
chloride (1.9 g, 0.015 mol) in dry tetrahydrofuran (50 mL) is slowly added to 
the cooled suspension within 1 h while the mixture is allowed to warm to 

* Institut fur Organische Chemie, University of Erlangen-Nurnberg, Henkestrasse 42, 8520 

t Department of Chemistry, Wayne State University, Detroit, MI 48202. 
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- 70°C. The temperature of the reaction mixture is allowed to rise to room 
temperature over a period of 18 h. Then 200 mL of saturated aqueous 
ammonium chloride solution is added in one portion to the resulting light 
yellow reaction mixture. After the mixture is stirred for 10 min, the yellow 
organic phase is separated and washed with 50mL of saturated aqueous 
sodium hydrogen carbonate solution and 50 mL of water. The aqueous layer 
is further extracted with two 100-mL portions of dichloromethane and 
washed as described above. The combined colorless organic layers are dried 
over anhydrous magnesium sulfate, and the drying agent is filtered. The 
solvents are removed with a rotary evaporator under reduced pressure. The 
oily residue is treated carefully with a small amount of diethyl qther and 
filtered. One recrystallization from warm acetone gives 5.1 g (85%) of product 
as colorless crystals. 

Anal. Calcd. for C,,H,3,06,N4Mg4: c ,  47.99; H, 5.71; N, 2.33; Mg, 4.05. 
Found C, 47.46; H, 5.75; N, 2.32; Mg, 4.03. 

B. METHOD B (M=MgZ+, Mn2+, Coz+, Ni2+, Zn2+) 

A 250-mL, three-necked, round-bottomed flask is equipped with a magnetic 
stirring bar, a thermometer, and a 50-mL dropping funnel fitted with a 
nitrogen inlet adapter. The flask is charged with 4.8 g (0.030 mol) of diethyl 
malonate, and 50 mL of dry tetrahydrofuran and the resultant solution is 
cooled to - 78°C with a Dry Ice-acetone bath. Methyl lithium (1.6M in 
diethyl ether, 0.030 mol) is added over 10 min from the dropping funnel. The 
addition is accompanied by evolution of methane. The solution is stirred for 
1 h at - 78"C), dry solid metal chloride (MgCl,, 2.9 g; MnCl,, 3.8 g; CoCl,, 
3.9 g; NiCl,, 3.9 g; ZnCl,, 4.1 g, 0.030 mol) is given into the solution and is 
stirred for a further 1 h. A solution of distilled oxalyl chloride (0.9 g, 
0.0075 mol) in dry tetrahydrofuran (20 mL) is slowly added to the cooled 
suspension within 30 min. The temperature of the reaction mixture is allowed 
to rise to room temperature over a period of 18 h. Then 100 mL of saturated 
aqueous ammonium chloride solution is added in one portion to the resulting 
reaction mixture. After the mixture is stirred for 10 min, the organic phase is 
separated. The aqueous layer is extracted with two 100-mL portions of 
dichloromethane. The combined organic layers are dried over anhydrous 
sodium sulfate, and the drying agent is filtered. The solvents are removed 
with a rotary evaporator under reduced pressure. The solid residue is treated 
carefully with a small amount of diethyl ether and filtered. 

Anal. Calcd. for C9,H,3,0,,N,Mg4: C, 47.99; H, 5.71; N, 2.33; Mg, 4.05. 
Found: C, 47.82; H, 5.87; N, 2.28; Mg, 4.03. Colorless crystals, 2.6 g (87%). 
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A n d .  Calcd. for C96H136060N4Mn4: c, 45.65; H, 5.43; N, 2.22; Mn, 8.70. 
Found: C, 45.34; H, 5.56; N, 2.23; Mn, 8.52. Colorless crystals, 2.7 g (86%). 

A n d .  Calcd. for C96H136060N4C04: c ,  45.36; H, 5.39; N, 2.21; C O ,  9.27. 
Found: C, 44.96; H, 5.47; N, 2.28; Co, 9.03. Pink crystals, 2.4 g (79%). 

Anal. Calcd. for cg6Hl36O6oN4Ni4: c, 45.38; H, 5.40; N, 2.20; Ni, 9.24. 
Found: C, 44.88; H, 5.46; N, 2.14; Ni, 9.13. Green crystals, 3.0 g (94%). 

A n d .  Calcd. for C96H136060N4Zn4: c ,  44.90; H, 5.34; N, 2.18; Zn, 10.19. 
Found: C, 44.51; H, 5.43; N, 2.24; Zn, 10.12. Colorless crystals, 2.7 g (84%). 

Properties 

All complexes have nearly the same properties. Here the properties of the 
magnesium complex are represented. The four-nucleus magnesium complex 
is an air-stable, crystalline solid that decomposes at 180°C. The infrared 
spectrum of this compound shows absorbances at 3150,1690, and 1635 cm-I 
(KBr). The 400-mHz proton NMR spectrum in [D6]-acetone (Me4.% internal 
standard) has two triplet methyl peaks at 1.18 amd 1.26ppm, complex 
multiplets for the methylene protons at 3.92-4.23 ppm, and a broad singlet 
ammonium peak at 7.52ppm. The 100-mHz 13CNMR spectrum in 
[D6]-acetone shows peaks as follows: 14.30 and 14.41 ppm (24 CH,), 60.13 
and 60.95 ppm (24 OCH,), 95.62 (12=C), 168.05, 171.49, and 185.52 ppm 
(24 C=O, 12 C=O). 
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63. MIXED-METAL-GOLD PHOSPHINE CLUSTER 
COMPOUNDS 

Submitted by A. M. MUETING,* B. D. ALEXANDER,* 
P. D. BOYLE,* A. L. CASALNUOVO,* L. N. ITO,* B. J. JOHNSON,* 

and L. H. PIGNOLET * 
Checked by M. LEEAPHON,t$ K. E. MEYER,t$ R. A. WALTON,t$ 

D. M. HEINEKEY,$ and T. G. P. HARPERG 

The study of mixed-metal-gold cluster compounds is a rapidly expanding 
area with the potential for significant impact in the field of homogeneous and 
heterogeneous bimetallic catalysis.'-5 Various chemical methods are used 
in the preparation of mixed-metal-gold cluster compounds. Addition and 
substitution reactions of transition metal complexes with the [Au(PPh,)] + 

moiety are generally the most useful of these synthetic methods. The form in 
which the [Au(PPh,)] + moiety is introduced depends on the character of the 
metal complex and the type of reaction required. For example, if the metal 
complex is capable of abstracting a chloride, Au(PPhJC1 can be used. If this 
is not possible, the in situ generation of [Au(PPh,)]+ by the addition of 
TINO, or TICPF,] to Au(PPh,)Cl may provide better results. The addition 
of thallium salts can be avoided, however, by the use of Au(PPh,)NO,, which 
has a weakly coordinated counterion. Reduction reactions in the presence of 
[Au(PPh,)] +, which are analogous to those used for the synthesis of gold 
cluster compounds, can also be applied to the synthesis of large mixed- 
metal-gold clusters. Additionally, the reaction of PPhJ with known clusters 
often produces new clusters. 

Transition metal hydride complexes are important starting materials for 
reactions with [Au(PPh,)]+. The foundation for this method is the isolobal 
relationship between [Au(PPh,)] + and H+.6 Although many examples 
have shown this preparative method to be useful, there is always a competi- 
tion between addition and substitution. For example, [AuIr(p-H),(bpy) 
(PPh3)J2 + (bpy = 2,2'-bi~yridine),~ is synthesized from the simple addition 
of Au(PPh,)NO, to [Ir(H),(bpy)(PPh,),]+. [Ir(H),(PPh,),(acet~ne)~]- 
[BF,], on the other hand, undergoes both addition and substitution. One 
[Au(PPh,)]+ is simply added to the iridium complex and one [Au(PPh,)]+ 
replaces an H +, yielding [Au,I~(H)(PP~,)~(NO,)][BF,].~ Further H +  
substitution of [Au,Ir(H)(PPh,),(NO,)] + occurs in the presence of 
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MgMeCl and Au(PPh,)NO,, producing [Au,Ir(PPh,),(NO,)] + .* Simi- 
larly, the reaction of Re(H)7(PPh,), with 6 equiv of Au(PPh,)N03 producing 
[Au,Re(H),(PPh,),l2+ involves both addition and substit~tion.~ 

In the reaction of Au(PPh,)NO, with [Ir,(p,-H)(p-H),(H),(dppe),] 
[BF,], [dppe = 1,2-ethanebis(diphenylphosphine)] only substitution occurs. 
The triply bridging hydrogen ligand is substituted by Au(N0,) to form 
[AUI~,(~-H),(H),(~~~~),(NO,)][BF,].'~ In this reaction the stable 
bisphosphine [Au(PPh,),] + is formed as a by-product, effectively remov- 
ing the phosphine ligand from the coordinated gold atom. The addition of 
PPh, replaces the NO; ligand, giving the Au(PPh,) adduct [AuIr,(pH), 
(H),(dppe),(PPh3)I2' The reaction of PPh, with mixed-metal-gold phos- 
phine clusters also leads to the formation of new clusters. For example, 
the reaction of [Au,R~(H),[P(~-~o~),],(PP~,),]~' [P(p-tol), = tris(p-methyl- 
phenyl)phosphine] with an excess of PPh, results in the formation of the 
cluster [Au,Re(H),[P(p-tol),],(PPh,),]+, in good yield." 

Nonhydride metal phosphine complexes also undergo addition reactions 
with Au(PR,)X. For example, it has been shown that Pt(PPh,),(C,H,) adds 
2 equiv of Au(PPh,)NO, to produce [Au,Pt(PPh,),(N0,)][N03].'2 Reduc- 
tion of the [Au(PPh,)]+ moiety, which has been carried out with the use of 
reducing agents such as Na[BH,] for the synthesis of gold  cluster^,'^*'^ has 
recently been improved by the use of milder reagents such as CO and H,.l5 
This method of reduction results in much cleaner reactions, and has also 
proved useful for the synthesis of mixed-metal-gold clusters. For example, 
the gold-platinum cluster [ A ~ ~ P t ( p p h , ) ~ ] ~  + has been synthesized in high 
yield by the reaction of [Au2Pt(PPh3),(NO,)][N0,] with H, in dichloro- 
methane." 

For the following synthetic strategies, all manipulations are carried out 
under a purified N, atmosphere with use of standard Schlenk techniques. 
31P NMR spectra are run with proton decoupling and are reported in ppm 
relative to internal standard trimethylphosphate (TMP), with positive shifts 
downfield. Compound concentrations used in the conductivity experiments 
are 3 x lo-, M in CH,CN. All solvents are dried and distilled prior to use. 

A. NITRATO(TRIPHENYLPHOSPHINE)GOLD(I) 

Au(PPh,)CI + AgNO, + Au(PPh,)NO, + AgCl 

Procedure 

The following is adapted from the procedure described by L. MalatestaI6 and 
is carried out without the use of an inert atmosphere.* A solution of 

*The checkers note that the synthesis must be done in the absence of light without 
unnecessary heating. 
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Au(PPhJC1 (2.00 g, 4.04 mmol)” in 40mL of dichloromethane is added 
dropwise to a 250-mL round-bottomed flask containing a stirred solution of 
AgNO, (Aldrich Chemical Co.) (1.37 g, 8.08 mmol) in 125 mL of methanol. A 
white precipitate of AgCl forms immediately. After this mixture is stirred at 
room temperature for 1 h, it is transferred to a fritted filter containing a 1-cm 
layer of diatomaceous earth and washed through with 50mL of dichloro- 
methane. The filtered solution is evaporated to dryness under reduced 
pressure on a rotary evaporator. Au(PPhJN0, is obtained from this residue 
on the addition of 75mL of dichloromethane, filtration of this solution 
through a fritted filter containing a 1 cm layer of diatomaceous earth, and 
evaporation to dryness under vacuum. The product is dissolved in a min- 
imum amount of dichloromethane in a 500-mL round-bottomed flask, and 
approximately three times this volume of absolute ethanol is added. This 
mixture is stirred under a slow stream of N, for about 1 h to reduce the 
volume of dichloromethane. White crystals form in 94% yield, which are 
collected on filtration, washed successively with absolute ethanol (3 x 5 mL) 
and diethyl ether (3 x 5 mL), and dried under vacuum. 

Properties 

The white crystals of Au(PPh,)NO, are light- and temperature-sensitive; 
soluble in acetone, tetrahydrofuran, chloroform, and dichloromethane; and 
insoluble in alcohols and saturated hydrocarbons. Samples may be stored in 
the dark in a refrigerator for extended periods of time. 31P NMR (dichloro- 
methane, 25”): 6 25.0 (s). IR (KBr): v(NO,) 1495, 1268 cm-’. 

B. CARBONYLDI-p-HYDRIDO-TRIS(TR1PHENYL- 
PHOSPHINE)(TRIPHENY LPHOSPHINEGOLD) 
RUTHENIUM(1 + ) HEXAFLUOROPHOSPHATE(1 -) 

Ru(H),(CO)(PPh& + Au(PPh,)NO, + [AuRu(H),(CO)(PP~&J[NOJ 

l+ 
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Procedure 

A dichloromethane suspension of RU(H),(CO)(PP~,),'~ (5 mL, 530 mg, 
0.577 mmol) and a dichloromethane solution of Au(PPh,)NO, (7 mL, 
316mg, 0.606mmol) are cooled to - 30" in separate 100-mL sidearm flasks. 
The Au(PPh,)NO, solution is transferred to the flask containing the 
Ru(H),(CO)(PPh,), suspension by means of a cannula tube. The mixture 
is warmed to 0" and then stirred for 1 h. During this time the ruthenium 
complex dissolves, resulting in a very pale yellow solution. An off-white 
precipitate of [AuRu(H),(CO)(PPh,),][NO,] is obtained on concentration 
of the solution under vacuum to approximately 4 mL followed by addition of 
35mL of diethyl ether. The solid is collected on filtration, redissolved in a 
minimum amount of cold dichloromethane ( - lo"), and filtered into a 
methanol solution (30 mL) containing 710 mg of NH,[PF,] (Aldrich Chem- 
ical Co.). This solution is colled to - 70", at which time a white precipitate 
forms. The product is collected on a fritted filter and washed successively with 
5mL each of cold methanol ( -  W), toluene, and diethyl ether. It is then 
redissolved in a minimum amount of cold dichloromethane ( -  10") and 
filtered through a fritted filter containing a 1-cm layer of diatomaceous earth. 
On cooling this pale yellow solution to - 30" and adding 35 mL of diethyl 
ether, a white solid precipitates in 79% yield, which is then collected, washed 
with 5mL of diethyl ether, and dried under vacuum. The solid is dissolved 
in a minimum amount of dichloromethane in a narrow Schlenk tube and 
layered with approximately three times this volume of diethyl ether. Slow 
solvent diffusion of the solvent mixture at ambient temperature produces 
clear white crystals of [AuRu(H)~(CO)(PP~,),][PF,]. 

Proper ties 

The compound [AuRu(H),(CO)(PPh,),][PF,] is stable in the solid state in 
air at room temperature but slowly decomposes while in solution. It is soluble 
in acetone and dichloromethane but insoluble in diethyl ether and hydro- 
carbons. ,'P NMR (acetone-d,, 25"): d 41.8 (PA,,, d, J = 20.1 Hz, int = l), 

'H NMR in hydride region (acetone-d,, 25"): d - 2.7 (d of quint, int = l), 
- 5.4 (m, int = 1). IR (Nujol): v(C0) 1954 cm-'. Equivalent conductance: 
84.3 cmz mho mol-'. FABMS (m-nitrobenzyl alcohol matrix): m/z 1377 

41.0 (PRu, q, J = 20.4Hz, int = l), 37.2 (PRu, d, J = 20.8 Hz, int = 2). 

([AuRu(H)~(CO)(PP~,)J+ = (M)'), 1113 ((M - 2H - PPh,)+). 

Anal. Calcd. for AuRuP,C,,H,,OF,: C, 57.59; H, 4.13; P, 10.17. Found: 
C, 56.90; H, 4.38; P, 9.47. 



Mixed-MefaLCold Phosphine Cluster Compounds 283 

C. (I~'-~,~-CYCLOOCTADIENE)BIS(TRIPHENYLPHOSPHINE) 
IRIDIUM(1 +) TETRAFLUOROBORATE(1 -) 

3 [Ir(q4-cod)C1], + AgCBF,] + [Ir(q4-cod)(PPh,),][BF4] + AgCl 

(cod = 1,s-cyclooctadiene) 

Procedure 

The following is adapted from the synthetic strategy described by Shapley 
et al. l9 Commercially available [Ir(q4-cod)C1],Zo (Strem Chemicals) (930 mg, 
1.38 mmol) and AgCBF,] (Aldrich Chemical Co.) (540mg, 2.77mmol) are 
placed in a 100-mL sidearm flask to which 30mL of acetone is added. The 
mixture is heated to refluxing temperature for approximately 15 min. After it 
is cool, the orange solution that contains the AgCl suspension is filtered 
through a fritted filter containing a 1-cm layer of diatomaceous earth and 
rinsed with small portions of acetone until the orange color is no longer 
apparent in the diatomaceous earth. A solution of PPh, (Aldrich Chemical 
Co.) (1.45 g, 5.53 mmol) dissolved in a minimum amount of toluene is added 
to this orange filtrate. The solution color immediately turns red. On removal 
of the acetone under vacuum, a red precipitate forms. This product is 
collected on a fritted filter, washed with several small portions of toluene 
(3 x 5 mL), redissolved in a minimum amount of dichloromethane, and 
filtered. The dichloromethane solution is layered with approximately three 
times this volume of diethyl ether i7 a 100-mL sidearm flask. Red crystals are 
obtained in approximately 85% ' eld on slow diffusion of this solvent system. 

Properties 

The red crystals of [Ir(q4-cod)(PPh,),][BF,] are stable in air; soluble in 
dichloromethane, acetone, and alcohols; and insoluble in diethyl ether and 
hydrocarbons. 31P NMR (dichloromethane, 25"): 6 15.3 (s). 

D. BIS(ACETONE)DIHYDRIDOBIS(TRIPHENYLPHOSPHINE) 
IRIDIUM(1 +) TETRAFLUOROBORATE(1 -) 

[Ir(q4-cod)(PPh,),][BF,] + xsH, + [Ir(PPh,),(H),(acetone),][BF,] 
+ cyclooctane 

Procedure 

The following is adapted from the procedure described by Crabtree.,' [Ir(q4- 
cod)(PPh,),][BF,] (310 mg, 0.34 mmol) is dissolved in 6 mL of acetone and 
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cooled to 0". Hydrogen is bubbled through this red solution until the color 
fades to pale yellow ( - 45 min). A white precipitate forms in 92% yield with 
the addition of 50 mL of diethyl ether. The solid is collected by filtration, 
washed with three 10-mL portions of diethyl ether, and dried under vacuum. 
Colorless crystals of [Ir(PPh,),(H),(acetone),][BFJ are obtained by dissol- 
ving the solid in a minimum amount of dichloromethane in a narrow Schlenk 
tube, layering with three times this volume of diethyl ether, and placing this 
mixture in a cold bath (4") for several days.* 

Properties 

Infrared (Nujol): v (Ir-H) 2230 and 2260 cm- ', v (CO) 1650 and 1660 cm - 
(sharp doublet indicative of coordinated acetone). ,'P NMR (acetone, 25"): 
6 24.9 (s). 'H NMR (acetone-d,, 25", hydride region): 6 - 27.7 (t, Jp+, = 
15.8 Hz). 

E. q-HYDRIDO(NITRAT0-O,O)BIS(TRIPHENYLPHOSPHINE) 
BIS(TRIPHENYLPHOSPHINEGOLD)IRIDIUM(l +) 
TETRAFLUOROBORATE(1 -) 

acetone 

[Ir(PPh3)2(H)2(acetone)2] + + 2Au(PPh,)NO, - 

Procedure 

The following synthesis is carried out without the use of an inert atmosphere 
[Ir(PPh3)2(H),(acetone)2][BF4] (150mg, 0.163 mmol) is dissolved in 2 mL of 
acetone in a 100-mL sidearm flask and cooled to - 50". A solution of 
Au(PPh,)NO, (178mg, 0.342mmol) in 3mL of acetone is added to this 
colorless [Ir(PPh3)2(H),(acetone)2][BF4] solution by means of a cannula 
tube. The resultant solution is warmed to - 15" and stirred for about 1 h, 

*The checkers obtained a recrystallized yield of 71%. 
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during which time it gradually turns yellow. The solution is concentrated to 
approximately 1 mL. The rapid addition of 40mL of cold diethyl ether 
( - 15") results in the precipitation of a flaky yellow solid that slowly changes 
into a fine yellow powder at - 10". The product is collected, washed with 
three 5-mL portions of cold diethyl ether ( - 15"), and dried under vacuum. It 
is then dissolved in a minimum amount of cold acetone ( - 15") in a narrow 
Schlenk tube and layered with approximately three times this volume of 
diethyl ether. Slow solvent diffusion at - 20" affords large yellow crystals of 
[Au,Ir(H)(PPh,),(NO,)][BF,] in 85% yield.* 

Properties 

Solutions of [Au,Ir(H)(PPh,),(NO,)][BF,] decompose slowly over several 
days even at - 20". Crystals of [Au,Ir(H)(PPh,),(NO,)][BF,] also slowly 
decompose over a period of several weeks at 25" and are best stored at 
temperatures below - lo". 31P NMR (acetone-d,, - 90"): 6 7.3 (s, int = 2), 
7.9 (s. int = l), 35.9 (s, int = 1). 'H (acetone-d,, - 90"): 6 - 25.3 (quint, JP-" 
= 13 Hz). An elemental analysis is not easily obtained due ot the thermal 

instability of the compound. 

F. (NITRATO-O,O')BIS(TRIPHENYLPHOSPHINE) 
TRIS(TR1PHENY LPHOSPHINEGOLD)IRIDIUM( 1 + ) 
TETRAFLUOROBORATE(1 -) 

MgMeCl 
[Au,Ir(H)(PPh,),(NO,)] + + Au(PPh,)NO, - 

[Au,Ir(PPh3),(N0,)]+ + HNO, 

Procedure 

A tetrahydrofuran solution of 2.9 M MeMgCl (Aldrich Chemical Co.) 
(21 pL, 0.061 mmol) is added dropwise to a suspension of crushed 

*Checkers obtained a crystallized yield of 48%. 
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[Au,Ir(H)(PPh,),(NO,)][BF,] (100 mg, 0.056 mmol) and Au(PPh,)NO, 
(30 mg, 0.058 mmol) in 2 mL of tetrahydrofuran at 0". A very deep green 
solution results immediately. The solvent is removed under vacuum leaving a 
dark green residue. A solution of Au(PPhJN0, (30 mg, 0.056 mmol) in 3 mL 
of dichloromethane is added to the green residue. The solution is stirred for 
10 min at 25", during which time the color changes to deep red-brown. The 
solvent is removed under vacuum, leaving a red-brown residue. The residue is 
redissolved in approximately 1 mL of acetone and the resultant mixture is 
stirred for 6 h. During this time a red-brown powder precipitates from the 
solution. The crude product is filtered, washed with three 5-mL portions of 
tetrahydrofuran to remove Au(PPh,)Cl, redissolved in a minimum amount of 
dichloromethane, and filtered again. The addition of a large excess of diethyl 
ether to the red-brown filtrate affords [Au,Ir(PPh,),(NO,)][BF,] as a red- 
brown powder in 60% yield. 

Proper ties 

[Au,Ir(PPh,),(NO,)][BF,] is insoluble in acetone and tetrahydrofuran, but 
dissolves readily in dichloromethane to give air-stable solutions. 31P NMR 
(dichloromethane, 25"): 6 39.2 (t, J = 9.5 Hz, int = I), 10.9 (m, int = 2), 
- 7.25 (t, J = 7.5 Hz, int = 2). 

Anal. Calcd. for IrAu,P,C,,H,,BF,NO,: C, 48.18: H, 3.37. Found: 
C, 47.36; H, 3.41. 

G. TRI-p-HYDRIDO-TRIS(TRIPHENYLPHOSPH1NE)BIS 
(TRI-PHENYLPHOSPHINEGOLD)OSMIUM(l + ) 
HEXAFLUOROPHOSPHATE(1 -) AND ITS RUTHENIUM 
ANALOG 

Os(H),(PPh,), + 2Au(PPh,)NO, -+ [Au,Os(H),(PPh,),]+ + HNO, 
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Procedure 

A dichloromethane suspension of OS(H),(PP~,),~~( 10 mL, 623 mg, 
0.635 mmol) and a dichloromethane solution of Au(PPh3)N0, (10 mL, 
662mg, 1.27mmol) are cooled to 0" in separate 100-mL sidearm flasks. 
The Au(PPh,)NO, solution is transferred to the flask containing the 
Os(H),(PPh,), suspension by means of a cannula tube. The mixture is 
allowed to warm to room temperature and then stirred for 1 h, during which 
time the osmium complex dissolves and a black solution results. Concentra- 
tion of the solution to 5 mL and precipitation by addition of approximately 
40 mL of diethyl ether results in a dark gray product. The solid is collected by 
filtration, redissolved in a minimum amount of dichloromethane, and filtered 
into a methanol solution (30 mL) containing 660 mg of [NH,][PF,] (Aldrich 
Chemical Co.). The light gray precipitate that forms is collected, washed 
successively with 5 mL of methanol and 10 mL of diethyl ether, and re- 
dissolved in 5 mL of dichloromethane. Filtration of this solution through a 
fritted filter containing a l-cm layer of diatomaceous earth results in a clear, 
pale yellow solution. A white solid precipitates in 60% yield on the addition 
of approximately 40 mL of diethyl ether. This solid is collected by filtration, 
washed with diethyl ether (3 x 5 mL), dried under vacuum, and redissolved in 
a minimum volume of dichloromethane. Layering of this solution with three 
times the volume of diethyl ether in a narrow Schlenk tube and slow diffusion 
at ambient temperature produces clear white crystals. 

Properties 

Crystals of [Au,OS(H),(PP~~)~][PF~] are stable in air at room temperature; 
soluble in dichloromethane and acetonitrile; and insoluble in diethyl ether, 
methanol, and hydrocarbons. Solution of [Au20s(H),(PPh3),][PF6] are 
stable for a few days under a nitrogen atmosphere. 31P NMR (dichlorometh- 
ane-d,, - 70"): 6 48.6 (PAu, br s, int = 2), 21.8 (Po*, br s, int = l), 5.7 (Po* s, 
int = 2). C P  MAS ,lP{ 'H} NMR (25"): 6 56.8 and 48.8 (PA"), 19.6 (Pas, br s), 
5.8 (Po,, br s). 'H NMR (dichloromethane-d,, - 70", hydride region): 6 - 4.1 
(m, J = 27.3, 23.4, and 15.4Hz, int = I), - 5.5 (d of d of t ,  J = 57.6, 15.9, 
and 7.8 Hz, int = 2). Equivalent conductance: 87.1 cm2 mho mol-'. FABMS 
(m-nitrobenzyl alcohol matrix): m/z 1899 [[(Au,Os(H),(PPh,),] = (M)'], 
1633 [(M - 3H - PPh3)+], 1557 [(M - 2H - PPh3 - Ph)']. 

Anal. Calcd. for Au20sP,C,,H,,F,: C, 52.90; H, 3.85; P, 9.09. Found 
C; 53.31; H, 3.99; P. 8.89. 
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Analogous Compound 

The ruthenium analog of [Au20s(H),(PPh,),][PF,1 is prepared in a similar 
manner with one notable exception: the reaction requires the use of a 
hydrogen atmosphere. A toluene suspension of Ru(H),(PP~,),~~ (15 mL, 
349 mg, 0.392 mmol) is combined with a toluene solution of Au(PPh,)NO, 
(15 mL, 450 mg, 0.863 mmol) under a hydrogen atmosphere at ambient 
temperature. An immediate reaction takes places; it leads to complete 
dissolution of the ruthenium complex followed by precipitation of pale yellow 
product. The suspension is placed under a purified N, atmosphere and 
allowed to stir for 1 h. The solid is collected, washed with three 5-mL portions 
of toluene, redissolved in a minimum amount of dichloromethane, and 
filtered into a methanol solution containing 385 mg of [NH,][PF,]. An off- 
white precipitate forms in 40% yield; this is collected and washed with 5 mL 
of methanol followed by 10 mL of diethyl ether. The solubility and stability of 
[Au,Ru(H),(PPh,),][PF,] are similar to those of the osmium analog. 
31P NMR (dichloromethane-d,, 25"): 6 56.3 (PRu, m, int = l), 46.7 (PRu, d, 
J = 24.0 Hz, int = 2), 43.3 (PA,,, d, int = 2), 'H NMR (dichloromethane-d,, 
- 70", hydride region); 6 - 3.5 (br m, int = l), - 4.2 (br d of m, J = 67.2 Hz, 

int = 2). Equivalent conductance: 84.6 cm2 mho mol- '. FABMS (m-nitro- 
benzyl alcohol matrix): m/z 1809 [Au,Ru(H),(PPh,),]+ = (M)'], 1545 
((M - 2H - PPh,)'). 

Anal. Calcd. for Au,RuP,C,,H,,F,: C, 55.31; H, 4.02; P, 9.52. Found: 
C, 55.85; H, 4.29; P, 8.76. 

H. TETRAHYDRIDOBIS(TRIPHENYLPH0SPHINE)PENTA- 
KIS(TRIPHENYLPHOSPHINEGOLD)RHENIUM(2 + ) 
BIS[HEXAFLUOROPHOSPHATE( 1 - )I 

Re(H),(PPh,), + SAu(PPh,)NO, 3 [AU,R~(H)~(PP~,) , ]~+ + 3HN03 
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Procedure 

A dichloromethane solution of Re(H)7(PPh,),24 (7mL, 103 mg, 0.143 mmol) 
and a dichloromethane solution of Au(PPh,)NO, (6 mL, 447 mg, 
0.857mmol) are cooled to - 60" in separate 100-mL sidearm flasks. The 
Au(PPh3)N03 solution is transferred to the flask containing the 
Re(H),(PPh,), solution by means of a cannula tube, and the reaction mixture 
immediately turns yellow. The solution is further cooled to - 75" and 
allowed to stir for 15min. Cold ethanol (lOmL, - 75") is added to the 
solution, and the mixture is allowed to warm to room temperature. The 
dichloromethane is removed under vacuum, and an ethanol solution of 
[NH,][PF,] (Aldrich Chemical Co.) (8 mL, 140mg, 0.859mmol) is added to 
the reaction mixture, causing the formation of a yellow precipitate. The 
mixture is stirred for 18 h, filtered through a fritted filter containing a 1-cm 
layer of diatomaceous earth, and washed with ethanol (3 x 5 mL). The yellow 
solid, which is on the frit with the diatomaceous earth, is then redissolved 
in a minimum amount of dichloromethane ( - 15 mL), passed through the 
frit, and reprecipitated with an excess of diethyl ether ( - 15 mL). The solid 
is collected by filtration in 94% yield and washed with diethyl ether 
(3 x 5 mL). Recrystallization by means of slow solvent diffusion from 
a dichloromethane-diethyl ether solvent mixture yields yellow crystals of 
[Au5Re(H)4(PPh3)71[pF612. 

Proper ties 

An alternative method may be used for the metathesis of the NO; salt of 
[AU,R~(H)~(PP~,),]~'  to the PF; salt that involves the use of 8mL of 
methanol, 158mg of KCPF,], and a reaction time of only 3h. 
[Au,Re(H),(PPh,),][PF,], is stable in air in both the solid state and 
solution, and is soluble in dichloromethane, acetone, and warm tetrahydro- 
furan. "P NMR (dichloromethane, 25"): 6 49.8 (PA"), 18.3 (PRo sextet, 
Jp-p = 8.0Hz). 'H NMR (dichloromethane-d,, 25"): 6 - 2.07 (8 line mult, 
JH-pA, = 9.1 Hz, JH-pns = 18.6Hz). 

Analogous Compounds 

[AU,R~(H)~[P(~-~O~),],(PP~,),][PF~], can be prepared using a procedure 
analogous to that for [Au,Re(H),(PPh,),] [PF,], as described above, start- 
ing with Re(H)7[P(P-t~1)3]2. 31P NMR (dichloromethane, 25"): 6 49.7, 14.3. 
'H NMR (dichloromethane-d,, 25"): 6 1.98 (CH,), - 2.08 (8 line mult, 
JP+, = 9.4 Hz). Equivalent conductance: 186 cm2 mho mol- '. UV-VIS 
(I(nm), log E): 350 (sh), 3.90. FABMS (m-nitrobenzyl alcohol matrix): m/z 3096 
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[[AU~R~(H)~[P(P-~O~)~]~(PP~~)~]+ = (M)'], 3240 ((M + PF6 - H)'), 3162 
((M + PF6 - H - Ph)'), 3018 ((M - H - Ph)+), 2636 ((M - AU 
- PPhJ'), 2372 ((M - AU - H - 2PPhJ'). 

Anal. Calcd. for Au5ReP,F,,C,,,H,,,: C, 46.8; H, 3.6. Found: C, 46.61; 
H, 3.38. 

I. TRIS( 1,2-ETHANEBIS(DIPHENY LPHOSPHINE)] 
HEXAHY DRIDO(NITRAT0-0,o'-GOLD) 
TRIIRIDIUM(1 +) TETRAFLUOROBORATE(1 -) 

1+ 

Procedure 

A solution of Au(PPh,)NO, (3 1 mg, 0.06 mmol) in 6 mL of acetone is added 
by means of a cannula tube to a yellow solution of [Ir3(p3-H) 
(p-H)3(H)3(dppe)3][BF4]zz5 (60 mg, 0.03 mmol) dissolved in approximately 
5 mL of dichloromethane in a 100-mL sidearm flask. This solution is stirred 
for 24h at 25" while in the dark, during which time the solution color 
becomes orange-yellow. The solvent mixture is removed under vacuum, 
leaving an orange-yellow residue. Approximately 1 mL of acetone is added to 
this residue. A combination of orange-yellow crystals and orange-yellow 
powder precipitates from this solution on standing at - 20" for 1-2 days. 
Recrystallization of this solid mixture by means of slow solvent diffusion from 
a chloroform-diethyl ether solvent system affords transparent, orange-yellow 
crystals of [AuIr,(p-H),H,(dppe),(N03)][BF,] in 4 0 4 5 %  yield. 
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Properties 

The transparent, orange-yellow crystals of [A~Ir,(p-H),H~(dppe)~(N0,)] 
[BF,] are temperature- and light-sensitive, soluble in chloroform and 
dichloromethane, and slowly become opaque when removed from the solvent 
mixture. 'H NMR (chloroform-d,, 25"): 6 - 8.86 (d, .Ip-" = 72 Hz, int = l), 
- 15.04 (m, int = 1). ,'P NMR (dichloromethane, 25"): 6 41.2 (br s, int = l), 

29.0 (m, int = 1). IR (KBr): v(Ir-H) 2158 cm-' (br). FABMS (m-nitrobenzyl 
alcohol matrix): m/z 2036 [[A~Ir,(dppe),(H)~(No,) 3' = (M)'], 1974 [(M 
- NO,)'], 1814 [(M - NO, - 2Ph - 6H)+], 1737 [(M - NO, - 3Ph 
- 6H)+], 1381 [(M - NO, - Au - dppe + 2H)+]. 

Analogous Compound 

[A~1r,(p-H),(H),(dppe)~(PPh,)][BF~, NO,] can be generated in situ by the 
addition of 1 equiv of PPh, to [AuIr,(p-H),H,(dppe),(NO,)][BF,] in chlo- 
roform-d. The originally orange-yellow solution immediately turns orange. 
The solvent is removed under vacuum, yielding an orange residue. 'H NMR 
(chloroform-d): 6 - 6.79 (d, .IP-,, = 74Hz, int = l), - 13.4 (m, int = 1). 
31P NMR (chloroform): S 78.7 (PA", q, Jp-p = 38 Hz, int = l), 40.0 (P,r, s, 
int = 3), 38.5 (P,r, d, Jp-p = 38Hz, int = 3). IR (KBr): v(1r-H) 2155cm-' 
(br). 

J. HEXAHYDRIDOTETRAKIS(TRIPHENYLPH0S 
PHINE)BIS(TRIPHENY LPHOSPHINEGOLD) 
DIRHENIUM(1 + ) TETRAPHENYLBORATE(1- ) 

Re2(p-H)4(H)4(PPh3)4 + 2Au(PPh3)N0, -P [Au,Re,(H),(PPh,),] + + ? 

Procedure 

Cold dichloromethane (?mL, - 20") is added to a 100-mL sidearm flask 
containing Re2(p-H),(H)4(PPh3)424 (150 mg, 0.015 mmol) and Au(PPh,)NO, 
(1 lOmg, 0.21 1 mmol). This red suspension is stirred and allowed to warm 
slowly to room temperature. During this time the solid materials dissolve, 
producing a red-brown solution and then a dark green solution. After several 
minutes of stirring at room temperature, the dichloromethane solvent is 
removed under vacuum, and the residue is redissolved in a minimum amount 
of methanol. A precipitate forms on the addition of 3 equiv of either 
Na[BPh,] (Aldrich Chemical Co.) (108 mg, 0.136mmol) or K[PF,] (Alfa 
Products) (58 mg, 0.315 mmol) dissolved in a minimum amount of methanol 
( - 3mL). The precipitate is collected on a fritted filter containing a 1-cm 
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layer of diatomaceous earth, washed with a small amount of methanol 
(5-10mL), redissolved in a minimum volume of dichloromethane ( - 4mL) 
while still on the fritted filter, and filtered. Formation of a dark green 

occurs on the addition of a large excess of diethyl ether. Reprecipitation can 
be carried out with the use of dichloromethane/diethyl ether. 

precipitate Of [AU2Re2(H),(PPh,),][X] (X = BPh4 Of PF,) in 62% yield 

Properties 

[Au,Re,(H),(PPh,),]X is soluble in dichloromethane and acetone and 
slightly soluble in tetrahydrofuran, is stable in air in the solid state, and 
decomposes in solution on standing for several days. The following charac- 
terization data are for the PF; salt of [ A U ~ R ~ ~ ( H ) ~ ( P P ~ J ) ~ ] X .  Equivalent 
conductance: 79.1 cm2 mho mol-'. UV-VIS (A (nm), log E )  612,3.70; 458,3.57; 
335, 4.10; 270, 4.58. Magnetic data: gram susceptibility xg = - 1.26 x lo-' 
cgs g-l ,  corrected molar susceptibility xnr = 1.30 x lo-, cgsmol-', mag- 
netic moment ,u = 1.77 BM. FABMS (m-nitrobenzyl alcohol matrix): 
m/z 2346 [[Au,R~,(H)~(PP~,)~]+ = M+]. 

Anal. Calcd. for Au,Re,C,,,H, 16BF6 (BPh; salt): C, 59.48; H, 4.39 P, 6.97. 
Found: C, 59.19; H, 4.60 P, 6.63. 

K. TETRAHYDRIDOBIS(BIS[TRIS(4METHYLPHENYL)J 
PHOSPHINE)TETRAKIS(TRIPHENY LPHOSPHINEGOLD) 
RHENIUM(1 +) HEXAFLUOROPHOSPHATE(1 -) 

Procedure 

Dichloromethane (7mL) is added to a 100-mL sidearm flask containing 
[Au,Re(H)4[P(p-tolyl),]2(PPh,),] [ PF,], (218 mg, 0.0644mmol) and PPh, 
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(51.6mg, 0.197mmol). The yellow solution is stirred for 12 h. The solvent is 
then removed under vacuum. Methanol (5mL) is added to this residue, 
producing a suspension that is stirred and filtered through a fritted filter 
containing a l-cm layer of diatomaceous earth. Methanol is passed through 
this filter until the yellow color in the filtrate is no longer apparent 
( - 20mL). A yellow solid precipitates on reduction of the volume of the 
methanol solution to approximately 1 mL. Recrystallization by means of 
slow solvent diffusion from a dichloromethane-pentane solvent system 
produces yellow crystals in 56% yield. 

Properties 

[Au,Re(H),[P(p-tolyl),],(PPh,),][PF,] is stable in air both in the solid state 
and solution and is soluble in dichloromethane and acetone. , 'PNMR 
(dichloromethane, 25"): 6 53.2 (PA", t, f = 6.7Hz), 23.7 (P,,, quin, 
J = 6.7 Hz). 'H NMR (dichloromethane-d,, 25"): 6 - 3.43 (9 line mult; triplet 
with PA, decoupled, JH-Pac = 20.4Hz; quintet with P,, decoupled, JH-PA, 
= 8.5 Hz). Equivalent conductance: 60 cm2 mho mol- '. Unit cell dimensions 

determined by X-ray crystallography at 23" with use of MoK,(I = 0.71069 A) 
radiation: a = 17.06 (1) A, b = 28.09 (1) A, c = 28.04 (1) A; 
a = 88.60 (3), /? = 107.74 (4), y = 89.99 (5)O, V = 12,795 A,. FABMS (m- 
nitrobenzyl alcohol matrix): m/z 2636 ({ Au,Re(H),[P(p-tol),],(PPh,),} + 

= M'), 2781 [(M + PF,)'], 2372 [(M - H - PPhJ+], 2107 [(M - 4H 
- 2PPh3)+], 1845 [(M - 4H - 3PPh3)+], 1803 [(M - 4H - 2PPh3 
- P(p-tol),)+], 1729 [(M + PF, - 3H - 4PPhJf], 1583 [(M - 4H 
- 4PPh3)+], 1541 [(M - 4H - 3PPh3 - P(p-t~l),)+]. 

L. (NITRATO-O,O')BIS(TRIPHENYLPHOSPHINE) 
BIS(TRIPHENYLPHOSPHINEG0LD) PLATINUM( 1 + ) 
HEXAFLUOROPHOSPHATE(1 -) 

Procedure 

Pt(PPh,),(C,H,)26 (185 mg, 0.248 mmol) and Au(PPh,)NO, (nomg,  
0.518mmol) are combined in a 100-mL sidearm flask equipped with a 
magnetic stirring bar, to which approximately 15 mL of tetrahydrofuran is 
added. Almost immediately a cream-colored precipitate forms. The slurry is 
then stirred for 1 h, and transferred by means of a cannula tube to a fritted 
filter for collection. The precipitate is washed successively with 20 mL of 
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tetrahydrofuran and 20mL of diethyl ether, dried under vacuum, and 
dissolved in a minimum amount of dichloromethane. Excess NH,PF, 
(Aldrich Chemical Co.) (404 mg, 2.48 mmol) dissolved in a minimum amount 
of methanol is added to this dichloromethane solution of the NO; salt and 
stirred for 1 h. The solution volume is reduced under vacuum to approxim- 
ately 5 mL, which results in the precipitation of 0.40g of [Au,Pt(PPh,), 
(NO,)][PF,] (92% yield)*. 

Properties 

[Au,Pt(PPh,),(NO,)][PF,] is air-, light-, and moisture-stable; soluble in 
acetone and dichloromethane; and insoluble in tetrahydrofuran, diethyl 
ether, and saturated hydrocarbons. The analytical data reported below are 
for the [PF,]- salt of [AuzPt(PPh3),(N03)]+. IR (KBr pellet): v (bound 
NO,) 1490, 1480, 1270 cm-' (s), v (P-F) 840 cm-' (s). ,'P NMR (dichloro- 
methane, 22"): 6 28.8 (s with lg5Pt satellites, zJ195p1-p = 804Hz, int = l), 22.6 
(s with '"Pt satellites, J195p+p = 2502Hz, int = 1). 31P NMR (CH,CN, 22"): 
6 34.0 (s with lg5Pt satellites, 2JIp5p1-p = 718Hz, int = l), 21.6 (s with 
195Pt satellites, J195pt-p = 2390Hz, int = 1). Equivalent conductance: 
184cm'mho mol-'. 

Anal. Calcd. for PtAu,C,,H,,F,NO,P,: C, 46.87; H, 3.28: P, 8.39. Found: 
C, 46.52 H, 3.00; P, 8.08. Unit cell dimensions determination by X-ray 
crystallography at 23" with use of MoK,(R = 0.71069 A) radiation (crystal 
grown from dichloromethane/diethyl et'her by slow solvent diffusion and 
mounted on glass rod with epoxy): triclinic, a = 12.295 (9) A, b = 22.54 (3) A, 
c = 13.303 (8) A, tl = 89.86 (8), B = 113.21 (6), y = 93.03 (9)", V = 3389A3. 
FABMS (m-nitrobenzyl alcohol matrix): m/z 1700 [[Au,Pt(PPh,), (NO,)] + 

= (M)'], 1638 [(M - NO,)+], 1561 [(M-NO, - Ph)'], 1437 [(M 
- PPh,)'], 1298 [(M - NO, - PPh, - Ph)+], 1221 [(M - NO, - PPh, 
- 2Ph)+]. 

*The checkers used a modified procedure that involved using Pt(PPh,),(C,H,) in situ without 
further purification. To a suspension of 400mg of Pt(PPh3),CI, in THF (saturated with 
ethylene and under an ethylene atmosphere) (50mL) was added a sufficient quantity of 0.135 
M sodium napthalide to produce a homogeneous yellow solution. To this THF solution was 
added 551 mg of Au(PPh,)NO,. The recommended procedure suggests that a solid will be 
produced at this point. Filtration of this solution results in the harvest of 72 mg of gray solid, 
which when metathesized with 200mg [NH,][PF,] prodaces 167 mg (18% based on 
starting Pt) of a pale yellow solid. If the THF is removed from the golden suspension (rather 
than filtering the solid) and the subsequent red-orange oil is taken up in CH,CI, (4mL) and 
precipitated with the addition of diethyl ether (50 mL), a beige solid is obtained (532 mg, 60% 
based on Pt). This material can be metathesized with [NH,][PF,] according to the 
recommended procedure in good yield (95%) or used in the subsequent reaction. 
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M. (TRIPHENYLPH0SPHINE)HEXAKIS- 
(TRIPHENYLPHOSPHINEGOLD)PLATINUM(2 + ) 
BISITETRAPHENYLBORATE(1 -)I 

Procedure 

[Au,Pt(PPh,),(NO,)][NO,] (100mg, 5.67 x lo-’ mmol) is dissolved in 
lOmL of dichloromethane in a 100-mL sidearm flask equipped with a 
magnetic stirring bar and placed under a hydrogen atmosphere. The solution 
is stirred for about 1 h, during which time the color changes from yellow to 
dark orange-brown. Diethyl ether (60mL) is added to precipitate a brown 
material. This product is collected on a fritted filter, washed with 40mL of 
diethyl ether, and dried under vacuum. The solid is then redissolved in a 
minimum amount of dichloromethane, and a solution of NaBPh, (Aldrich 
Chemical Co.) (45 mg, 0.13 mmol) in 10 mL of methanol is added. The volume 
of solution is reduced under vacuum until a brown solid begins to deposit. At 
this point the solution is allowed to stir overnight. The solid is collected on a 
fritted filter in 62% yield (based on Au), washed successively with lOmL of 
methanol and 20mL of diethyl ether, and dried under vacuum. Dark brown 
crystals of the unmetathesized complex [Au,P~(PP~,)~][NO,], can be 
obtained by dissolving 50mg of the NO; salt in approximately 2mL of 
methanol, adding small portions of diethyl ether, with mixing after each 
addition, until the solution becomes slightly cloudy ( - 15mL of diethyl 
ether is required), and allowing the solution to stand overnight at room 
temperature. 

Properties 

[Au6Pt(PPh,),][N0,], is soluble in alcohols, dichloromethane, chloroform, 
and acetone; insoluble in saturated hydrocarbons and diethyl ether; and air-, 
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light-, and moisture-stable in both the solid state and solution. The [PF;] 
salt is less soluble in alcohols. ,'PNMR (dichloromethane, 22"): 6 50.2 
(d with Ig5Pt satellites, Jp-p = 30Hq 2J19splq = 413Hz), 62.3 (m, .I,, = 30Hz). 
'H NMR (acetone-d,): 6 6.5-8.0 (m, aromatic H), no peaks in 0 to - 30 ppm 
region. Equivalent conductance: 125 cm2 mho mol- '. FABMS (m-nitro- 
benzyl alcohol matrix): m/z 3212 [[AU,Pt(PPh,),]+ = (M)+], 3532 [(M 
+ BPhJ'], 2950 [(M - PPh,)'], 2688 [(M - 2PPh3)+], 2491 [(M - AU 
- 2PPh3)+], 2194 [(M - 3PPh3 - 3Ph)'l. 

Analogous Compound 

[AuIr(dppe),(PPh3)][BF4], is also made from a nonhydride metal phos- 
phine complex; however, H[BF4] is required, which suggests that a hydride 
intermediate is involved. Ir(dppe),[BF,] (100 mg, 0.093 mmol) and 
Au(PPh,)NO, (53mg, 0.100mmol) are dissolved in 4mL of acetone. 
HCBF,] solution (48-50%, 3pL) is added to this mixture and stirred. The 
initially red-orange solution immediately turns to a light orange. The rapid 
addition of diethyl ether results in the precipitation of an orange powder. 
Recrystallization of the orange powder from dichloromethane-diethyl ether 
solution affords orange needles of [Au1r(dppe),(PPh3)][BF,1, in 55% yield. 
,'P NMR (dichloromethane, 25"): 6 41.4 (d, .Ip-p = 6Hz). 

Anal. Calcd. for IrAuP,C,,H,,B, F,.0.4 CH,Cl,: C, 51.06; H, 3.89. Found: 
C, 50.49; H, 4.02. 

N. DI-p-HYDRIDO-BIS(TRIPHENYLPHOSPH1NE) 
TETRAKIS(TR1PHENY LPHOSPHINEGOLD) 
IRIDIUM(1 +)TETRAPHENYLBORATE (1 -) 

[Au,Ir(PPh3),(N03)] + --% [ A U ~ I ~ ( H ) ~ ( P P ~ ~ ) , ]  + + ? 

1' 
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Procedure 

A red-brown solution of 75 mg of [Au~I~(PP~~)~(NO,)][BF,] dissolved in 
3 mL of dichloromethane is stirred vigorously under a hydrogen atmosphere 
at 23" for 45min. Within 4min the initial red-brown color of the solution 
fades to a golden yellow and then gradually changes to red-orange over the 
next 15 min. A yellow-orange powder precipitates from this stirring solution 
on the addition of 25mL of diethyl ether. This powder is collected, re- 
dissolved in a minimum amount of tetrahydrofuran, and filtered through a 
fritted filter containing a 1-cm layer of diatomaceous earth. The tetrahydro- 
furan is removed under vacuum and the remaining yellow-orange residue is 
redissolved in a minimum amount of dichloromethane in a narrow Schlenk 
tube and layered with approximately three times this volume of diethyl ether. 
Recrystallization by diffusion from this solvent system precipitates a combi- 
nation of very thin golden fibers and large red-orange plates. Both materials 
give identical 'H and 31P NMR spectra. Yields typically range from 5540% 
based on Ir. 

Properties 

Crystals of [Au,Ir(H),(PPh,),][BF,] are soluble in dichloromethane, acet- 
one, and tetrahydrofuran, and lose solvent and fracture on removal from the 
solvent mixture. 31P NMR (acetone, 23"): 6 46.5 (t, JP+ = 33 Hz, int = 2), - 33.5 (br s, int = 1). 'H NMR (acetone-d,, 23"): 6 - 5.71 (m). IR (KBr): 
v(B-F) 1050 cm-' (s). 

Anal. Calcd. for IrAu,C,,, H,,P,BF,: C, 49.08; H, 3.51; F, 2.88. Found: 
C, 48.58; H, 3.44: F, 3.08. 
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Acetaldehyde, iron complex, 26:235 
manganese and rhenium complexes, 

Acetic acid, chromium. molybdenum, and 
28:199,201 

tungsten complexes, 27:297 
palladium complex, 26:208 
rhodium complex, 27:292 
tungsten complex, 26:224 

, chloro-, ruthenium complex, 26256 
, (1,2-ethanediyldinitrilo)-tetra-, 

, trichloro-, ruthenium complex, 

-, trifluoro-, ruthenium complex, 

molybdenum complex 29:256 

26:254 

26:254 
tungsten complex, 26222 

iridium complex, 26: 123 
molybdenum and tungsten complex, 

molybdenum and tungsten complexes, 

Acetone, cobalt complex, 29: 114 

26: 105 

28: 14 

*Chemical Abstracts Service, Columbus, OH. 

tungsten complex, 29: 143 
Acetone, dibenzylidene-. See Wpentadien- 

3-one, 1,5-diphenyl-, 28:llO 
Acetonitrile, indium complex, 29:232 

iron complex, 29: 116 
molybdenum and tungsten complexes, 

molybdenum complex. 28:34,37 
osmium complex, 26:290 
palladium complex, 26128 
rhodium complex, 29: 182 
ruthenium complex, 26356 
ruthenium@) complex, 2669 
transition metal complexes, 

26:122, 133 

28:63-66 
Acetylene, diphenyl-, molybderlum 

Actinide complexes, 28:286 
Acyl isocyanide, chromium complexes, 

Ammines, cobalt, 29:170 

complex, 2 6  102 

26:31 

ruthenium, 2666 
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Ammoniodicobaltotetracontatungstotetra- 
arsenate(23-), [(NH4)As4W400140- 
[CO(H,O)]~]~'-. tricosaammonium, 
nonadecahydrate, 27:119 

Ammonium ammoniodicobaltotetraconta- 
tungstotetraarsenate(23-), ((NH4)23- 

nonadecahydrate, 27: 119 

bis[(4-aminobenzyl)phosphonate](4-), 

pentahydrate, 27:126 

29: 127 

phonate(4-1, I(NH4)4[Mo,0,s- 
(C,H,PO,),]], 27:125 

phonateXrl-). [(NH4),(Mo,OI,- 
(CH,PO,),]), dihydrate, 27:124 

phate)-(4-), [(NH4)4[M%015- 

(4- ). I(NH4)4 WPO, )2M050,, 1 ). tetra- 

I ( N ~ 4 ~ ~ 4 ~ 4 0 ~ , , ~ ~ ~ ~ ~ 2 ~ ~ 1 2 ~ .  

Ammonium dihydrogen pentamolybdo- 

[(NH,kH2IMosO IS(NH~C&CH~PO~ kl1. 

Ammonium hexachloromolybdate(III), 

Ammonium pentamolybdobis(ethy1phos- 

Ammonium pentamolybdobis(methy1phos- 

Ammonium pentamolybdobis(pheny1phos- 

(C,H,PO,),]], pentahydrate, 27: 125 
Ammonium pentamolybdobis(phosphonate) 

hydrate, 27:123 
Ammonium [( lR)(endo, anri)]-3-bromo-1,7- 

dimethyl-2-oxobicyclo(2.2.1] heptane-7- 
methanesulfonate, 26:24 

Ammonium sodiohenicosatungstononaan- 
timonate(l8-), [(NH4),,[NaSb,W2,0,,], 
tetracosahydrate, 27: 120 

Ammonium sodiotricontatungstopenta- 
phosphateW-). [(NH4)14- 
[NaP,W,O, hentricontahydrate, 
27:115 

29:47 
Ammonium, tetrabutyl-, dibromoaurate(I), 

, tetrabutyl-, dibromoiodiate(I), 2944 
, tetrabutyl-, diiodoaurate(1). 29:47 

-, tetrabutyl-, (triiodide)-, 29:42 
Anisole, chromium complex, 28: 137 
Antimonyo, pentachloro(nitromethane)-, 

Arsine, 1,2-diphenylbis(dimethyl-, gold 
29:113 

complex. 2689 

iron complex, 28:171 
ruthenium complex, 29: 162 

, biphenyl-, cobalt complexes. 29:180 

Aryl oxide complexes of lanthanide metals, 
27: 164 

Ascorbic acid, platinum complex, 27:283 
AuratefI), bis(pentafluoropheny1)-, bis-[ 12- 

phenylenebis(dimethylarsine)]gold(I). 
26239 

(benzy1)triphenylphosphonium. 26:88 
-, dibromo-, tetrabutylammonium, 

29:47 
, diiodo-, 5,5',6,6'-tetrahydro-2,2'- 

bi-1.3-dithiolo(4,5-b] 1,4]-dithiinyidene, 
29:47 

29:47 

phorus)(l+), 26286 

, chloro(pentafluoropheny1)-, 

Aurate(1-), diiodo-, tetrabutylammonium. 

Azide, p-nitrido-bis(tripheny1phos- 

Azobenzene, manganese complex, 26: 173 
palladium complex, 26175 

Barium dichloride, dehydration of, with 
chlorotrimethylsilane, 29: 110 

Benzamide, N-(2-(diphenylphosphino)- 
phenyll-, 27:323 

Benzenamine, tungsten complex, 27:301 
Benzenamine, NJV-dimethyl-, chromium 

Benzene, chromium complex. 28:139 
Benzene, 1.2-bis[(trimethylsilyl)methylj-, 

and lithium complex, 26:148 

complex, 28: 139 

, l-bromo-2,4,6-tri-te~-butyl-, 27:236 
-, 1,3-butadiene-l,4diyIbis-, cobalt 

complex, 26  195 
, chloro-, chromium complex, 28:139 
, chromium complex, 28:139 
, 1,2-diiodo-, iridium complex, 

26:125 

complex, 26: 140 
-, 1,2-ethenediylbis-, platinum 

, ethenyl-, tungsten complex, 29: 144 
, 1,1'-(1,2-ethynediyl)bis-, cobalt 

, ethynyl-ytterbium complex, 27: 143 
-, fluoro-, chromium complex, 28:139 . hexamethyl-. ruthenium complex, 

,2-isocyano-1,3-dimethyl-, iron 

complex, 2 6  192 

26:181 

complexes, 2653-57.28:180-184 
-, methyl-, cobalt complex, 26:309 

lutetium complex, 27:162 
manganese complexes, 26: 172 

, pentafluoro-, gold complexes, 
26:86-90 
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Benzenemethanamine, Nfl-dimethyl-, 
lutetium complex, 27: 153 

lithium complex, 26: 152 
palladium complex, 26:212 

, N,N,4trimethyl-, lithium complex, 

Benzenesulfonic acid, emethyl-, rhodium 

Benzenethiol, osmium complex, 26:304 
Benzenemethanol, 2-phenylphosphino-, 

manganese complex, 26:169 
12-Benzisothiazol-3(2H)-one, 1,l-dioxide, 

chromium and vanadium complexes, 
27:307,309 

26: 177 

26152 

complex, 27:292 

Benzo[h]quinoline, ruthenium complex, 

Benzoic acid, rhodium complex, 27:292 
Benzoic acid, 3-flUOrO-, rhodium complex, 

Benzonitrile, palladium and platinum 
27:292 

complexes, 28:60-62 
platinum complex, 26:345 
ruthenium(I1) complex, 2670 

chromium complex, 26:32 
Benzoyl isocyanide, chromium, 26:34,35 

Benzylideneacetone. See 3-butene-2-one. 

Bicyclo[2.2.1]hepta-2,5-diene, ruthenium 

Bicyclo[2.2.1] heptane-7-methanesulfonate, 

4phenyl-, 2852 

complex, 26:250 

3-bromo-l,7-dimethyl-2-oxo-, [( 1R)- 
(endo, anti)]-, ammonium, 2624 

Bicyclo[2.2.1] hept-2-ene, platinum 
complex, 28:127 

2,2’-Bi-1,3-dithiolo[4,5-b] [ 1,4]dithiinylidene, 
26:386 

2,2’-Bi-1,3-dithiolo[4,5-b] [ 1 ,4]dithiinylidene 
fluorosulfate, 26:393 

2,2’-Bi- 1,3-dithiolo[4,5-b] [ 1.4jdithiinylidene. 
5.5’,6,6-tetrahydro-, diiodoaurate(1). 
29:47 

-, (triiodide) (2:1), 29:42 
palladium complex, 27:319 
rhenium complex, 2682 
ruthenium complex, 28:338 
tungsten complex, 27:303 

Bis(22’-bi- 1,3-dithiol0[4,5-b] [ 1,4]-dithiinyli- 
dene) perrhenate, superconducting, 
26:391 

Bis( 1,5-cyclooctanediylboryl) diselenide, 

Bis( 1.5-cyclooctanediylboryl) disulfide, 
29:67 

Bis( 1,5-cyclooctanediylborylf 
monoselenide, 29:7 1 

Bis[ 1,5-cyclooctanediylboryl) monosulfide, 
2962 

9-Borabicyclo[3.3.ljnonane-9-selenol, 29:73 
9-Borabicyclo[3.3.l]nonane-9-thiol, 29:64 
Borane, diethyl-I-propynyl-, 29:77 

, trimethyl-, 27:339 
Borane(2), iron complex, 29:269 
Borate(1-f, tetradecahydronona-, potas- 

-, tetrafluoro-, iridium(II1) complexes, 

molybdenum and tungsten complexes, 

rhenium complex, 2 6  108 

sium, 26: 1 

26:117 

2696 

-, tetrahydro-, iron complex, 29273 
Boron, diethyl-1-propynyl(trimethy1- 

Boron, tribromo(trimethy1amine)-, 29:5 I 
(+)-a-Bromocamphor-n-sulfonate. 

amine); 2977 

See bicyclo(2.2.11 heptane-Fmethane- 
sulfonate, 3-bromol,7-dimethyl-2- 
0x0-, [( lR)-(endo, anti)]-, 26:24 

Butanoic acid, 3-oxo-, methyl ester, 
rhodium complex, 27:292 

2-Butenedioic acid, 2-(dimethylphosphino- 
thioy1)-, dimethyl ester, manganese 
complex, 26: 163 

2852 

cyano-2-methyl-, 28:224 

complexes, 27:194 

denum-ruthenium complexes, 26:329 

3-Butene-2-one. 4phenyl-, iron complex, 

ten-Butyl isocyanide. See Propane, 2-isc- 

2-Butyne, cobalt-molybdenum-ruthenium, 

l-Butyne,3,3-dimethyI-, mercury-molyb- 

Cadmium dichloride, 28:322 
Carbido, iron complex, 26:246 

ruthenium clusters, 26:280 
Carbon dioxide, rhenium cotnplexes, 

Carbonyl complexes, boron-iron, 29:269 
26111,28:20 

chromium, 2632,28:137-139 
chromium, molybdenum. and tungsten, 

26343,27:297 
cobalt, 28:273,275 . -  

cobalt and ruthenium, 26:176 29:75 
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Carbonyl complexes (Continued) 
cobalt, copper, and ruthenium, 26358 
cobalt-gold-iron, 27: 188 
cobalt-gold-ruthenium, 26:327 
cobalt, iron, and ruthenium, 26:352 
cobalt-molybdenum-ruthenium, 27: 194 
cobalt-platinum, 26370 
gold-osmium, 27:209,211 
gold-ruthenium, 29:28 1 
hafnium, titanium, and zirconium, 

iridium, 26:117,28:23-26.92 
iridium and rhodium, 28:213,214 
iridium, osmium, rhodium, and ruthen- 

ium, 28:216-247 
iron, 2653-57,27:183 
iron-tungsten, 26:336 
iron with Group 15 ligands, 2659-63 
manganese, 26114,162,28:155-158 
manganese and rhenium, 28:15, 17,199, 

mercury-molybdenum-ruthenium, 26:329 
molybdenum, 2684,27:3 
molybdenum and platinum, 26:345 
molybdenum and tungsten, 26:96,28:5 
niobium. 28: 192 
osmium, 26: 187 
osmium and ruthenium, 27:1%-207 
platinum, 26:316,29:188 
rhenium, 28:19 
rhodium, 27:291 
ruthenium, 26259,28:47,54 
tungsten, 26:40,27:4,29:142 

28:248-255 

20 1 

Carbonyl substituted metal complexes, 

Carboxy, rhenium complexes, 28:21 
Cerium, bis[q5- 1,3-bis(trimethylsilyl)cyclo- 

pentadienylldi-p-chloro-bis(tetra- 
hydr0furan)lanthanum-, 27: 170 

, tetrakis [I$- 1,3-bis(trirnethyl- 
silyl)cyclopentadienyl]di-p-chloro-di-, 
27:171 

[PW,,O,,]), 27:lOl 

phate(5-), (Cs,[fi-PV2W ,,O,]), 27: 103 

(Cs,[P,W,O,]), 27:101 

phate(6-), (Cs,[a-PV,W,O,]), 27: 100 

28: 136 

Cesium decatungstophosphate(7-), (Cs,- 

Cesium fi-divanadodecatungstophos- 

Cesium pentatungstodiphosphate(6-), 

Cesium a- 1,2,3-trivanadononatungstophos- 

Cesium vanadodecatungstophosphate(5-), 

(CS,[~-PV,WI~O,]), 27: 102 
Chalcogenide transition metal complexes, 

Chiral compounds, trinuclearmetal 

Chlorine pentafluoride, 29:7 
Chromate( 1 -). (acetat0)pentacarbonyl-, 

27:39 

clusters, 27:191 

p-nitrido-bis(tripheny1phos- 
phorus)( l+), 27:297 
, hydridononacarbonyliron-, p-ni- 

trido-bis(triphenylphosphorus)( 1 +), 
26:340 

-, tricarbonyl(qs-cyclopentadieny1)-, 
sodium, compound with 1.2-dimeth- 
oxyethane(l:2), 26343 

[p-nitrido-bis(tripheny1phosphorus)- 
(l+)], 26:339 

Chromate(3 -), nonabromodi-, tricesium, 
26:379 

Chromate(2-), nonacarbonyliron-, bis- 

, nonabromodi-, trirubidium, 26379 
, nonachlorodi-, tricesium, 26:379 

Chromate(VI), fluorotrioxo-, pyridinium, 

Chromium, (q6-aniso1e)tricarbonyl-, 28: 137 
27:310 

, (q6-benzene)tricarbonyl-, 28:139 
, (benzoyl isocyanide)dicarbonyl 

($-methyl benzoate)-, 26:32 
, (benzoyl isocyanide)pentacar- 

bonyl-, 26:34,35 
, bis(tert-butyl isocyanide)tetracar- 

bonyl-, cis-, 28: 143 
, (rert-butyl isocyanide)pentacar- 

bonyl-, 28:143 
, dicarbonyl(q5-cyclopentadienyl)(q3- 

cyc1otriphosphido)-, 29:247 
, dicarbonyl($-cyclopentadieny1)ni- 

trosyl-, 28:196 
, (ydisulfido-S:S)(p-q2:q2-disul- 

fido)bis($-pentamethylcyclopenta- 
dieny1)-pi-thio-di-, (Cr-0). 27:69 

, hexacarbonylbis(q5-cyclopenta- 
dieny1)di-, 28: 148 

-, pentacarbonylbis(q5-cyclopenta- 
dienyl)(p-q':q2-disulfido)-di-, 29:252 

, tetracarbonylbis(qs-cyclopenta- 
dieny1)-p-sulfido-di-, 2925 1 

ido)bis[(qs-cyclopentadienyl)-, 29:247 

28:139 

-, tetracarbonyl-p-(diphosphanetetra- 

-, tricarbonyl(q6-ch1orobenzene)-, 
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, tricarbonyl(q'-N,N-dimethylben- 

, tricarbonyl(q'-fluorobenzene)-, 
zenamine)-, 28: 139 

28:139 

28:139 
-, tricarbonyl(q6-methyl benzoate)-, 

, tricarbonyltris(propionitri1e)-, 28:32 
, tris(tert-butyl isocyanide)-tricar- 

bonyl-, fac; 28: 143 
Chromium(II), tetraaquabis(l,2-benziso- 

thiazol-3(2H)-one 1,l-dioxidat0)-, 
dihydrate, 27:309 

Chromium(III), cis-dichlorobis( 1.2-ethane- 
diamine)-, chloride. resolution of, 
2624.27 

A-cis-. chloride, monohydrate, 
resolution of, 26:28 

, dichlorobis( 1,2-ethanediamine)-, 

Chromium carbonyl acyl isocyanides, 26:3 1 
Chromium pentafluoride, 29: 124 
Chromium tetrafluoride oxide, 29: 125 
Chromium trichloride, 28:322 

dehydration of, with chlorotrimethyl- 
silane, 29:llO 

Cluster compounds, chiral, 27:191 
iridium, osmium, rhodium, and ruthen- 

molybdenum-sulfur, 27:47 
transition metal, 27: 182 

ium, 28:216-247 

Cobalt, (acetonitri1e)dodecacarbonyl- 
copperrutheniumtri-, 26:359 

iumdi-, 27: 194 
, (p3-2-butyne)nonacarbonylruthen- 

, cycle-[ p,- 1 (q2):2(q2):3(q2)-2-butyne] - 

cyclopentadienyl] molybdenumruthen- 
ium-, (Co-MoXCo-Ru)(Mo-Ru), 27: 194 

2 6  190 

phosphine), 26191 

1 ,4-diphenyl- 1,3-butadiene- 1.4- 
diy1)Xtriphenylphosphine)-, 26: 195 

-, (q5-cyclopentadienyl)[q2- 1,l'-( 1.2- 
ethynediyl)bis(benzene)](triphenyl- 
phosphine), 26192 

phine)trigoldtriruthenium-, 26:327 

carbonyl- ~ K ~ C . ~ K ~ C - ~ ~ S - [  1,3(q5)-cyclo- 

octacarbonyl-l~~C.2~~C, 3K3c-[ 1(q5)- 

-, chlorotris(tripheny1phosphine)-, 

, (q5-cyclopentadienyI)bis(triphenyl- 

, (q5-cyclopentadienyl)(2,3-dimethyl- 

, dodecacarbonyltris(tripheny1phos- 

, cyclo-y,-ethylidyne-1:2:3-~~C-penta- 

pentadienyl]molybdenumnickel-, 
(Co-Mo)(Co-NiXMo-Ni). 27: 192 

-, heptacarbonyl[ 12-ethanediylbis- 
(dipheny1phosphine)lplatinumdi-, 
26370 

-, nonacarbonyl(p,-phenylphosphini- 
dene)irondi-, 26353 

, nonacarbonyl-y,-thio-irondi-, 
26:245 

, nonacarbonyl-p,-thiorutheniumdi-, 
26:352 

, octacarbonyl(q5-cyclopentadieny1)- 
p3-ethylidynemolybdenumdi-, 27: 193 

-, tricarbonyl[2-(phenylazo)phenyl- 
C',P]-, 26176 

, his($-cyclopentadieny1)-bis(y3- 
phenylmethy1idyne)tn-, 26309 

-, undecacarbonylrutheniumdi-, 
26:354 

-, (qs-cyclopentadienyl)(1,4-bis- 
(methoxycarbonyl)-2-methyl-3-phenyl- 
1,3-butadiene-l,4-diyl](triphenylphos- 
phine), 26197 

-, (q5-cyclopentadienyl)(methyl 3- 
phenyl-q2-2-propynoate)(trip henyl- 
phosphine), 26192 

cyclopentadieny1)-, 28:278 

phosphine), 28:281 

phosphite)-, 28:283 

pentadieny1)-, 28:273 

(triphenylarsine), 29: 180 

pheny1phosphine)-, 29: 175 

phenyl phosphite)-. 29:178 
Cobalt(I1). hexakis(acetone)-, bis[hexa- 

chloroantimonate(V)], 29: 114 

chloroantimonate(V)]~29: 114 

3,10,14,18.21.25-hexaazabicyclo[l0.7.7]- 
hexacosa- 1,ll. 13.182025-hexaene- 

bis [hexafluorophos- 
phate(1 -)I, 27:270 

Cobalt(II1). carbonyldiiodo(q5-penta- 
methylcyclopentadieny1)-, 28:275 

Cobalt(1). bis(q2-ethene)(q5-pentamethyl- 

-, (q5-cyclopentadienyl)bis(trimethyl- 

, (q5-cyclopentadienyl)bis(trimethyl 

, dicarbonyl(q5-pentamethylcyclo- 

, tricarbonyl(trimethylstanny1) 

, tricarbonyl(trimethy1stannylXtri- 

, tricarbonyl(trimethylstannyl)(tri- 

, hexakis(nitr0methane)-, bis[hexa- 

-, (2,3,10,11,13,19-hexamethyl- 
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-, dichlorobis( lJ-ethanediamine)-, 
trans-, chloride, 29:167 

, di-p-iodo-bis[iodo(q'-pentamethyl- 
cyclopentadieny1)-, 28:276 

, dodecaaminehexa- yhydroxo-tetra-, 
(-)-, hexabromide, dihydrate, 29: 172 

, dodecaamminehexa-yhydroxo- 
tetra-, (+)-, hexabromide. dihydrate, 
29:171 

, dodecaamminehexa-p-hydroxo- 
tetra-, bis[bis(p-d-tartrato)dianti- 
mony(III)] iodide, dodecahydrate, 
29: 170 

, dodecaamminehexa-p-hydroxo- 
tetra-, (-)-, hexaiodide, tetrahydrate. 
29:171 

tetraethylammonium, 27: 188 

phosphine)gold(l+), 27: 188 

tetraethylammonium, 26:358 

dioxobutane- 1,1,4,4-tetracar- 
boxylato(2-)-0",02:03, @']]tetra-, 
tetraammonium, 29:276,277 

Cobaltate( 1 -), dodecacarbonylirontri-, 

, dodecacarbonylirontri-, (triphenyl- 

, dodecacarbonylrutheniumtri-, 

Cobaltate(4-), hexakis(y(tetraethyl-2.3- 

Cobalt dichloride, 28:322 
dehydration of, with chlorotrimethyl- 

silane, 29: 110 
Cobalt dioxygen carriers, 27:261 
Complexes with weakly bonded anions, 

28: 1 
Copper, (acetonitrile)dodecacarbonyltri- 

cobalt ruthenium-, 26:359 
Copper( 1 +). tetrakis(acetonitri1e)-, 

hexafluorophosphate( 1 -), 28:68 
Copper dichloride, 28:322 

dehydration of, with chlorotrimethyl- 
silane, 29:llO 

Crystal growth, 26377 

palladium and platinum complexes, 

platinum complex 28:126, 128 
rhodium complex, 28:88 
ruthenium complex, 2669,253 

28:346-348 

1,5-Cyclooctanediylboryl selenides, 29:70 
1,5-Cyclooctanediylboryl sulfides, 29:60 
1,3,5,7-Cyclocctatetraene, lithium complex, 

28: 127 
lutetium complex, 27: 152 

complexes, 28:90.91 
platinum complex, 26: 139 

Cyclooctene, indium and rhodium 

1.3-Cyclopentadiene, chromium complex, 

chromium, molybdenum, and tungsten 

cobalt and rhodium complexes, 28:280, 

cobalt complex, 26: 191 
cobalt-molybdenum-nickel complexes, 

cobalt-molybdenum-ruthenium 

hafnium, titanium, and zirconium 

iron complex, 26232,28:208,210 
lanthanide complexes, 28293-295 
lutetium complex, 27: 161 
mercury-mol ybdenum-ruthenium 

molybdenum complexes, 27:63,28: 11 
molybdenum and tungsten complexes, 

molybdenum-platinum complexes, 

neodymium complex, 27:158 
nickel, osmium, and ruthenium complex, 

niobium complex, 28:267 

29:247 

complexes, 26:343,28196, 197 

28 1 

27: 192 

complexes, 27:194 

complexes, 28:248-260 

complex, 26333 

2696 

26345 

26:362 
- 

Cyanate, tungsten complex, 26:42 
Cycloheptatriene, molybdenum complex, 

osmium-zirconium complex, 27:27 
palladium complex, 28:343 

27:4 

and rrans-(S,S)-, platinum complex, 
27:283,28:101 

1,2-Cyclohexanediamine, cis-, trans-(RE)-, 

Cyclometallapolyselanes, 2759 
Cyclometallation reactions, 26: 171 
1,5-Cyclooctadiene, iridium complex, 

osmium-rhodium complex, 27:29 
26: 122 

platinum complex, 26345 
rhenium complex, 29:211 
ruthenium complex, 26:178,333,362 
thallium complex, 28:315 
thorium and uranium complexes, 28:301, 

titanium complex, 27:60 
titanium and vanadium complexes, 

302 

28:261-266 
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tungsten complexes, 27:67,28: 153 
uranium complex, 27: 177 

1.3-Cyclopentadiene, 1.3-bis(trimethy1- 
sily1)-, lanthanide-lithium complexes, 
27: 169 

complex, 29200 
1,3Cyclopentadiene, 1 chloro-, lithium 

titanium complex, 29:200 
1,3-Cyclopentadiene, 1-methyl-, prepara- 

chromium, molybdenum, and tungsten 

molybdenum complex, 29:206 
titanium complex, 2752 
vanadium complex, 2754 

tion and purification of, 2752 

hexacarbonyl complexes, 28: 148 

1,3-Cyclopentadiene, 1,2,3.4,5-pentamethyl-. 
28:317 

chromium complex. 27:69 
cobalt complexes, 28:273,275 
hafnium, titanium, and zirconium 

complexes, 28:253-255 
iridium complex, 27:19 
rhodium complex, 29:229 
ruthenium complex, 29:225 
samarium complex. 27: 155 
titanium complex, 27:62 
ytterbium complex, 27: 148 

r15-Cyclopentadienyl lanthanide complexes, 

2-Cyclopentene- 1-one, 2,3,4,5-tetramethyl-. 

LCysteine, molybdenum complex, 29255 

Decac yclo[ 9.9.1 .0z'0.03.7.04.9.- 

26:17 

29: 195 

0 6 8 . 0 1 ~ . 0  13.17.014.19.016.1S]henicosa- 

phosphide(3-), 27:228 
Dehydration, of transition metal chlorides 

with chlorotrimethylsilane, 29: 108 
1,32,4-Diazadiphosphetidine, 1,3-di-rert- 

butyl-2,4-dichloro-, cis-, 27:258 
3,5-Diaza-nido-hexaborane(6), 1,4-di-tm- 

butyl-2,6-diisopropyl-3,5-bis(trimethyl- 
silyl)-, 2954 

Diborane(6), 27:215 

1.2-Dicarbadodecaborane( 12). 1,2-( 1.2- 

24 1,2-Dicarbadodecaborane( 12)- 1- 

iron complex, 29:269 

ethanyldiy1)-, 29: 101 

yl)ethanol, 4methylbenzenesulfonate 
ester, 29 102 

2,3-Dicarba-nidu-hexaborane(8), 2.3-bis- 

(trimethylsily1)-, 29:92 
,2-(trimethylsilyl)-, 29:95 
, trimethylsilyl derivatives and 

2,3-Dicarba-nido-hexaborate(2-), 2.3- 
lithium and sodium salts, 29239 

bis(trimethylsily1)-, dilithium, 2 9 9  

1,5-Dicarba-closa-pentaborane(5), penta- 

Dicobalt iron and dicobalt ruthenium 

Diethylamine, uranium complex, 29:234 
Diethyl ether, ytterbium complex, 27148 
Dimethylamine, tungsten complex, 29: 139 
Dimethyl ether, ruthenium complex, 27: 198 
Dinitrogen complexes, of molybdenum 

Dioxygenyl hexahorasenate( 1 -), 29% 

Diphosphene, bis(2,4,6-tri-rert-butyl- 

lithium sodium, 29:97 

ethyl-, 29:82 

cluster complexes, 26351 

and tungsten, 28:33 

29116 

pheny1)-. 27:241 

27:241 
, bis[tris(trimethylsilyl)-methyl)-, 

Diphosphorus, chromium complex, 29247 
6.9-Diselena-uruchno-decaborane( 10). 

7,9-Diselena-nido-undecaborane(9), 29: 103 
Disilathiane, hexamethyl-, 29:30 
Disilene, tetrakis(2,4,6-trimethylphenyl)-, 

Disulfido, chromium complex, 29252 
Dithiocarbamic acid, diethyl-, molyb- 

Dithiocarbonic acid. rhodium complex, 

Dithioformic acid, iron complex, 28: 186 
1,3-Dithiolo[4,5-6] [ 1,4]dithiin-2-thione, 

26389 
Dodecatungstosilicic acid, (H,(a- 

SiW,,O,]), hydrate, 27:93 
Dysprosium, tetrakis[r15-l,3-bis-(himethyl- 

silyl)cyclopentadienyl]d~-~~hloro-di-, 
27:171 

phenoxo)-, 27:167 

29: 105 

29:19,21 

denum complex, 28:45 

27:281 

, tris(2,6-di-fm-butyl-4-methyl- 

Erbium. hexachloroheptakis(tetrahydr0- 

-, tetrakis[qS-l,3-bis(trimethyl- 
furan)di-, 27:140 

silyl)cyclopentadienyl] di-p-chloro-di-, 
27:171 
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, tris(2,6-di-fert-butyl4-methyl- 
phenoxo)-, 27: 167 

27:140 

sily1)-, 27:327 

27:301 

27: 192 

29: 120 

Erbium trichloride-tetrahydrofuran(2:7), 

Ethanamine, 1.1-dimethyl-N-(trimethyl- 

, 1,l-dimethyl-, tungsten complex, 

, N-ethyl-N-methyl-, tungsten, 26:40, 

Ethane, 12-dimethoxy-, niobium complex, 

tungsten complex, 26:343 
ytterbium complex, 28:295 

Ethane, 12-dimethoxy-, compound with 
cyclopentadienylsodium(l:l), 26341 

1,2-Ethanediamine, chromium complex, 
resolution of, 26:24 

cobalt complex, 29:167 
monohydrochloride, platinum complex, 

platinum complex, 27:314 
ruthenium complex, 29:164 

27:315 

1,2-Ethanediamine, N-(2-aminoethyl)- 

1,2-Ethanediamine,N,N,N',"-tetramethyl-, 
palladium complex, 2 9  187 

lithium complex, 26: 148 
rhenium complex, 29: 148 

Ethanone, 1-phenyl-, manganese complex, 

Ethene, cobalt complex, 28278 
molybdenum complexes, 26: 102,28: 11 
platinum complex, 28:129 
rhenium complex, 26: 110 
rhodium complex, 28:86 

26: 156 

Europium, tetrakis[$-l,3-bis(trimethyl- 
silyl)cyclopentadienyl]di-~-~hloro-di-, 
27:171 

Ferraboranes, 29:269 
Ferrate( 1 -), carbidododecacarbonyl- 

hydridotetra-, tetraethylammonium, 
27:186 

-, dodecacarbonyl (p4-(methoxycar- 
bonyl)methylidyne] tetra-, tetraethyl- 
ammonium, 27: 184 

-, dodecacarbonyltricobalt-, tetra- 
ethylammonium, 27: 188 

-, dodecacarbonyltricobalt-, 
(trip henylphosphine)gold(l + ), 27:188 

-, hydridononacarbonylchromium-, 

p-nitrido-bis(triphen ylphos- 
phorus)(l+). 26:340 

denum-, ynitrido-bis(tripheny1phos- 
phorus)(l+), 26:340 

, hydridononacarbonyltngsten-, 
pnitrido-bis(tripheny1phos- 
phorus)(l+), 26:336 

, hydridotetracarbonyl-, p-nitrido- 
bis(triphenylphosphorus)(l +). 26336 
, tetracarbonylhydrido-, potassium, 

29: 152 
Ferrate(2-), p4-carbido-dodecacarbonyl- 

tetra-, bis[p-nitrido-bis(tripheny1- 
phosphorus)(l+)], 26:246 

, carbidododecacarbonyltetra-, 
bis(tetraethylammonium), 27: 187 

bis(tetraethylammonium), 27: 183 

nitrido-bis(triphenylphosphorus)( 1 + )], 
26:339 

, nonacarbonylmolybdenum-, bis[p- 
nitrido-bis(triphenylphosphorus)( 1 +)I, 
26:339 

, nonacarbonyltungsten-, bis-( p- 
nitrido-bis(tripheny1phosphorus)- 
(1+)], 26339 

, hydridononacarbonylmolyb- 

-, carbidohexadecacarbonylhexa-, 

-, nonacarbonylchromium-, bis( p- 

, octacarbonyldi-, disodium, 28:203 

, undecacarbonyltri-, bis(pnitrid0- 
-, tetracarbonyl-, disodium, 28:203 

bis(triphenylphosphorus)(l +)I, 
28:203 

28:203 
, undecacarbonyltri-, disodium, 

Fluorene, iridium complex, 29:232 
Fluorosulfate, tetrabutylammonium, 

Formaldehyde, rhenium complex, 29:222 
Formamide, N-( I-(I-naphthaleny1)ethylj-, 

Formic acid, rhenium complex, 26: 1 12 
Furan, tetrahydro-, actinide and 

lanthanide complexes, 28:289,290 

26:393 

rhenium complex, 29:217 

iron complex, 26:232 
lanthanide complexes, 28:293-295 
lanthanide-lithium complexes, 27: 169 
lutetium complex, 27:152 
magnesium complex, 26: 147 
molybdenum complex, 28:35,36 
neodymium complex, 27:158 
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neodymium and samarium complexes. 

niobium complex, 29:120 
samarium complex, 27: 155 
ytterbium complex, 27: 139 

26:20 

Gadolinium, tetrakis[q5-1,3-bis(trimethyl- 
silyl)cyclopentadienyl]di-pchloro-di-, 
27:171 

Gold, chloro(tripheny1phosphine)-, 26325 
, decacarbonylbis(triethy1phos- 

phine)triosmiumdi-, 27:211 
-, decacarbonylbis(tripheny1phos- 

phine)triosmiumdi-, 27:211 
-, decacarbonyl-p-hydrido(triethy1- 

ph0sphine)triosmium-, 27:210 
-, decacarbonyLyhydrido(tripheny1- 

phosphine)triosmium-, 27:209 
, dodecacarbonyltris(tripheny1phos- 

phine)cobalttrirutheniumtri-, 26:327 
, hexachlorododecakis(tripheny1- 

ph0sphine)pentapentaconta-, 27:2 14 
, octacarbonyl-1K4 CJK4C-p- 

(dipheny1phosphino)-1 :ZKP-(triphenyl- 
phosphine)-3~P-rriangulo-diman- 
ganese-, 26229 

Gold( 1 +), bis(bis(tripheny1phosphine)rhen- 
ium] hexahydridobis(tripheny1phos- 
phine)di-, tetraphenylborate( 1-1. 
29:291 

-, bis[ 1,2-ethanediylbis(diphenyl- 
phosphine]](triphenylphosphine)irid- 
iumdi-, bis [tetrafluoroborate( 1 -)I, 
29:296 

, [bis(triphenylphosphine)irid- 
iumjdi-p-hydrido-tetraks(tripheny1- 
phosphine)tetra-, tetraphenyl- 
borate( 1 -), 29:296 

, [bis(triphenylphosphine)plati- 
num]( nitrato-O,O')bis(triphenylphos- 
phine)di-, hexafluorophosphate( 1 -), 
29:293 

, [bis(triphenylphosphine)rhenium]- 
tetrahydridopentakis(tripheny1phos- 

phinekpenta-, bis [hexafluorophos- 
phate( 1 -), 29:288 

, [bis[tris(4-methylphenyl)phos- 
phinelrhenium] tetra hydridotetra- 
kis(tripheny1phosphine)tetra-, hexa- 
fluorophosphate( 1 -), 29:292 

, [bis(tri-ptoly1phosphine)rhen- 

ium] tetrahydridopentakis(tripheny1- 
phosphine)penta-, bis[hexafluoro- 
phosphate(1 -)I, 29:289 

, (carbonyltris(tripheny1phosphine)- 
rutheniumldi- yhydrido-(trip henyl- 
phosphine), hexafluorophosphate( 1 -), 
29:281 

, chloro-lrC2-bis(triethy1phosphine- 
KP)bis(triphenylphosphine)- 2~P,3rP- 
rriangulo-platinumdi-, trifluoro- 
methanesulfonate, 27:218 

. phydrido- [ (nitrato-O,O ')bis- 
(tripheny1phosphine)iridiumj bis(tri- 
pheny1phosphine)di-, tetrafluoro- 
borate( 1 -), 29284 

phine)iridiumj tris(tripheny1phos- 
phine)tri-, tetrafluoroborate( 1 -), 
29:285 

, p,-0x0-tris[(triphenylphosphine)-, 
tetrafluoroborate(1-), 26:326 

-, tri-p-hydrido-(tris(tripheny1phos- 
phine)osmium]bis(triphenylphos- 
phinewi-, hexafluorophosphate( 1 -)> 
29286 

, tri-p-hydrido[tris(triphenylphos- 
phine)ruthenium]bis(triphenylphos- 
phineyi-, hexafluorophosphate(1 -), 
29:288 

, (tripheny1phosphine)-, dodecacar- 
bonyltricobaltferrate(1-), 27: 188 

, tris[ [ lJ-ethanediylbis(dipheny1- 
phosphine)]iridium] hexahydrido(ni- 
trato-O,O')-, tetrafluoroborate( 1 -), 
29:290 

Gold(2), hexakis(triphenylphosphine)[(tri- 
phenylphosphine)platinum] hexa-, 
bis[tetraphenylborate( 1 -)I, 29:295 

, tris[ [ 1,2-ethanediylbis(diphenyl- 
phosphine)] iridium] hexahy drido(tri- 
pheny1phosphine)-, nitrate tetrafluoro- 
borate.( 1 -), 29:291 

arsine)]-, bis(pentafludropheny1)- 
aurate(I), 2689 

, chloro(tetrahydrothiophene)-, 
2686 

, nitrato(tripheny1phosphine)-, 
29280 

, (pentafluorophenyl)(tetrahydro- 
thiophene)-, 2686 

, [(nitrato-O,O')bis(triphenylphos- 

Goldu), bis [ 1,2-phenylenebis(dimethyl- 
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, (pentafluoropheny1)-ythio- 
cyanato(tripheny1phosphine)di-, 2690 

Gold(III), tris(pentafluorophenyl)(tetra- 
hydrothiophene)-, 2687 

Gold mixed-metal clusters, 26:324 
Group 15 iron carbonyl complexes, 

Group 6 pentacarbonyl acetates, 27:295 

Hafnium, dicarbonylbis(qs-cyclopenta- 

26:59-63 

dieny1)-, 28:252 

pentadienyl), 28:255 

antimonate( 1 -), 27:336 
, bromo-, hexafluoroarsenate(1 -) 

27:336 
, bromo-, tetrasulfur(2+) hexa- 

fluoroarsenate(1-) (4 1:6), 27:338 
, iodo-, hexafluoroantimonate( 1 -), 

27:333 
, iodo-, hexafluoroarsenate( 1 -), 

27:333 
, iodo-, tetrasulfur(2+) hexafluoro- 

arsenate(1-) (41:6), 27:337 
cycZo-Heptasulfur(3+), p-iodo-bis(4-iodo-, 

tris[hexafluoroantimonate( 1 -)I, 
-2 arsenic trifluoride, 27:335 

, dicarbonylbis(q’-pentamethylcyclo- 

cyclo-Heptasulfur(1 +), bromo-, hexafluoro- 

Heterobimetallic hydrido complexes, 27:26 
3,10,14,18,2 1,25-Hexaazabicyclo[ 10.7.71- 

hexacosa-l,l1,13,18,20,25-hexaene, 
2,3,10,11,13,19-hexamethyl-, cobalt 
complex, 27:270 
,2,3,10,11,13,19-hexamethyl-. 

tris[hexafluorophosphate(l -)I. 27:269 

15”]octacosa-1,5,7,9(28),12,14,19,21,26- 
nonaene, 3,11-dibenzyl-14,20-dimethyl- 
2,12-diphenyl-. iron complex, 27:280 

, tris[hexafluorophosphate( 1 -)I, 
27:278 

phenyl, dimethyl ester, cobalt complex, 
26:197 

silyl)cyclopentadienyl]di-p-chloro-di-, 
27:171 

phenoxo)-, 27:167 

complexes, 2674 

3.1 1,15,1922,26-Hexaazatricyclo[l1.7.7.- 

2A-Hexadienedioic acid, 3-methyl4 

Holmium, tetrakis[$-1,3-bis(trimethyl- 

, tris(2,6-di-zen-butyI-4-methyl- 

Hydrazine, methyl-, ruthenium(I1) 

Hydrazine, ruthenium(I1) complexes, 2673 
Hydrido complexes. 29:159 

boron-iron, 29:213 
gold-iridium, 29:284 
gold-osmium, 27:209 
gold-rhenium, 29:288 
gold-ruthenium, 29281,288 
iridium, 26:117,27:19 
iron, 26:244,27:186 
iron-tungsten, 26:336 
manganese, 26226 
mercury-molybdenum-ruthenium, 

molybdenum, 27:9 
molybdenum and tungsten, 26:362,28:7 
osmium, 26:186,293,28:236 
osmium and ruthenium, 27:196-207 
platinum, 26:135. 136.27:32 
rhenium, 2677,27: 15 
rhodium, 28:81,82 
ruthenium, 2618I,28:219 
tungsten, 27:lO 
zirconium, 28:257,259 

tungsten complex, 27:6 

tungsten complex, 27:67 

26:329 

Hydrogen, molybdenum complex, 27:3 

Hydrogen sulfide, titanium complex, 27:66 

Indium(II1). bis(benzenethio1ato)iodo-, 

-, tris(benzeneselenolat0)-, 29: 16 
, tris(benzenethiolat0)-. 29: 15 

Iodiate(I), dibromo-, tetrabutylammonium. 

Iridate(1-), tetracarbonyl-, p-nitrido-bis(tri- 

Iridium, carbonylchlorobis(tripheny1phos- 

29: 17 

29:44 

phenylphosphorus)(l+), 28:214 

phine), trans-, 28:92 

28:91 
, di-p-chlorc-bis[bis(cyclooctene)-, 

, dodecacarbonyltetra-, 28:245 
, tetrahydrido(q5-pentamethyl- 

cyclopentadieny1)-, 27: 19 
Iridium( 1 +), bis(acetone)dihydridobis(Cri- 

pheny1phosphine)-, tetrafluoro- 
borate( 1 -), 2857 

, [1.4-butanediylbis(diphenylphos- 
phine)]pentahydridodi-, tetrafluoro- 
borate(1-), 27:26 

, (q4-1,5-cyclooctadiene)bis(tri- 
pheny1phosphine)-, tetrafluoro- 
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borate(1-), 2856 

propanediylbis(dipheny1phosphine)j-, 
tetrafluoroborate( 1 -), 27:23 

phosphine), tetrafluoroborate( 1 -), 
2858 

-, di- yhydrido-bis(tripheny1phos- 
phene)tetrakis((triphenylphos- 
phine)gold]-, tetraphenylborate( 1 -), 
29296 

, (1.2-diiodobenzene)dihydrido- 
bis(tripheny1phosphine). tetrafluoro- 
borate(1-), 2839 

, phydrido-(nitrato4,O')bis-(tri- 
phenylphosphine)bis[(triphenylphos- 
phinefgoldl-, tetrafluoroborate( 1 -), 
29:284 

-, (nitrato-O,O')bis(triphenylphos- 
phine)tris [(triphenylphosphine)gold] -, 
tetrafluoroborate( 1 -), 29:285 

-, pentahydridobis( 1$-propane-diyl- 
bis(dipheny1phosphine))di-, tetra- 
fluoroborate(1-), 27:22 

-, tris[ 12-ethanediylbis(diphenyl- 
phosphine)] hexahydrido[(nitrato- 
O,O')-gold] tri-, tetrafluoroborate( 1 -), 
29:290 

phenylphosphine]](triphenylphos- 
phine)di-gold-, bis[tetrafluoro- 
borate( 1 -)I, 29:296 

pentadienyl), bis[hexafluorophos- 
phate(1-), 29:232 

, heptahydrido[ 1,3-propanediyl- 
bis(diphenylphosphine)) tri-, bisltetra- 
fluoroborate(1 -)I, 27:22 

, tris(acetone)q5-pentamethylcyclo- 
pentadienyl), bis[hexafluorophos- 
phate(1-)), 29232 

cyclopentadienyl), bis [ hexafluoro- 
phosphate(1-)], 29:232 

, tris[ 12-ethanediylbis(dipheny1- 
phosphine)] heptahydridotri-, bis- 
[tetrafluoroborate(l -)I, 27:25 
, trisl 12-ethanediylbis(dipheny1- 

phosphine)] hexahydrido[(triphenyl- 
phosphine)gold]tri-, nitrate tetra- 
fluoroborate( 1 -), 29:291 

-, (q4-1,5-cyclooctadiene)[ 1,3- 

-, diaquadihydridobis(tripheny1- 

Iridium(2+), his[ lJ-ethanediylbis[di- 

, (q6-fluorene)(qs-pentamethylcyclo- 

-, tris(acetonitrile)(qs-pentamethyl- 

Iridiumfl), chlorotris(tripheny1phosphine). 
26:201 

-, (q4-1,5-cyclooctadine)bis-(tri- 
pheny1phosphine)-, tetrafluoro- 
borate(1-), 26:122 

IridiumflII), bis(acet0ne)dihydridobis- 
(tripheny1phosphine)tetrafluoro- 
borate( 1 -), 26 123 

borate( 1 -))bis(triphenylphosphene)-, 
28:23,26:117 

, carbonylchloromethyl[tetrafluoro- 
borate( 1 -)]bis(triphenylphosphine)-, 
26:118 

methanesulfonato)bis(trip henylphos- 
phine), 26120 

, carbonylhydridobis(trifluoro- 
methanesulfonato)bis(triphenylphos- 
phine)-, 28:26 
, chloro(dinitrogen)hydrido-[tetra- 

fluoroborato( 1 -)bis(triphenylphos- 
phine), 2 6  119 

phino)p henylC'g1 hydridobis(tri- 
phenylphosphine), (OC-6-53)-, 26202 
, diaquadihydridobis(tripheny1- 

phosphine), tetrafluoroborate( 1 -), 
26: 124 

, di-p-chloro-dichloro-bis(qs-penta- 
methylcyclopentadieny1)di-, 29:230 

, (1.2-diiodobenzene)dihydrido- 
bis(tripheny1phosphine)-, tetrafluoro- 
borate( 1 -), 26: 125 

dieny1)-, 26239 

, carbonylchlorohydrido1tetrafluoro- 

, carbonylhydridobis(trifluoro- 

, chloro(2-(diphenylphos- 

Iron, a~etyldicarbonyl(q~~yc1openta- 

-, p-boryl-p-carbonyl-nonacarbonyl- 
p-hydrido-hi; 29269 . carbidotridecacarbonyltetra-, 
27:185 

dimethylbenzene), 2657 

methyl-l-propenyl-KC')-, 28:208 

dienyl)[(methylthio)thiocarbonyl)-. 
28:186 

dimethylbenzene)-, 2656 

diborato(2-)]]di-, 29:269 

-, carbonyltetrakis(2-isocyano- 1.3- 

, dicarbonyl(q'-cyclopentadienyl)(2- 

-, dicarbonyl(qs-cyclopenta- 

-, dicarbonyltris(2-isocyano-1,3- 

, hexacarbonyl[p-Ihexahydro- 
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, nonacarbonyldihydrido-p3-thio-tri-, 
26:244 

, nonacarbonyl-p-hydrido-[p3-[tetra- 
hydroborato(1 -)]]tri-, 29273 

, nonacarbonyl(p3-phenylphosphini- 
dene)dicobalt-, 26:353 

, nonacarbonyl-p,-thio-dicobalt-, 
26:245 

, pentacarbonyl-, in direct syntheses, 
29151 

, pentakis(2-isocyano-1.3-dimethyl- 
benzene), 2657 

, tetracarbonyl complexes contain- 
ing group 15 donor ligands, 28:168 

, tetracarbonyl(dimethylpheny1- 
phosphine), 2661 

, tetracarbonyl(2-isocyano- 1,3- 
dimethylbenzene)-, 2653 

, tetracarbonyl(methyldipheny1- 
phosphine), 26:61 

, tetracarbonyl(tributy1phosphine)-, 
2661 

, tetracarbonyl(tricyclohexy1phos- 
phine)-, 26:61 

, tetracarbonyl(triethy1 phosphite)-, 
26:61 

, tetracarbonylftrimethyl 
phosphite)-, 26:61 

, tetracarbonyl(tripheny1arsine)-, 
26:61 

phine)-, 26:61 

phosphite)-, 26:61 

26:61 

dimethylbenzene)-, 2654 

cyclopentadieny1)-, hexafluorophos- 
phate( 1 -), 26:235 

-, p-acetyl-2rC': IrO-pentacarbonyl- 
1 r'C,2r2C-bis( 1,2-(q5-cyclopenta- 
dienyl)]molybdenum-, hexafluoro- 
phosphate(1-), 26239 

-, p-acetyl-2rC': 1rO-tetracarbonyl- 
1 K3c,2K2c-biS[ 1,2-(qs-cyclopenta- 
dienyl)](triphenylphosphine-1e)- 
molybdenum-, hexafluorophos- 
phate(1-), 26:241 

-, tetracarbonyl(tripheny1phos- 

, tetracarbonyl(tripheny1 

, tetracarbonyl(tripheny1stibine)-, 

-, tricarbonylbis(2-isoyano- 1,3- 

Iron( 1 +), p-acetylC:O-bis[dicarbonyl-(qs- 

-, p-acetyl-2rC': IrO-tncarbonyl- 
I~~C,2rC-bis [ 1,2-(qs-cyclopenta- 
dienyl)](triphenylphosphine-2KP)di-, 
hexafluorophosphate( 1 -), 26237 

, (q5-cyclopentadienyl)dicarbonyl- 
(tetrahydrofuran)-, hexafluorophos- 
phate(1-), 26:232 

-, dicarbonyl($-cyclopenta- 
dienyl)(q2-2-methyl-l-propene)-, tetra- 
fluoroborate(1-), 28:210 

, dicarbonyl(qs-cyclopenta- 
dienyl)(thiocarbonyl)-, trifluoro- 
methanesulfonate, 28: 186 

28:171 

28:171 

28:171 

28:177 

phine), 28:176 

phine), 28:177 

phine)-, 28:176 

one)-, 2852 
Iron(II), [ 3.1 1-dibenzyl- 1420-dimethyl- 

2,12-diphenyl-3,11,15.19,22,26-hexa- 
azatricyclo( 1 1.7.7.15~9]octacosa- 
1,5,7,9(28),12,14,19,2 126nonaene- 
K ~ N ~ ~ . ~ ~ ~ ~ ~ ~ ] - ,  bis[hexafluorophos- 
phate(1-)I. 27:280 

bis(triethy1 phosphite), 29:159 

bis(trimethy1 phosphite )-, 29158 

bis(tripheny1 phosphite), 29:159 
Iron(III), hexakis(acetonitri1e)-, bis[tetra- 

chloroaluminate(1-)], 291 16 
Iron dichloride, dehydration of, with 

chlorotrimethylsilane, 29: 1 10 
Iron dioxygen carriers, 27:261 
Iron isocyanide complexes, 28:179 
Iron trichloride, 28:322 
Isocyanide complexes, of chromium, 

lron(O), tetracarbonyl(tripheny1arsine)-, 

, tetracarbonyl(tributy1phospine)-, 

, tetracarbonyl(tripheny1stibine)-, 

, tricarbonylbis(tributy1phosphine)-, 

-, tricarbonylbis(tricyclohexy1phos- 

, tricarbonylbis(trimethy1phos- 

-, tricarbonylbis(tripheny1phos- 

, tricarbonyl(4-phenyl-3-butene-2- 

, dicarbonyl&-dihydrido-trans- 

, dicarbonykis-dihydrido-rrans- 

, dicarbonyl-cis-dihydrido-trans- 

molybdenum, and tungsten. 28: 140 
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iron, 2652 
Isopolyoxo metalates, 27:74 

Krypton dinuoride, 29: 11 

Lanthanide aryloxy complexes, 27:164 
Lanthanide complexes, 28:286 
Lanthanide qs-cyclopentadienyl complexes, 

Lanthanide trichlorides, 27: 136 
Lanthanum, bis[q5-1,3-bis(trimethyl- 

26: 17 

silyl)cyclopentadienyl]di-p-chloro- 
bis(terahydr0furan)lithium-, 27: 170 

silyl)cyclopentadienyl]di-p-chloro-di-. 
27:171 

phenoxo)-, 27:166 

27: 167 

-, tetrakis[q5-1$-bis-(trimethyl- 

-, tris(2,6-di-terr-bu~l4-methyl- 

, tris(2,6-di-tert-butyl-phenoxo)-, 

Leaving groups, 28:2 
Lithioheptadecatungstodiphosphate(9-), 

[R,-L~P,O,,W,,]~-, nonapotassium, 
eicosahydrate, 27:109 

Lithium, bis[q5-l,3-bis(trimethylsilyl)cyclo- 
pentadienylldi-p-chloro-bis(tetra- 
hydr0furan)ceriut-n-, 27: 170 

-, bis[qS-1,3-bis(trirnethylsilyl)cyclo- 
pentadienylldi-p-chloro-bis(tetra- 
hydr0furan)lithium-, 27: 170 

pentadienylldi-p-c hloro-bis(tetra- 
hydr0furan)neodymium-, 27: 170 

pentadienylldi-p-chloro-bis(tetra- 
hydr0furan)praseodymium-, 27: 170 

pentadienylldi-p-c hloro-bis(tetra- 
hydr0furan)scandium-, 27:170 

-, bis[qS-1,3-bis(trimethylsilyl)cyclo- 
pentadienylldi-p-chloro-bis(tetra- 
hydr0furan)ytterbiurn; 27: 170 

pentadienyl jdi-p-c hloro-bis(tetra- 
hydrofuranlyttrium-, 27: 169 

, [q5-1,3-bis(himethyIsilyl)cyclo- 
pentadienyll-, 27: 170 
, bis(trimethylsilyl)phosphide, 

(Li[P[Si(CH,),],]), -tetrahydro- 
furan(l:2), 27:243 

, bis[q5-1,3-bis(trimethylsilyl)cyclo- 

, bis[qs-l ,3-bis(trimethylsilyl)cyclo- 

, bis[q5-1,3-bis(trimethylsilyl)cyclo- 

, bis[q5-l,3-bis(trimethylsilyl)cyclo- 

, (chlorocyclopentadieny1)-, 29:200 
, (1,3,5,7-~yclooctatetraene)di-. 

, (diethyl ether)[8-(dimethylamino)- 

, [2-[(dimethylamino)methyl]-5- 

28:127 

1-naphthyll-, 26:154 

methylphenyll-, 26152 
, [2-[(dimethylamino)methyl]phenyl]-, 

2 6  152 
, 12-[(dimethylarnino)phenyl]methyl]-, 

, [2-(methylphenylphosphino)ethyl]-, 
26:153 

27: 178 

phenylenebis[(trimethylsilyl)methy- 
lene]]-bis(Nfl,Wfl'-tetramethyl- 12- 
ethanediamine)di-, 26: 148 

, p- [ (C lp ' ,  12-q:R,a', 1J-q)- 1 2- 

Lithium chloride, 28:322 
Lithium dihydrogen phosphide, (LiH,P), 

Lithium heptaphosphide (Li3P,), 

Lithium hexadecaphosphide, (Li2P& 

Lithium organic compounds, cyclometal- 

Lithium potassium hydrogen octatetra- 

27:228 

27:227 

27:227 

lated, 26:150 

contatungstooctap hosphate(40 - ), 
(Li,K,H,)[P,H,O,,], dononaconta- 
hydrate, 27: 1 10 

Lutetium, bis(q'cyclopentadienyl)(tetra- 
hydrofuran)-p-tolyl-, 27: 162 

, bis(q5-cyclopentadienyl)(tetra- 
hydrofuran)[(trimethylsilyl)methyl]-, 
27:161 

traene)(tetrahydrofuran)-, 27: 152 
-, [2-[(dimethylamino)methyl]- 

phenylC',iV](q8-1,3,5,7-cyclooctate- 
traene)(tetrahydrofuran)-, 27: 153 

, tetrakis[q5- 1,3-bis(trimethyl- 
sily1)cyclopentadienylJdi-p-chloro-di-. 
27:171 

, ~h10~(~~-1,3,5,7-~y~l00~tate- 

Magnesate(4-), hexakislp-[ tetraethyl-2,3- 
dioxobutane-l,1,4,4tetracar- 
boxylato(2-)-O",02:03, @] 1 tetra-, 
tetraamrnonium, 29:275,276,277 

Magnesium, chloro(22-dimethylpropyl)-, 
2646 
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, cyclo-tri[p-l,2-phenylene- 
bis(methy1ene)l hexakis(tetrahydro- 
furan)tri-, 2 6  147 

, [ p-( 1,2-ethanediyldinitnlo)-tetra- 
acetatol-p-oxoy-sulfide-bis[oxomolyb- 
date01  hexahydrate, 29:256 

Main-group compounds, 27:322 
Manganate( 1 -), (ydiphenylphosphin0)- 

bis-(tetracarbonyl-, (Mn-Mn), p-ni- 
trido-bis(triphenylphosphorus)( 1 + ), 
26228 

Manganate(4-), hexakis[p-[tetraethy1-2,3- 
dioxobutane- 1,1,4,4-tetracarboxy- 
iato(2-)O',o':03,~']] tetra-, 
tetraammonium, 29276,277 

ManganateOII), trifluorosulfato-, di- 
potassium, 27:312 

Manganese, acetylpentacarbonyl-, 28: 199 
-, (2-acetylphenyl-C,O)tetracarbonyl-, 

26: 156 
, p-(azodi-2,l-phenylene- 

C',t@C',"l)octacarbonyldi-, 26173 
, benzylpentacarbonyl-, 2 6  172 
, bromopentacarbonyl-, 28: 156 
, (p-chloromercurio)-(p-diphenyl- 

phosphin0)-bis(tetracarbony1-, 
(Mn-Mn), 26230 

bis(tetracarbony1-, (Mn-Mn), 26226 

phinothioyl-PS)di-, 26: 162 
-, octacarbonyl-1~'C2-p-[car- 

bonyl-21cC:l xO-6-(diphenylphosphino- 
2xP)-1~-phenylene-2xC1:1xC2]di-, 
26158 

, octacarbonyl-1 &,21c~C-(p- 
dipheny1phosphino)-1 :2KP-(triphenyl- 
phosphine)-3KP-trangulo-golddi-. 
26229 

, pentacarbonylchloro-, 28: 155 

, pentacarbonyl[tetrafluoroborato- 

, tetracarbonyl[2-(dimethylphos- 

, p-(diphenylphosphino)-yhydrido- 

, octacarbonylbis(p-dimethylphos- 

-, pentacarbonyliodo-, 28: 157, 158 

(l-)]-, 28:15 

phinothioyl)-l,2-bis(methoxycar- 
bony1)-ethenyl€.S]-. 2 6  163 

, tetracarbonyl{[2-(diphenylphos- 
phino)p henyl] hydroxymethylC. I-'}-, 
26169 

, tetracarbonyl[2-(phenylazo)- 
phenylC'JPI-, 2 6  173 

, tricarbonyl[q2-2,3,4,5-tetra- 
kis(methoxycarbonyl)-2,2-dimethyl- 
1H-Phospholium]-, 2 6  167 

kis(methoxycarbonyl)-2,2-dimethyl- 
W-l,2-thiaphosphorin-2-ium]-, 26 165 

26156 

su1fonato)-, 26114 

26328 

, tricarbonyl [q2-3,4,5,6-tetra- 

Manganese@, pentacarbonylmethyl-. 

, pentacarbonyl(trifluoromethane- 

Mercury-bridged transition metal clusters, 

Metal chlorides. anhydrous, 28:321 
Metallacyclic complexes, 2 6  142 
Methane, bromo-, ruthenium and osmium 

complexes, 27:201,205 
-, chloro-, osmium complex, 27:205 

, isocyano-, tungsten complex, 28:43 
, nitro-, antimony complex, 29: 113 

cobalt complex, 29: 114 

chloride salts, 28:72 
Methanesulfonic acid, trifluoro-, from 

regeneration of complexes of, 28:76 
from silver trifluoromethanesulfonate, 

from solid state reactions, 28:75 
from sulfate salts, 28:73 

28:73 

Methanesulfonic acid, trifluoro-, iridium 
and platinum complexes, 28:26,27 

iridium(II1) complexes, 26: 1 17 
manganese and rhenium complexes, 

platinum complex, 26:126 
transition metal complexes, 28:70-76 

26113 

Methane, tris(trimethylsily1)-, 27:238 
4.7-Methano-1H-indene, l-chlor0-3a.4,7,7a- 

tetrahydro-, (la,3afi,4BJfi,7afi)-, 2 9  199 
Methanol, platinum complex, 2 6  135 

ruthenium complex, 29:225 
tungsten complex, 2645 

Methyl, iridium complex, 26: 118 
manganese complex, 26 156 
osmium complex, 27:206 
rhenium complexes, 26107,2816,29220 

osmium complex, 27:204 
Methyl acetate, iron complex, 27184 

Methyl acrylate, ruthenium complex, 28:47 
Methyl benzoate, chromium complex, 

Methylene, osmium complex, 27:206 
Methyl formate, rhenium complex, 29:216 

2632 
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Molybdate( 1 -), (acetato)pentacarbonyl-, 
p-nitrido-bis(tripheny1phos- 
phorus)(l+), 27:297 

-, hydridononacarbonyliron-, p-ni- 
trido-bis(triphenylphosphorus)( 1 + ), 
26340 

-, tricarbonyl(q5-cyclopentadieny1)-, 
sodium, compound with 1.2-di- 
methoxyethane( 1:2), 26:343 

Molybdate(2-), nonacarbonyliron-, bis- 
[p-nitrido-bis(tripheny1phosphorus)- 
(l+)], 26:339 

-, thio-, (Mo,S,,,,)2-, bis(tetra- 
phenylphosphonium), 27:42 

Molybdate(II1). hexachloro-, triammonium, 
29:127 

Molybdate(1V). tris(p-sulfido)tris(di- 
sulfido)p,-thio-triangulo-tri-, 
diammonium, hydrate, 27:48,49 

Molybdate(IV,VI), (q2-disulfido)di-p-thio- 
trithiodi-, bis(tetrapheny1phos- 
phonium), 27:44 

Molybdateo, bis($-disulfido)di-p-thio- 
dithiodi-, bis(tetrapheny1phos- 
phonium), 27:45 

diammonium, dihydrate, 27:48,49 

ato(2-)]oxo-, disodium, tetrahydrate, 
29258 

, di-p-thio-tetrathiodi-, bis-(tetra- 
phenylphosphonium), 27:43 

, [p-(l&ethanediyldinitrilo)tetra- 
acetatol-p-0x0-p-sulfido-bis[oxo-, 
magnesium, hexahydrate, 29:256 

acetratoldi-p-sulfido-bis[oxo-, 
disodium, monohydrate, 29259 

, p-0x0-p-sulfido-bis[(l cystein- 
ato(2 -)] 0x0-, disodium, tetrahydrate, 
29:255 

, pentachlorooxo-, diammonium, 
2636 

ammonium), 27:77 

ammonium), 27:78 

phonium), 27:41 

28:34 

, bis(p-disulfido)tetrakis(sulfido)di-, 

, di-p-sulfido-his[[ l-cystein- 

, [ p-( 12-ethanediyldinitri1o)tetra- 

Molybdatew), [Mo,O,,]*-,bis(tetrabutyl- 

, [Mo,~,]~-, tetrakisgtetrabutyl- 

, tetrathio-, bis(tetrapheny1phos- 

Molybdenum, bis(acetonitri1e)tetrachloro-, 

-, [bis(benzonitrile)platinum] hexa- 
carbonylbis($-cyclopentadieny1)di-, 

, bis(teH-buty1 isocyanide)tetracar- 
bonyl-, ck-, 28:143 

, bis(diethy1dithiocarbamato)di- 
nitrosyl-, cis-, 28: 145 

, bis(dinitrogen)bis[ 1.2-ethanediyl- 
bis(dipheny1phosphine)J-, trans-, 28:38 

, (rerr-butyl isocyanide)pentacar- 
bonyl-, 28:143 

, Cyclo-I p3- 1(q2):2(q2):3($)-2-butyne] - 

(NO-PI), 26:345 

octacarbonyl- 1K2c,2dc,)K3c-[ I($)- 

(CO-MO)(CO-RU)(MO-RU), 27: 194 
cyclopentadienyllcobaltruthenium-, 

, carbonyl($-cyclopentadienyl)[tetra- 
fluoroborato(1-)I-, 285 

-, dicarbonyl($-cyclopenta- 
dienyl)hydrido(triphenylphosphine)-, 
2698 

dieny1)nitrosyl-, 28: 196 

dienyl)[tetrafluoroborato(l -)](hi- 
pheny1phosphine)-, 2698 

, cyclo-~,-ethylidyne-1:2:3r3C- 
pentacarbonyl-lr2C,2r3C-bis[ 1,3(qs)- 
cyclopentadieny1)-, 27: 192 

, hexacarbonylbis(qs-cyclopenta- 
dienyl)bis(triphen ylphosphinefdi- 
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Phosphinic acid, diphenyl-, tin complex, 

Phosphinothioyl cyclo-cotrimerization, 

1H-Phospholium, 2,3,4,5-tetrakis(methoxy- 

29:25 

26:161 

carbonyl)-2,2-dimethyl-, manganese 
complex, 26: 167 

Phosphonium, (benzy1)triphenyl; chloro- 
(pentafluorophenyl)aurate(I), 26:88 

, (dithiocarb0xy)triethyl-, rhodium 
complex, 27:288 

nickel complex, 28101 

butylphenyl), 27:236 

27:239 

uranium complex, 27: 177 

complex, 2683 

phenyl)ester, ruthenium complex, 
28:227 

28:310 

Phosphonous acid, phenyl-, dimethyl ester, 

Phosphonous dichloride, (2,4,6-tri-tert- 

, (tris(trimethylsily1)-methyl] -, 

Phosphorane, dimethylmethylenephenyl-, 

Phosphorodifluoridic acid, rhenium 

Phosphorous acid, tris(4-methyl- 

Phosphorous trinuoride, preparation of, 

Phosphorus(l+), p-nitrido-bis(tripheny1- 

-, p-nitrido-bis(tripheny1-, azide, 

Phosphorus, di-, and cyclo-tri-, molyb- 

acetate, 27:296 

26286 

denum complexes, 27:224 

27:222 
, tetruhedro-tetra-, rhodium complex, 

Phosphorus trifluoride, 26: 12 
Phthalic acid, rhodium complex, 27:291 
Platinate(2-), dodecacarbonyltetra- 

rhodium-, bis[p-nitrido-bis(tripheny1- 
phosphorus)(l+)], 26375 

, hexa-p-carbonylhexacarbonyl- 
hexa-bis(tetrabutylammonium), 263 16 

, pentakis[tri-p-carbonyltricar- 
bonyltri-, bis(tetraethy1ammonium). 
26320 

, tetradecacarbonyltetra-rhodium-, 
bis[p-nitrido-bis(tripheny1phos- 
phorus)(l+)], 26:373 

, tetrakis(tri-p-carbonyltricar- 
bonyltri-. bis(tetraethy1ammonium). 
26:321 

, trisltri-p-carbonyltricarbonyltri-, 
bis(tetraethylammonium), 26:322 

PlatinateGI), trichloro(ethene), potassium, 
28:349 

Platinum, bis(benzonitri1e)dichloro; 26345 
, dichloro[ 1,2-ethanediylbis(di- 

pheny1phosphine)J-, 26:370 
, heptacarbonyl[ 12-ethanediylbis- 

(diphenylphosphine)]dicobalt-, 26370 

dienyl)bis(triphenylphosphine)di- 
molybdenumdi-, 26347,348 

Platinum( 1 +), chloro-lKCZ-bis(triethy1- 
phosphine-laP)bis(triphenylphos- 
p hine)-2KP,3KP-m'angulo-digold-, 
trifluoromethanesulfonate, 27:218 

, (nitrato-O,O')bis(triphenylphos- 
phine)bis[(triphenylphosphine)gold]-, 
hexafluorophosphate(1 -), 29:293 

, (triphenylphosphine)hexakis[(tri- 
pheny1phosphine)goldl-, bis[tetra- 
phenylborate(1 -)].29:295 

28:126, 128 

-, hexacarbonylbis(q5-cyclopenta- 

Platinum(O), bis( 1,5-cyclooctadiene)-, 

, bis(di-trm-butylphenylphosphine); 
28:116 

-, bis(diethylpheny1phosphine)- 
(ethene)-, 28:135 
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, bis(ethene)(tricyclohexylphos- 

, bis(tricyclohexy1phosphine)-, 

, (12-ethanediylbis(diphenylphos- 

phine)-, 28:130 

28:116 

phine)J(ethene)-, 28: 135 

28:133 

phine)-, 28:135 

28: 135 

-, (ethene)bis(triethylphosphine>, 

, (ethene)bis(triisopropylphos- 

, (ethene)bis(triphenylphosphine)-, 

- , tetrakis(triethy1phosphine)-, 28 122 
, tetrakis(triethy1 phosphite), 28: 106 
, tetrakis(tripheny1phosphine)-, 

-, tris(bicyclo[2.2.1 Jhept-2-ene)-, 
28: 124 

28: 127 
, tris(ethene)-, 28:129 

, tris(triisopropy1phosphine)-, 28: 120 
, tris(tripheny1phosphine)-, 28: 125 

Platinumfll), [ ascorbato(2 - )-c2,05] -(cis- 1.2- 

-, tris(triethy1phosphine)-, 28: 120 

cyc1ohexanediamine)-. 27:283 
, chlorobis(triethylphosphine)(tri- 

fluoromethanesu1fonato)-, cis-, 2 6  126, 
28:27 

ethenyI)bis(triethylphosphine)-, trans-, 
26140 

phine)-, trans-, 29:191 
, chlorohydridobis(trimethy1phos- 

phineb, trans-, 29:190 
, [trans-(R,R)- 1,2cyclohexane- 

diamineldiiodo-, 27284 
, (q’-cyclooctenyl)bis(triethylphos- 

phine)-, tetraphenylborate(1-), 26: 139 
, dicarbonyl-di-p-iodo-diiodo-di-, 

trans-, 29: 188 

monohydrochloride)-, trans-, 27:315 
, dichloro(q4- 1,5-cyclo-octadiene-, 

28:346 
, di-yhydrido-hydridotetrakis(tri- 

ethy1phosphine)di-, tetraphenyl- 
borate( 1 -), 2234 

pheny1phosphine)di-, tetraphenyl- 
borate(1-), 27:36 

, chloro(cis-1.2-diphenyl- 

-, chlorohydridobis(triethy1phos- 

-, dichlorobis( 1.2-ethanediamine 

, di-yhydrido-hydridotetrakis(tri- 

, p-hydrido-dihydridotetrakis-(tri- 

ethy1phosphine)di-, tetraphenyl- 
borate( 1 -), 27:32 

, p-hydrido-hydridophenyltetra- 
kis(triethy1phosphine)di-, tetraphenyl- 
borate( 1 -), 26 136 

, hydrido(methanol)bis(triethyl- 
phosphine)-, trans-, trifluoromethane- 
sulfonate), 26: 135 

-, (3-methoxy-3-oxo-~O-propyl- 
rC’)bis(triethylphosphine)-, ck-, 
tetraphenylborate(1-), 26138 

Platinum(IV), dichlorobis( 1.2-ethane- 
diamine), chloride, cis-, 27:3 14 

Platinum hydrido tertiary phosphine cat- 
ions, 27:30 

Platinum, tri-coordinate phosphine 
complexes, 28:119 

Polynuclear transition metal complexes, 
26215 

Polyoxo anions of transition metals, 27:71 
Potassium y-decatungstosilicate(8- ), 

(&[y-SiWloO16J), dodecahydrate, 27:88 
Potassium a-dodecatungstosilicate(4-), 

(KJa-SiW,,O,J), heptadecahydrate, 
27:93 

Potassium p-dodecatungstosilicate(4-), 
(KJ~-SiW,,O,]), nonahydrate, 
27:94 

Potassium a,-heptadecatungstodiphos- 
phate(l0-), (Klo[a2-P201,06,]), eicosa- 
hydrate, 27: 107 

Potassium hexaiodorhenate(IV), 27:294 
Potassium hydrogen A-p-1.2.3-tri- 

vanadononatungstosilicate(7 -), 
(&H[A-B-SiW9V10,]), trihydrate. 
27:129 

Potassium a,-lithioheptadecatungstodi- 
phosphate(9-), (K9[aI-LiP2W,,O6,I), 
eicosahydrate, 27:109 

Potassium B-octadecatungstodiphosphate- 
(6-1. (&[I3-P2Wl8O6,J, nonadeca- 
hydrate, 22105 

Potassium a-octadecatungstodiphos- 
phate(6-), (K.JP2W,8062J), tetradeca- 
hydrate, 27: 105 

Potassium trifluorosulfatomanganate(II1). 
(K,[MnF,(SO,)J), 27:312 

Potassium ~,-undecatungstosilicate(8-), 
(&[p,-SiW, ,O,,J), tetradecahydrate, 
27:91 

Potassium a-undecatungstosilicate(8-), 
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(&[a-SiW, ,0&, tridecahydrate, 27:89 

phate(4- 1, (&[a-PVW, ,ON] 1, hydrate, 
2 7 9  

Praseodymium, bis[q5-13-bis(trimethyl- 
sily1)cyclopentadienyl Jdi-p-chloro- 
bis(tetrahydr0furan)lithium-, 27: 170 

, tetrakis[qS-1,3-bis-(trimethyl- 
silyl)cyclopentadienyl]di-p-chloro-di-, 
27:171 

phenoxo)-. 27:167 

complex, 2646 

Potassium a-vanadoundecatungstophos- 

-, tris(2.6-di-ten-buty14methyl- 

Propane, 2,2-dimethyl-, magnesium 

tungsten complexes, 26:47, 50 
Propane, 2-isocyano-2-methyl-, molyb- 

denum and tungsten complexes, 
28: 143 

ruthenium complex, 26275 
Propane, 2-methyl-, neodymium complex, 

1.3-Propanediamine, N,”-bis(2-amino- 

Propanenitrile, tungsten complex, 27:4 
Propanoic acid, 2,2-dimethyl-, tungsten 

2-Propenamide, 2-methyl-, nickel complex, 

Propene, molybdenum complex, 29:201 

27:158 

ethyl)-, ruthenium complex, 29: 165 

complex, 26:223 

26:205 

palladium complex, 28:342 
ruthenium complex, 26:251 

Propene, 2-methyl-, iron complexes, 28:208, 

2-Propenoic acid, methylester, platinum 

Propionitrile, chromium, molybdenum and 

Propylidyne, 2,2-dimethyl-, tungstenw), 

2-Propynoic acid, 3-phenyl-, methyl ester, 

4H-Pyran4one. 2,3,5,6-tetrahydro-2,3,5,6- 

Pyridine, osmium complex, 26291 

Pyridine, 3,5-dimethyl-, palladium 

210 

complex, 26:138 

tungsten complexes, 28:30-32 

complexes, 26:44 

cobalt complex, 26192 

tetramethyl-, 29: 193 

vanadium complex, 27:308 

complex, 26210 

complex, 26:208 

complex, 27:292 

,2-(phenylmethy1)-, palladium 

CPyridinecarboxylic acid, rhodium 

Pyridinium fluorotrioxochromatfl), 
27:310 

Quinoline, 8-methyl-, palladium complex, 
262 13 

Resolution, of [ascorbato(2->C2,05]( 1.2- 
cyclohexanediamine)platinum(II), 
27:283 

diamine)chromium(III) chloride, 26:24 

cobalt(II1) ion, 29:169 

ammonium), 28:332 

27:294 

of cis-dichlorobis( Wethane- 

of dodecaamminehexay-hydroxo-tetra- 

Rhenate(III), octachlorodi-, bis(tetrabuty1- 

Rhenate(IV), hexaiodo-, dipotassium, 

Rhenium, acetylpentacarbonyl-, 28:201 
, (2.2’-bipyridine)tricarbonylfluoro-. 

26:82 
, (2.2‘-bipyridine)tricarbonyl 

(phosphorodifluoridato)-, 2683 
, bromopentacarbonyl-, 28: 162 
, (qS-cyclopentadienyl)- 

formylnitrosyl(tripheny1phosp hine)-, 
29:222 

bon yl)nitrosyl(triphenylphosphine)-, 
29:216 

, (qs-cyclopentadienyl)-methyl- 
nitrosyl(triphenylphosphine>, 

-, (q5-cyclopentadienyl)(methoxycar- 

(+)-(9-. 29:219 
, (q5-cyclopentadienyl)[[[l-(1- 

naphthaleny1)ethylj aminolcar- 
bonyl]nitrosyl(triphenylphosphine)-, 

, dodecacarbonyltetrafluorotetra-, 

, octacarbonylbis(p3-carbon 

, pentacarbonylchloro-, 28: 161 
, pentacarbonylhydrido-, 26:77 

, pentacarbonylmethyl-, 26: 107 1 

(+)-(SR)-, 29:217 

tetrahydrate, 2682 

dioxide)tetra-, 261 11,28:20 

-, pentacarbonyliodo-, 28: 163 

-, pentacarbonyl[tetrafluoroborato- 
(l-)J-, 28:15. 17 

, tetracarbonylcarboxy-, 26: 112 
, tricarbonyl(qs-cyclopentadienyl)-, 

29:211 

pheny1phosphine)bis [(triphenylphos- 
Rhenium( 1 +), hexahydridotetrakis(tri- 
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Rhenium (1+) (Continued) 
phine)gold]di-, tetraphenylborate( 1 -), 
29:291 

, pentacarbonyl(q*-ethene)-, tetra- 
fluoroborate( 1 -), 26: 110 
, tetrahydridobis[tris(.l-methyl- 

pheny1)phosphine) tetrakisl(tripheny1- 
phosphine)gold]-, hexafluorophos- 
phate(1-), 29:292 

Rhenium(2+), tetrahydridobis(tripheny1- 
phosphine)pentakis[(triphenylphos- 
phine)gold]-, bislhexafluorophos- 
phate(1-)], 29288 

, tetrahydridobis(tri-p-tolylphos- 
phine)pentakis[(triphenylphosphine)- 
gold]-, bis[hexafluorophosphate( 1 -)I. 
29:289 

dienyl)nitrosyl(triphenylp hosphine); 
(+)-(S)-, tetrafluoroborate(1-), 29:219 

, carbonyl(q5-cyclopenta- 
dienyl)nitrosyl(triphenylp hosp hine)-, 
tetrafluoroborate(1-), 29:214 

, dicarbonyl(q5-cyclopenta- 
dieny1)nitrosyl-, tetrafluoroborate(1-), 
29:213 

borate(1 -)I-, 26:108 

sulfonato j, 2 6  1 15 

phosphine)di-, 27: 16 

phosphinej, 29: 146 

phosphine)-, trans-, 29: 148 

2 9  149 

phosphinej, 27:15 

bis(triphenylphosphorus)(l+). 28:2 13 

tetra-, bislynitrido-bis(trip henylphos- 
phorus)(l+)], 26375 

, tetradecacarbonylplatinumtetra-, 
bis[ynitrido-bis(tripheny1phos- 
phorus)(l+)], 26373 

Rhodate(5-X [p-hexatricontaoxo(p,,-tetra- 
oxosilicato)(l0,l1,12-triniobiumnona- 
tungsten)ato(7-)](qS-pentamethyl- 

Rhenium(I), carbonyl(q5-cyclopenta- 

, pentacarbonylItetrafluoro- 

, pentacarbonyl(trifluoromethane- 

R h e n i u m o ,  octahydridotetrakis(tripheny1- 

Rheniumw, dichloronitridobis(tripheny1- 

, ethoxydiiodooxobis(tripheny1- 

, iododioxobis(tripheny1phosphine)-, 

Rhenium(VII), heptahydridobis(tripheny1- 

Rhodate( 1 -), tetracarbonyl-, p-nitrido- 

Rhodate(2-), dodecacarbonylplatinum- 

cyclopentadieny1)-, disodium 
tris(tetrabutylammonium), 29:243 

Rhodium, carbonylchlorobis(tripheny1- 
phosphine)-, trans-, 28:79 

, chloro[ [2-[(diphenylphosphino)- 
methyl]-2-methyl-l,3-propanediyl] bis- 
(diphenylphosphine)](dithiocar- 
bonato)-, 27:289 

, chloro[[2-[(diphenylphosphino)- 
methyl)-2-methyl-l,3-propanediyl]bis- 
diphenylphosphine)] [(dithiocarboxy)- 
triethylphosphoniumatoj-, 27:288 

, [2(q4)-l,5-cyclooctadiene]-tris(di- 
methylphenylphosphine-1KP)-tri-y 
hydrido-osmium-, 27:29 

, tetracarbonyldichlorodi-, 28234 
, tri-p-carbonyl-nonacarbonyltetra-, 

28:242 
Rhodium(2+), tris(acetonitrile)($-penta- 

methylcyclopentadieny1)-, bis [hexa- 
fluorophosphate(1 -)I, 29:231 

Rhodiumg), (acetato)carbonylbis(tri- 
isopropy1phosphine)-, 27:292 

, (benzoato)carbonylbis(tricyclo- 
hexy1phosphine)-, 27:292 

, carbonyl(3-fluorobenzoato)- 
bis(tripheny1phosphine)-, 27:292 

, carbonylhydridotris(tripheny1- 
phosphine)-, 28:82 

, carbonyl(hydr0gen phtha1ato)- 
bis(tricyc1ohexylphosphine)-, 27:291 

, carbonyliodobis(tricyclohexy1- 
phosphinej, 27:292 

-, carbonyl(4methylbenzenesul- 
fonato)bis(tricyclohexylphosphine)-, 
27:292 

, carbonyl(methyl3-oxobutanoato- 
O)bis(triisopropylphosphinej. 27:292 

, carbonylphenoxobis(triisopropy1- 
phosphine)-, 27:292 

, carbonyl(4pyridinecar- 
boxylato)bis(triisopropylphosphine)-, 
27:292 

-, chlorobis(cyc1ooctene)-, 2 8 9  
, chloro(q2-retrahedro-tetraphos- 

p horus)bis(triphenylphosp hine)-, 
27222 

28:77 

methy1phosphine)-, 28:280 

, chlorotris(tripheny1phosphine)-, 

, (q5cyclopentadienyl)bis(tri- 
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-, (q5-cyclopentadienyl)bis(trimethyl 
phosphite)-, 28:284 

-, di-p-chlorobis(q4-l,5-cyclo- 
octadiene)di-, 28% 

-, di-p-chloro-tetrakis(ethene)di-, 
28:86 

-, hydridotetrakis(tripheny1phos- 
phine)-. 28:81 

Rhodium(lI), decakis(acetonitri1e)di-, 
tetrakis[tetrafluoroborate( 1 -)I. 29: 182 

Rhodium(III), di-p-chloro-dichloro-bis(q5- 
pentamethylcyclopentadieny1)di-, 
29:229 

, ((2-[(diphenylphosphino)-methyl]- 
2-methyl- 1,3-propanediyl]bis(di- 
phenylphosphine)](dithiocarbonato)-, 
tetraphenylborate( 1 -), 27:287 

Ruthenate(1 -), decacarbonyl- 
1 ~’C,2~’C,3~~C-p-hydrido-l : ~ K ~ H -  
bis( triethylsily1)- 1 rcSi2KSi-triungulo-trL. 
p-nitrido-bis(tripheny1phos- 
phorus)(l+), 26269 

ethylammonium, 26:358 

p-nitrido-bis(tripheny1phos- 
phorus)(l+), 26287 

ethylammonium, 26356 

dopenta-, p-nitrido-bis(tripheny1phos- 
phorus)(l+), 26288 

Ruthenate(2-), p5-carbido-tetradecacar- 
bonylpenta-, bis [ p-nitrido-bis(tri- 
phenylphosphorus)( 1 +)I, 26:284 

disodium, 26:284 

tricobalt-copper-, 26:359 
, (p3-bromomethy1idyne)-nonacar- 

bonyltri-p-hydndo-mangulo-tri-, 27:201 
, bromononacarbonyl(3,3-dimethyl- 

1 -butynyl)mercurytri-, 26332 
, (p3-2-butyne)nonacarbonyl- 

dicobalt-, 27:194 
, cyclo-(p3- 1(q2):2(q2):3(q2)-2-butyne]- 

octacarbonyl-1 K*C,~K-’C,~K~C-[ I($)- 
cyclopentadienyl]cobaltmolybdenum-, 

, h-carbido-heptadecacarbonyl- 

, dodecacarbonyltricobalt-, tetra- 

-, hexadecacarbonylnitndo-hexa-. 

-, tetrachlorobis(acetonitri1e)-, tetra- 

Ruthenate( 1 -), tetradecacarbonylnitri- 

, p5-carbido-tetradecacarbonylpenta-, 

Ruthenium, (acetonitri1e)dodecacarbonyl- 

(CO-MO)(CO-RU)(MO-RU), 27: 194 

hexa-, 26:281 

, p5-carbido-pentadecacarbonyl- 

, decacarbonyl(dimethyIpheny1- 
penta-, 26283 

phosphine)(2-isocyano-2-methyl- 
propane)tri-, 26:275 

, decacarbonyl(dimethylpheny1- 
phosphine)tetrahydrido(tris(4methyl- 
phenyl) phosphiteltetra-, 26278 

, decacarbonyl-p-hydrido(p- 
methoxymethy1idyne)-triungulo-tri-, 
27:198 

, decacarbonyl\methylenebis(di- 
phenylphosphine)] tri-, 26276 

-, dodecacarbonyltetra-p-hydrido- 
tetra-, 28:219 

, dodecacarbonyltri-, 26259 
, dodecacarbonyltris(tripheny1- 

phosphine)cobalttrigoldtri-, 26327 
, dodecarbonyltetra-p-hydrido-tetra-, 

26262 
, [p-ethynediylbis(dipheny1phos- 

phine)]bis[undecacarbonyltri-, 26277 
-, (p4-mercury)bis[nonacarbonyl-(p,- 

3,3-dimethyl- l-butynyl)-triungulo-tri-, 
26333 

-, nonacarbonyl(q5cyclopentadi- 
-, nonacarbonyl(p3-3,3-dimethyl- 1- 

buty ny1)- p-hydrido-triangulo-tri-, 
26329 

-, nonacarbonyl(3,3-dimethyl-l- 
butyny1Xiodomercury)-mangulo-tri-, 
26330 

-, nonacarbonyl(p3-3.3-dimethyl-l- 
butynylt p-[ tricarbonyl($-cyclopenta- 
dien yl)molybdenum]mercury}- 
triangulo-tri-, 26333 

-, nonacarbonyl-p-hydrido-(p- 
dipheny1phosphido)-tri-, 26264 

-, nonacarbonyl-p3-thio-dicobalt-, 
26:352 

-, nonacarbonyl-tri-p-hydrido-(p3- 
methoxymethy1idyne)-rriungulo- tri-, 
27:200 

, tetracarbonylbis(q5-c~clopenta- 
dieny1)di-, 28:189 

-, tetracarbonyl(q2-methyl acry1ate)-, 
28:47 

Ruthenium( 1 +), carbonyldi-p-dihydrido- 
tris(triphenylphosphine)[(triphenyl- 
phosphine)gold]-, hexatluorophos- 
phate(1-), 29:281 
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-, tri-p-hydrido-tris(tripheny1phos- 
phine)bis[(triphenylphosphine)gold]-, 
hexafluorophosphate(1-), 29:288 
, undecacarbonyldicobalt-, 26:354 
, undecacarbonyl(dimethylpheny1- 

, undecacarbonyltetrahydrido- 
phosphine)tri-, 26:273 

[tris(4methylphenyl) phosphiteltetra-, 
26277 

octadiene), 2 8 9  

acetato)bis [ (chloroacetato)(q4-cyclo- 
octa-15-diene)-, 26:256 

acetato)bis[(q4-bicyclo[2.2.1] hepta-2,5- 
diene)(trichloroacetato)-, 26256 

, paqua-bis(ytrifluoro- 
acetato)bis [(q4-cycloocta- 1S-diene)- 
(trifluoroacetat0)-, 26:254 

, (q4-bicyclo[2.2. 11 hepta-2.5- 
diene)bis(q3-2-propenyl j, 2625 1 

, (q4-bicyclo12.2. 11 hepta-2,5- 
diene)dichloro-, 26:250 

, bis(acetonitri1e)dichloro (q4-1.5- 
cyc1ooctadiene)-, 26:69 

carbonyl-. cis-, 26: 177 

cyc1ooctadiene)-, 26:71 

cyc1ooctadiene)-, 26:70 

pheny1phosphine)-, 28:270 

zene)hydrido(triphenylphosphine)-. 
26181 

-, (q4-cycloocta-l,5-diene)-bis(q3-2- 
propenyl), 26254 

, (q4- 1.5-cyclooctadiene)tetra- 
kis(hydrazine)-, bisltetraphenyl- 
borate(1-)], 26:73 
, (q4-1,5-cyclooctadiene)tetra- 

kis(methy1hydrazine). bis[hexa- 
flurorophosphate(1 -)I, 26:74 

, (q4- 1,5-cyclooctadiene)tetra- 
kis(methy1hydrazine)-, bis [tetra- 
phenylborate(1-)], 2674 

oxyphosphino)oxy] phenyl-C,P] -(tri- 
phenylphosphite-P)-, 26: 178 

Ruthenium(0). tricarbonyl( 1,5-cyclo- 

RutheniumOI), p-aqua-bis(p-chloro- 

, p-aqua-bis(p-trichloro- 

-, bis(benzo[h]quinolin- 10-ylC'o,N)di- 

-, bis(benzonitrile)dibromo-(q4-1,5- 

-, bis(benzonitrile)dichloro-(q4-1,5- 

, chloro(q5-cyclopentadienyl)bis(tri- 

, chloro(q6-hexamethylben- 

, (q5-cyclopentadienyl)[2-[(diphen- 

, di- ychloro-bis(tricarbonylch1oro-, 
28:334 

, dichloro(q4-cycloocta- 1,5-diene)-, 
26253 
, di-ychloro-(q4-l .5-cyclooctadiene)-, 

polymer, 2669 
, dihydridotetrakis(tripheny1phos- 

phine j, 28:337 
, di-p-methoxo-bis[(q'-pentamethyl- 

cyclopentadieny1)-, 29:225 
, [2-(dipheny1phosphino)-phenyl- 

C',P](q6-hexamethylbenzene)-hydrido-, 
26: 182 

, tetrakis(acetonitrile)(q4-1,5-cyclo- 
octadiene), bis[hexafluorophos- 
phate(1-)], 2672 

, trichloro(thionitrosyl)bis(tri- 
pheny1arsine)-, 29: 162 

-, trichloro(thionitrosy1)-bis(tri- 
pheny1phosphine)-, 29: 161 

, tris(acetonitrile)bromo-(q4-1.5- 
cyclooctadiene); hexafluorophos- 
phate(1-). 2672 

, tris(acetonitrile)chloro-(q4-1,5- 
cyc1ooctadiene)-, hexafluorophos- 
phate(1-), 26:71 

-, tris(2,2'-bipyridine)--, dichloride, 
hexahydrate, 28:338 

Ruthenium(III), [(RS)-N,"-bis-(2-amino- 
ethyl)- 1,3-propanediamine]dichloro-, 
truns-, hexafluorophosphate( 1 -), 
29: 165 

-, dichlorobis( 1,2-ethanediamine)-, 
truns-, hexafluorophosphate( 1 -),- 
29: 164 

-, di-p-chloro-bis[(q'-pentamethyl- 
cyc1opentadienyl)chloro-, 29:225 

tetradecanej, trans-, chloride, 
dihydrate, 29  166 

bromide, 2667 

chloride, 2666 

complexes, 26249 

, dichloro(l,4.8,1 l-tetraazacyclo- 

, tetraamminedibromo-, cis-, 

, tetraamminedichloro-, cis-, 

Ruthenium dinuclear carboxylate 

Ruthenium mixed-metal clusters. 26356 

Saccharinates, of chromium and 

Samarium, tetrakis[q5- 1.3-bis(trimethyl- 
vanadium, 27:306 
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silyl)cyclopentadienyl]di-pc hloro-di-, 
27:171 

27:140 

27:166 

pentadienyl)bis(tetrahydrofuran)-, 
27: 155 

Samarium(II1). tris(q5-cyclopenta- 
dienyl)(tetrahydrofuran)-, 26:21 

Samarium trichloride-2-tetrahydrofuran-, 
27:140 

Scandium, bis[q5-l,3-bis(trimethyl- 
sily1)cyclopen tadienylldi-p-chloro- 
bis(tetrahydr0furan)lithium-. 27: 170 

, tetrakis[q5- 1,3-bis(trimethyl- 
sily1)cyclopentadienyljdi-p-c hloro-di-, 
27:171 

phenoxo)-. 27:167 

27:167 

-, trichlorobis(tetrahydrofuran)-, 

, tris(2,6-di-terr-butyyl-phenoxo)-, 

Samarium(I1). bis(q5-pentamethylcyclo- 

, tris(2,6-di-t&-butyl-4-methyl- 

-, tris(2,6-di-tert-butyl-phenoxo)-, 

Selenium, osmium carbonyl clusters, 26:308 

Silanamine, 1.1.1-trimethyl-N-(trimethyl- 
sily1)-, ytterbium complex, 27: 148 

Silane, bromotrimethyl-, 26:4 

titanium complex, 27:61 

, chlorotrimethyl-, dehydration of 
transition metal chlorides with, 29:108 

, methoxytrimethyl-, 26:44 
-, tetramethyl-, lutetium complex, 

27:161 

26269 

mona te( 18 -), [NaSb,W,,O,,] I s - ,  

octadecaammonium, tetracosahydrate, 
27: 120 

Sodiotetracontatungstotetraarsenate(27 -), 
[N~A.S~W,O,,]~~-, heptacosasodium, 
hexacontahydrate, 27: 118 

Sodiotricontatungstopentaphosphate( 14-), 
[NaP,W,O, tetradeca- 
ammonium, hentricontahydrate. 
27:115 

Sodium, cyclopentadienyl-, compound with 
1,2-dimethoxyethane(l: 1). 26:341 

Sodium di-ysulfido-bis[ [lsysteinato(2-)]- 
oxomolybdate(V)]. tetrahydrate, 29:258 

Sodium [p-(1,2-ethanediyldinitrilo)tetra- 

, triethyl-, ruthenium complex, 

Sodiohenicosatungstononaanti- 

acetatojdi- ysulfido-bis [oxomolyb- 
date(V)], monohydrate, 29:259 

Sodium henicosaphosphide, (Na,P,,), 
27:227 

Sodium nonatungstophosphate(9-), (N%- 
[A-PW,O,]), hydrate, 27:lOO 

Sodium fl-nonatungstosilicate(10-). 
(NqH [f3-SiW90M]), tricosahydrate, 
27:88 

Sodium a-nonatungstosilicate( lo-), 

Sodium a-pentadecatungstodiphos- 
(Na,,[a-SiW,O,]), 27:87 

phate(l2-). (Na,,[a-P,W,,O,I). 
tetracosahydrate, 27: 108 

arsenate(27-), (Na2,[NaAs4W,O,,]), 
hexacontahydrate, 27: 118 

Sodium tetramethylammonium dihydrogen 
pentamolybdobis[(2-aminoethyl)phos- 
phonatel(4-). Na[(CH,),N]H,[Mo,- 
0,,(NH,C,H4P0,),], pentahydrate, 
27:126 

(NaslS,-SiW, ,0,,1), 27:90 

Sodium sodiotetracontatungstotetra- 

Sodium fl,-undecatungstosilicate(8-), 

Solid state synthesis, 26377 
Stannane, trimethyl-, cobalt complex, 

Stibine, triphenyl-, iron complex, 28: 171 
Sulfamoly chloride, (triphenylphosphor- 

h'-Sulfane, (2-bromo-22-difluoroethy1)pen- 

-, (2-bromoethenyl)pentafluoro-, 

29:175, 180 

any1idene)-, 29:27 

tafluoro-, 29:35 

27:330 

fluoro-, 29:34 

29:35 

. (2-bromo-l22-trifluoroethyl)penta- 

. (2,2-difluoroethenyl)pentafluoro-, 
-, ethynylpentafluoro-, 27:329 . pentafluoro(isocyanato)-, 29:38 

, pentafluoro(trifluoroetheny1)-, 
2935 

complex, 29:266 
Sulfido, molybdenum aqua cubane 

molybdenum complex, 29:255 
molybdenum cubane aqua ions. 

sodium complex, 29:258 

complexes, 29:260 

29:263 

Sulfur-bridged cubane-type molybdenum 

chromium complex, 27:69 
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Sulfur-bridged cubane-type molybdenum 
complexes (Continued) 

cobalt, iron, and ruthenium complexes, 
26:352 

$-cyclopentadienyl chromium 
complexes, 29251 

iron complex, 26:244 
molybdenum cluster complex, 27:47,48, 

molybdenum complex, 27:41,42 
osmium complex, 26:305 
titanium complex, 2752 
vanadium complex, 2754 

49 

Sulfur oligomers, 27:332 
Superconductors from synthetic metals, 

Synthetic metals, 26386 
26:386 

Terbium, tetrakis[qS-1,3-bis(trimethyl- 
silyl)cyclopentadienyl]di-p-chloro-di-, 
27:171 

1,5,9,13-Tetraazacyclohexadeca-1,3,9,11- 
tetraene, 3,l l-bis(benzoyl)-2,12-di-, 
27:272 

1.5,9,13-Tetraazacyclohexadeca-1,4,9,12- 
tetraene, 3,11-bis[a-(benzyl- 
amino)benzylideneJ-2,12-dimethyl-, 
nickel complex, 27:276 

-, 3.1 1-bis(a-methoxybenzylidene) 
complex, 27:275 
,2,12-dimethyl-3,1l-bis(l-), 27:264 
,2.12-dimethyl-3,1l-bis-complex, 

27:266 

ruthenium complex, 29:166 

dienyl)trioxotitanate(IV)]-A-p-1,2,3- 
trivanadononatungstosilica te(4-), 

TiSiW,V,O,]], 27: 132 

1.4,8,11 -Tetraazacyclotetradecane, 

Tetrabutylammonium p,-[(q5-cyclopenta- 

[I(C4H9)4N141A-8-hs~~Hs)- 

[(C4H9)4Nl4[W,aO,,I, 27:81 

[(C.&d."[Mo2O,1,27:79 

Tetrabutylammonium decatungstate(VI), 

Tetrabutylammonium dimolybdate(VI), 

Tetrabutylammonium y-dodecatungsto- 
silicate(4-), ([(C4H9)4N14[y-SiW,,0,1), 
27:95 

Tetrabutylammonium hexamolybdate(VI), 

Tetrabutylammonium hexatungstate(VI), 

Tetrabutylammonium octamolybdate(VI), 

l(C4H9XNl z IMoc.0 191 7 27: 77 

[ (C~H~)~NIZ[W~OI~I ,  27~80 

[(C4H9)4N]4[MoSo261* 27:78 

Tetrabutylammonium trihydrogen A-8- 
1,2,3-trivanadononatungstosilicate(7 -), 
[[(C4H,)4N]4H,[A-f.3-SiW9V30,]], 27: 13 1 

decavanadateo, [(C4H9),N],H,[VIa- 
02&, 27:83 

2,6,8,1O-Tetracarba-nido-decaborane( lo), 
pentaethyl-, 29:82 

Tetraethyl 2,3-dioxobutane- 1,1,4,4-tetracar- 
boxylate, tetrametalate complexes, 
29:275 

Tetramethylammonium dihydrogen 
pentamolybdobis[(4-amino- 
benzyl)phosphonate](4-), 

CH,PO,),]], tetrahydrate, 27: 127 
Tetrasulfur(2+), bromo-cyclo-hepta- 

sulfur(l+) hexafluoro- 
arsenate(1-)(1:4:6), 27:338 

fluoroarsenate(1-) (1:4:6). 27:337 
Tetrathiafulvalene, bis(ethylenedithi0)-. 

See 2,2'-bi-1,3-dithiolo[4,5-b] [ 1.4ldi- 
thienylidene, 5.5',6,6-tetra hydro-, 29:42 

Tetrabutylammonium trihydrogen 

l ( C H , ) 4 ~ l , H z ~ M ~ 5 0 , s ( N H z ~ ~ ~ 4 -  

, iodo-cyclo-hepta-sulfur( 1 +) hexa- 

Thallium, cyclopentadienyl-, 28:3 15 
2H-l.2-Thiaphosphorin-2-ium. tetrakis- 

(methoxycarbonyl)-2,2-dimethyl-. 
manganese complex, 26: 165 

Thiocarbonyl complexes, iron, 28: 186 

Thiocyanate, gold complex, 26:W 
Thionitrosyl complexes, ruthenium, 29: 161 
Thio osmium clusters, 26301 
Thiophene, tetrahydro-, gold complexes, 

Thiophenetetracarboxylate acid, tetra- 
methylester. 26:166 

ThoriumOV). bis[qs-l.3-bis(trimethyl- 
silyl)cyclopentadienyl]dichloro-. 
27: 173 

-, chlorotris($-cyclopentadieny1)-, 
28:302 

Thorium tetrachloride, 28:322 
Thulium, tetraus[$- 1,3-bis(trimethyl- 

osmium, 26:185 

26:85-87 

sily1)cyclopentadienylJdi-p-chloro-di-. 
27:171 

phosphinato-0:O')terra-p,-0x0-tetra-, 
29:25 

-, tetrakis(benzenethio1ato)-. 29: 18 

Tin(1V). tetrabutyltetrakislp(dipheny1- 

, tributyltris[y(diphenylphos- 
phina to-O:O')tri-p-hydroxo-p3-oxotri-. 
diphenylphosphinate. 29:25 
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Titanate(3-), nonabromodi-. tricesium, 

-. nonabromodi-, trirubidium, 

-, nonachlorodi-, tricesium, 26379 

Titanium. bis(q’-methylcyclopenta- 

26:379 

26379 

. nonachlorotri-, trirubidium, 26:379 

dienyl)(pentasulfido-S’ :SS)-, 2752 
, dicarbonylbis($-cyclopenta- 

dieny1)-, 28:250 
, dicarbonylbis(q’-pentamethyl- 

cyclopentadieny1)-, 28:253 
, dichlorobis(q5-chlorocyclopenta- 

dieny1)-, 29:200 

dieny1)-, 28:261 

dienyl)bis(hydrogen su1fido)-, 2756 
, bis(q’-cyclopentadienyl)[penta- 

, bis(q5-pentamethylcyclopenta- 

Titanium(III), chlorobis(q5-cyclopenta- 

Titanium(1V). bis(q’-cyclopenta- 

sulfid0(2-)]-, 27:60 

dienyl)[trisulfido(2-)]-, 2762 
Ti taniumo,  bis(q5-cyclopentadienyl)[pen- 

taselenido(2-)]-, 27:61 
Titanium bromide(TiBr,), 26382 
Toluene, a-2,4-cyclopentadiene-l-yl-, 

chromium molybdenum and tungsten 
hexacarbonyl complexes, 28: 148 

Transition metal chalcogenide complexes, 
27:39 

Transition metal chlorides, dehydration of, 
with chlorotrimethylsilane, 29: 108 

Transition metal complexes with weakly 
bonded anions, 2692 

Transition metal polyoxo anions, 27:71 
Tributylammonium pentatungstobis(phen- 

ylphosphonate)(4-), 

27:127 

27:228 

29: 159 

I I~~,~,~,~~I,l~5~,5-~C,H,PO,),)I  I .  

Tricyclo[2.2.1 .02“] heptaphosphide(3-), 

Triethyl phosphite, iron complexes, 28: 171. 

platinum complexes, 28:104 

cobalt and rhodium complexes, 28:283, 

iron complex, 28:171 

Trimethylamine, boron complex, 2951 

284 

(10.1 l112-Triniobiurnnonatungsten)ate(7 - ), 
P-hexatricontaoxo(p,,-tetraoxosi1icato)-, 
rhodium complex, 29:243 

(10.1 1,12-Triniobiumnonatungsten)ate(8-). 
lOd:lOd’.lOf:lOf’,l 1 lf‘-tri-p,- 

oxobis[fbtritricontaoxo(p,,-tetra- 
oxosi1icato)-, hexakis(tetrabuty1- 
ammonium) dihydrogen, 29:240 

Trinuclear complexes, 26:243 
Triphenyl phosphite, cobalt complex, 

29:178 
iron complexes, 28:171,29:159 
ruthenium complex, 2 6  178 

Triphosphenium, 1,1,1,3,3,3-hexakis(di- 
methylamino)-, tetraphenylborate( 1 -), 
27:256 

-, 1,1,1,3,3,3-hexaphenyl-, tetrachloro- 
aluminate( 1 -), 27:254 

Triphosphenium salts, 27:253 
1H- 1,2,3-Triphospholium, 3,3,4,5-tetra- 

hydro-1,1,3,3-tetraphenyl-. hexachloro- 
stannate(2-)(2: l), 27:255 

Triphosphorus, chromium complex, 29:247 
Tris( 1,3,2]diazaborino( 1,2-a : 1’.2’-c:-1”,2”- 

el [ 1,3,5,2,4,6]triazaboroine, 
dodecahydro-, 2959 

2959 

a:1’,2’-c: 1”2”-e] [1,3,5,2,4,6]-triazatri- 
borine, hexahydro-1,6,1l-trimethyl-, 
2959 

Trisilane, 1,1,1,3.3,3-hexamethyl-2,2- 
bis(2,4,6-trimethylphenyl)-, 29:20 

Tris(Cmethylpheny1) phosphite. ruthenium 
complex, 26:277 

Tungstate( 1 -), (acetat0)pentacarbonyl-. 
p-nitrido-bis(tripheny1phos- 
phorus)(l+), 27:297 

p-nitrido-bis(tripheny1phosphorus)- 
(1 +), 26336 

sodium, compound with 1.2-di- 
methoxyethanef 1:2), 26343 

Tungstate(2-), nonacarbonyliron-, bis- 
[ p-nitrido-bis(tripheny1phosphorus)- 
(l+)], 26339 

contaoxobis(trioxoarsenato(111)) heni- 
cosa-, tetrarubidium. tetratriconta- 
hydrate, 27:113 

Tungstatew), [w,0,,]2-, bis(tetrabuty1- 
ammonium), 27:80 

Tungstatew), [w,,0,,]4-, tetrakis(tetra- 
butylammonium), 27:81 

Tungsten, aquahexahydroxoheptapenta- 
contaoxobis(trioxoarsenato(III)] heni- 

, dodecahydro-1,7.13-trimethyl-, 

1H,6H,1 lH-Tris[ 1,3,2]diazaborolo-( 1,2- 

, hydridononacarbonyliron-. 

, tricarbonyl(q5-cyclopentadienyl)-. 

Tungstate(4-), aquadihydroltohenhexa- 
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Tungsten (Conrinued) 

-, bis(rert-butyl isocyanide)tetracar- 

, bis(dinitr0gen)bis [ 12-ethanediyl- 
bis(dipheny1phosphine)j-, rrans-, 28:41 
, (rert-butyl isocyanide)pentacar- 

bonyl-. 28:143 
, carbonyl(qs-cyclopentadienyl)Itetra- 

fluoroborato( 1 -)I-. 285 
-, dicarbonyl(qs-cyclopentadienyl)- 

hydrido(tripheny1phosphine)-, 26:98 
, dicarbonyl(qs-cyclopenta- 

dieny1)nitrosyl-, 28: 196 
, dicarbonyl(q5-cyclopenta- 

dienyl)(tetrafluoroborato(l -)](tetra- 
phenylphosphine); 28:7 

, dicarbonyl(q5-cyclopentadienyl)- 
[tetrafluoroborato( 1 -)](triphenylphos- 
phineb, 2698 

, hexacarbonylbis(q5-cyclopenta- 
dieny1)di-, 28:148 

, hexakis(dimethy1amido)di-, 29: 139 
, tetracarbonylbis(q5-cyclopenta- 

dieny1)di-, (W-W), 28:153 
, tetracarbonyl [(diethyl- 

amino)methylidyne](isocyanato)-. 

, tetrachlorobis(tripheny1phos- 
phine), 28:40 

, tetrachloro( 13-ethanediylbis- 
(dipheny1phosphine)l-, 28:41 

, tricarbonyl(q6-cycloheptatriene)-. 
27:4 

, tricarbonyl($-cyclopenta- 
dienyl)[tetrafluoroborato( 1 -)I-, 2696 

, tricarbonyl(dihydrogen)bis(tri- 
cyclohexy1phosphine)-, 27:6 

, tricarbonyl(dihydrogen)bis(tri- 
isopropy1phosphine)-. 27:7 

, tricarbonyltris(propanenitri1e)-, 
27:4 

, tricarbonyltris(propionitri1e)-, 28:30 
, trichlorotrimethoxy-, 26:45 
, trimethoxy-. trichloride. See 

Tungsten. trichlorotrimethoxy-, 26:45 
. tris(ten-butyl isocyanide)tricar- 

bonyl-.fac-, 28: 143 
Tungsten( 1 +), (acetone)tricarbonyl(qs- 

cyclopentadieny1)-, tetraflouro- 
borate( 1 -), 26: 105,28: 14 

cosa-. hydrate, 27:112 

bonyl-, cis-, 28:143 

tMtlS-, 26:42 

, pentacarbonyl((diethy1- 
amino)methylidyne]-, tetrafluoro- 
borate( 1 -), 2640 

Tungsten(2+), tetrakis(acetonitri1e)di- 
nitrosyl-, cis-, bis [ tetrafluoro- 
borate( 1 -)I. 28% 

Tungsten(0). (acetone)tricarbonyl[ 1,2- 
ethanediylbis(dipheny1phosphine)j-, 
fac-. 2 9  143 

pheny1phosphine)j-. 29: 142 

phosphine)] bis(isocyan0methane)-, 
trans-, 28:43 

-, tricarbonyl[ 1,2-ethanediylbis(di- 
p henylphosp hine)](phenylethenyl- 
etheny1idene)-, mer-, 29: 144 

TungstenOI), dichlorotetrakis(dimethy1- 
pheny1phosphine)-. 28:330 

-, dichlorotetrakis(methyldipheny1- 
phosphine), 28:331 

-, dichlorotetrakis(trimethy1phos- 
phine), 28:329 

-, tetrakis(acetato)di-. (W-4-W), 26:224 
-, tetrakis(acetonitri1e)dinitrosyl-, cis-. 

bis[tetrafluoroborate(l -)I, 26: 133 
, tetrakis(2.2-dimethylpro- 

panoato)di-, ( W-4-W), 26223 
-, tetrakis(trifluoroacetat0)di-. 

TungstenUV), bis(q’-cyclopenta- 
dienyl)bis(hydrogen su1fido)-, 27:67 

-, tetrachlorobis(methyIdipheny1- 
phosphine)-, 28:328 

-, tetrachlorotris(trimethy1phos- 
phine)-, 28:327 

, tetrahydridotetrakis(methy1di- 
pheny1phosphine)-, 27: 10 

Tungsten(VI), (2,2’-bipyridine)dichloro- 
[( 1.1-dimethylethyl)imido](phenyl- 
imido), 27:303 
, dichloro((l.1-dimethyl- 

ethyl)imido](phenylimido)bis(tri- 
methy1phosphine)-. 27:304 

-, hexahydridotris(dimethylpheny1- 
phospine), 27: 11 

-, tetrachlorobis(l.1-dimethyl- 
ethanamine)bis[( 1.1-dimethylethyl) 
imido]bis(pphenylimido)di-, 27:301 -. trichloro( 1.2-dirnethoxyethane)(2,2- 
dimethylpropy1idyne)-, 2650 

-, tetracarbonyl[ 1 J-ethanediylbis(di- 

-, bis( 1,2-ethanediylbis(diphenyl- 

(W-4-W), 26:222 
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, tris(2,2-dimethylpropy1)(2,2- 

Tungsten carboxylate dinuclear complexes, 

Tungsten tetrachloride, 26:221 
Tungsten tetrachloride oxide, 28:324 
Tungstobis(pheny1phosphona tex4-), 

dimethylpropylidyne), 26:47 

26219 

[W,0,,(C6H,P0,)2]4-, tetrakis(tributy1- 
ammonium), 27:127 

hexacesium, 27:lOl 

hexapotassium. nonadecahydrate, 
27:105 

Tungstodiphosphate(6-), [P2W,,062]6-, 
hexapotassium. tetradecahydrate, 
27:104 

Tungstodiphosphate( lo-). [~-P,W,,O,,] lo-), 
decapotassium, eicosahydrate, 27: 107 

Tungstodiphosphate(l2-), [a-P2WlsOs6],~2~, 
dodecasodium, tetracosahydrate, 
27:108 

pentalithium octacosapotassium 
heptahydrogen, dononacontahydrate, 
27: 110 

Tungstophosp hate(7 -), [PW 10036]7-, 
heptacesium, 27:lOl 

Tungstophosphate(9-), [A-PW,0,]9-. 
nonasodium, hydrate, 27: 100 

Tungstophosphates, vanadium(V)- 
substituted. 27:96 

Tungstosilicate(4-), [y-SiW,20,]4-, 
tetrakis(tetrabutylammonium), 27:95 

, [a-SiW,,0,I4-, tetrapotassium, 
heptadecahydrate, 27:93 

, [p-SiW,,0,]4-, tetrapotassium, 
nonahydrate, 27:94 

octapotassium. dodecahydrate. 27:88 
, [~2-SiW,,039]s-, octapotassium, 

tetradecahydrate. 27:91 
-, [a-SiW,,O,,]s-, octapotassium. 

tridecahydrate. 27239 

Tungstodiphosphate(6-), [P,W,0,,]6-, 

Tungstodiphosphate(6-), [ j3-P2W 6 - ,  

Tungstooctaphosphate(4G). [PsW,O,,]"-, 

Tungstosilicate(8-). [y-SiW,,0,6]s~. 

, [~I-SiW,,0,9]s-, octasodium. 2 7 9  
Tungstosilicate( lo), [a-SiW,O,] lo-, 

decasodium, 27237 
, [p-SiW,O,]'"-, nonasodium 

hydrogen, tricosahydrate. 2798 

hydrate, 27:93 
Tungstosilicic acid. (H,[a-SiW ,20,]), 

Tungstosilicic acids, a-, p-, y-, 27:85 

Uranium(1V). bis(qS-l,3-bis(trimethyl- 
silyl)cyclopentadienyl]dibromo-, 
27: 174 

-, bis(qs- 1,3-bis(trimethylsilyl)cyclo- 
pentadienylldichloro-, 27: 174 

, bis(q5-l,3-bis(trimethylsilyl)cyclo- 
pentadienylldiiodo-, 27: 176 

, bis(q5cyclopentadienyl)bis(di- 
ethy1amido)-, 29:234 

, chlorotris(q5-cyclopentadieny1)-, 
28:301 

, tris(q5-cyclopentadienyl)(diethyl- 
amido)-, 29:236 

, tris(qs-cyclopentadienyl)[(dimethyl- 
phenylphosphoranylidene)methyl]-, 
27:177 

Vanadate(3 -). nonabromodi-. tricesium, 
26:379 

, nonabromodi-. trirubidium, 26:379 
, nonachlorodi-. tricesium, 26:379 
, nonachlorodi-. trirubidium, 

26:379 
Vanadatem, [V,,02s]6-, tris(tetrabuty1- 

ammonium) trihydrogen. 27:83 
Vanadium, bis(qs-methylcyclopenta- 

dienyl)(p-disulfido-S:S'Xp-q2:~2-disu1- 
tido)-y-thio-di-, 2754 

, (p-disulfido-S:S')bis(q5-methyl- 
cyclopentadieny1)-di-p-thio-di-, 2755 

Vanadium(I1). bis( 1,2-benzisothiazol- 
3(2H)-one 1,l-dioxidat0)tetrakis- 
(pyridine)-, -2pyridine. 27:308 

, tetraaquabis( 1,2-benzisothiazol- 
3(2H)-one 1.1-dioxidat0)-, dihydrate, 
27:307 

Vanadium(II1). chlorobis(qs-cyclopenta- 
dieny1)-, 28:262 

Vanadium(V)-substituted dodecatungsto- 
phosphates, 27:96 

Vanadocene. 28:263 
Vanadodecatungstophosphate(6 - 1, 

Vanadononatungstophosphate(6-), 
[y-PV,W,,O,], pentacesium, 27: 102 

[a-1,2,3,-PV,W,0,]6-, hexacesium, 
27: 100 

Vanadononatungstosilicate(4-), p3-[(qS- 
cyclopentadienyl)trioxotitanate(lv)l-A- 
p-1,2,3-tri-, [A-p(qs-C,H,)TiSiW9V,- 
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Vanadononatungstosilicate(4-) 
(Continued) 

0,]4-)tetrakis(tetrabutylammonium). 
27:132 

Vanadononatungstosilicate(7-), ([A+ 
12,3-SiW9V3O,]'~), hexapotassium 
hydrogen, trihydrate, 27: 129 

, [A-~-1,2,3-SiW9V,O,]'-. tetra- 
kis(tetrabuty1ammonium) trihydrogen, 
27:131 

[a-PVW, ,0,j4-, tetrapotassium. 
hydrate, 2 7 9  

Vanadoundecatungstophosphate(4-), 

Vaska-type rhodium complexes, 27:290 

Water, iridium complex, 26: 124 
molybdenum cubane complexes, 29262, 

ruthenium complex, 26:254 
vanadium and chromium complexes, 

263 

27:307, 309 
Weak ligand chemistry, 29:111 

12-Xylylene, magnesium complex, 26: 147 
1.2-Xylylene transfer reagents, 26: 144 

Ytterbium, bis[bis(trimethyl- 
silyI)amido]bis(diethyl ether)-. 
27:148 

-, bis[q5-1.3-bis(trimethylsilyl)cyclo- 
pentadienylldi-p-chloro-bis(tetra- 
hydr0furan)lithium-, 27: 170 

cyclopentadieny1)-, 27: 148 

silyI)cycIopentadienyl]di-pchloro-di-. 
27:171 

28:289 

27:139 

, (diethyl ether)bis(q5-pentamethyl- 

, tetrakis[q5-l,3-bis(trimethyl- 

, trichlortris(tetrahydrofuran)-, 

, trichlortris(tetrahydrofuran)-, 

, tris(2,6-di-rert-butyl-4-methyl- 
phenoxo)-, 27: 167 

Ytterbium(I1). bis(qs-cyclopentadienyl)- 
(12-dimethoxyethane)-. 26:22 

, bis(phenylethny1)-. 27: 143 
Ytterbium diiodide, 27: 147 
Ytterbium trichloride-3-tetrahydrofuran, 

27: 139 
Yttrium, bis(q5- 1,3-bis(trimethyIsilyI)cyclo- 

pentadienyl jdi-p-chloro-bis(tetra- 
hydr0furan)lithium-, 27: 169 

-, tetrakis[qS-1,3-bis(trimethyl- 
sily1)cyclopen tadienylldi-p-c hloro-di-, 
27:171 

phenoxo)-, 27:167 

27: 167 

, tris(2,6-di-fert-butyl-4-methyl- 

-, tris(2,6-di-rert-butyl-phenoxo)-, 

Zeise's salt, 28:349 
Zenon difluoride, 29:l 
Zenon tetrafluoride, 29:4 
Zincate(4-), hexakis[ p-[tetraethyl-2,3- 

dioxobutane- 1,1.4.4-tetracar- 
boxylato(2 -)a1 ',02:03,04']] tetra-, 
tetraammonium, 29:276,277 

Zinc dichloride, 28:322 

silane, 29: 110 
dehydration of, with chlorotrimethyl- 

Zirconium. bis(q5-cyclopentadieny1)di- 
hydrido-, 28~257 - , bis[l,l(qS)-cyclopentadienyI]- 
tris(dimethylphenylphosphine-2KP)-tri- 
p-hydrido- I-hydrido-la-osmium-, 
27:27 

-, chlorobis(q5-cyclopenta- 
dieny1)hydrido-, 28:259 

-, dicarbonylbis(q5-cyclopenta- 
dieny1)-, 28:251 

cyclopentadieny1)-. 28:254 
, dicarbonyIbis(q5-pentamethyl- 
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AICl,P,C,,H,,. Aluminate(1 -), tetra- 
chloro-. 1.1 .I .3.3.3-hexaphenyltriphos- 
phenium, 27:254 

A12Cl,FeN,C,,H,,, Aluminate( 1 -), tetra- 
chloro-. hexakis(acetonitrile)iron(II) 
(2:1),29:116 

cyclo-heptasulfur( 1 +), bromo-. 27:336 

complex, 29:180 
iron complex, 28:171 
nickel complex, 28: 103 
ruthenium complex, 29:162 

AsBrF,S,, Arsenate( 1 -)hexafluoro-, 

AsC,,H,,, Arsine. triphenyl-. cobalt 

AsF,IS,, Arsenate( 1 -), hexafluoro-, iodo- 
cyclo-heptasulfur( 1 +). 27:333 

AsF,O,, Dioxygenyl hexafluoroarsen- 
ate(1-), 29:8 

AsFeO,C,,H I ,,, Iron(0). tetracarbonyl(tri- 
pheny1arsine)-. 26:61.28:171 

As,C,,H ,,, Arsine, 12-phenylenebis(di- 
methyl-, gold complex, 26:89 

As,CI,NRuSC,,H, Ruthenium(I1). tri- 

*Chemical Abstracts Service, Columbus, OH. 

nickel complex, 28:103 

chlwo(thionitrosyl)bis(triphenyl- 
arsine)-. 29:162 

aquadihydroxohenhexacontaoxo- 
bis[trioxoarsenato(III)] henicosa-, 
tetrarubidium, tetratricontahydrate, 
27:113 

As,H,O,,W,,xH,O, Tungsten, aquahexa- 
hydroxoheptapentacontaoxobis[ tri- 
oxoarsenato(IlI)] henicosa-, hydrate, 
27: 112 

As,Au,F,,C,,H,,, Gold(I), bis[ 1.2-phenyl- 
enebis(dimethylarsine)]-. bis(penta- 
fluorophenyl)aurate(I). 26:89 

Ammoniodicobaltotetracoptatungsto- 
tetraarsenate(23 -), tricosaammonium. 
nonadecahydrate, 27: 119 

tungstotetraarsenate(27-), heptacosa- 
sodium. hexacontahydrate, 27:118 

As,NiC%H,,, Nickel(O), bis[ 1,2-phenylene- 
bis(dimethylarsine)]-, 28: 103 

As,H,O,,Rb,W2,.34H2O, Tungstate(4-), 

As,Co,H,,N,O,,,W,. 19H,O. 

As4Na,,O,,W,.60H,O, Sodiotetraconta- 

34 1 
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As,NiC,,H,, Nickel(0). tetrakis(tripheny1- 

As,Br,F,S,,, Anenate( 1 -), hexafluoro-, 
arsine)-, 28:103 

bromo-cyclo-heptasulfur( 1 +) tetrasul- 
fur(2+)(641), 27:338 

iodo-cyclo-heptasulfur( 1 +) tetrasul- 
fur(2+)(6:4: l), 27:337 

AuBF,Ir,NO,P,C,,H,,, Iridium( 1 +), tris- 
[ 1.2-ethanediylbis(diphenylphos- 
phine)]-hexahydrido[(nitrato- 
0.0 ‘)gold]-tri-, tetrafluoroborate( 1 - ), 
29290 

tris[ 1,2-ethanediyIbis(diphenylphos- 
phine)] hexahydrido[(triphenylphos- 
phine)gold]tri-, nitrate tetrafluoro- 
borate( 1 -), 29:291 

AuBr,NC 16H16, AurateO), dibromo-, tetra- 
butylammonium, 29:47 

AuClF,PC,, H,, AurateO), chloro(penta- 
fluorop+henyl)-. (benzy1)triphenyl- 
phosphonium, 26:88 

AuClPC,,H,,, Gold, chloro(tripheny1- 
phosphine), 26325,27:218 

AuClSC,H,, Gold(I). chloro(tetrahydro- 
thiophene)-, 26:86 

AuCo,FeO,,PC,H,,. Gold( l+), (triphenyl- 
phosphine)-, dodecacarbonyltricobalt- 
ferrate(1-), 27:188 

AuFSSC,,H8, Gold(I), (pentafluoropheny1)- 
(tetrahydrothi0phene)-. 2686 

AuF,OP,RuC,,H,,, Ruthenium( 1 +), 
carbonyl-di-yhydrido-tris(tripheny1- 
phosphine)[(triphenylphosphine)gold]-, 
hexafluorophosphate( 1 -), 29281 

AuF,,SC,,H,, Gold(III), tris(pentafluor0- 
pheny1Xtetrahydrothiophene)-, 2687 

AuHO,,Os,PC,,H,,, Osmium, decacar- 
bonyl- y-hydrido[p-(triethylphos- 
phine)gold]tri-, 27:210 

AuHO,,Os,PC,H,,, Osmium, decacar- 
bonyl- yhydrido[ p-(triphenylphos- 
phine)gold] tri-. 27:209 

AuI,NC,,H,,, AurateO), diiodo-, tetra- 
butylammonium, 29:47 

AuI,S,,C,H,,, Aurate(1). diiodo-, 5,5’,6,6’- 
tetrahydro-2,2’-bi-l,3-dithiolo-[4,5- 
b][1,4]dithiinylidene (1:2), 29:48 

AuMn,O8P,CI8H,,, Gold, octacarbonyl- 
l~~C,-2dC-p-(diphenylphosphino)- 

As,F,I,S,,, Anenate( 1 -), hexafluoro-, 

AuBF,Ir,NO,P,C,H,,. Iridium(2+), 

1 :2~P-(triphenylphosphine)-3~P- 
triangalo-dimanganese-, 26:229 

AuNO,PC,,H,,, Gold, nitrato(tripheny1- 
phosphine), 29280 

Au~,F,,C,,H,,, GoldO), bis [ 1,2-phenyl- 
enebis(dimethy1arsine)j-, bis(penta- 
fluorophenyl)aurate(I), 2639 

p-hydrido-(nitrato-O,O ’)bis(triphenyl- 
phosphine)bis[(triphenylphos- 
phine)gold]-, tetrafluoroborate(1 -), 
29:284 

Au,BRe,C,,,H,,,. Rhenium( l+), hexahydri- 
dotetrakis(triphenylphosphine)bis[(tri- 
pheny1phosphine)goldjdi-, 
tetraphenylborate( 1 -), 29:291 

Au,B,F81rP,C,,H,,, Iridium(2+), bis[ 1.2- 
ethanediylbis(diphenylphosphine)]- 
(tripheny1phosphine)igold-, bis[tetra- 
fluoroborate( 1 -)I, 29:296 

Au,ClF,O,P,PtSC,H,, Gold(l+). chloro- 
1KCI-bis(triethy1phosphine- IrP)bis(tri- 
p henylphosphine-)-2r p . 3 ~  P-m‘angulo- 
platinumdi-. trifluoromethanesulfonate, 
27:218 

phenyl) ythiocyanato-(triphenylphos- 
phine)di-, 2 6 9  

Au,F,NO,P,PtC,,H,, Platinum( 1 +), 
(nitrato-0.0 ‘)bis(triphenylphos- 
phine)bis[(triphenylphosphine)gold]-. 
hexafluorophosphate( 1 -). 29:293 

Au,F,OsP,C,H,,, Osmium(l+), tri-y 
hydrido-tris(tripheny1p hosphine)- 
bis [ (tripheny1phosphine)goldl -, 
hexafluorophosphate( 1 -), 29286 

Au,F,P,RuC,H,,, Ruthenium( 1 +), tri-p- 
hydrido-tris(tripheny1phosphine)bis- 
[ (tripheny1phosphine)goldj -, hexa- 
fluorophosphate( 1 -), 29:286 

Au20,,0s,P,C,,H,, Gold, decacarbonyl- 
bis(triethy1phosphine)triosmiumdi-, 
27:2 11 

bonylbis[p-(triphenylphos- 
phine)gold]tri-, 27:211 

Au,BF,IrNO,P,C,H,,, Iridium( 1 +), 
(nitrato-O.0 ‘)bis(triphenylphos- 
phine)tris[(triphenylphosphine)gold]-, 
tetrafluoroborate( 1 -), 29:285 

Au,BF,IrO,P,C,,H,,, Iridium( 1 +), 

Au,F,NPSC,,H Is, Gold(I), (pentafluoro- 

Au,O,,Os,P,C,H,, Osmium, decacar- 

Au~BF~OP,C,H~,, Gold( 1 +), pl-OXO-triS- 
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[(triphenylphosphine)-, tetrafluoro- 
borate( 1 -), 26:326 

Au,CoO,,P,Ru,C,H,,, Ruthenium, 
dodecacarbonyltris(tripheny1phos- 
phine)cobalt-trigoldtrii-. 26:327 

hydrido-bis(tripheny1phosphine)tetra- 
kis[(triphenylphosphine)gold]-, 
tetrafluoroborate( 1 -), 29:296 

Au,F6P,ReC,,,H,,, Rhenium(l+), tetra- 
hydridobis[tris(4methylphenyI)phos- 
phine] tetrakis((tripheny1phos- 
phine)gold]-, hexafluorophosphate( 1 -), 
29:292 

Au,F,,P,ReC,,,H 109r Rhenium(2+), tetra- 
hydridobis(tripheny1phosphine)penta- 
kis[(triphenylphosphine)]gold]-, 
bis[hexafluorophosphate(l -)I. 29:288 

Au,F,,P,ReC,,,H ,,,, Rhenium(2+), tetra- 
hydridobis(tri-p-tolylp hosp hine)penta- 
kis[(triphenylphosphine)gold]-, 
bis[hexafluorophosphate( 1 -)I, 29:289 

A u , B ~ P ~ P ~ C , ~ ~ H , ~ ~ ,  Platinum(2+), (tri- 
phenylphosphine)hexakis[(triphenyl- 
phosphine)gold]-. bis[tetraphenyl- 
borate(1 -)I, 29:295 

Au,,C~P,,C,,,H,,,, Gold, hexachlorododeca- 
kis(tripheny1phosphine)pentapenta- 
conta-. 27:214 

Au,BF,IrP,C,,H,,, Iridium( 1 +), di-y 

BAuF,lr,NO,P,C,,H,,, Borate( 1 -), tetra- 
fluoro-, tris [ 1,2-ethanediylbis(diphenyl- 
phosphine)] hexahydrido((nitrat0- 
0.O’)gold]triiridium( 1 +). 29:290 

BAu,F41r0,P,C7,H,,. Borate( 1 -), tetra- 
fluoro-. p-hydrido-(nitrato-O,O ’)- 
bis(triphenylphosphine)bis[(triphenyl- 
phosphine)gold]iridium( 1 +), 29:284 

BAu,Re,C ,,,H I ,,, Borate(1-), tetraphenyl-, 
hexahydridotetrakis(tripheny1phos- 
phine)-bis[(triphenylphosphine)gold]di- 
rhenium(l+), 29:291 

BAu,F.,IrNO,P,C,H,,, Borate( 1 -), tetra- 
fluoro-, (nitrato-0.0 ’)bis(triphenyl- 
phosphine)tris[(triphenylphos- 
phine)gold]iridium( 1 +). 29:285 

[(triphenylphosphine)-, tetrafluoro- 
borate(1-), 26326 

BAu,F,IrP,C,,H,,, Borate(1 -), tetrafluoro-, 

BAu,F,OP,C,H,,, Gold( 1 +). p,-oxo-tris- 

phine)tetrakis[(triphenylphos- 
phine)gold]iridium( 1 +), 29296 

BBr,NC,H,, Boron, tribromo(trimethy1- 
amine), 2951 

BC,H,. Borane, trimethyl-. 27:339 
BC,H,,. Borane, diethyl-I-propynyl-, 

BClF,IrN,P,C,,H,,, Iridium(III), chloro- 
2977 

(dinitrogen)hydrido[tetrafluoroborato- 
(1 -)]bis(triphenylphosphine)-, 2 6  119, 
28:25 

chlorohydrido[tetrafluoroborato(l -)]- 
bis(tripheny1phosphine)-, 261 17,28:23 

BCIF,IrOP,C,,H,,, Iridium(III), carbonyl- 
chloromethyl[tetrafluoroborato( 1 -)]- 
bis(tripheny1phosphine)-, 26:118,28:24 

BF,, Borate( 1 -), tetrafluoro-, molybdenum 
and tungsten complexes, 2696-105 

BF,AuIr,NO,P,C,,H,,, Borate( 1 -), tetra- 
fluoro-, tris [ 1,2-ethanediylbis(diphenyl- 
phosphine)) hexahydrido((tripheny1- 
phosphine)gold]triiridiurn(2+) nitrate 
(1:l:l). 29:291 

BF,FeO,C,,H,,, Iron(l+). dicarbonyl(q5- 
cyclopentadienyl)(q2-2-methyl-I-pro- 
pene)-, tetrathoroborate( 1 -), 28:210 

butanedibis(diphenylphosphine)]di-. 
tetrafluoroborate( 1 -), 27:26 

BF,H,Ir,P,C,H,,, Iridium( 1 +), penta- 
hydridobis[ 1,3-propanediylbis(di- 
pheny1phosphine)ldi-, tetrafluoro- 
borate( 1 -), 27:22 

BF4121rC42H36, Iridium( 1 +), (1,2-diiodo- 
benzene)dihy dridobis(tripheny1phos- 
phineb, tetrafluoroborate(1-), 26125, 
2859 

hydridobis(trip heny1phosphine)-, 
tetrafluoroborate( 1 -), 26: 124,2858 

(acetone)dihydridobis(triphenylphos- 
phine)-, tetrafluoroborate( 1 -), 2 6  123, 
28:57.29:283 

BF,IrP,C,,H,,. Iridium( 1 +). (q4-1,5-cyclo- 
octadiene)[ 1,3-propanediylbis(di- 
phenylphosphine)]-, tetrafluoroborate- 

BClF,IrOP,C,,H,,, Iridium(I1). carbonyl- 

BF,H,Ir,C,,H,, Iridium(l+), [ 1.4- 

BF,IIO,P,C,,H,,, Iridium(II1). diaquadi- 

BF,IrO,P,C,,H,, Iridium(III), bis- 

(1 -). 27:23 
BF,IrP,C,H,, Iridium(I), (q4- 1.5-cyclo- 

diy-hydrido-bis(tripheny1phos- octadiene)bis(trip henylp hosphinef-. 
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BF,P,C,H,, (Continued) 
tetrafluoroborate(1-), 26122,2856. 
29:283 

BF,MoOC,H,, Molybdenum( 1 +), car- 
bonyl-($-cyclopentadienyl)bis(di- 
phenylacetylene), tetrafluoro- 
borate(1-), 26102,28:11 

BF,MoOPC,,H,, Molybdenum( 1 +), car- 
bonyl-(q5-cyclopentadienyl)(diphenyl- 
acetylene)-(tripheny1phosphine)-. 
tetrafluoroborate(1-), 26:104,28: 13 

BF,MoO,PC,,H,,, Molybdenum, dicar- 
bonyl-($-cyclopentadienyl)[tetra- 
fluoroborato( 1 -)](triphenylphos- 
phine)-, 26:98,28:7 

BF,Mo0,C,H5, Molybdenum, tricarbonyl- 
(qs-cyclopentadienyl)(tetrafluoro- 
borato( 1 -)I-. 26:96,28:5 

BF,MoO,C,,H,, Molybdenum( 1 +). tricar- 
b~nyl-(q~-cyclopentadienyl)(~~- 
ethene)-, tetrafluoroborate( 1 -), 26: 102, 
28:ll 

(acetone)-tricarbonyl($-cyclopenta- 
dieny1)-, tetrafluoroborate(1-). 26105. 
28: 14 

BF,NO,PReC,H,, Borate( 1 -), tetrafluoro-. 
(+)-(S)-carbonyl($-cyclopenta- 
dienyl)nitrosyl(triphenylphos- 
phine)rhenium(I), 29:2 19 

bonyl(q5-cyclopentadienyl)-nitrosyl(tri- 
phenylphosphine)rhenium(I), 29:214 

BF4NOSWC,,HI,, Tungsten(l+), pentacar- 
bonyl[(diethylamino)methylidyne]-, 
tetrafluoroborate(1-), 26:40 

BF,O,PWC,,H,. Tungsten, dicarbonyl($- 
cyclopentadienyl)[ tetrafluoro- 
borato( 1 -)I-tripheny1phosphine)-, 
26:98,28:7 

BF,O,WC,H,. Tungsten, tricarbonyl($- 
cyclopentadienyl)[tetrafluoro- 
borato( 1 -)I-, 26:96,28:5 

carbonyl($-cyclopentadienyl)-, tetra- 
fluoroborate(1-), 26:105,28: 14 

BF,O,ReC,. Rhenium, pentacarbonylltetra- 
fluoroborato(1 -)I-, 26:108,28:15, 17 

BF,O,ReC,H,. Rhenium( 1 +), pentacar- 
bonyl(q2-ethene)-, tetrafluoro- 
borate(1-), 26110.28:19 

BF,MoO,C,,H,,, Molybdenum( 1 +), 

, Borate( 1 -), tetrafluoro-, car- 

BF404WCI ,HI ,, Tungsten( 1 + ). (acetone)tri- 

BF,ReNO,C,H,, Borate( 1 -) . tetrafluoro-. 
dicarbonyl(q'-cyclopentadieny1)- 
nitrosyl)rhenium(I). 292 13 

BFe,O,C,H,, Iron, nonacarbonyl-p- 
hydrido-[p,-[tetrahydrido- 
borato( 1 -)]]tri-, 29:273 

BFe,O,,C,,H,, Iron, p-boryl-p-carbonyl- 
nonacarbonyl-p-hydrido-tri-, 29:269 

BH,P,Pt&H,, Platinum(II), di-p- 
hydrido-hydridotetrakis(triethy1phos- 
phine)di-, tetraphenylborate( 1 -), 27:34 

, Platinum(II), p-hydrido-dihydrido- 
tetrakis(triethy1phosphine)di-. tetra- 
phenylborate(1-), 27:32 

hydrido-hydridotetrakis(tripheny1- 
phosphine)- di-, tetraphenylborate( 1 -), 
27:36 

methylamine)-. 2977 

1.1,1,3,3,3-hexakis(dimethylamino)tri- 
phosphenium, 27:256 

[ [2-[(diphenylphosphino)methyl]-2- 
methyl-1,3-propanediyl]bis(diphenyl- 
phosphine)](di thiocarbonat0)rho- 
dium(III), 27:287 

BO,P,PtC,H,,, PlatinumflI), (3-methoxy-3- 
0x0-KO-propyl-KC' )bis(triethylphos- 
phine)-, tetraphenylborate( 1 -), 26: 138 

octenyl)bis(triethylphosphine)-, tetra- 
phenylborate(1-), 26:139 

BP,PtC,H,,. Platinum(II), p-hydrido- 
hydridophenyltetrakis(triethy1phos- 
phine)-di-, tetraphenylborate( 1 -), 
26:136 

BSC,H,,, 9-Borabicyclo[3.3.1]nonane-9- 
thiol, 29:64 

BSeC,H ,,. 9-BorabicycloI3.3. Ilnonane-9- 
selenol. 29:73 

B,Au,F,IrP,C,,H,, Borate( 1 -), tetrafluoro-. 
bis [ 1.2-ethanediylbis [diphenylphos- 
phine]](triphenylphosphine)digoldirid- 
ium(2+) (2:1), 29:296 

phenyl-, (tripheny1phosphine)hexa- 
kis[(triphenylphosphine)gold]plati- 
num(2+) (2:1), 29:295 

B2F,H,Ir3P,C,H,,. Iridium(2 +), tris[ 1.2- 

BH,P,Pt$,H,,, Platinum(I1). di-y 

BNC,,H,,, Boron, diethyl- 1-propynyl(tri- 

BN,P,C3,H5,, Borate( 1 -), tetraphenyl-, 

BOP,RhS,C,H,, Borate( 1 -), tetraphenyl-. 

BP,PtC,H,, Platinum(I1). (qkyclo- 

B,Au,P,PtC,,,H,,,, Borate( 1 -), tetra- 
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ethanediylbis(diphenylphosphine)] hep- 
tahydridotri-, bis[tetrafluoro- 
borate( 1 -)I. 27:25 

B2F,H,Ir,P,C~, H,,, Iridium(2+), hepta- 
hydridotris [ 1.3-propanediylbis(di- 
phenylphosphine)]tri-, bis[tetrafluoro- 
borate(1-)], 27:22 

B,F,MoN,O,C,H ,,, Molybdenum(I1). tetra- 
kis(acetonitri1e)dinitrosyl-, cis-, bis- 
(tetrafluoroborate(1 -)I, 26: 132,28:65 

B,F,N,PdC,H,,, Palladium(II), tetrakis- 
(acetonitrile)-, bis[tetrafluoroborate- 

B,F,N,O,WC,H,,. Tungsten(I1). tetrakis- 
(acetonitri1e)dinitrosyl. cis-, bis-[tetra- 
fluoroborate( 1 -)I, 26:133,28:66 

B,F,NiO,C,,H,,, Borate( 1 -), tetrafluoro-. 
hexakis(ethanol)nickel(II) (2:1), 29:115 

B,F,NiO,S,C,,H,, Borate( 1 -), tetrafluoro-, 
hexakis(dipheny1 sulfoxide)nickel(II)- 
(2: 1). 29: 116 

B,Fe,O,C,H,, Iron, hexacarbonyl[p-[hexa- 
hydrodiborato(2-)]]di-. 29:269 

B,H,, Diborane(6). 27:215 
B,N,RuC,,H,, Ruthenium(I1). (q4-1,5- 

cyclooctadiene)tetrakis(hydrazine)-, 
bis-(tetraphenylborate( I-)], 2673 

B,N,RuC,H,,. Ruthenium(I1). (q4-1,5- 
cyclooctadiene)tetrakis(methylhydra- 
zine)-. bis[tetraphenylborate( 1 -)I, 
26:74 

B,SC,,H,,, Bis[ 1,5-cyclooctanediyl- 
bory1)monosulfide. 29:62 

B,S,C,,H,,, Bis( 1.5-cyclooctanediylboryl)di- 
sulfide, 29:67 

B,SeC,,H,,. Bis( 1.5-cyclooctanediyl- 
bory1)monoselenide. 29:71 

B,Se,C,,H,,. Bis( 1,5-cyclooctanediylboryl) 
diselenide, 29:75 

B,C,,H,,. 1.5-Dicarba-closo-pentaborane(5). 
pentaethyl-, 29232 

B,N,C,H,,. Tris[l,3,2jdiazaborino-[ 12- 
a:  1'2'-c: 1".2"-e] [ 1,3.5.2.4,6]triazatri- 
borine, dodecahydro-, 2959 (6063-61-21 

, 1 H,6H, 1H-Tris [ 1,321 -diaza- 
borolo[l2a: 1 ' 2 ' ~  1"2"-e][1,3,5,2,4,6]tri- 
azatriborine. hexahydro-l,6,11- 
trimethyl-, 2959 [52813-38-41 

B,N,C,,H,,, Tris[ 1,3,2]diazaborino-[ 12- 
u:1'2'-c: 1",2"-e] [ 1,3,5,2,4,6]triazatrii- 
borine, dodecahydro-1,7,13-trimethyl-, 

(1-)], 26:128,28:63 

2959 [57907-40-1] 
B,C,H,,, 2.6,8,1O-Tetracarba-nido- 

decaborane(l0). decaethyl-, 2932 
B,F,,Mo,N,,C,H,. Borate( 1 -). tetra- 

fluoro-, decakis(acetonitri1e)dimolyb- 
denum(I1) (4: I), 29: 134 

fluoro-, decakis(acetonitri1e)dirhod- 
ium(I1) (41). 29:182 

B,LiNaSi,C,H,,, 2.3-Dicarba-nido-hexa- 
borate(2-), 2,3-bis(trimethylsilyl)-, 
lithium sodium, 29:97 

borate(2-), 2,3-bis(trimethylsilyl)-. 
dilithium, 2 9 9  

borane(6), l.Cdi-fen-butyl-2,6- 
diisopropyl-3,5-bis(trirnethylsilyl)-, 
2934 

B,SiC,H,,, 2.3-Dicarba-nido-hexaborane(8). 
2-(trimethylsilyl)-, 29:95 

B,Si,C,H,,, 2.3-Dicarba-nido-hexa- 
borane(8). 2,3-bis(trimethylsilyl)-, 2992 

B,H,,Se,, 6,9-Diselena-aruchno- 
decaborane(l0). 29: 105 

B,H,Se,, 79-Diselena-nido- 
undecaborane(9). 29: 103 

B,H Borate(1 -), tetradecahydronona-. 
potassium, 26: 1 

B,,C,H,,. 1,2-Dicarbadodecaborane( 12). 
1.2-(1.2-ethanediyl)-. 29: 101 

B,,O,SC, ,H,,, 2-( 1.2-Dicarbadodecaborane- 
(12)-l-yl)ethanol. Cmethylbenzenesul- 
fonate ester, 29102 

B,F,,N,,Rh,C,H,,, Borate( 1 -), tetra- 

B,Li,Si,C,H,,, 2.3-Dicarba-nido-hexa- 

B,N,Si,C,HSo, 3.5-Diaza-nido-hexa- 

BaCI,, Barium dichloride, 29: 110 
BrAsF,S,, cyclo-Heptasulfur( 1 + ), bromo-. 

hexafluoroarsenate( 1 -), 27:336 
BrCH,, Methane, bromo-, osmium and 

ruthenium complexes, 27:201,205 
BrC 18H29, Benzene, l-bromo-2,4,6-tri-tert- 

BrF,SC,H,. hP-Sulfane. (2-bromo- 

BrF,N,PRuC,,H,,, Ruthenium(I1). tris- 

butyl-, 27~236 

etheny1)pentafluoro-, 27:330 

(acetonitrile)bromo(q4-1.5-cyclo- 
octadiene), hexafluorophosphate( 1 -), 
26~72 

BrF,S,Sb, cyclo-Heptasulfur( 1 +). bromo-. 
hexafluoroantimonate( 1 -), 27:336 

BrF,SC,H,. h6-Sulfane, (2-bromo-2,2- 
difluoroethy1)pentafluoro-. 29:35 
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BrF,SC,H. h6-Sulfane, (2-bromo-1.2.2-tri- 
fluoroethy1)pentafluoro-, 29:34 

BrH,O,Os,C,,. Osmium, (p,-bromo- 
methy1idyne)nonacarbonyltri-p- 
h ydrido-triangulo-tri-, 27:205 

BrH,O,Ru,C,,, Ruthenium, ( y,-bromo- 
methy1idyne)nonacarbonyl-tri-p- 
hydrido-rriangulo-tri-, 27:20 1 

mercury)nonacarbonyl(3,3-dimethyl- 1- 
butynyl)-rriangulo-tri-. 26:332 

BrMnO,C,, Manganese, bromopentacar- 
bonyl-. 28:156 

BrNO,SCI,H ,,. Bicyclo[2.2.l] heptane-7- 
methanesulfonate, 3-bromo-1,7- 
dimethyl-2-oxo-, [( IR)-(ENDO, ANTr)]-, 
ammonium, 26:24 

bonyl-, 28:162 

BrHgO,Ru,C,,H,, Ruthenium, (bromo- 

BrO,ReC,. Rhenium, bromopentacar- 

BrSiC,H,, Silane. bromotrimethyl. 264 
Br,AuNC,,H,,, Aurateu), dibromo-. tetra- 

butylammonium, 29:47 
Br,INC,,H,, Iodateu), dibromo-. tetra- 

butylammonium, 29:44 
Br,ISI,CloH,. lodate(1). dibromo-. 53-6.6’- 

tetra hydro-2,2’-bi- 1,3-dithioo[4.5- 
b][l,4]dithiinyidene (1:2), 2945 

Br,MoO,C,, Molybdenum(II), dibromo- 
tetracarbonyl-. 28: 145 

Br,N,RuC,,H,,, Ruthenium(I1). bis(ben- 
zonitrile)ctibromo(q4-1.5-cyclo- 
octadiene), 26:71 

Br,Si,UC,,H,,. Uranium(1V). bis(q5-1,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
bromo-, 27:174 

Br,BNC,H,, Boron, tribromo(trimethy1- 
amine), 2951 

Br,H,,N,Ru. Ruthenium(II1). tetrammine- 
dibromo-, cis-, bromide, 26:67 

Br,NbO,C,H Niobium, tribromo( 1.2- 
dimethoxyethane)-. 29: 122 

Br,Ti, Titanium tribromide, 26:382 
Br,As,F,,S,,. cyclo-Heptasulfur( 1 +). 

bromo-, tetrasulfur(2+) hexafluoro- 
arsenate(l-)(4:1:6), 27:338 

Br,NbO2C,Hl6, Niobium. tetrabromobis- 
(tetrahydrofuran). 29: 12 I 

Br6Co,H4,N,,O62H,O, Cobalt(III), 
dodecaamminehexa-p-hydroxo-tetra-, 
(+)- and (-)-, hexabromoide, 
dihydrate, 29:170-172 

Br,Cr,Cs,, Chromate(3-). nonabromodi-, 

Br,Cr,Rb,, Chromate(3-), nonabromodi-. 

Br,Cs,Ti,, Titanate(3 -), nonabromodi-, 

Br,Cs,V,, Vanadate(3-), nonabromodi-, 

Br,Rb,Ti,, Titanate(3 -), nonabromodi-. 

Br,Rb,V,, Vanadate(3 -), nonabromodi-, 

tricesium, 26:379 

trirubidium, 26379 

tricesium, 26379 

tricesium, 26379 

trirubidium, 26:379 

trirubidium, 26:379 

C, Carbide, iron complex, 26246 

CHF,O,, Acetic acid, trifluoro-, tungsten 
complex, 26:222 

CHF,O,S, Methanesulfonic acid, triiluoro-, 
iridium, manganese, and rhenium 
complexes, 26: 114, 115, 120 

CHOS,, Dithiocarbonic acid, 27:287 
CH,O, Formaldehyde, rhenium complex, 

CH,O,, Formic acid, rhenium complex, 

CH,, Methylene, osmium complex, 27:206 
CH,Br, Methane. bromo-, osmium and 

ruthenium complexes, 27:201,205 
CH,Cl, Methane. chloro-, osmium 

complex, 27:205 
CH,, Methyl, iridium complex. 2 6  118, 

28:24 

ruthenium cluster complexes, 26:281-284 

platinum complex, 26:126 

29:222 

26112 

manganese complex, 2 6  156 
osmium complex. 27:206 
rhenium complex, 26:107,28: 16,29:220 

CH,O, Methanol, platinum complexes, 
26:135 

ruthenium complex, 29:225 
tungsten complex, 26:45 

CNa,O,,Ru,C,,, Ruthenate(2-)ps-carbido- 

CO, Carbon monoxide, borane-iron 
tetradecacarbonyl-, disodium, 26284 

complex, 29:269 
chromium complexes, 26:32,34.35, 

chromium, molybdenum, and tungsten, 
complexes, 26343,27:297,28:30-32, 
48,196,197 

complexes, 26:358, 359 

28:137-139,29:247,251,252 

cobalt, copper, and ruthenium 
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cobalt complex, 28:273, 275, 29:175, 178, 

cobalt and iron complex, 26244 
cobalt and ruthenium complex, 26:176, 

cobalt-gold-ruthenium complex, 26327 
cobalt-iron complex, 27: 188 
cobalt, iron, and ruthenium complex, 

cobalt-molybdenum-nickel complexes. 

cobalt-molybdenum-ru thenium 

cobalt, platinum, and rhodium complex, 

gold complex, 29:281 
gold-osmium complexes, 27:209,211 
iridium complexes, 261 17-120,28:23,24, 

iridium and rhodium complexes. 

iridium complex, 28:23,24,29:92 
iridium, osmium, rhodium, and 

ruthenium complexes, 28216-247 
iron complexes, 2653-57,232-241,246, 

180 

177 

26352-354 

27:192 

complexes, 27: 194 

26370 

29:92 

28:213 

27:183-185, 186, 187,2852, 176, 177, 
180-184, 186,203-206,208,210. 
291152-154, 158, 159,269 

iron complexes with Group 15 ligands, 

iron-tungsten complex, 26:336-340 
manganese complexes, 26:156-158, 

manganese and rhenium complexes, 

mercury-molybdenum-ruthenium 

molybdenum complex, 26:84,27:3. 11, 13. 

molybdenum and tungsten complexes, 

molybdenum, palladium. and platinum 

nickel, 26312 
nickel, osmium, and ruthenium 

complexes, 26:362-367 
niobium complex, 28: 192 
osmium, 26187,188,290-293,295-301, 

platinum complexes, 26316-322.29188 
rhenium complexes, 26:77,82,83,107, 

2659-63 

162-173,226-230.28:155-158 

26:144, 155,28:199,201 

complexes, 26:329-335 

224,28:11, 13.45, 145, 151, 152 

2696-105,28:5,7, 14 

complexes, 26345 

304-307 

28:15-21.19.161-165,29211,213,214, 
2 19 

rhodium complexes, 27:291,28:79, 84 
ruthenium complexes, 26259,262,264, 

269,273,275-278,281-284.287.288, 
28:47,54, 189,334 

ruthenium and osmium complexes, 

tungsten complexes, 26:40,42,27:4,6,7. 
27:198-207 

28:153,29:142-144 
CO,, Carbon dioxide, rhenium complex, 

26:111,28:21 
CO,,P,Ru,C,,H,,, Ruthenate(2-), p5-car- 

bido-tetradecacarbonylpenta-, bis[ p- 
nitriod-bis(triphenylphosphorus)( 1 +)I, 
26284 

CO,,Ru,C,,. Ruthenium, p,-carbido- 
pentadecacarbonylpenta-, 26:283 

CO,,Ru,C,,, Ruthenium, k-carbido- 
heptadecacarbonylhexa-. 2628 1 

CS. Thiocarbonyls, iron, 28:186 

C,HCl,O,, Acetic acid, trichloro-, 

C,HF302, Acetic acid, trifluoro-, ruthenium 

C,HF,S, A6-Sulfane, ethynylpentafluoro-. 

C,H,BrF,S, A6-Sulfane. (2-bromo- 

C2H,C10,, Acetic acid, chloro-, ruthenium 

C,H,N, Acetonitrile, cobalt, copper, and 

osmium, 2 6  185-187 

ruthenium complex, 26:256 

complex, 26254 

27:329 

etheny1)pentafluoro-, 27:330 

complex, 26256 

ruthenium complexes, 26356,359 
iridium, rhodium complexes, 29:231.232 
iron complex, 29: 116 
molybdenum complex, 28:34,29:134 
molybdenum, palladium, and tungsten 

osmium complexes, 26290,292,28:234, 

rhodium complex, 29: 182 
ruthenium(I1) complexes, 2669-72 
transition metal complexes: 2863-66 

, Methane, isocyano-, tungsten 

C,H,, Ethene, cobalt complex, 28:278 

complexes, 26128-133 

323 

complex, 28:43 

molybdenum complex, 28: 11,26102-105 
platinum complex, 28: 129, 130-134.349 
rhenium complex, 261 10,28:19 
rhodium complex, 28:86 
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C,H,O, Acetaldehyde, iron complex, 
26~235-241 

manganese and rhenium complexes, 
28:199.201 

molybdenum, and tungsten complexes, 
27:297 

C2H,0,, Acetic acid, chromium, 

palladium complex. 26:208 
rhodium complex, 27:292 
tungsten complex, 26:224 

, Methyl formate, rhenium complex. 
29:216 

C,H,S,, Methyl dithioformate, 28: 186 
C,H,, Ethane, cobalt-molybdenum-nickel 

C,H,O. Dimethyl ether, ruthenium 
complex, 27:192 

complex, 27:198 
, Ethanol, nickel complex, 29:115 

rhenium complex, 29: 148 
C,H,N, Dimethylamine, tungsten complex, 

CIH,PS, Phosphine sulfide dimethyl-, 
29139 

26: 162 
manganese complex, 26  162 

C,H,N,, WEthanediamine, chromium 
complex, resolution of, 26:24,27 

cobalt complex, 29: 167 
platinum complexes, 27:3 14,315 
ruthenium complex, 29:164 

C,H,N, Propanenitrile, chromium, 
molybdenum, and tungsten complexes, 
28130-32 

tungsten complex, 27:4 
C,H,, 1-Propene, molybdenum complex, 

29:201 
palladium complex, 28:342 
ruthenium complex, 26:251 

C,H,O, Acetone, cobalt complex, 29: 114 
iridium complex, 26:123,28:57,29:232, 

molybdenum and tungsten complexes, 

tungsten complex, 29: 143 

283 

26:105.28:14 

C,H,O,, Methyl acetate, iron complex, 
27:184 

osmium complex, 27:204 
C,H,B, Borane, trimethyl-, 27:339 
C,H,N, Trimethylamine, boron complex, 

2951 
C,H,O,P. Trimethyl phosphite, cobalt and 

rhodium complexes, 28:283,284 

iron complex, 2661.28:171 
nickel complex, 28:lOl 

C,H,P, Phosphine, trimethyl-. preparation 

cobalt and rhodium complexes, 28:280. 

iron complex, 28: 177 
nickel complex, 28:lOl 
platinum complex, 29:190 
tungsten complexes. 27:304,28:327, 

329 
C,H,,Sn, Stannane. trimethyl-. cobalt 

complex, 29:175, 178. 180 
C,H,O,, Methyl acrylate, ruthenium 

complex, 28:47 
-, 2-Propenoic acid. methyl ester, 

platinum complex. 26: 138 
C,H,, 2-Butyne, cobalt-molybdenum- 

ruthenium complex, 27:194 
C,H,NO, 3-Butenamide. nickel complex, 

26206 
C,H,O, Furan. tetrahydro-. actinide and 

lanthanide complexes, 28:289,290 

of, 28:305 

28 1 

iron complex. 26232 
lanthanide complexes, 28:293-295 
lanthanide-lithium complexes, 27: 170 
lutetium complex, 27:152, 161. 162 
magnesium complex, 26:147 
molybdenum complex, 28:35 
neodymium and samarium complexes, 

neodymium complex, 27:158,29:120, 121 
samarium complex, 27: 155.28:297 

C,H,S, Thiophene, tetrahydro-. gold 
complexes, 26:85-87 

C,H,, Propene, 2-methyl-, iron complexes. 
28:208, 210 

C,H,NO, 2-Propenamide, 2-methyl-. nickel 
complex, 26:205 

C,H,,O, Diethyl ether, ytterbium complex. 
27:148 

C,H,,O,,NaC,H,, Ethane, 1,2-dimethoxy-, 
compd with cyclopentadienylsodium. 
26341 

C,H,,O,, Ethane, 1,2-dimethoxy-. niobium 
complex, 29:120, 122 

solvates of chromium, molybdenum, and 
tungsten carbonyl cyclopentadienyl 
complexes, 26:343 

26:20 

tungsten complex, 2650 
ytterbium complex, 26:22,28:295 
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C,HI,, Propane, 2-methyl-, neodymium 
complex, 27: 158 

C,H, ,N, Diethylamine, uranium complex, 
29:234,236 

-, Ethanamine, 1,l-dimethyl-. 
tungsten complex, 27:301 

C,H,,OSi, Silane, methoxytrimethyl-, 2644 
C,H,,Si, Silane. tetramethyl-, lutetium 

C,H,,N,. 1,2-ethanediamine, N-(2- 
complex, 27:161 

aminoethy1)-, palladium complex. 
29:187 

C,F,O,H,, Z+Pentanedione. 1,1,1,5,5,5- 
hexafluro-, palladium complexes, 
27:3 18-320 

C,H,S,, 1.3-Dithiolo[4,5-b] [ 1.41-dithiin-2- 

C,H,N, Pyridine, osmium complex, 28:234 

C,H,S, 2,4-Pentadienthial, osmium 

C,H,. 1,3-Cyclopentadiene, chromium 

thione, 26:389 

vanadium complex, 27:308 

complex, 26: 188 

complex. 29:247,251,252 
chromium, molybdenum, and tungsten 

complexes, 26:343.28: 148, 196. 197 
cobalt complex, 26:191-197,309 
cobalt and rhodium complexes, 28:280, 

cobalt-molybdenum-nickel complex. 

iron complex, 26:232-241,28:186,208.210 
lanthanide complexes. 28:293-295 
lutetium complex, 27:161, 162 
mercury-molybdenum-ruthenium 

complex, 26333 
molybdenum complexes, 27:63,224, 

28:11, 13, 151, 152,29:205,208,209 
molybdenum and tungsten complexes, 

molybdenum, palladium, and platinum 

neodymium complex, 27: 158 
neodymium, samarium, and ytterbium 

complexes, 26:20 
nickel, osmium, and ruthenium 

complexes, 26:362-367 
niobium complex, 28:267 
osmium-zirconium complex, 27:27 
palladium compiex, 28:343 
rhenium complex, 26178,28:189.270, 

29:211.213,214,216,217,220,222 

28 1 

27: 193 

26:96-105.28:5. 7. 14 

complexes. 26:345 

thallium complex, 28:315 
thorium and uranium complexes, 28:301, 

titanium and vanadium complexes, 

titanium complex, 27:60,61,66,29:200 
tungsten complex, 27:67,28: 153 
uranium complex, 27: 177,29:234 

302 

28:26 1-266 

C,H,O,, 2.4-Pentaendione, molybdenum 
complex. 29: 130, 13 1 

C,H,O,, Butanoic acid, j-OXO-, methyl 
ester, rhodium complex. 27:292 

C,H,N, ten-butyl isocyanide, chromium, 
molybdenum, and tungsten complexes. 
28:143 

nickel complex, 2 8 9  
palladium complex, 28: 110 

C,H,N, Propane, 2-isocyant-2-methyl-, 
ruthenium complex, 26:275.28:224 

C,H,P, Phosphine, (22-dimethylpropyli- 
dyne)-, 27:249. 25 1 

C,H Propanoic acid, 22-dimethyl: 
tungsten complex, 26:223 

C,HI ,NS,. Dithiocarbamic acid, diethyl-, 
molybdenum complex, 28: 145 

C,H,,, Propane, 22-dimethyl-. magnesium 
and tungsten complexes, 26:46,47,50 

C,H,,N, Ethanamine, N-ethyl-N-methyl-, 
tungsten complen 2640,42 

C,HF,, Benzene, pentafluoro-, gold 
complexes, 26:86-90 

C,H,I,, Benzene, lJ-diiodo-. iridium 
complexes, 26:125,28:59 

C6H,, Phenyl, platinum complex, 26: 136 
C,H,Cl, Benzene, chloro-, chromium 

C,H,F, Benzene, fluoro-. chromium 

C,H,N, Pyridine, osmium complex, 26:291 
C,H,NO,, 4-Pyridinecarboxylic acid, 

C,H,, Benzene, chromium complex, 28: 139 
C6H,0, Phenol, rhodium complex, 27:292 
C,H,S. Benzenethiol. osmium complex, 

C,H,N, Benzenamine, tungsten complex. 

C,H,P, Phosphine, phenyl-, cobalt-iron 

C,H,, 1,3-Cyclopentadiene, 1-methyl-, 

complex, 28:139 

complex, 28: 139 

rhodium complex, 27:292 

26:304 

27:301 

complex, 26:353 

preparation and purification of, 2752 
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C,,H,, (Continued) 
chromium, molybdenum, and tungsten 

molybdenum complex, 29:206,208,210 
titanium complex, 2752 
vanadium complex, 27:54,55 

hexacarbonyl complexes, 28: 148 

C6H806. Ascorbic acid. platinum complex, 

C,H,, 1-Butyne, 3,3-dimethyl-, mercury- 
27:283 

molybdenum-ruthenium complex, 

C,H 14N2, 12-Cyclohexanediamine, cis-, 
26:329-335 

trans-(R,R)-, and trans-(S.9-, platinum 
complex, 27:283 

complex, 26:61,28:171 
C,H,,O,P, Triethyl phosphite, iron 

nickel complexes, 28:101, 104-106 
C,H ,,P, Phosphine, triethyl-, gold-osmium 

complexes, 27:209,211 
gold-platinum complex, 27:218 
nickel complex, 28:lOl 
platinum complexes, 26:126, 135-140, 

27:32,34,28:27, 120, 122, 133,29:191 
C,H,,N,, 12-Ethanediamine. NJ,”&’- 

tetramethyl-, lithium complex, 2 6  148 
C,H,,P,, Phosphine. 1,2-ethanediylbis(di- 

methyl-, nickel complex, 28:lOl 
C,H,,Si, Silane, triethyl-, ruthenium 

complex, 26:269 
C,H,,LiPSiL20C,H,. Phosphide, bis(tri- 

methylsily1)-, lithium. -2tetrahydro- 
furan, 27:243,248 

C,H,FO,, Benzoic acid, 3-fluoro-. rhodium 
complex, 27:292 

C,H,NO,S, 12-Benzisothiazol-3(2H)-one, 
1.1-dioxide, chromium and vanadium 
complex, 27:307,309 

C,H,N. Benzonitrile, palladium complex, 
28:61,62 

platinum complex, 26:345 
ruthenium(I1) complexes, 26:70-72 

C,H,O,, Benzoic acid, rhodium complex, 

C,H,, Benzene, methyl-, cobalt complex, 
27:292 

26:309 
lutetium complex, 27: 162 
manganese complex, 26  172 

-, Bicyclo[2.2.1] hepta-2,5-diene, 
ruthenium complex, 26250,251,256 

, Cycloheptatriene, molybdenum 
complex, 28:45 

tungsten complex, 27:4 

C,H,O. Anisole, chromium complex, 
28: 137 

C,H,O,S, Benzenesulfonic acid, Cmethyl-. 
rhodium complex, 27:292 

C,H,N, Pyridine, 3,5-dimethyl-. palladium 
complex, 26:210 

C,H,,, Bicyclo[2.2.l]hepta-2-ene, platinum 
complex, 28: 127 

C,H,,N, Cyclohexyl isocyanide, nickel 
complex, 28:lOl 

C,H,,PS,, Phosphonium, (dithiocarb0xy)- 
triethyl-, rhodium complex, 27:288 

C,H,,NSi, Ethanamine, 1,l-dimethyl-N- 
(trimethylsily1)-, 27:327 

C,H,,N,, 1,3-Propanediamine, N,”-bis(2- 
aminoethy1)-, ruthenium complex. 
29: 165 

C,H,, 1,3,5.7-Cyclooctatetraene, lithium 
complex, 28: 127 

lutetium complexes, 27: 152, 153 
C,H,NO, Benzoyl isocyanide, chromium 

complex, 26:32.34,35 
C,H,O,, Phthalic acid, rhodium complex, 

27:291 
C,H,, Benzene, ethynyl-. ytterbium 

complex, 27:143 
C,H,O, Ethanone, 1-phenyl-, manganese 

complex, 26:156-158 
C,H,O,, Methyl benzoate. chromium 

complex, 26:32,28:139 
C,H,,, o-Xylylene. magnesium complex, 

26: 147 
C,H, ,N, Benzenamine, N,N-dimethyl-. 

chromium complex. 28:139 
C,H,,O,P, Phosphonous acid, phenyl-, 

dimethyl ester, nickel complex, 28:lOl 
C,H, ,P, Phosphine, dimethylphenyl-, iron 

complex, 26:61,28:171 
molybdenum complex, 27: 11 
osmium complex, 27:27 
osmium-rhodium complex, 27:29 
osmium-zirconium complex. 27:27 
ruthenium complex, 26:273,278,28:223, 

tungsten complex, 28:330 
224,228 

C,H,,, 1,S-Cyclooctadiene. iridium 
complex, 26:122,27:23,28:56,29283 

nickel complex, 28:94 
osmium-rhodium complex, 27:29 
palladium and platinum complexes, 

platinum complex, 28:126 
28:346-348 
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rhodium complex, 28:88 
ruthenium complexes, 2669-72.253-256, 

2 8 9  
C,H,,O,PS, 2-Butenedioic acid, 2-(di- 

methylphosphinothioy1)-, dimethyl 
ester, manganese complex, 26:163 

C,H,,. Cyclooctene, iridium and rhodium 
complexes, 2890.91 

platinum complex. 26:139 
C,H,N, Benzene, 2-isocyano- l$-dimethyl-, 

C,H,,N, Benzenemethanamine, N&- 
iron complexes, 26:53,57,28:180-184 

dimethyl-, lithium complex, 26: 152,253 
lutetium complex, 27: 153 
palladium complex, 26212 

lithium complex, 27:178 

enediphenyl-, uranium complex, 
27: 177 

tetramethyl-, 2 9  195 

hydrido-2,3,5,6-tetramethyl-, 2 9  193 

complex, 28:lOl 

complex, 28:120. 135 
rhodium complex, 27:292 
tungsten complex, 27:7 

C,H,,P, Phosphine, ethylmethylphenyl-, 

C,H,,P, Phosphorane, dimethylmethyl- 

C,H ,,O, 2-Cyclopentene-1 -one, 2.3.4.5- 

C,H,,O,, 4H-pyran-4-one. 2,3,5,6-tetra- 

C,H,,OIP, Isopropyl phosphite, nickel 

C,H,,P. Phosphine, triisopropyl-, platinum 

C,H,,PSi,, Phosphine. tris(trimethylsily1)-, 
27:243 

C,,H,N,, 22'-bipyridine, nickel complex. 
28: 103 

palladium complex, 27:319,29 186 
rhenium complexes, 26:82,83,28338 
tungsten complex, 27:303 

C,,H,O,, 23-Naphthalenediol, in prepn. of 
cis-tetraamminedihaloruthenium(II1) 
complexes, 2656.67 

methyl ester, cobalt complex. 26192 

dithiinylidene. 26:386 

complex, 262 13 

complex, 2852 

1 -chloro-3a,4,7,7a-tetra hydro-, ( 1 a ,  3a $. 
48,78,7aB)-, 29:lB 

,2-Propynoic acid, 3-phenyl-, 

C ,,H,S,. 2,2'-Bi-1,3-dithiolo[4,5-b] [ 1.41 - 
C ,,H,N, Quinoline. 8-methyl-, palladium 

C,,H,,O, 3-Butene-2-one. 4-phenyl-, iron 

C ,,H , ,C1.4,7-Methano- lti-indene, 

C,,H,,N, Benzenemethanamine, N.N.4- 

trimethyl-, lithium complex, 26152 
C,,H,,P. Phosphine, diethylphenyl-, nickel 

complex, 28:101 
platinum complex, 28: 135 

C,,H,,, 1,3-Cyclopentadiene, 1,2,3,4,5- 
pentamethyl-, 28:317,29:193 

chromium complex, 27:69 
cobalt complexes, 28~273,275,276,278 
iridium complex, 27:19,29:230,232 
iridium, rhodium complexes, 29:231,232 
rhodium complex, 29:229,243 
ruthenium complex, 29225 
samarium complex, 27:155.28:297 
titanium complex, 27:62,28:253-255 
ytterbium complex, 27: 148 

C,,H,&,, Arsine, IJ-phenylenebis(di- 
methyl-, gold complex, 26:89 

nickel complex, 28:103 
C,,H,,BrNO,S, Bicyclo[2.2.1] heptane-7- 

methanesulfonate, 3-bromo-1,7- 
dimethyl-2-oxo-, I(lR)-(ENDO, ANn)]; 
ammonium, 2624 

C,,H,N,, 1,4,8,1l-Tetrazacyclotetradecane. 
ruthenium complex, 29:166 

C,,H,Cl,PSi,, Phosphonous dichloride, 
[tris(trimethylsilyl)methyl]-, 27:239 

C,,H,Si,. Methane, tris(trimethylsily1)-, 
27:238 

C,,H,Si,, 1$-Cyclopentadiene, 1.3-bis- 
(trimethylsily1)-, lanthanide-lithium 
complexes, 27:170 

C, ,H,,OPSi,, Phosphine, [2,2-dimethyl-1- 
(trimethylsiloxy)propylidene](tri- 
methylsily1)-, 27:250 

C,,H,N,, 1.10-Phenanthroline, nickel 
complex, 28103 

C,,H,,N,, Azobenzene, cobalt and 
palladium complexes, 26:175,176 

C,,H,,N, Pyridine, 2-(phenylmethyl)-, 

C,,H,,P. Phosphine, diphenyl-, manganese 

manganese complex, 2 6  173 

palladium complex, 26208-210 

complex, 2 6  158,226-230 
ruthenium complex, 26264 

C,,H,,, Toluene, a-2,4cyclopentadiene-l- 
yl-, chromium, molybdenum and 
tungsten hexacarbonyl complexes, 
28: 148 

C,,H ,,0,S. Thiophenetetracarboxylic acid, 
tetramethyl ester, 26:166 

C ,,H , N ,  Naphthalenamine, N,N-dimethyl-, 
lithium complex. 26:154 
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C,,H ,,, Benzene, hexamethyl-, ruthenium 

C,,H,,P, Phosphine, tributyl-. iron 
complex. 26:181, 182 

complex, 26:61.28:171, 177,29:153 

C,,H,,P, Phosphine, tri-rerr-butyl-. iron 
nickel complex, 28:lOl 

complex, 28: 177 
palladium complex, 28:115 

C,,H,N, Benzo[bJquinoline, ruthenium 

C,,H,,, Fluorene, iridium complex. 29:232 
C,,H,,NO, Formanide, N-[ l-(l-naphthal- 

eny1)ethylj-, rhenium complex, 29:217 
C,,H,,P, Phosphine, methyldiphefiyl-, iron 

complex, 2661,28:171 
molybdenum complex, 27:9 
nickel complex, 28: 101 
tungsten complexes, 27:10,28:328,28:331 

C,,H,,, Acetylene, diphenyl-, molybdenum 
complex, 26102-105,28:11, 13 

C,,H,,, Benzene, 1,2-ethenediylbis-, 
platinum complex, 26140 

C 14H 14, Benzene, 1,l'-( 1 &ethanediyl)-bis-, 
26: 192 

CI,H,,O,P, 1H-Phospholium. 2,3,4,5-tetra- 
kis(methoxycarbonyl)-2.2-dimethyl-, 
manganese complex, 26: 167 

C14Hm0,PS. 2H-1.2-Thiaphosphorin-2-ium, 
3.4,5,6-tetrakis(methoxycarbony1)-2.2- 
dimethyl-, manganese complex, 26: 165 

C,,H2,0, Phenol, 2,6-di-rerr-butyl-, actinide 
and lanthanide complexes, 27:166 

C,,H,,P, Phosphine. di-rerr-butylphenyl-, 
palladium and platinum complexes, 
28:114, 116 

1,3.9,1l-tetraene. 4,10-dimethyl-, nickel 
complex, 27:272 

silyl)methyl]-, lithium complex, 26: 148 

3-methye-Q-phenyl-, dimethyl ester, 
cobalt complex, 2 6  197 

,2-Pentenedioic acid, 3-methyl-2- 
(phenylmethy1)-, dimethyl ester, cobalt 
complex, 2 6  197 

4-methyl-, actinide and lanthanide 
complexes, 27: 166 

1.1,4,4-tetracarboxylate. tetrametalate 
complexes. 29:275 

complex, 26: 177 

C,,H,N,, 1,5,9,13-Tetraazacyclohexadeca- 

C,,H,,Si, Benzene, 1.2-bis[(trimethyl- 

C,,H,,O,, 2.4-Hexadienedioic acid, 

C,,H,O, Phenol, 2,6-di-tert-butyl- 

C,,H,,O,,, Tetraethyl 2.3-dioxobutane- 

C,,H ,,0. 1,4-Pentadien-3-one, 1,5- 

C,,H,,As, Arsine, triphenyl-, cobalt 
diphenyl-, palladium complex, 28: 110 

complex, 29: 180 
iron complexes, 26:61,28:171 
nickel complex, 28:103 
ruthenium complex, 29:162 

complex, 2661,28:171 
nickel complex, 28:lOl 
ruthenium complex, 26:178 

C,,HI5O3P, Triphenyl phosphite, iron 

C,,H,,P, Phosphine, triphenyl-, cobalt 

cobalt-gold-iron complex, 27: 188 
cobalt-gold-ruthenium complex. 

gold complex, 2690.325,326,27:214. 

gold-iridium complex, 29:284,285.296 
gold-manganese complex, 26:229 
gold-osmium complex, 27:209,211, 

gold and platinum complex, 27:218 
gold-platinum complex. 29:293,295 
gold-rhenium complexes, 29:288.289. 

gold-ruthenium complex, 29:288 
iridium complexes, 26:117-120,122-125. 

iron complexes. 2661,237,241.28:170, 

molybdenum complex, 28: 13 
molybdenum and tungsten complexes, 

molybdenum, palladium. and platinum 
complexes, 26:347 

nickel complex, 28: 102 
osmium complex, 26:184-188 
palladium complex, 28:107 
platinum complexes, 27:36,28:124,125, 

rhenium complex, 27:15, 16.29:146, 148, 

rhodium complex. 27:222,292,28:77-83 
ruthenium complex, 26181,182,28:270, 

tungsten complex, 2840 

complex, 26190-197,27:188,29:175 

26327 

29280 

29:286 

291,292 

201,202,28:23-26. 57-59,92,29:283 

176,29153 

2698-105,28:7 

135 

149.214,216,217,220,222 

337,29161 

C,,H15Sb, Stibine, triphenyl-, iron complex, 
26:61.28:171 

nickel complex, 28: 103 
C,,H,,, Benzene, 1,3-butadiene-l,4-diylbis-, 

cobalt complex, 26195 
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C,,H,,Br, Benzene, l-bromo-2,4,6-tri-rmt- 

C,,H,,P, Phosphine, (2.4.6-tri-ten-butyl- 

C,,H,,P, Phosphine, tricyclohexyl-. iron 

butyl-, 27:236 

pheny1)-. 27:237 

complex, 26:61.28:171. 176.29:154 
molybdenum complex, 27:3, 13 
nickel complexes, 26205,206 
palladium and platinum complexes, 

28:114, 116,28:114, 116 
platinum complex, 28:130 
rhodium complex, 27:291 
tungsten complex, 275 

C,,H,,OP, Benzenemethanol, 2-(diphenyl- 
phosphin0)-, manganese complex, 
26: 169 

C,H,&uI,S,,, 2,2’-Bi-l$-Dithiol0[4.5- 
bl [ 1 .4]dithiinylidene, 5,5’,6,6’-tetra- 
hydro-, diiodoaurateo) (2:l). 29:48 

C,,H3,N4O2, 1.5,9,13-Tetraazacyclohexa- 
deca- 1.4,9,12-tetraene, 2.12-dimethyl- 
3.1 1-bis( 1-methoxyethy1idene)-, nickel 
complex, 27:264 

C,,H,N,, 1,5.9,13-Tetraazacyclohexadeca- 
1,4,9,12-tetraene, 2.12-dimethyl-3.1 1 - 
bis[ 1-(methy1amino)ethylidenel-, 
nickel complex, 27:266 

C,H,P,S&, Diphosphene, bis[tris(tri- 
methylsilyl)methyl]-, 27:241.242 

C,, H,,O,P, Tris(4-methylpheny1)phosphite 
ruthenium complex, 26:277,278,28:227 

C,,H,,P, Phosphine, tris(p-toly1)-, gold- 
rhenium complexes, 29:292,289 

C,,H,PSi, Phosphine, (2.4.6-tri-rert-butyl- 
phenyl)(trimethylsilyl)-, 27:238 

C,,H,,NOP, Benzamide, 2-(diphenylphos- 
phino)-N-phenyl-, 27:324 

C,,H,,NOP, Benzamide, N-[2-(diphenyl- 
phosphino)phenyl]-, 27:323 

C,,H,,P,. Phosphine, methylenebis(di- 
phenyl-, palladium complex, 28:340 

ruthenium complex, 26:276,28:225 
C,,H,P,, Phosphine, ethynediylbis(di- 

phenyl-. ruthenium complex, 26:277. 
28:226 

phenyl-, gold-iridium complex, 29:296, 
290 

C,,H,P,, Phosphine. 1,2-ethanediylbis(di- 

iridium complex, 27:25 
molybdenum complex, 2684,28:38, 

29:201 

platinum complex, 26370,28:135 
tungsten complexes, 28:43,29:142-144 

C,,H,N,, 3,10,14,182 1.25-Hexaazabicyclo- 
[ 10.7.71 hexacosa- 1,11,13,18,20,25- 
hexaene, 2.3.10.1 1,13,19-hexamethyl-. 
cobalt complex, 27:270 

-, 3,10,11,14,18~1,25-Hexaazabicyclo- 
[ 10.7.71 hexacosa-l.l1,13.18,20,25- 
hexaene, 2.3,10,13,19-hexamethyl-, 
nickel complex, 27:268 

bicyclo[ 10.7.71 hexacosa-l,l1,13.18,20,25- 
hexaene, 2,3,10,11,13,19-hexamethyl-, 
tris[hexafluorophosphate(l -)I, 27:269 

C,,H,,P,, Phosphine, 1.3-propanediylbis- 
(diphenyl-, iridium complex, 27:22,23 

C,,H,,I,S,,, 2,2.’-Bi-1.3-dithiolo[4,5-b]- 
[ 1 Aldithiinylidene, 5,5’,6,6‘-tetrahydro-, 
(triiodide) (2: 1). 29:42 

C,,H,,P,, Phosphine, 1.4-butanediylbis(di- 
phenyl-, indium complex. 27:26 

C,,H,,N,O,, 1,5,9,13-Tetraazacyclohexa- 
deca-l,3,9,1 I-tetraene. 3.1 1 -dibenzoyl- 
2,12-dimethyl-. nickel complex, 
27:273 

C,H,,N,O,, 1.5,s. 13-Tetraazacyclohexa- 
deca-1,4,9,12-tetraene, 3.1 1-bis(a- 
methoxybenzylidene)-2,12-dimethyl-, 
nickel complex, 27:275 

phino)ethyl]phenyl-, palladium 
complex, 27:320 

C,,H,N,P,, Phosphorus(l+), p-nitrido- 
bis-(triphenyl), azide, 26:286 

C,,H,,P,, Diphosphene, bis(2,4,6-tri-rmt- 
butylphenyl), 27:241 

C,,H,,NO,P,, Phosphorus(l+), p-nitrido- 
bis(tripheny1)-, acetate, 27:296 

C,, H,,P,, Phosphine, [2-[(diphenyl- 
phosphino)methyl]-2-methyl-l$-pro- 
panediylj bis(dipheny1)-, rhodium 
complex, 27:287 

C,,H,N,, 1,5,9,13-Tetraazacyclphexadeca- 
1,4,9,12-tetraene, 3.1 1-bis[a-(benzyl- 
amino)benzylidene]-2,12dimethyl-, 
nickel complex, 27:276 

cyclo[ 11.7.7.1~~9]oclacosa-1,5,7,9(28), 
12,14,19,2 1.26-nonaene, 3,l l-dibenzyl- 
14,20-dimethyl-2,12-diphenyl-, iron 
complex, 27:280 

C,,H,,F,,N,P3, 3,10,14,18,2 1.25-Hexaaza- 

C,H,,P,, Phosphine, bis[2-(diphenylphos- 

C,H,,N,, 3.1 1.15.19.2226-Hexaazatri- 

nickel complex. 28:103 nickel complex, 27:277 
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C,H,,F,,N,P,, 3.1 l1l5,19,22,26-Hexaazatri- 
cyclo[ 1 l.7.7.l5"]octacosa-1,5,7,9(28), 
12,14,19,21,26-nonaene, 3.1 l-dibenzyl- 
1420-dimethyl-2,12-diphenyl-, 
tris[hexafluorophosphate( 1 -)I, 27:278 

CdCl,, Cadmium dichloride. 28:322 
CeCl,LiO,Si,C,H,,, Cerium, bis[q5-1,3- 

bis(trimethylsilyl)cyclopentadienyl] di- 
p-chloro-bis(tetrahydr0furan)-lithium-, 
27: 170 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27:171 

fluoropheny1)-, (benzy1)triphenyl- 
phosphonium, 26:88 

ClAuPC,,H ,,, Gold, chloro(tripheny1phos- 
phineb, 26:325,27:218 

ClAuSC,H,, Goldu), chloro(tetrahydr0- 
thiophene)-, 2686 

ClAu,F,0,P,PtSC49H,, Platinum( 1 +), 
chloro- I-KClbis(triethylphosphine- 
1~P)bis(triphenylphosphine)-2~P,3~P- 
triangulo-digold-, trifluoromethanesul- 
fonate, 27:218 

(dinitrogen)hydrido[tetrafluoroborate- 
(1 -)]bis(triphenylphosphine)-, 26 119 

CIBF41rN,P,C,,H,,, Iridium(III), chloro- 
(dinitrogen)hydrido[ tetrafluoroborato- 
( 1 -)]bis(triphenylphosphine)-, 28:25 

ClBF41rOP,C,,H,,, Iridium(II), carbonyl- 
chlorohydrido[tetrafluoroborato( 1 -)] - 
bis(tripheny1phosphine)-, 261 17,28:23 

ClBF41rOP2C3,H,,, Iridium(II1). carbonyl- 
chloromethyl[tetrafluoroborato( 1 -)]- 
bis(tripheny1phosphine)-, 261 18.28:24 

complex, 27:205 

complex, 28: 139 

l-chloro-3a,4,7,7a-ttrahydro-, (la, 3a8, 
48,78,7ap)-, 29:199 

CICOP,C,H,~, Cobalt, chlorotris(tripheny1- 
phosphinek, 26190 

ClCrO,qH,. Chromium, tricarbonyl(q6- 
ch1orobenzene)-. 28: 139 

ClF,O,PtSC,,H,, Platinum(I1). chloro- 
bis(triethylphosphine)(trifluoro- 

Ce,Cl,Si,C,H, Cerium, tetrakis[q5-1,3- 

ClAuF,PC,, H,,, Aurate(I), chloro(penta- 

ClBF,IrN,P,C,,, Iridium(III), chloro- 

ClCH,. Methane, chloro-, osmium 

ClC,H,, Benzene, chloro-, chromium 

CIC,,H, ,, 4.7-Methano-lH-indene, 

CIF,. Chlorine pentafluoride, 29:7 
ClF,N,PRuC,,H,,. Ruthenium(I1). tris- 

(acetonitrile)chloro(q4- 1.5-cyclo- 
octadiene), hexafluroophosphate( 1 -), 
26:71 

ClH3090s,C,,. Osmium, nonacarbonyl(p,- 
chlorometh ylidy ne)tri-p-hydrido- 
triangulo-tri-, 27:205 

(ch1oromercurio)-p-(diphen ylphos- 
phino)-bis(tetracarbony1-, (Mn-Mn), 
26:230 

ClIrOP,C,,H,,, Indium, carbonylchlorobis- 
(triphenylphosphine), trans-. 28:92 

ClIrP,C,H,,, Iridium(I), chlorotris(tri- 
pheny1phosphine)-, 26201 

-, Iridium(II1). chloro[2-(diphenyl- 
phosphino)phenylC',P] hydridobis- 
(triphenylphosphine), (OC-653)-, 
26202 

ClHgMn,O,PC,H,,, Manganese, p- 

ClLi, Lithium chloride, 28:322 
ClLiC,H,, Lithium, (chlorocyclopenta- 

dieny1)-, 29:200 
ClLuOC,,H,,, Lutetium, chloro(q8-1,3,5,7- 

cyclooctatetraene)(tetrahydrofuran)-, 
27: 152 

ClMgC,H, ,, Magnesium, chloro(2.2- 
dimethylpropylf-, 2646 

ClMnO,C,, Manganese, pentacarbonyl- 
chloro-, 28:155 

ClNO,PSC,,H,,, Sulfamoyl chloride, 
(trip henylphosphorany1idene)-, 2927 

CIN,PdC,,HI9, PalladiumuI), chloro(2-(2- 
pyridinylmethyl)phenylC',N](3,5- 
dimethy1pyridine)-, 26:210 

chlorobis-(triphenylphosphine)-, trans-, 
28:79 

ClOP,RhS,C,H,. Rhodium, chloro( 12- 
[ (diphenylphosphino)methyl] -2- 
methyl- 1.3-propanediyl] bis(dip henyl- 
phosphine)](dithiocarbonato)-, 27:289 

ClO,C,H,, Acetic acid, chloro-, ruthenium 
complex, 26256 

ClO,ReC,, Rhenium, pentacarbonyl- 
chloro-. 28161 

ClPRuC,H,, Ruthenium(I1). chloro(q6- 
hexamethylbenzene)hydrido(tri- 
pheny1phosphine)-, 26 181 

C1P2PtC6HI9. Platinum(I1). chlorohydrido- 

ClOP,RhC,,H,, Rhodium, carbonyl- 

methanesu1fonato)-. cis-, 26126,28:27 bis(trimethy1phosphine)-, trans-, 29: 190 
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ClP,PtC,,H,,. Platinum(II), chlorohy- 
dridobis(triethy1phosphine)-, trans-, 
29191 

diphenylethenylbis(triethy1phosphine)-, 
trans-, 26140 

ClP,RuC,, H,,, Ruthenium(I1). chloro(q’- 
cyclopentadienyl)bis(trip henylp hos- 
phineb, 28:270 

pheny1phosphine)-, 28:77 

[(diphenylphosino)methyl]-2-methyl- 
1 J-propanediyl] bis(dipheny1phos- 
phine)] [(dithiocarboxy)triethylphos- 
phoniumatol-. 27:288 

CIP,RhC,,H,,, Rhodium(1). chloro(q2- 
tetrahedra-tetrap hosphorus)bis(tri- 
pheny1phosphine)-. 27:222 

ClRhC,,H,,, Rhodium(I), chlorobis(cyc1o- 
octene), 28:90 

CISiC,H,, Silane, chlorotrimethyl-, 29: 108 
CIThC,,H,,. ThoriumOV), chlorotris(q5- 

ClTiC,,H,,, TitaniumOII), chlorobis(q5- 

CIUC,,H,,, Uranium(IV), chlorotris(qs- 

ClVC ,,H ,,, Vanadium(III), chlorobis(qs- 

CIZrCI,HI ,, Zirconium, chlorobis(q5- 

Cl,Ba, Barium dichloride, 29: 110 
Cl,Cd, Cadmium dichloride, 28:322 
Cl,CeLiO,Si,C~,H,,, Cerium, bis[q5-l,3- 

CIP,PtC,H,,. Platinum(II), chloro-(ci.s-1.2- 

ClP,RhC,H,,, Rhodium(1). chlorotris(tri- 

ClP,RhS,C,H,, Rhodium, chloro[ [2- 

cyclopentadieny1)-, 28:302 

cyclopentadieny1)-, 28:261 

cyclopentadieny1)-, 28:301 

cyclopentadieny1)-, 28:262 

cyclopentadieny1)hydrido-, 28:259 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydr0furan)lithium-, 
27:170 

bis(trimethylsily1)cyclopentadienyljdi- 
p-chloro-di-, 27:171 

Cl,Ce,Si,C,H,, Cerium, tetrakis[qs-1.3- 

Cl,Co, Cobalt dichloride, 28:322,29110 
Cl,Cu, Copper dichloride, 28:322,29:110 
Cl,Dy,Si,C,H,, Dysprosium, tetrakis[q5- 

1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-y-chloro-di-, 27:171 

CI,Eu,Si,C,H,, Europium, tetrakis[q5- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-di-, 27: 171 

Cl,F,N. PRuC,H ,&. Ruthenium(II1 

hexafluorophosphate( 1 -), 2 9  164 
CI,F,N,PRuC,H,, Ruthenium(II1). [(R,S)- 

N,N ‘-bis(2-aminoethyl)- 1.3-propane- 
diaminejdichloro-, trans-, hexafluoro- 
phosphate(1-), 29:165 

Cl,Gd,Si&,H,. Gadolinium, tetrakis[$- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-di-, 27: 171 

Cl,Ho,Si,C,H, Holmium, tetrakis[qs- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-y-chloro-di-. 27: 171 

CI,Ir2C,2H,, Iridium, di-p-chloro- 
bis[bis(cyclooctene)-, 28:91 

Cl,LaLiO,Si,C,H,,, Lanthanum, bis(qs- 
1.3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-bis(tetrahydr0- 
furan)lithium-, 27: 170 

Cl,La,S&C,H,, Lanthanum, tetrakis[qs- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienyljdi-p-chloro-di-, 27: 171 

Cl,LiNdO,Si,C,H,,. Neodymium, bis[q5- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-y-chloro-bis(tetrahydr0- 
furan)lithium-. 27: 170 

Cl,LiO,PrSi,C,H,,, Praseodymium, bis- 
[q5-l .3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-bis(tetrahydr0- 
furan)lithium-, 27: 170 

Cl,LiO,ScS~C&,,, Scandium, bis[q5-1,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
y-chloro-bis(tetra hydr0furan)lithium-, 
27:170 

bis( trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetra hydr0furan)lithium-. 
27: 170 

Cl,LiO,S&YbC,H,,, Ytterbium, bis[q5- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-y-chloro-bis(tetrahydr0- 
furan)lithium-, 27: 170 

CI,Lu,Si.,C,H,, Lutetium, tetrakis[qs-1,3- 
bis(trimethylsilyl)clopentadienyl]di- 
p-chloro-di-, 27:171 

Cl,MoC,,H,,, Molybdenum(IV), dichloro- 
bis(q5-cyclopentadieny1)-, 
29:208 

bis(qs-methylcyclopentadienyl)-. 29:208 

dine, 1,3-di-rert-butyl-2,4-dichloro-, cis-, 

Cl,LiO,Si,YC,H,,, Yttrium, bis[q5-1,3- 

Cl,MoC,,H,,, Molybdenum(IV), dichloro- 

Cl,N,P,C,H,,, 1,3,2,4.-Diazadiphospheti- 
c u -  - .” 

dichlorobis( 1.2-ethanediamine), trans-. 27:258 
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CI,N,P,WC,,H,,, Tungstenw). dichloro- 
[ (1,l-dimethylethy1)imidoj (phenyl- 
imido)bis(trimethylphosphine)-, 27:304 

Cl,N,PdC,,H, Palladium(I1). (22'- 
bipyridine)dichloro-, 29: 186 

Cl,N,PdC,,H,,, Palladium, bis(benzo- 
nitri1e)dichloro-, 28:61 

Cl,N,Pd,C,,H,, Palladium(I1). di-p-chloro- 
bis[2-[(dimethylamino)methyljphenyl- 
C',N]di-, 26212 

Cl,N,Pd,C,H,,, Palladium(I1). di-p-chloro- 
bis(8-quinolylmethylC.N)di-, 26:2 13 

CI,N,Pd,C,H,, PalladiumOI), di-p-chloro- 
bis[2-(2-pyridimylmethyI)phenyl- 
CI,N]di-, 26:209 

CI,N,PtC,,H,,, Platinum, bis(benzonitri1e)- 
dichloro-. 26:345.28:62 

CI,N,RuC,,H,,, Ruthenium(II), bis(aceto- 
nitrile)dichloro(q4-1.5-cyclooctadiene)-. 
26:69 

nitrile)dichloro(q4- 1,5rycIooctadiene)-, 
26:70 

CI,N,PdC,H,,, Palladium(I1). [N-(2-amino- 
ethyl)-l,2-ethanediamine]-chloro-, 
chloride, 29:187 

C12N,Pd2C,,H3,, Palladium(1). tetrakis-(ten- 
butyl isocyanide)di-p-chloro-di-, 28: 110 

Cl,N,Pd,C,H ,,, Palladium, di-p-chloro- 
bis[2-(phenylazo)phenyl-C',iV]di-, 
26:175 

C1,N,WC2,H2,, Tungstenw). (2,2'-bipy- 
ridine)dichloro[(l,l-dimethyl- 
ethy1)imido)-(pheny1imido)-. 27:303 

C12N,0,RuC,H,6,6H,0, Ruthenium(I1). 
tris-(2,2'-bipyridine)-, dic hloride. 
hexahydrate, 28:338 

CI,NbC,,H,,. Niobium(IV), dichlorobis(q'- 
cyclopentadieny1)-, 28:267 

Cl,Nd,Si,C,H,, Neodymium, tetrakis[q5- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-di-. 27: 171 

CI,Ni, Nickel dichloride. 28:322 
Cl,O,Rh,C,, Rhodium. tetracarbonyl- 

dichlorodi-, 2834 
Cl,OsP,C,H,,, Osmium(I1). dichlorotris- 

(tripheny1phosphine)-, 26: 184 
Cl,OsP,SC,,H,,. Osmium(I1). dichloro(thio- 

carbonyl)tris(triphenylphosphine)-, 
26:185 

CI,N,RuC,,H,,, Ruthenium(I1). bis(benzo- 

C1,PC ,nH,.,. PhosDhonous dichloride, 

Cl,PSi,C Phosphonous dichloride. 
[tris(trimethylsilyl)methyl]-, 27:239 

C1,P2PtC,,H2,, Platinum, dichloro[ 1.2- 
ethanediylbis(dipheny 1phosphine)j-. 
26:370 

Cl,P,Pd,C,H,, Palladium(1). dichloro- 
bis[p-methylenebis(dipheny1phos- 
phine)jdi-, (Pd-Pd), 28:340 

C12P4WC12H3,, Tungsten(I1). dichlorotetra- 
kis(trimethy1phosphine)-, 28:329 

Cl,P,WC,,H,, TungstenOI), dichlorotetra- 
kis(dimethylpheny1phosphine)-, 28:330 

Cl,P,WC,,H,,. TungstenOI), dichlorotetra- 
kis(methy1diphenylphosphine)-, 28:331 

CI,PdC,H,,, Palladium(II), dichloro(q4-1.5- 
cyc1occtadiene)-, 28348 

Cl,Pd,C,H ,,, Palladium(II), bis(q3-allyl)di- 
p-chloro-di-, 28:342 

Cl,Pr,Si,C,H,, Praseodymium, tetrakis- 
[q5-1,3-bi~(trimethyl~ilyl)cyclopenta- 
dienyljdi-p-chloro-di-, 27: 171 

CI,PtC,H,,, Platinum(II), dichloro(q4-1,5- 
cyc1ooctadiene)-, 28:346 

Cl,ReNP,C,,H,, Rheniumo,  dichloro- 
nitridobis(tripheny1phosphine)-, 29: 146 

Cl,Rh,C,H,,, Rhodium(I), di-prhloro- 
tetrakis(ethene)di-, 28:86 

Cl,Rh,C,,H,, Rhodium(I), di-p-chloro-bis- 
(q4-1,5-cyclooctadiene)di-. 28:88 

C1,RuC7H,, Ruthenium(II), (q4-bicyclo- 
(2.2.11 hepta-2,5-diene)dichloro-, 26250 

Cl,RuC,H,,, Ruthenium(II), dichloro(q4- 
1,5-cyclooctadiene)-, 26:253 

-, Ruthenium(II), di-pchloro(q4- 1.5- 
cyc1ooctadiene)-, polymer, 26:69 

Cl,Sc,Si,C,H,, Scandium, tetrakis[q5-1,3- 
bis(trimethylsily1)cyclopen tadienylldi- 
p-chloro-di-, 27:171 

bis(trimethylsilyl)cyclopentadienyl]di- 
chloro-, 27:173 

bis(trimethylsilyl)cyclopentadienyl],di- 
chloro-, 27:174 

1,3-bis(trimethylsilyl)cyclopenta- 
dienyljdi-p-chloro-di-, 27: 171 

C12Si4Tb,C,H,, Terbium, tetrakis(qs- 1,3- 
bis( trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27: 17 1 

C12Si2ThC,,H,,, ThoriumOV), bis(q5-1,3- 

Cl,Si,UC,,H,,, Uranium(lV), bis(q5-1,3- 

Cl,Si,Sm,C,H,, Samarium, tetrakis[q5- 

Cl,Si,Tm,C,H,, Thulium, tetrakis[qs-1,3- - ." 
(2,4,6-tri-ten-butylphenyl)-, 27:236 bis(trimethylsilyl)cyclopentadienyl]di- 
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p-chloro-di-, 27:171 

bis(trimethylsily1)cyclopentadienyl)di- 
p-chloro-di-, 27:171 

CI,Si,Yb,C,H,, Ytterbium, tetrakis(q5-1,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
y-chloro-di-, 27: 171 

CI,Si,Y,C,H,, Yttrium, tetrakis[q5- 1.3- 

C1,Zn. Zinc dichloride, 28:322,29: 110 
Cl@,NRuSC,H, Ruthenium(I1). tri- 

chloro(thionitrosyl)bis(triphenyl- 
arsine)-, 29:162 

bis( 1.2.-ethanediamine), trans-, 
chloride, 29:167 

CI,Cr, Chromium trichloride, 28:322, 
29:llO 

Cl,CrN,C,H,,, Chromium(II1). dichlorobis- 
(lJ-ethanediamine)-, A-cis-, chloride, 
and monohydrate, resolution of, 2624, 
27,28 

chloride- tetrahydrofuran(2:7), 
27:140,28:290 

CI,Fe, Iron trichloride, 28:322,29:110 
CI,H ,,N4Ru, RutheniumOII), tetra- 

ammine-dichloro-, cis-, chloride, 26:66 
CI,KPtC,H,, Platinate(II), tri- 

chloro(ethene)-, potassium, 28:349 
CI,MoN,C,H,, Molybdenum(II1). tris(acet0- 

nitri1e)trichloro; 28:37 
CI,MoO,C,,H,, Molybdenum(II1). tri- 

chloro-tris(tetrahydr0furan)-, 28:36 
Cl,NP,RuSC,,H,, Ruthenium(II), tri- 

chloro-(thionitrosyl)bis(triphenyl- 
phosphine).. 29:161 

C1,N4RuC,,H,2H,O, Ruthenium(II1). 
dichloro( 1.4,a.l l-tetraazacyclotetra- 
decane), trans-, chloride, dihydrate, 
29:166 

CI,NbO,C,H,,, Niobium, trichloro( 12- 
dimethoxyethane)-, 29: 120 

C1,Nd.3/2C4H,O, Neodymium 
trichloride- tetrahydrofuran(2:3). 
27:140,28:290 

Cl,O,C,H, Acetic acid, trichloro-, 
ruthenium complex, 26:256 

CI,O,SmC,H,,, Samarium, trichloro- 
bis(tetrahydr0furan)-, 27: 140,28:290 

CI,O,WC,H,,, Tungstenw), trichloro( 1.2- 
dimethoxyethane)(22-dimethylpro- 
py1idyne)-, 2650 

CI,CoN,C,H,,, Cobalt(II1). dichloro- 

C1,Er.7/2C4H,O, Erbium tri- 

CI,O,WC,H,, Tungsten, trichlorotri- 

methoxy-, 2645 
CI,O,YbC,,H,, Ytterbium, trichlorotris- 

(tetrahydrofuran)-, 27: 139,28:289 
Cl,OsP,C,H,,, Osmium(II1). trichlorotris- 

(dimethylpheny1phosphine)-, mer-, 
27:27 

chloride-2tetrahydrofuran. 27: 140. 
28:290 

chloride-3tetrahydrofuran, 27: 139, 
28:289 

C&AlP,C,,H,, Aulminate( 1 -), tetrachloro-, 
1,1,1,3,3,3-hexaphenyltriphospheniurn, 
27:254 

C141r2C20H30, Iridium(II1). di-p-chloro- 
dichlorobis(q’-pentamethylcyclo- 
pentadieny1)di-. 29:230 

CJMoN,C,H,. Molybdenum, bisfaceto- 
nitri1e)tetrachloro-, 28:34 

C&MoO, Molybdenum tetrachloride oxide, 
28:325 

C&MoO,C,H,,. Molybdenum, tetrachloro- 
bis(tetra hydrofuran)-. 28:35 

C&N,RuC,,H,,, Ruthenate(1-), tetra- 
chlorobis(acetonitri1e)tetraethyl- 
ammonium, 26:356 

bis( 1.2-ethanediamine). dichloride, 
cis-, 27:314 

bis( 12-ethanediamine monohydro- 
chloride), trans-, 27:315 

Cl,N,W,C,,H,,, Tungstenw), tetrachloro- 
bis( 1.1 -dimethylethanamine)bis(( 1,l- 
dimethy1ethyl)imidoj bis(p-phenyl- 
imido)di-, 27:301 

CI,NbO,C,H ,,, Niobium, tetrachlorobis- 
(tetrahydrofuran)-, 29: 120 

Cl,OW, Tungsten tetrachloride oxide, 
28:324 

Cl,O,Ru,C,, Ruthenium(II), di-p-chloro- 
bis(tricarbonylch1oro)-, 2,8:334 

C&O,Ru,C,H,. Ruthenium(I1)p-aqua- 
bis(p-chloroacetato)bis[(chloro- 
acetato).q4-cycloocta- lS-diene)-, 
26256 

Cl,P,WC,,H,, Tungsten, tetrachloro[ 1.2- 
ethanediylbis(diphenylphosphine)]-, 
28:41 

C14P,WC,,H,6, Tungsten(IV), tetrachloro- 
bis(methy1diphenylphosphine)-, 28:328 

CI3Sm.20C,H,, Samarium tri- 

Cl,Yb.30C,H8, Ytterbium tri- 

CI4N,PtC,Hl6, Platinum(IV), dichioro- 

C&N,PtC,H18, Platinum(I1). dichloro- 
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C&P,WC,,H,, Tungsten, tetrachloro- 
bis(tripheny1phosphine)-, 28:40 

CI,P,WC,H,, TungstenOV), tetrachloro- 
tris(trimethy1phosphine)-, 28:327 

C&Rh,C,HB, Rhodium(III), di-p-chloro- 
bis[chloro(~5-pentamethylcyclopenta- 
dieny1)-, 29:229 

CI,Ru,C&,, Ruthenium(II1). di-ychloro- 
bis[chloro(q5-pentamethykyclopenta- 
dieny1)-, 29:225 

C1,Th. Thorium tetrachloride, 28:322 
C14TiCIoH,, Titanium, dichlorobis(q5- 

chlorocyclopentadieny1)-, 29:200 
Cl,W, Tungsten tetrachloride, 26:221,29:138 
CI,H,MoN,O, Molybdate(V), pentachloro- 

0x0-, diammonium, 26:36 
C1,N0,SbCH3, Antimony(V), pentachloro- 

(nitromethane), 29:113 
C~Au,,P,,C,,,H,,, Gold, hexachlorodo- 

decakis(tripheny1p hosphine)penta- 
pentaconta-, 27:214 

heptakis(tetrahydr0furan)di-. 27: 140, 
28:290 

C&H ,,MoN,, Molybdate(III), hexachloro-, 
triammonium, 29:127 

C&Nd,O,C,,H,, Neodymium, hexachloro- 
tris(tetrahydr0furan)di-, 27: 140,28:290 

C&P,SnC,,H,, Stannate( 1 -), hexachloro; 
3,3,4,5-tetrahydro-l, 13.3-tetraphenyl- 
lH-12,3-triphospholium, 27:255 

CI,N,Re,C,,H,,, Rhenate(II1). octachloro- 
di-, bis(tetrabuty1ammonium). 28332 

CL+Cr,Cs,, Chromate(3-), nonachlorodi-, 
tricesium, 26:379 

CL&Ti,. Titanate(3 - ), nonachlorodi-, 
tricesium. 26379 

C&Cs,V,, Vanadate(3 -), nonachlorodi-, 
tricesium, 26:379 

C&Rb,Ti,, Titanate(3 -), nonachlorodi-, 
trirubidium, 26379 

CL+Rb,V,, Vanadate(3 -), nonachlorodi-, 
trirubidium, 26:379 

CI ,,09Ru2C2,H ,,. Ruthenium(II), p-aqua- 
bis-(p-trichloroacetato)bis[ (q4-bicyclo- 
[ 2.2.11 heptadiene)(trichloroaceta to)-. 
26:256 

CoAsO,SnC,H,, Cobalt(1). tricarbonyl(tri- 
methylstannyl)(trip henylarsine), 
29: 1 80 

CI,Er,O,C,HS, Erbium, hexachloro- 

CoAu,O,,P,Ru,C,H,,. Ruthenium, 
dodecacarbonyltris(trip henylphos- 
phinekobalt tri-goldtri-, 26327 

CoC,,H,,, Cobalt(1). bis(qz-ethene)(q5- 
pentamethylcyclopentadieny1)-, 28:278 

CoCIP,C,H,,, Cobalt, chlorotris(tripheny1- 
phosphine)-, 26:190 

CoCl,, Cobalt dichloride, 28:322,29: 110 
CoCl,N,C,H,,. Cobalt(III), dichlorobis( 1,2- 

ethanediamine)-, trans-, chloride, 
29: 167 

CoCl,,N,O,,Sb,C,H,,, Cobalt(l1). hexa- 
kis(nitr0methane)-, bisIhexachloro- 
antimonate(V)], 29114 

kis(acetone)-, bisIhexachloroanti- 
monate(V)], 29114 

CoF,,N,P,C,,H,, Cobalt(I1). 
(2,3,10.11,13,19-hexamethyI- 
3,10,14,1821,25-hexaazabicy- 
clo[l0.7.7]hexacosa-l,l1,13,18,20,25- 
hexaene-~~N'" '~~ ' ,~~)- ,  bis(hexafluoro- 
phosphate(1-)], 27:270 

diiodo(qs-pentamethylcyclopenta- 
dieny1)-. 28:275 

ethylidyne- 1:2:3-~'C-pentacarbonyl- 
l ~ ~ C , - 2 ~ ~ C - b i s [  1,3(q5)-cyclopenta- 
dienyllcobal tmolybdenum-, 
(Co -Mo)(Co-Ni)(Mo -Ni), 27: 192 

CoMoO,RuC,,H,,, Cobalt, cyclo-[p,- 
l(q2):2(q2):3(q2)-2-butyne)-octacar- 

pentadieny1)molybdenumruthenium-. 

CoCI,,O,Sb,C,,H,, Cobalt(I1). hexa- 

CoI,OC, ,HI,, Cobalt(II1). carbonyl- 

CoMoNiO,C,,H,,, Nickel, cyclo-p,- 

bonyl- 1K%,2K3C,3K3C-( 1(q5)-CyC10- 

(CO-MO)(CO-RU)(MO-RU), 27: 194 
CoN,O,C,,H,, Cobalt, tricarbonyll2- 

(phenylazo)phenylC',N2)-. 26: 176 
CoO,CI2H,,, Cobalt@), dicarbonyl(q'- 

pentamethylcyc1opentadienyl)-, 28:273 
CoO,PC,,H,, Cobalt. (q2-2-propynoate)(tri- 

pheny1phosphine)-, 2 6  192 
CoO,PSnC,H,, Cobalt(1). tricarbonyl(tri- , 

methylstannyl)(triphenylphosphine )-, 
29:175 

dienyl)[ 1,4-bis(methoxycarbonyl)-2- 
methyl-3-phenyl-1,3-butadiene-l,4- 
diyll(tripheny1phosphine)-, 26: 197 

CoO,PC,,H,, Cobalt, (qscyclopenta- 

, Cobalt, (q5-cyclopentadieny1)-[ 1.3- 
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bis(methoxycarbonyl)-2-methyl-4- 
phenyl-l,3-butadiene- lP-diyl](tri- 
phenylphosphine); 26 197 

CoO,PSnC,H,, Cobalt(1). tricarbonyl(tri- 
methy1stannylXtriphenylphosphate)-, 
29:178 

dienyl)bis(trimethylphosphite)-, 28:283 

dienyl)[q2- 1.1 ’3 12-ethynediyl)bi.s- 
benzenej(tripheny1phosphine)-, 
26192 

CoPC,,H,,, Cobalt, (q5-cyclopentadieny1)- 
(2,3-dimethyl-l,4-diphenyl-l,3-buta- 

coo6P,c, ,H,, CobalyI), (q5-cyclopenta- 

CoPC,,H,, Cobalt, ($-cyclopenta- 

diene-l&diyl)(triphenylphosphine)-. 
26: 195 

CoP,C, ,H,, Cobalt@), (qS-cyclopenta- 
dienyl)bis(trimethylphosphine)-, 
28:281 

dienyl)bis(triphenylphosphine)-, 
26:191 

Co,As,H ImN,O,,,W, 19H20, Ammoniodi- 
cobaltotetracontatungstotetra- 
arsenate(23 -), tricosaammonium, 
nonadecahydrate, 27:119 

phenylphosp himidene)dicobalt-. 
26353 

Co,FeO,SC,, Iron, nonacarbonyl-pl-thio- 
dicobalt-, 26245,352 

Co,I,C,H,, Cobalt@), di-p-iodo- 
bis[iodo(qS-pentamethylcyclopenta- 
dieny1)-, 28:276 

Co,MoO,C,,H,, Cobalt, octacarbonyl(q5- 
cyclopentadieny1)- pl-ethylidy ne- 
molybdenumdi, 27: 193 

Co,O,P,PtC,,H,, Cobalt, heptacarbonyl- 
[ L?-ethanediylbis(diphenylphos- 
phine)]-platinumdi-, 26:370 

Co,O,RuC,,H,, Cobalt, p3-2-butyne-nona- 
carbonylrutheniumdi-, 27: 194 

Co,O,RuSC,, Ruthenium, nonacarbonyl- 
pl-thio-dicobalt-, 26:352 

Co,O, ,RuC, ,, Ruthenium, undecacarbonyl- 
dicobalt-, 26:354 

Co,AuFeO,,PC,H,,. Cobalt(1-), dodeca- 
carbonylirontri-, (triphenylphos- 
phine)gold(l+), 27:188 

Co,C,H,,, Cobalt, tris(q5-cyclopenta- 

CoP,C,H,,, Cobalt, ($-cyclopenta- 

Co,FeO,PC,,H,, Iron, nonacarbonyl(p,- 

dienyl)bis( p-phenylmethy1idyne)tri-, 
26:309 

Co,CuNO,,C,,H,, Ruthenium, (aceto- 
nitrile)-dodecacarbonyltricobalt- 
copper-, 26359 

Co,FeNO,,C,H,, Ferrate(1-), dodecacar- 
bonyltricobalt-, tetraethylammonium. 
27:188 

carbonyltricobalt-, tetraethyl- 
ammonium, 26358 

Co,Br,H,,N ,,0,2H20, Cobalt(II1). 
dodecaamminehexa-p-hydroxo-tetra-, 
(+)-, and (-)-, hexabromoide, 
dihydrate, dihydrate. 29:271 

Co4H4,16N ,,0,4H,O, Cobalt(II1). dodeca- 
amminehexa-p-hydroxo-tetra-, (-)-, 
hexaiodide, tetrahydrate, 29: 170 

CO,I,N,,O,S~C~~H~.~~H~O, CobalyIII), 
dodecaamminehexa-p-hydroxo-tetra-, 
(+)-, bis[bis(p-d-tartrate)-dianti- 
monate(III)] iodide, dodecahydrate, 
29: 170 

Co,N,O,C,H 136, Cobaltate(4-), hexakis[p- 
[ tetraethyl 2$-dioxobu tane- 1,1,4,4- 
tetra~arboxylato(2-)-0”,0~:0~,0‘]]- 
tetra-, tetraammonium. 29:277 

CrClO,C,H,, Chromium, tricarbonyl($- 
ch1orobenzene)-. 28: 139 

CrCl,N,C,H ,,, Chromium(II1). dichlorobis- 
(12-ethranediamine)-. h-cis-, chloride, 
and monohydrate resolution of, 2624, 
27 

29: 110 

pyridinium, 27:310 

fluorobenzene)-, 28:139 

29125 

CO,NO,,RUC,,H,, Ruthenate(1-), dodeca- 

CrCl,, Chromium trichloride, 28:322, 

CrFNO,C,H,, Chromatew), fluorotrioxo-, 

CrFO,C,H,, Chromium, tricarbonyl(q6- 

CrF,O, Chromium tetrafluoride oxide, 

CrF,, Chromium pentafluoride, 29: 124 
CrFeNO,P,C,,H,,, Chromate( 1 -)pydrido- 

nonacarbonyliron-, p-nitrido-bis(tri- 
phenylphosphoms)(l+), 26338 

CrFeN,O,P,C,, H,, Chromate(2 -), nona- 
carbonyliron-, bis(p-nitrido-bis(trii- 
phenylphosphorus)(l +)I. 26339 

CrNO,C,H,, Chromium, dicarbonyl($- 
cyclopentadieny1)nitrosyl-, 28: 196 
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CrNO,C, ,HI ,, Chromium, tricarbonyl(q6- 
N,N-dimethy1benzenamine)-, 28: 139 

CrNO,C,,H,, Chromium, (rert-butyl iso- 
cyanide)pentacarbonyl-, 28: 143 

CrNO,C,,H,,, Chromium, (benzoyl iso- 
cyanide)dicarbonyl(q6-methyl 
benzoate)-, 26:32 

CrNO,C,,H,, Chromium, (benzoyl 
isocyanide)pentacarbonyl-, 2634.35 

CrNO,P,C,,H,,, Chromate(1-), (acetate)- 
pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 27:297 

CrN,O,C,,H,,, Chromium, bis(ren-butyl 
isocyanide)tetracarbonyl-, cis-, 28: 143 

CrN20,,S,C,,H,,2H20, Chromium(II), 
tetraaquabis( 1,2-benzisothiazol-3(2H)- 
one 1,l-dioxidato)-, dihydrate, 27:309 

CrN,O,C,,H,,, Chromium, tricarbonyltris- 
(propionitrile)-, 28:32 

CrN,O,C,,H,,, Chromium, tris(rert-butyl 
isocyanide)tricarbonyl-, lac-, 28: 143 

CrNa0,C,Hs,2C,H,,0,. Chronate(1-), tri- 
carbonyl(q6-c yclopentadien y1)-, 
sodium, compd with 12-dimethoxy- 
ethane(l:2), 26:343 

CrO,P,C,H,, Chromium, dicarbonyl($- 
cyclopentadienyl)(q’-cyclotriphos- 
phido), 29:241 

CrO,C,H,, Chromium, (q6-benzene)tricar- 
bonyl-, 28: 139 

CrO,C,,H,, Chromium, ($-anisole)tricar- 
bonyl-, 28:137 

CrO,C, ,HE, Chromium, tricarbonyl(q6- 
methyl benzoate)-, 28: 139 

Cr,Br,Cs,, Chromate(3 -), nonabromodi-, 
tricesium, 26:379 

Cr,Br,Rb,, Chromate(3 -), nonabromodi-, 
trirubidium, 26379 

Cr,Cl$s,, Chromate(3 -), nonachlorodi-, 
tricesium, 26379 

Cr,O,P,C,,H ,,, Chromium, tetracarbonyl(p- 
diphosphanetetraido)bis [ (q5-cyclo- 
pentadieny1)-, 29:247 

bis(q5-cyclopentadienyl)-p-sulfido-di-, 
29:25 1 

bonyl(q5-cyclopentadienyl)(p-q~~~2- 
disu1fido)-di-, 29:252 

Cr,O,C,,H,,, Chromium, hexacarbonylbis- 
(qs-cyclopentadienyl)di-, 28: 148 

Cr,O,SC,,H,,, Chromium, tetracarbonyl- 

Cr,O,S,C,,H,,, Chromium, pentacar- 

Cr,S,C,H,, Chromium, (p-disulfido- 
S:S)(p-q2:q2-disulfido)bis(~~-penta- 
methylcyclopentadieny1)-p-thio-di-, 
(Cr-Cr), 27:69 

Cs,Br,Cr,, Chromate(3 -), nonabromodi-, 
tricesium, 26:379 

Cs,Br,Ti,, Titanate(3 -), nonabromodi-, 
tricesium, 26:379 

Cs,Br,V,, Vanadate(3 -), nonachlorodi-, 
tricesium, 26:379 

Cs,Cl&r,, Chromate(3 -), nonachlorodi-, 
tricesium, 26379 

Cs,C&Ti,, Titanate(3-), nonachlorodi-, 
tricesium, 26379 

Cs,C&V,, Vanadate(3-), nonachlorodi-, 
tricesium, 26:379 

Cs,O,PV,W ,,, Divanadodecatungstophos- 
phate(5-), p-, pentacesium, 27:103 

, Divanadodecatungstophos- 
phate(5-), y-. pentacesium, 27:102 

Cs60,,P2W,, Pentatungstodiphosphate(6-), 
hexacesium, 27:lOl 

Cs60,PV,W,, Trivanadononatungstophos- 
phate(6-), a-12,3-, hexacesium, 27: 100 

Cs,O,,PW,,, Decatungstophosphate(7 -), 
hexacesium, 27:lOl 

CuCl,, Copper dichloride, 28:322,29:110 
CuCo,NO,,C,,H,, Ruthenium, (aceto- 

nitri1e)dodecacarbonyltricobalt- 
copper-, 26:359 

CuF,N,PC,H,,, Cooper(l+), tetrakis(acet0- 
nitrile)-, hexafluorophosphate( 1 -), 
28:68 

DyO,C,,H,, Dysprosium, tris(2.6-di-ren- 
butyl+methylphenoxo), 27: 167 

Dy,Cl,Si,C,H,, Dysprosium, tetrakis[qs- 
1,3-bis(trimethylsilyl)-cyclopenta- 
dienylldi-p-chloro-di-, 27: 171 

ErC1,7/2C4H,O, Erbium trichloride-tetra- 

ErO,C,,H,, Erbium, tris(2,6-di-tert-butyl-4- 

Er,Cl,Si&.,H,, Erbium, tetrakis[q5- 1,3- 

hydrofuran(2:7), 27: 140,28:290 

methy1phenoxo)-, 27: 167 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27: 171 

heptakis(tetrahydr0furan)di-. 27: 140, 
28:290 

Er,C&O,C,,H,, Erbium, hexachloro- 

Eu,Cl,Si,C,H,, Europium, tetrakis(q5- 
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1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-di-, 27: 171 

FC,H,, Benzene, fluoro-, chromium 

FCrNO,C,H,, Chromatew), fluorotrioxo-, 

FCrO,C,H,, Chromium, tricarbonyl($- 

FNO,SC,,HM, Fluorosulfate, tetrabutyl- 

FN,O,ReC,,H,, Rhenium, (2,2’-bipyridine)- 

FO,C,H,, Benzoic acid, 3-flUOrO-, rhodium 

FO,P,RhC,H,, RhodiumO), carbonyl(3- 

complex, 28:139 

pyridinium, 27:310 

fluorobenzene)-, 28: 139 

ammonium, 26:393 

tricarbonylfluoro-, 2632 

complex, 27:292 

fluorobenzoato)bis(triphenylphos- 
phine)-, 27:292 

FO,~C,,H,, 2,2‘-Bi-1,3-dithiolo[4,5-b]- 
[ 1AIdithiinylidene fluorosulfate, 26:393 

F2H0,P. Phosphorodifluoridic acid, 
rhenium complex, 26:83 

F2Kr, Krypton difluoride, 29:ll 
F2N,0SPReC,,H,, Rhenium, (2.2’- 

bipyridine)tricarbonyl(phosphoro- 
difluoridat0)-, 2683 

F20,S, Peroxydisulfuryl difluoride, 29: 10 
F2Xe, Zenon difluoride, 29: 1 
F,Au,ClO,P,PtSC,H,, Platinum( 1 +), 

chloro- 1-KCZ bis(triethy1phosphine- 
l~P)bis(triphenylphosphine)-21cP,3aP- 
rriangulo-digold-, trifluoromethane- 
sulfonate, 27:218 

F,CIOIPtSC,,H,, Platinum(II), chlorobis- 
(triethylphosphine)(trifluoromethane- 
su1fonato)-, cis-, 26:126,28:27 

F,FeO,S,C,H,, Iron(1 +), dicarbonyl(q5- 
cyclopentadienylXthiocarbony1)-, tri- 
fluoromethanesulfonat, 28: 186 

F3K,Mn04S, ManganateOII), trifluorosul- 
fato-, dipotassium, 27:3 12 

F,MnO,SC,, ManganeseO), pentacarbonyl- 
(trifluoromethanesu1fonato)-, 26 114 

F,O,CH, Acetic acid, trifluoro-, tungsten 
complex, 26222 

ruthenium complex, 26:254 
F,O,SCH. Methanesulfonic acid, tdfluoro-, 

iridium and platinum complexes, 28:26. 

iridium, manganese and rhenium 

28:70 

27 

complexes, 26  114, 115, 120 
platinum complex, 26126 

F304P,PtSC laH,5, PlatinumOI), hydrido- 
(methanol)bis(triethylphosphine)-, 
truns-, trifluoromethanesulfonate, 
26:135 

F,O,ReSC,, RheniumO), pentacarbonyl(tri- 
fluoromethanesu1fonato)-, 26: 1 15 

F,P, Phosphorus trifluoride, preparation of, 
26:12,28:310 

F,B, Borate( 1 -), tetrafluoro-, molybdenum 
and tungsten complexes, 26%-105 

F4AuBIrlN0,P,C,,H,,, Borate(1 -), tetra- 
fluoro-, tris [ 1,2-ethanediylbis(di- 
phenylphosphine)] hexahydrido[(ni- 
trato-O,O’)gold]triiridium(l+), 29:290 

F4AuBIrlNOlP,C,H,,, Borate( 1 -), tetra- 
fluoro-, tris[ 1,2-ethanediylbis(di- 
phenyl p hosphine)] hexa hydrido[ (tri- 
phenylphosphine)gold]triiridium(2+) 
nitrate (1:l:l). 29291 

fluoro-, p-hydrido-(nitrato-O.0 ’)- 
bis(triphenylphosphine)bis[(triphenyl- 
phosphine)gold]iridium( 1 +), 29284 

F4Au,BIrNOlP,C,H75. Borate( 1 -), tetra- 
fluoro-, (nitrato-O,O ‘)bis(triphenyl- 
phosphine)tris[(triphenylphos- 
phine)gold]iridium(l+), 29:285 

F,Au,BOP,C,H,,, Gold( 1 +), ~,-oxo- 
[ tris [ (triphenylphosphine), tetra- 
fluoroborate(1-), 26:326 

F4Au4BIrP6C,,H,,, Borate(1 -), tetra- 
fluoro-, di-p-hydrido-bis(tripheny1- 
phosphine)tetrakis[(triphenylphos- 
phine)gold]iridium( 1 +), 29:2% 

F,BClIrN,P,C,,H,,, Iridium(III), chloro- 
(dinitrogen)hydrido[tetrafluorobora to- 
(1 -)]bis(triphenylphosphine)-, 26: 119, 
28:25 

F4BC1IrOP,C,,H1,, Iridium(lII), carbonyl- 
c hlorohydrido [ tetrafluoro- 
borate( 1 -)]bis(triphenylphosphine)-, 
26  117,28:23 

F4BClIrOP,C18Hll, Iridium(II1). carbonyl- 
chloromethyl [tetrafluoro- 
borate( 1 -)]bis(triphenylphosphine)-, 
26: 118,28:24 

F,BFeO,C, ,HI,, Iron( l+), dicarbonyl($- 
cyclopentadienyl)(q2-2-methyl-l-pro- 
pene)-, tetrafluoroborate( 1 -), 28:210 

F4Au,BIrOlP,C,,H,,, Borate(1-), tetra- 
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F4BH,Ir2C,,H,,, Iridium( 1 +), 11.4-butanedi- 
bis(dipheny1phosphine)ldi-, tetra- 
fluoroborate( 1 -), 27:26 

F4BH,Ir2P4C,H,,, Iridium(l+), penta- 
hydridobis[ 1,3-propanediylbis(di- 
pheny1phosphine)ldi-, tetrafluoro- 
borate( 1 -), 27:22 

F4B121rC4,H36, Iridium(II1). (13-diiodo- 
benzene)dihydridobis(triphenylphos- 
phine), tetrafluoroborate( 1 -), 26125, 
28:59 

hydridobis(tripheny1phosphine)-, 
tetrafluoroborate(1-), 26: 124,28:58 

F4BII02P2C4,H,, Iridium(II1). bis(ace- 
tone)dihydridobis(triphenylphos- 
phine), tetrafluoroborate(1-), 26 123, 
28:57,29:283 

F4BIrP,C,,H3,, Iridium(l+), (q4-1,5-cyclo- 
octadiene)ll,3-propanediylbis(di- 
pheny1phosphine)j-, tetrafluoro- 
borate( 1 -), 27:23 

F4BIrP2C,H,,, Iridiumg), (q4- 1,s-cyclo- 
octadiene)bis(trip henylp hosphine)-, 
tetrafluoroborate(1-), 26:122,28:56, 
29:283 

F,BMoOC,H,,, Molybdenum(l+), car- 
bonyl(q5-cyclopen tadienyl)bis(di- 
phenylacety1ene)-, tetrafluoro- 
borate(1-), 26:102,28:11 

F4BMoOPC3,H,, Molybdenum(l+), car- 
bonyl(q5-cyclopentadienylXdiphenyl- 
acetylenextrip henylphosphine), 
tetetrafluoroborate( 1 -), 26 104,28:13 

bonyl(q5-cyclopentadienyl)[ tetra- 
fluoroborato(1 -)](triphenylphos- 
phine), 26:98.28:7 

F4BMo0,C,H,, Molybdenum, tricar- 
bonyl(q5-cyclopentadienyl)[tetra- 
fluoroborato(1 -)I-, 26:96,28:5 

F4BMo0,C,,~, Molybdenum( 1 +). tricar- 
b~nyl(q~-cyclopentadienyl)(~~- 
ethene)-, tetrafluoroborate( 1 -), 26  102, 
28:ll 

(acetone)tricarbonyl(q~-cyclopenta- 
dienyl); tetrafluoroborate(1 -), 26105, 
28:14 

F4BN0,WC,,H,,, nngsten(l+), pentacar- 
bonyl[(diethylamino)methylidyne]-, 

F4BIrO2P2C~H,,, Iridium(II1). diaquadi- 

F4BMo0,PC,Hzo, Molybdenum, dicar- 

F4BMo04C,,H,,, Molybdenum(l+), 

tetrafluoroborate(1-), 26:40 

cyclopentadienyl)[tetrafluoro- 
borate( 1 -)I- (tripheny1phosphine)-, 
26:98,28:7 

F4B03WC,H,, Tungsten, tricarbonyl(q5- 
cyclopentadienyl)(tetrafluoro- 
borato( 1 -)I-, 26:96,28:5 

carbonyl(q5-cyclopentadienyl)-, tetra- 
fluoroborate( 1 -), 26: 105.28: 14 

F,BO,ReC,, Rhenium, pentacarbonyl[tetra- 
fluoroborato(1-)I-, 26108,28:15, 17 

F4B0,ReC,H4, Rhenium(1 +), pentacar- 
bonyl(q2-ethene)-, tetrafluoro- 
borate(1-), 26110,2819 

F4Cr0, Chromium tetrafluoride oxide, 
29:125 

F40,,Re4C,,,4H,0, Rhenium, dodecar- 
bonyl-tetrafluorotetrara-, tetrahydrate, 
26:82 

F4B02PWC2,H,, Tungsten, dicarbonyl(q5- 

F,BO,WC,,H,,, Tungsten(l+), (acetone)tri- 

F4Xe, Zenon tetrafluoride. 29:4 
F,AuClPC,, H,,, Aurateu), chloro(penta- 

fluoropheny1)-, (benzy1)triphenylphos- 
phenium, 2688 

F5AuSC,,H8, Gold(I), (pentafluorophenyl) 
tetrahydrothiophene), 26:86 

F5Au,NPSC2,H ,,, Gold(I), (pentafluoro- 
pheny1)-p-thiocyanato(tripheny1phos- 
phinekdi-, 2690 

etheny1)pentafluoro-, 27:330 

complexes, 26:86-90 

F,BrSC,H,, h6-Sulfane, (2-bromo- 

F,CH, Benzene, pentafluoro-, gold 

F,Cl, Chlorine pentafluoride, 29:7 
F5Cr, Chromium pentafluoride, 29  124 
F,NOSC, h6-Sulfane, pentafluoro-(iso- 

cyanato), 29:38 
F,SC,H, h6-sulfane, ethynylpentafluoro-, 

27:329 
F,AsBrS,, &senate( 1 -)hexafluoro-, cyclo- 

heptasulfur(l+), bromo-, 27:336 
FJsIS,, Arsenate(1-), hexafluoro-, iodo- 

cyclo-heptasulfur(1 +), 27:333 
F6As0,, Dioxygenyl hexafluoro- 

arsenate( 1 -), 298 
F6AuOP5RuC,,H,, Phosphate( 1 -), hexa- 

fluoro-, carbonyldi-p-hydridotris(tri- 
p henylp hosp hine) [(trip henylp hos- 
phine)gold]ruthenium(l+), 29:281 

F6Au,N0,P,PtC,,H,, Phosphate(1 -), 
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hexafluoro-, (nitrato-0,O ’)bis(tri- 
pheny1phosphine)bis [(triphenylphos- 
phine)gold]platinum( 1 +), 29:293 

F,Au,OsP,C,H,,, Phosphate( 1 -), hexa- 
fluoro-, tri-p-hydrido-tris(tripheny1- 
phosphine)bis [(triphenylphos- 
phine)gold]osmium( 1 +), 29:286 

F&u,P,RuC,H,,, Phosphate( 1 -), hexa- 
fluoro-, tri-p-hydrido-tris(tripheny1- 
phosphine)bis[(triphenylphos- 
phine)gold]ruthenium( l+), 29:288 

F&u,P,ReC,,,H,,, Phosphate( 1 -), hexa- 
fluoro-, tetrahydridobis (tris(4-methyl- 
phenyl)phosphine] tetrakis[(triphenyl- 
phosphine)gold]rhenium( 1 +), 29:292 

F,BrN,PRuC,,H,,, Ruthenium(II), tris- 
(acetonitrile)bromo(q4- 1,5-cycloocta- 
diene)-, hexafluorophosphate( 1 -), 
26:72 

F,BrS,Sb, Antimonate( 1 -), hexafluoro-, 
bromo-cyclo-heptasulfur(l+), 27:336 

F,ClN,PRuC,,H,,, Ruthenium(II), tris- 
(acetonitrile)chloro(r14-1,5-cycloocta- 
diene)-, hexafluorophosphate( 1 -), 
2671 

F,CuN,PC,H,,, Copper(l+). tetrakis(ace- 
tonitrile)-, hexafluorophosphate( 1 -), 
28:68 

~K’C’ : 1KO-tetracarbonyl- 1 KX’,~K~C- 
bis[ 1,2-(qs-cyclopentadienyl)](tri- 
p henylphosphine- 1KP)molybdenum-, 
hexafluorophosphate(1 -), 26:241 

F,FeMoO,PC,,H,,, Iron(l+). p-acetyl-2~- 
c ’ KO-pentacarbonyl- 1 K ~ C , ~ K ‘ C - ~ ~ S  I 1.2- 
(qkyclopentadienyl)] molybdenum-, 
hexafluorophosphate(1-), 26239 

F6Fe02PC, ,HI,, Iron(l+), (q’-cyclopenta- 
dienyl)dicarbonyl(tetrahydrofuran)-, 
hexafluorophosphate( 1-), 26232 

F,FeMoO,P,C,H,, Iron(l+), p-acetyl- 

F,Fe,O,P,C,,H,, Iron(]+), p-acetyl-2r- 
c’: lKO-tricarbonyl-1K2c~Kc-bis[ 1.2- 
(q’-cyclopentadienyl)](triphenylphos- 
phine-2KP)di-, hexafluorophos- 
phate( 1 -), 26:237 

F6Fe,0,PC,oH,,, Iron(l+), p-acety1C:O- 
bis[ dicarbonyl(q-cyclopentadieny1)-, 
hexafluorophosphate( 1 -), 26235 

F,IS,Sb, Antimonate( 1 -), hexafluoro-, 
iodo-cyclo-heptasulfur(l+), 27:333 

F,IrO,P,S,C,,H,,, Iridium(III), carbonyl- 

hydridobis(trifluoromethanesu1- 
fonato)bis(triphenylp hosphine)-, 
26120,28:26 

F6N6N IP,C,H,, Nickel(I1). [ 3,ll -bis- [a- 
(benzylamino)benzylidene]-2,12- 
dimethyl-1,5,9,13-tetraazacyclohexa- 
deca- 1,4,9,12-tetraene-~~-N’.’~~.’~] -, 
bis[hexafluorophosphate(l -)I, 
27:276 

F,O,C,H,, 2,4Pentanedione, 1,1,1,5,5,5- 
hexafluro-, palladium complexes, 
27:3 18-320 

F,BrSC,H,, A6-Sulfane, (2-bromo-2.2- 
difluoroethy1)pentafluoro-, 29:35 

F,MoO,P,C,H,, Molybdenum(I1). dicar- 
bonylbis[ 1,2-ethanediylbis(diphenyl- 
phosphine)]fluoro-, hexafluorophos- 
phate(1-), 26934 

2.2-dioxo-3-(pentafluoro-h6-sulfanyl)-, 
29:36 

F,SC,H, A6-Sulfane, (2.2-difluoro- 
etheny1)pentafluoro-, 29: 3 5 

F,Au,B,IrP,C,H,,, Borate( 1 -), tetrafluoro-, 
bis(l2-ethanediylbis(dipheny1phos- 
phine)](triphenylphosphine)digold- 
iridium(2+) (2:1), 29:296 

F,B,H,Ir,P,C,,H,,, Iridium(2+), tns[ 1.2- 
ethanediylbis(dipheny1p hos- 
phine)] heptahydridotri; bisltetra- 
fluoroborate( 1 -)I, 27:25 

F,B,H,Ir3P,C,,H,,. Iridium(2+), hepta- 
hydridotris[ 1,3-propanediylbis(di- 
phenylphosphine)] tri-. bisltetrafluoro- 
borate( 1 -)I, 27:22 

F,B,MoN,O,C,H ,,, Molybdenum(II), tetra- 
kis(acetonitri1e)dinitrosyl-, cis-, bis- 
[tetrafluoroborate(l -)I, 26123,28:65 

F,B,N,PdC,H ,,, Palladium(I1). tetrakis- 
(acetonitrile), bis[tetrafluoroborate- 

F,B,N,02WC,H ,,, TungstenuI), tetrakis- 
(acet0nitrile)dinitrosyl-, cis-, bis[tetra- 
fluoroborate(1-)I, 26133,2866 

F,BrSC,H, h6-Sulfane, (2-bromo-12,2-tri- 
fluoroethy1)pentafluoro-, 29:34 

F,O,S,C,, 1.2h6-Oxathietane, 3,4,4trifluoro- 
2.2-dioxo-3-(pentafluoro-h6-sulfanyl)-, 
29:36 

etheny1)-, 2935 

F,0,S,C2H, 1,2h6-Oxathietane. 4.4-difluoro- 

(1 -)I, 26128.28~63 

F,SC2, h6-Sulfane, pentafluoro(trifluor0- 
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F,&,AuC,,H,,, Goldu), bis[ 1.2-phenylene- 
bis(dimethy1arsine)j-, bis(pentafluor0- 
phenyl)aurate(I), 2689 

F,~u,P,ReC,,,H,,, Phosphate( 1 -), hexa- 
fluoro-, tetrahydridobis(tripheny1phos- 
phine)pentakis[(triphenylphos- 
phine)gold]rhenium(2+) (21). 29288 

F,~uSP9ReC,,,H,,,, Phosphate(1-), hexa- 
fluoro-, tetrahydridobis(tri-p-tolylphos- 
phine)pentakis[(triphenylphos- 
phine)gold]rhenium(2+) (2: 1). 29:289 

(2.3.10.1 1.13,19-hexamethyl- 
3,10,14,182125-hexaazabicy- 
clo[ 10.7.71 hexacosa-1.1 1,13,18.20,25- 
h e ~ a e n e - d N ' ~ . ' ~ ~ ' , ~ ~ ) - ,  bis(hexafluor0- 
phosphate(1 -)I, 27:270 

F ,,FeN,P,C,H,,, Iron(II), I 3.1 1 -dibenzyl- 
14,20-dimethyl-2,12-diphenyl- 
3.1 1,15,1922,26-hexaazatricyclo- 
[ 1 1.7.7. l5")octacosa- 1,5,7,9(28), 
12,14,19,2 126-n0naene-dN".'~.~~]-, 
bis[hexafluorophosphate( 1 -)I, 27:280 

F,,N,O,PdC,H,,, Palladium(II), (2.2'- 
bipyridine)( 1,1,1,5,5,5-hexafluoro-2,4- 
pentanedionato), 1,1,1,5,5,5-hexa- 
fluoro-2,4-dioxo-3-pentanide. 27:3 19 

dimethyI-3,1l-bis( l-methoxyethyl- 
idene)- 1.5,9.13-tetraazacyclohexadeca- 
1,4,9,12-tetraene-dN1.S.9."]-, bis [ hexa- 
fluorophosphate(1 -)I, 27:264 

F,,N,NiO,P,C,H,,, Nickel(I1). [3,11-bis-(u- 
methoxybenzylidene)2,12-dimethyl- 
1,5,9,13-tetraazacyclohexadeca- 1.4.9.12- 
tetraene-K4N'5.9."]-, bislhexafluoro- 
phosphate(1 -)I. 27:275 

F12N4P2R~C16H24, Ruthenium(II), tetrakis- 
(acetonitrileXq4-l,5-cyclooctadiene)-, 
bis(hexafluorophosphate( 1 -)I, 26:72 

F12N6NiP2CmH,, Nickel(I1). 12.12-dimethyl- 
3.1 I-bis( l-(methylamino)ethylidene]- 
1,5,9,13-tetraazacyclohexadeca- 1 A9.12- 
tetraene-dN15.9.'3]-. bis(hexafluoro- 
phosphate(1-)]. 27:266 

F,,N,NiP,C,H,, Nickel(lI), (2.3,10,11,13.19- 
hexamethyl-3,10,14,18,21,25-hexaaza- 
bicycle[ 10.7.71 hexacosa-1.1 1.13,18.20,25- 
he~aene-dN'~~ '~-"~~~)- ,  bis[hexafluoro- 
phosphate( 1 -)I, 27:268 

F,,CoN,P,C,H,, Cobalt(II), 

F,,N4Ni0,P,CmH32, Nickel(II), 12.12- 

FI2N6NiP,C,H,,, Nickel(I1). (3.1 l-dibenzyl- 

1420-dimethyl-2.12-diphenyl- 
3.1 1,15,19,22~6-hexaazatricyclo- 
[ 1 1.7.7.15.9]octacosa-l,5,7,9(28). 

bis[hexafluorophosphate( 1 -)I, 27:277 
FI2N,P,RuC,,H3,. Ruthenium(II), (q4-cyc10- 

octadiene)tetrakis( methy1hydrazine)-, 
bis[hexafluorophosphate( 1 -), 26:74 

F,204P,PdC,H3s, Palladium(I1). pis[2- 
(diphenylphosphino)ethyl]phenyl- 
phosphine]( 1,1,1,5,5,5-hexafluoro-2,4- 
pentanedionatoh, 1.1,1,5,5,5-hexa- 
fluoro-2,4-dioxo-3-pentanide, 27:320 

F1204PdCloH,, Palladium, bis( 1,1,1,5,5.5- 
hexafluoro-2,4-pentanedionato)-, 
27:318 

Fl,0,W2C,, Tungsten(I1). tetrakis(trifluor0- 
acetato)di-, (W-4--w), 26:222 

Fl,09Ru,C,H,,, Ruthenium(I1). paquabis- 
(p-trifluoroacetato)bis[(q4-cycloocta- 
1.5-diene)(trifluoroacetato)-. 26254 

F,&SC,,H,, Gold(III), tris(pentafluoro- 
pheny1Xtetrahydrothiophene)-, 26:87 

F,,B,N,,Rh,C,H,,, Borate( 1 -), tetra- 
fluoro-, decakis(acetonitri1e)dirhod- 
ium(I1) (41), 29  182 

F,,13S,,Sb,2AsF,, Antimonate( 1 -), hexa- 
fluoro-, p-iodo-bis(4-iodo-cyclo-hepta- 
sulfur)(3+)(3:1), -2(arsenic trifluoride), 
271335 

F,,N,P3C,,H,,, 3,10,14,18,21,25-Hexaazabi- 
cyclo( 10.7.71 hexacosa- 1,11,13,18,20,25- 
hexaene, 2,3,10,11,13,19-hexamethyl-. 
tris[hexafluorophosphate( 1 -)I, 27:269 

F,,N,P,C,H,,, 3,11,15,19,22,26Hexaazatri- 
cyclo(1 1.7.7.l5"]octacosa-l.5.7.9(28). 
12,14,19,21,26-nonaene, 3.1 l-dibenzyl- 
14.2O-dimethy1-2,12-diphenyl-. 
tris [ hexafluorophosp hate( 1 - )] , 
27:278 

F,&,Br,S,,, &senate( 1 -), hexafluoro-, 
bromo-cyclo-heptasulfur( 1 +) tetrasul- 
fur(2+)(64:1), 27:338 

iodo-cyclo-heptasulfur(l+) tetrasul- 
fur(2+)(641), 27:337 

nitrile)-. bis[ tetrachloroaluminate( 1 - )], 
29:116 

pheny1arsine)-. 26:61,28:171 

12,14,19,2 1 ,26-nonaene-~~-N'~.'~~~~~~ I-. 

F,,As6l,S,,. Anenate( 1 -)* hexafluoro-, 

FeAI,Cl,N,C,,H,,. Iron(I1). hexakis(acet0- 

FeAsO,C,,H ,,, Iron(0). tetracarbonyl(tri- 
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FeAuCo,O,,PC,H,,. Ferrate(1-), dodeca- 
carbonyltricobalt-, (triphenylphos- 
phine)gold( 1 +). 27: 188 

FeBF,O,C,,H,,, Iron(l+). dicarbonyl(q5- 
cyclopentadienyl)(q2-2-methyl- l-pro- 
pene)-, tetrafluoroborate( 1 -), 28:210 

FeCl,, Iron trichloride, 28:322.29: 110 
FeCo,O,PC,,H,. Iron, nonacarbonyl(y,- 

pheny1phosphinidene)icobalt-. 26:353 
FeCo,O,SC,, Iron, nonacarbonyl- y,-thio- 

dicobalt-, 26:245,352 
FeCo,NO,,C,H,, Ferrate( 1 -), dodecacar- 

bonyltricobalt-, tetraethylammonium, 
27:188 

FeCrNO,P,C,H,,, Chromate( 1 -)hydrido- 
nonacarbonyliron- y nitrido-bis(tri- 
phenylphosphorus)(l+), 26338 

FeCrN,O,P,C,,H,, Chromate(2-). nona- 
carbonyliron-, bis[ p-nitrido-bis(tri- 
phenylphosphorus)(l +)I, 26:339 

FeF,O,S,C,H,, Iron( 1 +). dicarbonyl(q'- 
cyclopentadienyl)(thiocarbonyl)-. tri- 
fluoromethanesulfonate, 28: 186 

FeF,MoO,P,C,H,, Iron( 1 +), p-acetyl-2~- 
c' : IrO-tetracarbonyl- 1 r1C,2r2C- 
his[ 1 ,2-(q5-cyclopentadienyl)](tri- 

hexafluorophosphate( 1 -), 26241 
FeF,MoO,PC,,H,,, Iron(l+), p-acetyl- 

2&: 1rO-pentacarbonyl- 1r3c,2rc2C- 
bis[ 1 ,2-qs-cyclopentadienyl)]molyb- 
denum-, hexafluorophosphate( 1 -), 
26239 

FeF,O,PC, ,Hi,, Iron(l+), (q'-cyclopenta- 
dienyl)dicarbonyl(tetra hydrofuran), 
hexafluorophosphate( 1 -), 26232 

FeF,,N,P,C,H,,, Iron(1I). [3,1 l-dibenzyl- 
14,20-dimethyl-2,12-diphenyl- 
3,11,15,19,22,26hexaazatricyclo- 
[ 1 1.7.7.1S~q)octacosa-l,5,7,9(28). 

bis[hexafluorophosphate( 1 -)I. 27:280 
FeKO,C,H, Ferrate( 1 -), tetracarbonyl- 

hydrido-, potassium, 29:152 
FeMoNO,P,C,,H,,, Molybdate( 1 -), hydri- 

dononacarbonyliron-, y-nitrido- 
bis(triphenylphosphorus)(l+). 26:338 

FeMoN,0,P4C8,Ha, Molybdate(2-), nona- 
carbonyliron-bis[p-nitrido-bis(tri- 
phenylphosphorus)(l+)], 26339 

FeN0,C ,,H,. Iron, tetracarbonyl(2-iso- 

phenylphosphine-lrP molybdenum-. 

12,14,19,2 1,26-nonaene-~~N"~-"~~~~ I-, 

cyano-1.3-dimethylbenzene)-, 2653. 
28: 180 

FeNO,P,C,H,,. Ferrate( 1 -), hydridotetra- 
carbonyl-. p-nitrido-bis(tripheny1- 
phosphorus)(I+), 26336 

FeNo,WC,,H,,, lbngstate(l-). hydrido- 
nonacarbonyliron-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 26336 

FeN,O,C,,H,,, Iron(0). tricarbonylbis(2-iso- 
cyano-l,3-dimethylbenzene)-. 2654, 
28:181 

FeN,O,P,WC,,H,, Tungstate(2-), nona- 
carbonyliron-. bis[p-nitndo-bis(tri- 
phenylphosphorus)(l+)], 26339 

FeN,O,C,H,,, Iron(0). dicarbonyltris(2-iso- 
cyano- 1,3-dimethylbenzene)-, 2656. 
28: 182 

FeN,OC,,H,,, Iron(O), carbonyltetrakis(2- 
isocyano-l,3-dimethylbenzene)-. 2657. 
28:183 

FeNSC4,H4,, Iron(O), pentakis(2-isocyano- 
1.3-dimethylbenzene), 2657.28: 184 

FeNa,O,C,, Ferrate(2 -), tetracarbonyl-, 
disodium, 28:203 

FeO,C, ,HI,, Iron. dicarbonyl(q5-cyclo- 
pentadienyl)(2-methyl-l-propenyl- 
KC'), 28:208 

FeO,S,C,H,. Iron, dicarbonyl(q5-cyclo- 
pentadienyl)((methylthio)thiocar- 
bonyll-. 28:186 

FeO,C,H,, Iron, acetyldicarbonyl(q5-cyclo- 
pentadieny1)-, 26239 

FeO,P,C,H ,8. Iron(O), tricarbonylbis(tri- 
methy1phosphine)-, 28: 177 

FeO,P,C,,H,, Iron(O), tricarbonylbis(tri- 
butylphosphine), and trans-, 28: 177, 
29:153 

FeO,P,C,,H,. Iron(0). tricarbonylbis(tri- 
pheny1phosphine)-, and trans-, 28:176, 
29: 153 

FeO,P,C,,H,, Iron(O), tricarbonylbis(tri- 
cyclohexy1phosphine)-, 28:176,29: 154 

FeO4Cl1H ,,,, Iron(0). tricarbonyl(4phenyl- 
3-butene-2-one)-, 2852 

FeO,PC,,H, ,. Iron(O), tetracarbonyl(di- 
methylphenylphosphine), 2661, 
28:171 

Fe0,PC &&,, Iron(0). tetracarbonyl(tri-tert- 
buty1phosphine)-, 28: 177 

phosphine), 2661,28: 171 
. Iron(O), tetracarbonyl(tributy1- 
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FeO,PC,,H ,,. Iron(O), tetracarbonyl(methy1- 
dipheny1phosphine)-. 26:61.28: 171 

Fe04PC,,H ,,, Iron(O), tetracarbonyl(tri- 
pheny1phosphine)-, 2661,28:170 

Fe04PC,,H,,, Iron(O), tetracarbonyI(tricy- 
clohexy1phosphine)-, 2661.28: 171 

Fe04SbC2,H ,,, Iron(O), tetracarbonyl(tri- 
pheny1stibine)-, 2661,28:171 

FeO,C,, Iron, pentacarbonyl-, in direct 
syntheses, 29:151 

FeO,PC,H,, Iron, tetracarbonyl(trimethy1 
phosphite), 26:61,28:171 

FeO,PC,,H,,, Iron(0). tetracarbonyl(triethy1 
phosphite); 26:61,28:171 

FeO,PC,,H,,, Iron(0). tetracarbonyl(tri- 
phenyl phosphite)-, 2661,28:171 

FeO,P,C,H,, IronOI), dicarbonyl-cis- 
dihydrido-trans-bis(trimethy1 
phosphite)-, 29:158 

FeO,P,C,,H,,, IronOI), dicarbonyl-cis- 
dihydrido-trans-bis(tnethy1 
phosphite); 29:159 

FeO,P,C,,H,,, Iron(I1). dicarbonyl-cis- 
dihydrido-trans-bis(tripheny1 
phosphite)-, 29:159 

FqB,O,C,H,, Iron. hexacarbonyllp- 
[hexahydrodiborato(2-)]]di-, 29:269 

Fe,F,O,P,C,,H,, Iron( 1 +), p-acetyl-2~C':- 
l~O-trkarbonyl-lr~C,2rC-bis[ 1,2-(qs- 
cyclopentadienyl)] (triphenylphos- 
phine-2~-P)di-. hexafluorophos- 
phate( 1 -), 26:237 

F~F,OsPC,,H,,. Iron( l+), p-acety1C:O- 
bis( dicarbonyl(q-cyclopentadieny1)-, 
hexafluorophosphate(1-), 26:235 

Fe,Na,O,C,, FerrateO-). octacarbonyldi-, 
disodium. 28:203 

Fe,BO,C,H,, Iron, nonacarbonyl-p- 
hydrido-[ p,-[tetrahydrido- 
borato( 1 -)]]tri-, 29:273 

Fe,BO,,C,,H,. Iron. p-boryl-p-carbonyl- 
nonacarbonyl-p-h ydrido-tri-, 29269 

Fe,N,O, ,P4C,,H,, Ferrate(2-), undecacar- 
bonyltri-. bis[p-nitrido-bis(tripheny1- 
phosphorous)(l +)I, 28:203 

bonyltri-, disodium, 28:203 

p,thio-tri-, 26:244 

decacarbonylhydridotetra-, tetraethyl- 

Fe,Na,O,,C,,. Ferrate(2-), undecacar- 

Fe,O,SGH,,Iron, nonacarbonyldihydrido- 

Fe.,HNO,,C,,H,, Ferrate( 1 -), carbidodo- 

ammonium, 27: 186 

dodecacarbonyltetra-, bis[ p-nitrido- 
bis(triphenylphosphorus)(l +)I, 26:246 

carbonyl[ p4-( methoxycarbony1)methyl- 
idyne] tetra-, tetraethylammonium. 
27:184 

decacarbonyltetra-, bis(tetraethy1- 
ammonium), 27: 187 

tetra-, 27:185 

hexadecacarbonylhexa-. bis(tetraethy1- 
ammonium). 27: 183 

Fe4N0,,P,C,H,,, Ferrate(2-), p4-carbido- 

Fe4N0,,C2,H,,, Ferrate( 1 -), dodeca- 

Fe,N,O,,C,H,, Ferrate(2-), carbidodo- 

Fe40 ,,C,,, Iron, carbidotridecacarbonyl- 

Fe,N,O,,C,,H,, Ferrate(2 -). carbido- 

Gd2C12Si4C,H,, Gadolinium, tetrakis[$- 
1,3-bis(trimethylsilyI)cyclopenta- 
dienylldi-p-chloro-di-, 27: 171 

H, Hydride, gold-osmium complex, 29:286 
gold-ruthenium complex. 29:288 
iridium complex, 26117, 119. 120. 

iron complex, 26:244 
iron-tungsten, 26:336-340 
manganese complex, 26:226 
molybdenum and tungsten complexes, 

nickel, osmium, and ruthenium com- 

osmium complexes, 26186.293.301,304, 

platinum complexes, 26:135. 136 
rhenium complex, 28: 165 
ruthenium complex, 26181, 182,262,264, 

zirconium complex, 28:257.259 

123-125,202.2857-59 

26:98-105 

plexes, 26:362,363,367 

28:236.238,240 

269.277,278,329,28:219,227. 337 

HAuO,,Os,PC,,H,,, Osmium, decacar- 
bonyl-p-hydrido[ p-(triethylphos- 
phinelgoldltri-, 27:210 

HAuO,,Os,PC,H,,. Osmium, decacar- 
bonyl-p-hydrido[ p-(triphenylphos- 
phine)gold]tri-, 27:209 

p-hydrido-(nitrato-00.0 ' )bis(triphenyl- 
phosphine)bis[(triphenylphos- 
phine)gold]-. tetrafluoroborate( 1 -), 
29:284 

HAu,BF,IrO,P,C,,H, Iridium( 1 +). 

HBC1F41rN2P2C,,H,,. Iridium(III), chloro- 
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(dinitrogen)hydrido[tetrafluoro- 
borato( 1 -)]bis(triphenylphosphine-, 
26:119 

carbonyl-c hlorohydrido[tetrafluoro- 
borato( 1 -)]bis(triphenylphosphine)-. 
26:117 

hydrido-[ p,-[tetrahydrido- 
borato( 1 -)]It&, 29:273 

nonacarbonyl-phydrido-tri-, 29:269 

phenylp hosphinolp henylC'P1 hydrido- 
bis(triphenyIphosphine, (OC-6-53)-, 
26:202 

HCIPRuC,H,,, RutheniumuI), chIoro(+ 
hexamethylbenzene)hydrido( tri- 
pheny1phosphine)-, 26: 181 

HCIP,PC,H,,. Platinum(I1). chlorohydrido- 
bis(trimethy1phosphine)-, rrans-, 2 9  190 

HCIP,PtC,,H,,, Platinum(I1). chloro- 
hydridobis(triethy1phosphine)-, trans-, 
29:191 

HCIZrC,,H,,, Zirconium, chlorobis($- 
cyclopentadieny1)hydrido-, 28:259 

HF,O,P. Phosphorodifluoridic acid, 
rhenium complex, 2683 

HF,O,P,PtSC,,H,, Platinum(I1). hydrido- 
(methanol)bis(triethylphosphine)-, 
trans-, trifluoromethanesulfonate, 
26135 

HF61,0,P,S,C,,H,,, Iridium(II1). car- 
bonylhydridobis(trifuoromethanesu1- 
fonato)bis(triphenylphosphine)-, 
26120 

hydrido-, potassium, 29: 152 

tetracarbonyl-, p-nitrido-bis(tripheny1- 
phosphorus)(l+). 26336 

HFeNO,WC,H,, Tungstate( 1 -), hydrido- 
nonacarbonyliron-, p-nitrido-bis(tri- 
phenylphosphoms)( 1 +). 26336 

HFe4NOI2C,,Hm, Ferrate(1-), carbidodo- 
decacarbonylhydridotetra-, tetraethyl- 
ammonium, 27:186 

H&04SiV,W,3H,0, 1.2,3-Trivanadonona- 
tungstosilicate(7-), A+-, hexa- 
potassium hydrogen, trihydrate, 27: 129 

HMn,O,PC,H,,, Manganese, p(dipheny1- 

HBCIF41rOP2C,,H,,, Iridium(II1). 

HBFe,O,C,H,, Iron. nonacarbonyl-p- 

HBFe,O,,C,,H,, Iron, p-boryl-p-carbonyl- 

HCllrP,C,H,, Iridium(II1). chloro[2-(di- 

HFeK04C4, Fenate(1-), tetracarbonyl- 

HFeN04P2C,H,I, Ferrate(1-), hydrido- 

phosphino)-phydrido-bis(tetracar- 
bonyl-, (Mn -Mn), 26:226 

bonyl(q'-cyclopen tadienyl)hydrido(tri- 
pheny1phosphine)-, 26:98 

hydridobis[ 1.2-ethanediylbis(diphenyl- 
phosphine)] -. 29:20 1 

decacarbonyl- ~ K ' C ~ K ~ C , ~ K ~ C - ~ -  
hydrido-l:2-~~H-bis(triethylsilyl)- 
1 ~Si.2~Si-triangalo-tri-, pnitrido- 
bis(triphenylphosphorus)(l +). 
26:269 

HNO, IP,0s,C4,H,,, Osmate(1-), p-car- 
bonyl-decacarbonyl-p-hydrido-tri-. p- 
nitrido-bis(triphenyIphosphorus)( 1 +). 
28:236 

cate( lo-), j3-. nonasodium hydrogen, 
tricosahydrate, 27238 

HOP,RhC,,H,,, Rhodium(I), carbonyl- 
hydrido-tris(rripheny1phosphine)-, 
28:82 

HO,PWC,,H,. Tungsten, dicarbonyI(qs- 
cyclopentadienyl)hydrido(triphenyl- 
phosphine), 26:98 

HMoO,PC,,H,, Molybdenum, dicar- 

HMoP,C,,H,,. Molybdenum(I1). $-aIIyI- 

HNO,,P,Ru,Si,C,H,, Ruthenate(1-). 

HN+0,SiW,23H20. Nonatungstosili- 

HO,ReC,, Rhenium, pentacarbonyl- 

HO,PRU,C,,H,,, Ruthenium, nonacar- 
bonyl-p-hydrido-( p-diphenylphos- 
phido)tri-, 26264 

HO,RU,C,,H,,, Ruthenium, nonacar- 
bonyl(p3-3,3-dimethy1-l -butynyl)-p- 
hydrido-triangalo-, tri-, 26329 

HO,,Os,C, ,HI, Osmium, decacarbonyl- 
hydrido-methyltri-, 27:206 

HO,,Os,SC ,,HS, Osmium, (ybenzenethio- 
1ato)decacarbonyl-p-hydrido-tri-, 
26304 

HO, ,Os,C,,H,, Osmium, decacarbonyl-p- 
hydrido( p-methoxymethy1idyne)- 
triangulo-tri-, 27:202 

HPRuC,H,,, RutheniumflI), (24diphenyl- 
phosphino)phenylC'p]($-hexa- 
methy1benzene)hydrido-, 36: 182 

HP,RhC,,H,, Rhodium(1). hydridotetra- 
kis(tripheny1phosphine)-. 28:81 

HRu,O, ,C,2H3, Ruthenium, decacarbonyl- 
y hydrido( p-methoxymethy1idyne)- 
triangulo-tri-, 27: 198 

hydrido-, 26:77.28:165 
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H,, Hydrogen, molybdenum complex, 27:3 

HfiuF,OP,RuC,,H,, Ruthenium(l+), 
tungsten complex, 27:6,7 

carbonyl-di-p-hydrido-tris(tripheny1- 
phosphine)[(triphenylphos- 
phine)gold]-, hexafluorophos- 
phate(1-), 29:281 

H2Au,BF41rPbCI,H,, Iridium(l+), di-y 
hydrido-bis(tripheny1phosphine)tetra- 
kis[(triphenylphosphine)gold]-. tetra- 
fluoroborate( 1 -), 29296 

H,BF,I,IrC,,H,, Iridium(II1). (1.2-diiodo- 
benzene)dihydridobis(triphenylphos- 
phine)-, tetrafluoroborate(1 -), 26:125. 
2859 

dihydridobis(tripheny1phosphine)-, 
tetrafluoroborate(1-). 26124,28:58 

H ~ B F ~ I r O , P ~ C ~ ~ H ~ ~ ~  Iridium(II1). bidace- 
tone)dihydridobis(triphenylphos- 
phine)-, tetrafluoroborate( 1 -). 26:123, 
28:57,29:283 

H,BP,PtC,H,,, PlatinumflI), p-hydrido- 
hydrido-phenyltetrakis(triethy1phos- 
phine)-ditetraphenylborate( 1 -), 26: 136 

dihydrido-trans-bis(trimethy1 
phosphite)-. 29: 158 

dihydrido-pans-bis(triethy1 
phosphite)-, 29:159 

dihydrido-trans-bis(tripheny1 
phosphite)-, 29: 159 

H,Fe,O,SC,, Iron, nonacarbonyldi- 
hydrido-p,-thiotri-, 26244 

H,LiP, Lithium dihydrogen phosphide. 
(LiH,P), 27:228 

H,MoC,,H,,. MolybdenumflV), bis(q5- 
cyclopentadieny1)dihydrido-, 29205 

H,MoC,,H ,,, MolybdenumflV). dihydrido- 
bis(qs-methylcyclopentadienyl)-, 
29:206 

complexes, 27:307,309 

H,BF,IrO,P,C,,H,, Iridium(II1). diaqua- 

H,FeO,P,C,H ,,, Iron(I1). dicarbonyl-cis- 

H,FeO,P,C,,H,,, Iron(II), dicarbonyl-cis- 

H,FeO,P,C,,H,, Iron(II), dicarbonyl-cis- 

H,O, Water, chromium and vanadium 

iridium complex, 26:123,28:58 
ruthenium complex, 26:254-256 

H,O,,Os,C,,, Osmium, decacarbonyldi-p- 

-, Osmium. decacarbonyldihydrido- 
hydrido-tri-, 28:238 

tri-, 26367 

H,O,,Os,C, I H,, Osmium, decacarbonyl- 
di-yhydrido- ymethylene-triangulo-tri-, 
27:206 

dihydridohexa-, 26:301 

(thiocarbonyl)tris(triphenylphosphine)-, 
26: 186 

H,P,RuC,,H,. Ruthenium(II), dihydrido- 
tetrakis(tripheny1phosphine)-, 28:337 

H,S, Hydrogen sulfide, titanium complex, 
2756.67 

H,ZrC,,H,, Zirconium, bis(qs-cyclopenta- 
dieny1)dihydrido-. 28:257 

H,Au,F,OsP,C,H,,, Osmium( 1 +), tri-p- 
hydrido-tris(tripheny1phosphine)- 
bis[(triphenylphosphine)gold]-. hexa- 
fluorophosphate( 1 -), 29:286 

H,AU,F,P,RUC,H,~. Ruthenium( 1 +), tn-p- 
hydrido-tris(tripheny1phosphine)bis- 
[(triphenylphosphine)gold]-, hexa- 
fluorophosphate( 1 -), 29:286 

H,BP,Pt,C,H,, Platinum(I1). di-yhydrido- 
hydridotetrakis(triethy1phosphine)di-. 
tetraphenylborate(1 -), 27:34.36 

, Platinum(I1). p-hydrido-dihydrido- 
tetrakis(triethy1phosphine)di-, tetra- 
phenylborate(1-), 27:32 

H,BrO,Os,C,,, Osmium, (p,-bromo- 
methy1idyne)nonacarbonyltri-p- 
hydrido-triangulo-tri-, 27:205 

H,BrO,Ru,C,,, Ruthenium, (p,-bromo- 
methy1idyne)nonacarbonyl-tri-p- 
hydrido-friangulo-tri-, 27:20 1 

H,C10,0s3C,,, Osmium, nonacarbonyl(p,- 
c hloromethy1idyne)tri-p- hyd rido- 
triangulo-tri-. 27:205 

H,NiO,Os,C,,H,, Osmium, nonacar- 
bonyl($-cyclopentadieny1)tri-p- 
hydrido-nickeltri-, 26:362 

H,NiO,Ru,C,,H,, Ruthenium, nonacar- 
bonyl($-cyclopentadieny1)tri-p- 
hydrido-nickeltri-, 26:363 

H,O,,Os,C, ,H,, Osmium, nonacarbonyl- 
tri-p-hydrido( p,methoxymethylidyne)- 
triangulo-tri-, 27:203 

H,O,,Ru,C, ,H,, Ruthenium, nonacar- 
bonyl-tri- yhydrido(p,-methoxy- 
methy1idyne)-rriangulo-tri-. 27:200 

H,O,,Os,C,,H,, Osmium, nonacarbonyl- 
tri-p-hydrido[ p,-(methoxycarbony1)- 

H,O,,Os,C,,, Osmium, octadecacarbonyl- 

H,OsP,SC,,H,, OsmiumflI), dihydrido- 
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methylidyne]-r~angulo-tri-, 27:204 
H,OsRhP,CI2H,,. Rhodium. [2(q4)- 1.5- 

cyclooctadiene] tris(dimethylpheny1- 
phosphine-1rP)-tri-p-hydrido- 
osmium-, 27:29 

H,As,0,,Rb,W21 u)H2', Tungstate(4-), 
aquadi hydroxohenhexacontaoxo- 
bis[trioxoarsenato(III)] henicosa-, 
tetrarubidium, tetratricontahydrate, 
27:113 

H,Au,F6P7ReC,,,H,,,. Rhenium( l+), 
tetrahydridobis[ tris(4methyl- 
phenyl)phosphine] tetrakis[(triphenyl- 
phosphine)gold]-, hexafluorophos- 
phate( 1 -), 29:292 

tetrahydridobis(tripheny1phos- 
phine)pentakis[(triphenylphos- 
phine)]gold]-. bis[hexafluorophos- 
phate( I -)I. 29288 

H,Au,F,,P,ReC,,,H,,,. Rhenium(2+). tetra- 
hydridobis(tri-ptoly1phosphine)penta- 
kis((triphenylphosphine)gold]-, 
bis(hexafluorophosphate( 1 -)I, 29:289 

pentamethylcyclopentadieny1)-, 27: 19 

hydridotetrakis( methyldiphenylphos- 
phine)-. 27:9 

2672 

tetra-p-hydrido-tetrahedro-tetra-, 26:293. 
28:240 

H,O,,Ru,C,,. Ruthenium, dodecacarbonyl- 
tetra-yhydrido-tetra-, 26:262,28:2 19 

H,O,,P,Ru,C,,H,,, Ruthenium, decacar- 
bonyl(dimethylpheny1p hosp hine)tetra- 
hydrido[ tris(4-methylpheny1)hos- 
phiteltetra-, 26:278,28:229 

H,O,,PRu,C,,H,,, Ruthenium, undecacar- 
bonyltetrahydrido(tris(4-methyl- 
pheny1)phosphitejtetra-. 26:277, 
28:227 

H,O,SiW,,xH,O. Dodecatungstosilicic 
acid, a-, and f3-. hydrate, 27:93.94 

H,OsP,ZrC,H,,. Zirconium, bis[ 1,1(q5)- 
cyclopentadienyl]tris(dimethylphenyl- 
phosphine-2~P)-tri-p-hydrido-hydrido- 
1rtf-osmium-, 27:27 

H,Au,F,,P,ReC 126H ,os, Rhenium(2+), 

H,IrC,,H Iridium, tetrahydrido($- 

H,MoP,C,,H,,, Molybdenum(IV), tetra- 

H,N, Hydrazine, ruthenium(I1). complexes, 

H,O,,Os,C Osmium, dodecacarbonyl- 

H,P,WC,,H,,, Tungsten(IV), tetrahydrido- 

tetrakis(methyldipheny1phosphine)-, 
27:lO 

H,BF,Ir,C,H,, Iridium(l+). [l A-butane- 
dibis(dipheny1phosphine))di-. tetra- 
fluoroborate( 1 -), 27:26 

H,BF,Ir,P,C,H,,, Iridium(l+), penta- 
hydridobis[ 1,3propanediylbis(di- 
pheny1phosphine))di-, tetrafluoro- 
borate( 1 -), 27:22 

H,N,C. Hydrazine, methyl-. ruthenium(I1). 
complexes, 2672 

H,AuBF,Ir,NO,P,C,,H,,, Iridium( 1 +). 
tris[ 1.2-ethanediylbis(diphenylphos- 
p hine)] hexa hydrido [ (nitrato- 
0,O ' )gold]-tri-, tetrafluoroborate( 1 -), 
29:290 

tris( 1.2-ethanediylbis(diphenylphos- 
phine)] hexahydrido[(triphenylphos- 
phine)gold]tri-, nitrate tetrafluoro- 
borate(1-). 29291 

H6Au,BRe,CIl2HI ,,, Rhenium(l+), hexa- 
hydrido-tetra kis(tripheny1phos- 
phine)bis[(triphenylphos- 
phine)gold]di-, tetraphenylborate( 1 -), 
29:291 

H,AuBF41r,N0,P7C,H8,. Iridium(2+), 

H,B,. Diborane(6), 27:215 
H,MoP,C,H,, MoIybdenum(IV), hexa- 

hydridotris(tricyc1o hexylp hosp hine)-. 
27:13 

H,P,WC,H,,, Tungsten(IV), hexahydrido- 
tris(dimethylpheny1phosphine)-, 27: 11 

H7B,F81r,P,C,,HJ,, Iridium(2+), tris(l.2- 
ethanediylbis(dipheny1phos- 
phine)] heptahydridotri: bisltetra- 
fluoroborate(1 -)I. 27:25 

H,B,F81r,P6C8,H,,, Iridium(2f). hepta- 
hydridotris[1,3-propanediyIbis(di- 
pheny1phosphine)ltri-. bisltetrafluoro- 
borate( 1 -)I, 27:22 

H,K,,Li,O ,,P,W492H,0, Octatetraconta- 
tungstooctaphosphate(40-), penta- 
lithium octacosapotassium hepta- 
hydrogen, dononacontahydrate, 27: 110 

hydridobis(tripheny1phosphine)-, 
27:15 

H,As,OJ,W,,,xH,O, Tungsten, aquahexa- 
hydroxo heptapentacontaoxobis[tri- 
oxoarsenato(I1I)J henicosa-, hydrate, 
27:112 

H,P,ReC,,H,, Rhenium(VI1). hepta- 
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H,Cl,MoN,O, Molybdateo. pentachloro- 
0x0-, diammonium, 26:36 

H,P,Re,C,,H,, Rhenium(1V). octahydrido- 
tetrakis(tripheny1phosphine)di-. 27: 16 

H,B,Se,, 7.9-Diselena-nido-undeca- 
borane(9). 29: 103 

H ,,B,Se,. 6,9-Diselena-arachno-deca- 
borane( lo), 29: 105 

H,,Br,N,Ru, Ruthenium(III), tetraammine- 
dibromo-, cis-, bromide, 2667 

H,,Cl,N,Ru. Ruthenium(II1). tetraammine- 
dichloro-, cis-. chloride. 26:66 

H,,B,K, Borate( 1 -), tetradecahydronona-, 
potassium, 261 

H ,,Mo,N,0,,P2,4H,0. Pentamolybdo- 
bis(phosphonate)(4-), tetra- 
ammonium. tetrahydrate. 27: 123 

H,N,,NaO, ,,P,W,3 lH,O, Sodiotriconta- 
tungstopentaphosphate( 14-), tetra- 
decaammonium, hentricontahydrate, 
27:115 

H,,N,,NaO,,Sb,W,,24H20, Sodiohenicosa- 
tungstononaantimonate( 18-), Octa- 
decaammonium, tetracosahydrate, 
27:120 

H,&,Co,N,O,,,W,, 19H,O, Ammoniodi- 
cobaltotetracontatungstotetra- 
arsenate(23 -), tricosaammonium, 
nonadecahydrate, 27: 119 

HfO,C,,H,,, Hafnium, dicarbonylbis(q5- 
cyclopentadieny1)-, 28:252 

HfO,C,,H,, Hafnium, dicarbonylbis($- 
pentamethylcyclopentadieny1)-, 28:255 

HgBrO,Ru,C,,H,, Ruthenium, (bromo- 
mercury)-nonacarbony1(3,3-dimethyl- 
1-butyny1)-m‘angulo-tri-, 26:332 

HgClMn,O,PC,H,,, Manganese, p-(chloro- 
mercurio)-p-(dipheny1phosphino)- 
bis(tetracarbony1)-. (Mn -Mn). 26:230 

HgIO,Ru,C,,H,, Ruthenium, nonacar- 
bonyl(3.3-dimethyl- 1-butynyl)(iodo- 
mercury)-triangulo-tri-, 26330 

HgMoO,,Ru,C,,H Ruthenium, nona- 
carbonyl(p,-3,3-dimethyl-l-butynyl){ p- 
[tricarbonyl(q5-cyclopenta- 
dienyl)molybdenum] mercury}- 
triangulo-tri-. 26:333 

bis[nonacarbonyl(p~-3.3-dimethyl-l- 
butyny1)-, rriangulo-tri-, 26333 

HgO,,Ru,C,H ,,, Ruthenium, &-mercury)- 

HoO,C,,H,, Holmium, tris(2,6-di-tert- 
butyl-4-methylphenoxo)-, 27: 167 

Ho,Cl,Si,C,H,, Holmium, tetrakis[qs-1,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27: 171 

IAsF,S,. cyclo-Heptasulfur(l+). iodo-, 
hexafluoroarsenate(1-), 27:333 

IBr,S,,C,,H,, Iodate(I), dibromo-, 5,5’,6,6’- 
tetrahydro-22’-bi-l,3-dithioo[4.5- 
b] [1,4]dithiinyidene (1:2), 29:45 

IF,S,Sb, cyclo-Heptasulfur(l+), iodo-, 
hexafluoroantimonate( 1 -), 27:333 

IHgO,Ru,C,,H,. Ruthenium, nonacar- 
bonyl(3.3-dimethyl- 1-butynyl)(iodo- 
mercury)-tri-angulo-tri-, 26330 

IInS,C,,H,,, Indium(II1). iodobis(benzene- 
thio1ato)-, 29: 17 

IMnO,C,, Manganese, pentacarbonyliodo-. 
28:157, 158 

INBr,C,,H,, IodateO), dibromo-, tetra- 
butylammonium, 29:44 

IOP,RhC,,H,, Rhodium(I), carbonyliodo- 
bis(tricyclohexy1phosphine)-, 27:292 

IO,P,ReC,,H,, Rheniumo,  iododioxo- 
bis(tripheny1phosphine)-, 29: 149 

IO,ReC,, Rhenium, pentacarbonyliodo-, 
28: 163 

I,AuNC,,H,,, Aurateo). diiodo-, tetra- 
butylammonium, 29:47 

I,AuS,,C,H,,, Aurate(1). diiodo-, 5.S.6.6‘- 
tetrahydro-22’-bi-l,3-dithiolo-[4,5- 
b ] [  1.4ldithiinylidene (1:2), 29:48 

I,BF,IrC,,H,, Iridium(III), (12-diiodo- 
benzene)dihydridobis(triphenylphos- 
phine)-, tetrafluoroborate(1-), 26:125, 
2859 

complex, 26125,2859 

iodo(q5-pentamethylcyclopenta- 
dieny1)-, 28:275 

I,Co,N,,O,SbC,,H, 12H,O, Cobalt(II1). 
dodecaamminehexa-p-hydroxo-tetra-, 
(+)-, bisbis(p-dtartrato)-dianti- 
monate(III)] iodide, dodecahydrate, 
29: 170 

cyclohexanediamine]-diiodo-, 27:284 

I,C,H,, Benzene, 12-diiodo-, iridium 

I,CoOC, ,HI,. Cobalt(III), carbonyldi- 

I,N,PtC,H,,, Platinum(I1). [rmns-(R.R)-1,2- 

I,O,P,ReC,H,,, Rheniumo,  ethoxydi- 
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iodooxobis(tripheny1phosphine)-, 
trans-, 29: 148 

I,Si,UC,,H,,, Uranium(IV), bis(qs-1,3- 
bis(trimethylsily1)cyclopenta- 
dienylldiiodo-, 27: 176 

I,Yb, Ytterbium diiodide, 27: 147 
13F,,S,,Sb,2AsF,, cyclo-heptasulfur(3+), 

p-iodo-bis(4-iodo-, tris[hexafluoro- 
antimonate( 1 -)I -2(arsenic 
trifluoride), 27:335 

(triiodide), 29:42 

[ 1.4)dithiinylidene. 5,5',6,6'-tetrahydro-, 
(triiodide) (2:l). 29:42 

tetrasulfur(2+) hexafluoro- 
arsenate(l-)-(4:1:6), 27:337 

I,Co,C,H,, Cobalt(III), diy-iodo- 
bis[iodo(q5-pentamethylcyclopenta- 
dieny1)-, 28:276 

140,Pt2C2, Platinum(I1). dicarbonyldi-y 
iodo-diiododi-, trans-. 29: 188 

I,Co,H,,N ,,0,4H,O, Cobalt(Ill), dodeca- 
amminehexa-p-hydroxo-tetra-. (-)-, 
hexaiodide, tetrahydrate, 29: 170 

dipotassium, 27:294 

thio1ato)-, 29:17 

lato)-, 29: 15 

seleno1ato)-, 2 9  16 

p- hydrido-(nitrato4,O ' )bis(triphenyl- 
p hosp hine)bis [( triphenylp hos- 
phine)gold]-, tetrafluoroborate( 1 -). 
29:284 

IrAu,B,F,P,C,,H,,, Iridium(2+), bis[ 12- 
ethanediylbis(dipheny1phosphine)j- 
(tripheny1phosphine)igold-, bis[tetra- 
fluoroborate( 1 -)], 29:296 

(nitrato-0,0 ' )bis(triphenylphos- 
phine)tris((triphenylphosphine)gold]-, 
tetrafluoroborate( 1 -), 29:285 

IrAu,BF,P,C,,H,, Iridium(l+), di-y 
hydrido-bis(tripheny1phosphine)tetra- 
kis((triphenylphosphine)gold] -. 

I,NCI,H3,, Ammonium, tetrabutyl-, 

I,S,,C,,H,,, 2,2',-Bi-1,3-dithiolo[4,5-b]- 

14AsbF~S12. cyclo-Heptasulfur(l+), iodo-, 

I,K,Re, Rhenate(1V). hexaiodo-, 

InIS,C,,H,,, Indium(III), iodobis(benzene- 

InS,C,,H,,, Indium(II1). tris(benzenethi0- 

InSe,C,,H,,, Indium(llI), trispenzene- 

IrAu,BF,O,P,C,,H,,, Iridium( 1 +), 

IrAu,BF,NO,P,C,H,,, Iridium( 1 +). 

tetrafluoroborate( 1 -), 29:296 
IrBClF,N,P,C,,H,,, Iridium(II1). 

chloro(dinitrogen)hydrido[tetrafluoro- 
borato( 1 -)I- bis(tripheny1phosphine)-, 
26:119,28:25 

IrBClF,OP,C,,H,, . Iridium(IIl), carbonyl- 
chlorohydrido(tetrafluoroborato(1 -)]- 
bis(tripheny1phosphine). 261 17,118. 
28:23.24 

benzene)dihydridobis(triphenylphos- 
phine)-, tetrafluoroborate(1 -), 26:125, 
2859 

hydridobis(tripheny1phosphine)-, 
tetrafluoroborate(1-), 2 6  124,2858 

IrBF,O,P,C,H,, Iridium(III), bis(ace- 
tone)dihydridobis(trip henylphos- 
phine)-, tetrafluoroborate(1-), 26: 123, 
28:57.29:283 

lrBF,P,C,,H,,, Iridium(l+), (q4-1,5-cyclo- 
octadiene)[ 1,3-propanediylbis(di- 
pheny1phosphine)l-, tetrafluoro- 
borate( 1 -), 27:23 

IrBF,P,C,H,,, Iridium(1 +), (q4-1,5-cyclo- 
ocatadiene)bis(triphenylphosphine)-, 
tetrafluoroborate(1-), 2 6  122,2856, 
29:283 

IrClOP,C,,H,,, Iridium, carbonylchloro- 
bis(tripheny1phosphine)-, trans-. 28:92 

IrCIP,C,H,. Iridium(1). chlorotris(tri- 
pheny1phosphine)-, 26:201 

, Iridiurn(III), chloro[2-diphenyl- 
phosphino)phenylC',P] hydridobis- 
(triphenylphosphine), (OC-653). 
26202 

IrF,0,P,S,C,9H,,, Iridium(III), carbonyl- 
hydridobis(trifluoromethanesu1- 
fonato)bis(triphenylphosphine)-, 
26:120. 28:26 

IrF,,N,P,C,,H,, Iridiurn(2+), tris(aceto- 
nitrile)($-pentamethylcyclopenta- 
dieny1)-, bis[hexafluorophos- 
phate(1 -)I, 29232 

IrF1201P2C19H~l, Iridium(2+), tris(acetone)- 
(qs-pentamethylcyclopentadienyl)-, 
bis[hexafluorophosphate( 1 -)I, 29:232 

(qS -pentamethy lcyclopentadieny1)-, 
bis(hexafluorophosphate(1-)I, 29:232 

lrBF412C42H~6, Iridium(III), (12-diiodo- 

IrBF,O,P,C,,H,,, Iridium(III), diaquadi- 

IrF,,P,CDH,,, Iridium(2+), (q'-fluorene)- 
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IrH4C,,H Is, Iridium. tetrahydrido($- 

IrN04P,C,,H3,, Iridate(1 -). tetracarbonyl-, 
pentamethylcyclopentadieny1)-, 27: 19 

p-nitrido-bis(tripheny1phos- 
phorus)(l+), 28:214 

Ir2BF4H,C,,H,, Iridium( 1 +), [ 1.4-butanedi- 
bis(dipheny1phosphine)l di-, tetra- 
fluoroborate( 1 -), 27:26 

Ir2BF4H,P,CMH,,, Iridium(l+), penta- 
hydridobis[ 1.3-propanediylbisfdi- 
pheny1phosphine)ldi-, tetrafluoro- 
borate( 1 -), 27:22 

bis[bis(cyclooctene)-, 28:91 

chlorobis(~5-pentamethylcyclopenta- 
dieny1)di-, 29:230 

tris [ 1,2-ethanediylbis(diphenylphos- 
phine)] hexahydrido[(nitrato- 
0,O')goldltri-, tetrafluoroborate( 1 -), 
29:290 

tris[ 1,2-ethanediylbis(diphenylphos- 
phine)] hexahydrido[(triphenyIphos- 
phine)goId]tri-, nitrate tetrafluoro- 
borate( 1 -), 29:291 

ethanediylbis(dipheny1phos- 
phine)] heptahydridotri-, bis[tetra- 
fluoroborate(1 -)I, 27:25 

Ir,B2FRH,P6C,IH7,, Iridium(2+), hepta- 
h ydridotris [ 1,3-propanediylbis(di- 
pheny1phosphine)ltri-, bis[tetrafluoro- 
borate( 1 -)I. 27:22 

28:245 

Ir,CI,C,H, Iridium, di-p-chloro- 

Ir2C14Cz8HN. Iridium(II1). di-p-chlorodi- 

Ir,AuBF,NO,P,C,,H,,, Iridium(l+), 

Ir,AuBF,NO,P,C,H,,, Iridium(2+), 

Ir3B2FRH,P,C,,H7,, Iridium(2+), tris[ 1.2- 

Ir4012Clz, Iridium, dodecacarbonyltetra-, 

KB,H Borate( 1 -), tetradecahydronona-, 
potassium, 26: 1 

KCl,PtC,H,, PIatinate(II), tri- 
chloro(ethene)-, potassium, 28:349 

K,F,MnO,S, Manganate(III), trifluorosul- 
fato-, dipotassium, 27:3 12 

K,16Re, Rhenate(IV), hexaiodo-, 
dipotassium, 27:294 

~O,PVW,,xH,O, Vanadoundecatungsto- 
phosphate(4-), a-, tetrapotassium, 
hydrate, 2 7 9  

&0,SiW12,17H,0, Dodecatungstosili- 
cate(4-), a-, tetrapotassium, hepta- 

decahydrate, 27:93 

cate(4-), p-, tetrapotassium, nona- 
hydrate, 27:94 

&H0,SiV,W93H,0, 12.3-Trivanadonona- 
tungstosiIicate(7-), A$-, hexa- 
potassium hydrogen, trihydrate, 27: 129 

&O,,P,W ,,19H,O, Octadecatungstodi- 
phosphate(6-), p-. hexapotassium, 
nonadecahydrate, 27: 105 

&O,P,W ,8,14Hz0, Octadecatungstodi- 
phosphate(6-), a-, hexapotassium, 
tetradecahydrate, 27: 105 

cate(8-), y, octapotassium. dodeca- 
hydrate, 27:88 

&O,,SiW, ,, 14H,O, Undecatungstosili- 
cate(8-), p2-. octapotassium. tetra- 
decahydrate. 27:91,92 

&O,,SiW, ,, 13H,O, Undecatungstosili- 
cate(8-), a-, octapotassium. trideca- 
hydrate, 27:89 

~Li06,P,W,,20H,0, Lithioheptadeca- 
tungstodiphosphate(9-), al-, nona- 
potassium, eicosahydrate. 27: 109 

Kl,0,,P2W1720H20, Heptadecatungstodi- 
phosphate( 10-), a2-. decapotassium, 
eicosahydrate, 27: 107 

Kz,H7LiS0,,P,W,,92H,0, Octatetraconta- 
tungstooctaphosphate(40-), penta- 
lithium octacosapotassium hepta- 
hydrogen, dononacontahydrate. 27: 1 10 

&O,SiWI2,9H,O. Dodecatungstosili- 

&O,,SiW,,, 12H,O, Decatungstosili- 

KrF,, Krypton difluoride. 29:ll 

LaC1,LiO,Si,CNH,,. Lanthanum, his[$- 
1,3-bis(trimethyIsilyl)cyclopenta- 
dienylldi-p-chloro-bis(tetrahydr0- 
furan)lithium-, 27: 170 

LaO,C,,H,,, Lanthanum, tris(2,6-di-rer~- 
buty1phenoxo)-, 27: 167 

LaO,C,H,, Lanthanum, tris(2b-di-terf- 
butyl-4-methylphenoxo)-, 27: 166 

La,Cl,Si,C,H,, Lanthanum, tetrakis[$- 
1,3-bis(trimethyIsilyl)cyclopenta- 
dienylldi-pchloro-di-, 27: 171 

LiB,NaSi,C,H,,. Lithium sodium 2,3-bis- 
(trimethylsilyl)-2,3-dicarba-nido- hexa- 
borate(2-), 29:97 

LiCl, Lithium chloride, 28:322 
LiClC,H,, Lithium, (chlorocyclopenta- 

dieny1)-, 29200 
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LiCI,CeO,S~C,,H,,, Cerium, bis[qs-1.3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydr0furan)lithium-, 
27:170 

LiCl,LaO,Si,C,,H,,, Lanthanum, bis[qs- 
1,3-bis( trimeth ylsilyl)cyclopenta- 
dienyljdi-p-chloro-bis(tetra hydro- 
furan)lithium-. 27: 170 

LiCl,NdO,Si,C,,H,,, Neodymium, bis[qs- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-bis(tetrahydr0- 
furan)lithium-, 27: 170 

LiC1202PrSi,C,oH,,, Praseodymium, bis(qs- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-c hloro-bis(tetrahydr0- 
furan)lithium-, 27: 170 

LiCl20,ScSi&HS,, Scandium, bis[qs- 1.3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydr0furan)lithium-, 
27:170 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydr0furan)lithium-, 
27:170 

LiCI,0,S&YbC,H5,, Ytterbium, bis[qs-1,3- 
bis( trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydrofuran)lithium-. 
27: 170 

Li~0,,P,W17,20H,0, Lithioheptadeca- 
tungstodiphosphate(9-), ai-, nona- 
potassium, eicosahydrate, 27: 109 

LiNC,H,,, Lithium, [2-[(dimethylamino)- 
methyl]phenyl]-, 26:152 

pheny1)methyl)-. 26153 
LiNCi,H ,,. Lithium, [2-[(dimethylamino)- 

methyl]-5-methylphenylJ-. 26: 152 
LiNOC,,H,,. Lithium, (diethyl ether)[8- 

(dimethylamino)-1-naphthyll-, 2 6  154 
LiPC,H,,, Lithium, (2-(methylphenylphos- 

phino)ethyl]-, 27: 178 
LiPSi2C,Hi,20C,H,, Phosphide, bis(tri- 

methylsily1)-, lithium, -2tetrahydro- 
furan. 27:243,248 

LiSi,C I ,H,,, Lithium, (qs-1,3-bis(trimethyl- 
silyl)cyclopentadienyl]-, 27: 170 

Li,B,Si,C,H2,, Dilithium 2$-bis(trimethyl- 
silyl)-2,3-dicarba-nido-hexaborate(2 -), 
2 9 9  

ene)di-, 28: 127 

LiCI,O,Si,YC,H,,, Yttrium, bis[qs- 1.3- 

, Lithium, [2-((dimethylamino)- 

Li,C,H,, Lithium, (1,3,5,7-cyclooctatetra- 

Li,N,Si,C,,H,,, Lithium. p-[(a,a’,l,2-q:- 
a,a’,l.2-q)-l,2-phenylenebis[(trimethyl- 
silyl)methylene]] bis(iV,N,N’.”-tetra- 
methyl-l,2-ethanediamine)di-, 26 148 

Li,P,,, Lithium hexadecaphosphide, 
(Li2Pi6), 2 7 2 7  

Li,P7, Lithium heptaphosphide. (Li,P,). 
27:227 

Li,H7K,,0,,P,W,92H,0, Octatetraconta- 
tungstooctaphosphate(40-), penta- 
lithium octacosapotassium hepta- 
hydrogen, dononacontahydrate, 27: 1 10 

LuCIOC,,H,,, Lutetium, chloro(q8-1.3,5,7- 
cyclooc tatetraene)(tetrahydrofuran)-. 
27:152 

amino)methyl]phenylC~,N](q8-1,3.S,7- 
cyclooc tatetraene)(tetra hydrofuran). 
27: 153 

LuOC,, H,,, Lutetium, bis(q5-cyclopenta- 
dienyl)(tetrahydrofuran)-p-tolyl-. 27: 162 

LuOSiC,,H,. Lutetium, bis(qs-cyclopenta- 
dienyl)(tetrahydrofuran)[(trimethyl- 
silyl)methyl]-, 27: 161 

bis( trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27:171 

LuNOC,, H,,, Lutetium, [(2-[(dimethyl- 

Lu,Cl,SbC,H,, Lutetium, tetrakis[qs-l,3- 

MgClC,H,,. Magnesium, chloro(2.2- 
dimethylpropy1)-, 26:46 

MgMo2O,,SC,,H,,6H,0, Magnesium [p- 
(12-ethanediyldinitrilo)tetraacetato]-p- 
0x0-p-sulfido-bis (oxomolybdate(V)], 
hexahydrate, 29:256 

Mg,O,C,H,,. Magnesium, cyclo-tri[p-1,2- 
phenylenebis(methy1ene)J hexakis(tetra- 
hydrofuran)tri-. 26:147 

kis( p-(tetraethyl2,3-dioxobutane- 
1, I ,4,4-tetracarboxylato(2 -)- 
0“,02:03,04]]-tetra-, tetraammonium. 
29:277 

bonyl-. 28: 156 

chloro-, 28: 155 

fato-, dipotassium. 27:312 

bonyl(trifluoromethanesu1fonato)-, 
26:114 

MkN40&sH136, Magnesate(4-), hexa- 

MnBrO,C,, Manganese, bromopentacar- 

MnCIO,C,, Manganese, pentacarbonyl- 

MnF,K,O,S, Manganate(II1). trifluorosul- 

MnF,O,SC,, Manganese(I), pentacar- 



374 Formula Index 

MnIO,C,, Manganese, pentacarbonyliodo-, 

MnN,O,C 16H9. Manganese, tetracar- 
28:157. 158 

bony1 12-(p heny1azo)p hen y l C  I ,  N2]- ,  
26:173 

1 K4-C2K4C-p-[CarbOnyl-2KC: 1~0-6-  
(diphenylphosphino-2~P)w-phenyl- 
ene-2rC’: 1~C?]di-, 2 6  158 

MnO,C,H,, Manganese, pentacarbonyl- 
methyl-, 26:156 

MnO,C,,H,, Manganese, (2-acetylphenyl- 
C,-O)tetracarbonyl-, 26: 156 

-, Manganese, benzylpentacarbonyl-, 
26: 172 

MnO,PCBH,,, Manganese, tetracar- 
bonyl{ [2-(diphenylphos- 
phino)phenyl] hydroxymethyl€,P}-. 
26169 

Mn06C,H,, Manganese, acetylpentacar- 
bonyl-, 29: 199 

MnO,PSC,,H,,, Manganese, tetracar- 
bonyl[2-(dimethylphosphinothioyl j 
1,2-bis(methoxycarbonyl)ethenyl-C,S]-, 
26: 163 

MnO,,PC,,H,,, Manganese, tricarbonyl[q2- 
2,3,4,5-tetrakis(methoxycarbonyl)-22- 
dimethyl-lH-phospholiumJ-. 26: 167 

bonyl[q2-3,4,5,6-tetrakis(methoxycar- 
bonyl)-22-dimethyl-2H-l.2-thiaphos- 
phorin-2-ium]-. 26: 165 

Mn,Au0,P,C3,H,5, Gold, octacarbonyl- 
1 ~~C.-2~~C-p-(diphenyIphosphino)- 
1 :2~P-(tnphenylphosphine)-3~P- 
rriangulo-dimanganese-, 26229 

Mn,C1Hg08PC,H ,,. Manganese, p-(chloro- 
mercurio)-p-(dipheny1phosphino)- 
bis(tetracarbony1-, (Mn-Mn), 26:230 

(diphenylphosphin0)-bis(tetracar- 
bonyl-, (Mn-Mn), p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 26:228 

Mn,N,O,C,H,, Manganese, p-(azodi-2,1- 
phenylene-C’@:C’,”)octacar- 
bonyldi-, 26: 173 

Mn,08PC20H, I .  Manganese, p-(diphenyl- 
phosphinof-p-hydrido-bis(tetracar- 
bonyl-. (Mn-Mn), 26:226 

Mn,O,P,S,C,,H,,, Manganese, octacar- 
bonyl-bis(p-dimethylphosphinothioyl- 
P,S)di-, 26: 162 

MnO,PC,,H,,, Manganese, octacarbonyl- 

MnO,,PSC,,H,,, Manganese, tricar- 

Mn,NO,P,C,H,, Manganate(1 -), p- 

Mn,N,O,C,H ,,,, Manganate(4-), hexa- 
kis[p-[tetraethyl2,3-dioxobutane- 
1,1,4,4-tetracarboxyIat0(2-)- 
0”,02:03,0~]]-tetra-, tetraammonium, 
29:277 

MoBF,OC,H,,, Molybdenum( l+), car- 
bonyl(qs-cyclopentadienyl)bis(di- 
pheny1acetylene)-. tetrafluoro- 
borate( 1 -), 26: 102,28: 11 

MoBF,OPC,H,, Molybdenum( 1 +), car- 
bonyl($-cyclopentadienyl)(dip henyl- 
acetyleneXtripheny1phosphine)-, tetra- 
fluoroborate( 1 -), 26: 104.28: 13 

MoBF,O,PC,H,, Molybdenum, dicar- 
bonyl(q’-cyclopentadienyl)[ tetra- 
fluoroborato( 1 -)]( triphenylphos- 
phine)-, 26:98,28:7 

bonyl(q5-cyclopentadienyl)[ tetrafluoro- 
borato( 1 -)I-, 26:96.28:5 

bonyl(q5-cyclopentadienyl)(q2-ethene)-, 
tetrafluoroborate(1-), 26:102,28:11 

tone)tricarbonyl(q5-cyclopen tadieny1)-, 
tetrafluoroborate(1-), 26105,2814 

tetrakis(acetonitri1e)dinitrosyl-, cis-, 
bis[tetrafluoroborate(l -)I, 26  132, 
28:65 

MoBr,O,C,, Molybdenum(I1). dibromo- 
tetracarbonyl-, 28: 145 

MoC ,,,HI,. Molybdenum(IV), bis(q5-cyclo- 
pentadieny1)dihydrido-, 29:205 

MoCI2H,,, Molybdenum(1V). dihydrido- 
bis(q5-methylcyc1opentadienyl)-, 29:206 

MoC1,C ,,H ,o, Molybdenum(W), dichloro- 
bis(q5-cyclopentadienyl)-, 29:208 

MoCl2C1,H,,, Molybdenum(IV), dichloro- 
bis(q5-methylcyclopntadienyl)-. 29:208 

MoCl,N,C,H,, Molybdenum(II1). tris(ace- 
tonitri1e)trichloro-. 28:37 

MoCI,O,C,,H,, Molybdenum(lI1). tri- 
chlorotris(tetrahydrofuran)-, 28:36 

MoCI,N,C,H, Molybdenum, bis(aceto- 
nitri1e)tetrachloro-, 28:34 

MoCI,O,C,H 16, Molybdenum, tetrachloro- 
bis(tetrahydrofuran j, 28:35 

MoCl,H,N,O, Molybdatfl, pentachloro- 
0x0-, diammonium, 2636 

MoCl,,H ,*N3. Molybdate(II1). hexachloro-. 
triammonium, 29127 

MoBF,,O,C,H,, Molybdenum, tricar- 

MoBF,O,C,,H,, Molybdenum( 1 +), tricar- 

MoBF,O,C,,H,,, Molybdenum(l+), (ace- 

MoB,F,N,O,C,H Molybdenum(I1). 
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MoCoNiO,C,,H,,, Nickel, cyclo-p,-ethyli- 
dyne- 1:2:3-r3C-pentacarbonyl- 
1K2C, 2r3C-bis[ 1,3(qs)-cyclopenta- 
dienyl]cobaltmolybdenum-, (Co-Mo)- 
(Co - NiXMo-Ni), 27: 192 

MoCoO,RuC,,H, ,, Molybdenum, cyclo-[p,- 
1(q2):2(q2):3(q2)-2-butyne]octacarbonyl- 

dienyl]cobaltruthenium-, (Co -Mo)- 
1K2c,2K3c, 3K3c-[ l(~s)-CyCIOpenki- 

(CO-RU)(MO-RU), 27: 194 
MoCo,O,C ,,H,, Molybdenum, octacar- 

bonyl(qs-cyclopentadieny1)-p3-ethyli- 
dynedicobalt-. 27: 193 

MoF,FeO,P,C,H,,, Iron(l+), p-acetyl- 
2rC I: 1rO-tetracarbonyl-lr3C,2r2C- 
bis[ 1 2-(qs-cyclopentadienyl)](tri- 
phenylphosphine- 1rP)molybdenum-, 
hexafluorophosphate( 1 -), 26241 

MoF,FeO,PC ,,H ,,, Iron( 1 +). p-acetyl- 
2rC': lrO-pentacarbony1-lx3C~r2C- 
bis[ 1 2-(q~-cyclopentadienyl)] molyb- 
denum-, hexafluorophosphate( 1 -), 
26239 

MoF,O,P,C,H,, Molybdenum(II), dicar- 
bonylbisl 1.2-ethanediylbis(dipheny1- 
phosphine)]fluoro-, hexafluorophos- 
phate( 1 -), 2684 

hydrido-nonacarbonyliron-, p-nitrido- 
bis(triphenylphosphorus)( 1 +), 26:338 

MoFeN,O,P,C,, H,, Molybdate(2-). nona- 
carbonyliron-, bis[ p-nitrido-bis(tri- 
phenylphosphorus)(l +)I, 26:339 

MoH,P,C,,H,,, MoIybdenum(IV), tetra- 
hydridotetrakis( methyldiphenylphos- 
phine)-, 27:9 

hydridotris( tricyclohexy1phosphine)-, 
27:13 

carbonyl(p3-3.3-dimethyl-l-butynyl){ p- 
[ tricarbonyl(q5-cyclopenta- 
dien yl)molybdenum]mercury }- 
triangulo-tri-, 26:333 

MoNO,C,H,, Molybdenum, dicarbonyl(q5- 
cyclopentadieny1)nitrosyl-, 28: 196 

MoN0,C ,,H,, Molybdenum, (tert-butyl 
isocyanide)pentacarbonyl-. 28: 143 

MoNO,P,C,,H,,, Molybdate( 1 -), (ace- 
tato)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 27:297 

MoFeNO,P,C,,H,,. Molybdate(1 -), 

MoH,P,C,H,, Molybdenum(IV), hexa- 

MoHdO,,Ru,C,H ,,. Ruthenium, nona- 

MoN,N,C,,H,,, Molybdenum, bis(tert-butyl 

isocyanide)tetracarbonyl-, cis-, 28: 143 
MoN,O,S,C ,,H,, Molybdenum(I1). tricar- 

bonylbis(diethy1dithiocarbama to); 
28:145 

MoN,O,C ,,HI,, Molybdenum, tricarbonyl- 
tris(propionitri1e)-, 28:31 

MoN,O,C ,,H2,, Molybdenum, tris(tert-butyl 
isocyanide)tricarbonyl-.fac-, 28: I43 

MoN,02S4C loHzo, Molybdenum. bis(di- 
ethy1dithiocarbamato)dinitrosyl-, cis-, 
28:145 

MoN,P,C,H,,, Molybdenum, bis(di- 
nitrogen)bis[ 1,2-ethanediylbis(di- 
pheny1phosphine))-, trans-, 28:38 

MoNa0,C,H~,2C,Hl,0,, Molybdate( 1 -), 
tricarbonyl(qs-cyclopentadienyl)-, 
sodium, compd with 12-dimethoxy- 
ethane( 1:2), 26:343 

MoOC,,H MolybdenumQV), oxobis(q5- 
cyclopentadieny1)-, 29:209 

MoOC,,H ,,, Molybdenum(IV), oxobis(qs- 
methylcyclopentadieny1)-, 29:210 

MoOCl,, Molybdenum tetrachloride oxide, 
28:325 

MoO,PC,H,,, Molybdenum, dicar- 
bonyl(qs-cyclopentadienyl)hydrido(tri- 
pheny1phosphine)-, 2698,28:7 

bonyl(q5-cyclopentadienyl)(q3-cyclo- 
MoO,P,C,H,. MolybdenumQ), dicar- 

triphosphorus)-, 27:224 
MoO,C,,H,, Molybdenum(O), tricar- 

MoO,P,C,H,, Molybdenum, tricar- 
bonyl(cyc1oheptatriene)-, 28:45 

bonyl(dihydrogen)bis(tricyclohexyl- 
phosphine), 27:3 

MoO,C,,H,,, Molybdenum(VI), dioxo- 
bis(2+pentanedionato)-, 29: 130 

MoP,S,C,H,, Molybdatew), tetrathio-, 
bis(tetraphenylphosphonium), 27:41 

MoP,C,,H,, Molybdenum(II), q'-allyl- 
hydridobis[ 12-ethanediylbis(diphenyl- 
phosphine)]-, 29:201 

cyclopentadienyl)[tetrasulfido(2-)]-, 
27:63 

decakis(acetonitri1e)di-. tetrakis[tetra- 
fluoroborate(1 -)I. 29:134 

Mo2MgOl,SC,JIl,, MolybdateO, [p-(12- 
ethanediyldinitrilo)tetraacetato]-p-oxo- 
p-sulfido-bis[oxo-, magnesium hexa- 
hydrate. 29:256 

MoS,C,,H,,. Molybdenum(IV),' bis(q5- 

Mo,B,F,,N,,C,H,. MolybdenumOI), 
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Mo,N,Na,O,S,C,H ,,4H,O, Molybdateo, 
di-p-sulfido-bis[ [L-cysteinato(2-)]oxo-, 
disodium, tetrahydrate, 29:258 

Mo,N,Na,O,S,C,H lo,4H,0, Molybdateo, 
p-0x0-p-sulfido-bis[ [L-cysteninato- 
(2-)]oxo-. disodium, tetrahydrate, 
29:255 

Mo,N,Na,0,,S,C,,H,2,H,0, Molybdateo, 
[p-(1.2-ethanediyldinitrilo)tetraace- 
tatoldi-p-sulfido-bis[oxo-, disodium, 
monohydrate, 29:259 

[bis(benzonitrile)platinum] hexacar- 
bonylbis(q5-cyclopentadienyl)di-, 

Mo,N,O,PtC,,H,, Molybdenum, 

(~Mo-FZ), 26345 
Mo,N,O,C,,H,,, Dimolybdate(VI), 

bis(tetrabutylammonium), 27:79 
Mo2N,S,,H,2H,O, Molybdateo, bis(p- 

sulfido)tetrakis(disulfido)di-, 
diammonium, dihydrate, 27:48,49 

Mo,O,C,,H ,,,, Molybdenum, tetracarbonyl- 
bis(q5-cyclopentadienyl)di-, (Mo-Mo), 
28:152 

Mo,O,P,C ,,HI,,, Molybdenum(I), tetracar- 
bonylbis(q5-cyclopentadienyl)(p-q2:q2- 
diphosphorus)di-, 27:224 

Mo,O,C,,H ,,, Molybdenum, hexacarbonyl- 
bis(q5-cyclopentadieny1)di-, (Mo-Mo), 
28:148, 151 

Mo,O,P,Pd,C,,H,, Molybdenum, hexacar- 
bonylbis(q5-cyclopentadienyl)bis(tri- 
pheny1phosphine)dipaIladiumdi-, 
26:348 

Mo,O,P,P~C,,H,, Molybdenum, hexacar- 
bonylbis(q5-cyclopentadienyl)bis(tri- 
pheny1phosphine)diplatinumdi-, 
26347 

dioxotetrakis(2,4-pentanedionato)di-, 
29:131 

Mo,P,S,C,H,, Molybdateo, di-p-thio- 
tetrathiodi-, bis(tetrapheny1phos- 
phonium), 27:43 

Mo,P,S,C,H,, Molybdate(IV,VI), (q2-di- 
su1fido)di-p-thio-tthiodi-, bis(tetra- 
phenylphosphonium), 2 7 4  

Mo,P,S,C,H,, Molybdatfl, bis(q2-disul- 
fido)di-p-thio-dithiodi-, bis(tetra- 
phenylphosphonium), 27:45 

(Mo,S lo,,)2-. bis(tetrapheny1phos- 
phonium), 27:42 

Mo,O, ,C,,H,, Molybdenumo, p-oxo- 

Mo,P,S,,,C,,H,, Molybdate(2-), thio-, 

Mo,N,S,,H,,XH,O, Molybdate(1V). tris(p- 
disulfido)tris(disulfido)-p,-thio- 
tn'angulo-tri-, diammonium, hydrate, 
27:48,49 

aqua-tri-p-sulfido-p~-sulfidotri-, tetra-p- 
toluenesulfonate, 29:268 

dodecaaquatetra-p,-sulfidotetra-, 
penta-p-toluenesulfonate, 29:266 

Mo,H ,,N,0,,P2,4H,0, Pentamolybdo- 
bis(phosphonate)(4-), tetraammon- 
ium, tetrahydrate, 27: 123 

Mo,N,O2,P,C,H,5H,O, Pentamolybdo- 
bis[(2-aminoethyl)phosphonate](4-), 
sodium tetramethylammonium 
dihydrogen, pentahydrate, 27: 126 

Mo,N,O,, P,C,H,,ZH,O, Pentamolybdo- 
bis(methylphosphonate)(4-), tetra- 
ammonium, dihydrate, 27: 124 

Mo,N,O,,P,C,H,,, Pentamolybdobis(ethy1- 
phosphonate)(4-), tetraammonium, 
27: 125 

Mo,N,O,,P,C,,H,,SH,O, Pentamolybdo- 
bis(phenylphosphate)(4-). tetra- 
ammonium, pentahydrate, 27:125 

Mo,N,O,,P,C,,H2,5H2O, Pentamolybdo- 
bis[(4-aminobenzyl)phosphonate](4-), 
diammonium dihydrogen, penta- 
hydrate, 27:126 

Mo,N,0,,P,C,,H,24H,0, Pentamolybdo- 
bis[(4-aminobenzyl)phosphonate](4-), 
bis(tetramethy1ammonium) dihy- 
drogen, tetrahydrate, 27:127 

Mo,N,O,,C,,H~~, Hexamolybdate(VI), 
bis(tetrabuty1ammonium). 27:77 

Mo,N,O,,C,H,,, Octamolybdate(VI). 
tetrakis(butylammonium), 27:78 

Mo,O,, S,C,,H,, Molybdenum(4+), nona- 

Mo,S,O,,C,,H,, Molybdenum(S+), 

N, Nitride, ruthenium, cluster complexes, 
26:287,288 

NAuBF,Ir,O,P,C,H,,, Nitrate, tris[ 1.2- 
ethanediylbis(dipheny1phosphine)l- 
hexahydrido[(triphenylphos- 
phine)gold] triiridium(2+) tetrafluoro- 
borate(1-) (I:]:]), 29:291 

dibromoaurate(I), 29:47 

diiodoaurate(I), 29:47 

phosphine), 29:280 

NAuBr,C,,H%, Ammonium, tetrabutyl-. 

NAuI,C,,H,,, Ammonium, tetrabutyl-, 

NAuO,PC,,H,,, Gold, nitrato(tripheny1- 
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NAu,F5PSC,H,,, Gold(1) (pentafluoro- 
pheny1)-p-thiocyanato-(triphenylphos- 
phine)di-, 2 6 9  

amine), 2951 

bonyl((diethylamino)methylidyne]-, 
tetrafluoroborate(1-), 2 6 4  

NBrO,SC,,H,,, Bicyclo[2.2.l]heptane-7- 
methanesulfonate, 3-bromo-1,7- 
dimethyl-2-oxo-, [( IR)-(ENDO. ANTT)]-, 
ammonium, 26:24 

dibromoiodate(1). 29:44 

ruthenium complexes, 26:356,359 
iron complex, 29: 116 
molybdenum complexes, 28:34,29:134 
molybdenum. palladium, and tungsten 

osmium complexes. 26290,292,28:232, 

rhodium complexes, 29:182,231.232 
ruthenium(I1) complexes, 26:69-72 
transition metal complexes, 28:63-66 

, Methane, isocyano-, tungsten 
complex, 28:43 

NC,H,, Dimethylamine, tungsten complex, 
29: 139 

NC,H,, Propanenitrile, chromium. molyb- 
denum, and tungsten complexes. 

NBBr,C,H,, Boron, tribromo(trimethy1- 

NBFdO5WCjoH,,, Tungsten(l+) pentacar- 

NBr21C,6H,6, Ammonium, tetrabutyl-, 

NC,H,, Acetonitrile, cobalt. copper, and 

complexes, 26:128-133 

234 

28:30-32 
tungsten complex, 27:4 

NC,H,, Trimethylamine, boron complex, 
29:77 

NC,H,,, Diethylamine, uranium 
complexes, 29:234,236 

tungsten complex, 27:301 

vanadium complex, 27:308 

, Ethanamine, 1,1-dimethyl-, 

NC,H,. Pyridine, osmium complex, 28:234 

NC,H,, Propane, 2-isocyano-2-methyl-. 
chromium, molybdenum, and tungsten 
complexes, 28: 143 

nickel complex, 2 8 9  
palladium complex, 28:110 
ruthenium complex, 26:275,28:224 

NC,H,,, Ethanamine, N-ethyl-methyl-, 

NC6H,, Pyridine, osmium complex, 26:291 
NC,H,. Benzenamine, tungsten complex, 

tungsten complex. 26:40,42 

27:301 

NC,H,, Benzonitrile, palladium complex, 
28:61,62 

platinum complex, 26:345 
ruthenium(I1) complexes, 26:70-72 

NC,H,, Pyridine, 3,5-dimethyl-, palladium 

NC,H,,, Cyclohexyl isocyanide, nickel 

NC,H, ,, Benzenamine, N,N-dimethyl-, 

NC,H,, Benzene2-isocyano-l,3-dimethyl-, 

NC,H I ,, Benzenemethanamine. N,N- 

complex, 26:210 

complex, 28:lOl 

chromium complex, 28:139 

iron complexes, 2653-57,28:180-184 

dimethyl-, lithium complex, 2 6  152 
lutetium complex, 27: 153 
palladium, 26:212 

NClOH,, Quinoline, 8-methyl-, palladium 
complex, 26:213 

NC,,H,,, Benzenemethanamine, N,N,2- 
trimethyl-, lithium complex, 26153 

, Benzenemethanamine, N,N,4- 
trimethyl-, lithium complex, 26:152 

NC,,HI,, Pyridine. 2-(phenylmethyl)- 
palladium complex, 26:208-2 10 

NCl,HI,, Naphthalenamine, NjV-dimethyl-, 
lithium complex, 2 6  154 

NC,,H,, Benzo[h]quinoline, ruthenium 
complex, 26:177 

NClO,PSC,,H,,, Sulfamoyl chloride, 
(trip heny1phosphoranylidene)-, 
2927 

nitri1e)dodecacarbonyltricobalt- 
copper-, 26:359 

NCo,Fe0,,C2,Hm, Ferrate(1-)$ dodecacar- 
bonyltricobalt-, tetraethylammonium, 
27: 188 

dodecacarbonyltricobalt-, tetraethyl- 
ammonium, 26358 

pyridinium, 27:310 

nonacarbonyliron-, p-nitrido-bis(tri- 
phenylphosphorus)( l+), 26:338 

NCrO,C,H,, Chromium, dicarbonyl(q5- 
cyclopentadieny1)nitrosyl-, 28: 196 

NCrO,C, ,HI I, Chromium, tricarbonyl(q6- 
N,N-dimethy1benzenamine)-, 
28: 139 

isocyanide)pentacarbonyl-, 28: 143 

NCo,CuO,,C,,H,, Ruthenium, (aceto- 

NCo,O,,RuC,,H,. Ruthenate(1-), 

NCrFO,C,H, Chromate(VI), fluorotrioxo-, 

NCrFeO,P,C,,H,,. Chromate( 1 -), hydrido- 

NCrO,C,,H,, Chromium, (tert-butyl 
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NCrO,C,,H,,, Chromium, (benzoyl 
isocyanide)dicarbonyl(q6-methyl 
benzoate)-, 26:32 

NCrO,P,C,,H,,, Chromate(1-), (ace- 
tato)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 27:297 

NFO,SC,,H,,, Fluorosulfate, tetrabutyl- 
ammonium, 26393 

NF,OSC, h6-Sulfane, pentafluoro(iso- 
cyanato)-, 29:38 

NFeMoN0,P,C,5H,,, Molybdate(1-), 
hydridononacarbonyliron-p-nitrido- 
bis(triphenylphosphorus)(l+), 26:338 

NFe0,C ,,H,, Iron(O), tetracarbonyl(2-iso- 
cyano-l,3-dimethylbenzene)-, 28: 180 

NFeO,P,C,H,,, Ferrate(1-), hydridotetra- 
carbonyl-, p-nitrido-bis(tripheny1- 
phosphorus)(l+), 26336 

NFeO,WC,,H,,, Tungstate(1-), hydrido- 
nonacarbonyliron-. p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 26:336 

dodecacarbonylhydridotetra-, tetra- 
ethylammonium, 27: 186 

dodecacarbonyltetra-, bis[p-nitrido- 
bis(triphenylphosphorus)(l +)I, 26:246 

NFe,O,,C,,H,,, Ferrate( 1 -), dodecacar- 
bonyl[b-(methoxycarbony1)methyli- 
dyne] tetra-, tetraethylammonium, 
27:184 

NH,, Ammines, cobalt complex, 29:170-172 

NI,C,,H,, Ammonium, tetrabutyl-, 

NIrO,P,C,H,, Indate( 1 -), tetracarbonyl-, 

NFe4H0,,C,,Hm, Ferrate(1-), carbido- 

NFe,O,,P,C,H,, Ferrate(2-), p4-carbido- 

rutheniumUII), 2666,67 

(triiodide), 29:42 

p-nitrido-bis(tripheny1phos- 
phorus)(l +). 28:214 

NLiC,H,,, Lithium, [2-[(dimethyl- 
amino)methyl]phenyl]-, 2 6  152 

-, Lithium, (2-[(dimethyl- 
amino)phenyl]methyl]-, 26  153 

NLiC,,H,,. Lithium, [2-[(dimethyl- 
amino)methyl]-5-methylphenyl] -, 
26: 152 

(dimethylamino)-1-naphthylj-, 26: 154 

amino)methyl]phenylC'.~(q8-l 3,5,7- 
cyclooctatetraene)(tetrahydrofuran)-. 
27:153 

NLiOC,,H,,, Lithium, (diethyl ether)[8- 

NLuOC,,H,, Lutetium, [(2-[(dimethyl- 

NMn,O,P,C,H,, Manganate( 1 -), y(di- 
pheny1phosphino)-bis(tetracarbony1-, 
(Mn-Mn), p-nitrido-bis(tripheny1- 
phosphorus)(l+), 26:228 

NMoO,C,H,, Molybdenum, dicarbonyl(q5- 
cyclopentadieny1)nitrosyl-, 28: 196 

NMo05C,,H,, Molybdenum, (rert-butyl 
isocyanide)pentacarbonyl-, 28: 143 

NMoO,P,C,H,,, Molybdate( 1 -), (ace- 
tato)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 27:297 

amidato(2-)-C4,N](tricyclohexylphos- 
phineb, 26206 

amidato(2 - )C,N](tricyclohexylphos- 
phine)-, 26205 

and tungsten, 28: 1%. 197 

28:65,66 

222 

NNiOPC,,H,, Nickel(II), [butan- 

, Nickel(I1). [2-methylpropan- 

NO, Nitrosyls, chromium, molybdenum, 

molybdenum and tungsten, 26:132, 133, 

rhenium, 28:213,214,216,217,219,220, 

NOC. Cyanate, tungsten complex, 2642 
NOC,H,, 3-Butenamide, nickel complex, 

26:206 
NOC,H,, 2-Propenamide, 2-methyl-, nickel 

complex, 26:205 
NOC,H,, Benzoyl isocyanide. chromium 

complex, 26:32,34,35 
NOC,,H,,, Formanide, N-[ 141-naphthal- 

eny1)ethylj-, rhenium complex. 29:217 
NOPC,,H,, Benzamide. 2-(diphenylphos- 

phino)-N-phenyl-, 27~324 
NOPC,,H,,, Benzamide, N-[Z(diphenyl- 

phosphino)phenyl]-, 27:323 
NO,CH,, Methane, nitro-, antimony 

complex, 29: 113 
cobalt complex, 29: 114 

NO,C,H,, 4-Pyridinecarboxylic acid, 
rhodium complex, 27:292 

NO,P,C,,H,,, Phosphorus( 1 +), p-nitrido- 
bis(tripheny1-, acetate, 27:296 

NO,SC,H,, L-Cysteine, molybdenum 
complex, 29:255,258 

NO,, Nitrate, gold-iridium complex, 29284, 
285,290 

gold-platinum complex, 29:293 
NO,P,RhC,H,, Rhodimo), carbonyl(4- 

pyridinecarboxylato)bis(triisopropyl- 
phosphine), 27:292 
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NO,SC,H,, 1,2-Benzisothiazol-3(2H)-one. 
I,]-dioxide, chromium and vanadium 
complex, 27:307,309 

N03WC,H,, Tungsten, dicarbonyl(q+clo- 
pentadieny1)nitrosyl-, 28: 196 

NO,P,RhC,H,, Rhodate(1-), tetracar- 
bonyl-, p-nitrido-bis(tripheny1phos- 
phorus)(l+), 28:213 

NO,ReC,,H,,, Perrenate, tetrabutyl- 
ammonium. 26:391 

NO,WC,,H,, Tungsten, (ten-butyl iso- 
cyanide)pentacarbonyl-, 28: 143 

N0,P2WC,,H,,, Tungstate( 1 -), (ace- 
tat0)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 27:297 

NOl0PRu3CUHm, Ruthenium, decacar- 
bonyl(dimethylphenylphosphine)(2- 
isocyano-2-methylpropane)-, 26:275, 
28:224 

NO,,P,Ru,Si,C,,H,,, Ruthenate(1-). deca- 
carbonyl-l~~C,2~~C,3v?C-p-hydndo- 
1 :2-~~H-bis(triethylsilyl)-1~si,2~si- 
rriangulo-tri-, p-nitrido-bis(tripheny1- 
phosphorous)(l+), 26:269 

NO I ,Os,C,,H,, Osmium, (acetonitri1e)unde- 
cacarbonyltri-. 26290,28:232 

NO, IOs,C,,H,, Osmium, undecacar- 
bonyl(pyridine)tri-, 26:291,28:234 

NOllP20s3C,,H,,, Osmate(1-), p-carbonyl- 
decacarbonyl-p-hydrido-tri-, p-nitrido- 
bis(triphenylphosphorus)( 1 +), 28236 

nitridobis(tripheny1phosphide)-, 29: 146 

29: 162 

NReCI,P,C,,H,, Rheniumo,  dichloro- 

NS, Nitrogen sulfide, ruthenium complex, 

NSC. Thiocyanate, gold complex, 2690 
NS,C,H,,, Dithiocarbamic acid, diethyl-. 

molybdenum complex, 28:145 
NSiC,H Ethanamine, 1,l-dimethyl-N- 

(bimethylsily1)-, 27:327 
NSi,C,H,,, Silanamine, l,l,l-trimethyl-N- 

(trimethylsily1)-, ytterbium complex. 
27: 148 

chloro(dinitrogen)hydrido[ tetrafluoro- 
borato( 1 -)I-bis(tripheny1phosphine)-, 
26:119,28:25 

borane(6), 1,4-di-ren-butyl-2,6diiso- 
propyl-3,5-bis(trimethylsilyl)-, 2954 

N,BC1F,IrP,C3,H3,, Iridium(II1). 

N2B,Si,CmH,, 3.5-Diaza-nido-hexa- 

N,Br,RuC,,H,,, RutheniumQI), bis(benzo- 

nitrile)dibromo(q4- 1,5cyclooctadiene)-, 
26:71 

N,C,H,, 12-Ethanediamine, chromium 
complex, resolution of, 2624,27.28 

cobalt complex, 29: 167 
platinum complexes, 27:314,3 15 
ruthenium complex, 29:164 

N,C,H,,, 12-Cyclohexanediamine, cis-, 
truns-(R,R)-, and ~ans-(S,S)-, platinum 
complex. 27:283 

N,C,H,,, 12-Ethanediamine. N,N,N'fi"- 
tetramethyl-, lithium complex, 
26148 

N,C,,H,, 22'-bipyridine, nickel complex, 
28:103 

palladium complex, 27:319,29:186 
rhenium complexes, 2682,83 
ruthenium complex, 28:338 
tungsten complex, 27:303 

N,C,,H,, 1,lO-Phenanthroline. nickel 

N,C,,H,,, Azobenzene, cobalt and 
complex, 28:103 

palladium complexes, 26175, 176 

N2CIPdC ,,H 19, Palladium(I1). chloro[2-(2- 
pyridiny1methyl)p henyl-C1JV](3,5- 
dimethylpyridine>, 262 10 

dine, 1,3-di-tett-butyl-2,4-dichloro-, cis-, 
27:258 

dichloro [( 1, I-dimethylethy1)imi- 
do]@ henylimido)bis(trimethylphos- 
phine), 27:304 

nitri1e)dichloro-, 28:61 

chloro-bis[2-[(dimethylamino)methyl]- 
phenylC'Mdi-, 26212 

chloro-bis(8-quinolyImethylC,N)di-, 
262 13 

chloro-bis[2-(2-pyridinylmethyl)phenyl- 
CIMdi-, 26209 

nitri1e)dichloro-, 26345,28:62 

nitrile)dichloro(q4-1,5-cyclooctadiene)-, 
2669 

manganese complex, 26:173 

NzC12P2C,Hl,, 1,32,4;Diazadiphospheti- 

N2C12P2WC,6H32, Xngstenw),  

N2C12PdCI,H,,, Palladium, bis(benzo- 

N,Cl,PdzC,,H24, Palladium(II), di-p- 

N,CI,PdzC,H ,,, Palladium(I1). dip- 

N,CI,Pd,C2,H,, Palladium(II), di-p- 

N2CI,PtC,,H,o, Platinum, bis(benzo- 

N2CI,RuCI2H,,, Ruthenium(I1). bis(aceto- 

N,CI,RuC,H,,, Ruthenium(I1). bis(benzo- 
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N,CI2RuC,,H,, (Conrinued) 
ni trile)dichloro(q4- I ,5-c yc1ooctadiene)-, 
26:70 

N,CI,MoC,H,, Molybdenum, bis(aceto- 
nitri1e)tetrachloro-, 28:34 

N,CI,H,MoO, Molybdate(V), pentachloro- 
0x0-, diammonium, 26:36 

N,CI,Re,C,,H,,, Rhenate(II1). octachloro- 
di-, bis(tetrabutylammonium), 28:332 

N,CoO,C,,H,, Cobalt. tricarbonyl(2- 
(phenylazo)phenyl-C',N2]-, 26: 176 

N,CrFeO,P,C,,H,, Chromate(2-), nona- 
carbonyliron-, bis[p-nitrido-bis(tri- 
phenylphosphorus)( 1 +)I, 26:339 

N,CrO,C,,H ,,, Chromium, bis(tert-butyl 
isocyanide)tetracarbonyl-, cis-, 28: 143 

N,CrO,,S,C,,H ,,2H,O, Chromium(II), 
tetraaquabis( 1,2-benzisothiazol-3(2H)- 
one 1.1-dioxidato)-, dihydrate, 27:309 

N,FO,ReC ,,H,, Rhenium, (22'-bipy- 
ridine)tricarbonylfluoro-, 26:82 

N,F,O,PReC,,H,, Rhenium, (2,2'-bipy- 
ridine)tricarbonyl(phosp horodi- 
fluoridate)-. 26:83 

N,F,20,PdC20H,, Palladium(II), (2,2'- 
bipyridine)( 1,1,1,5,5,S-hexafluoro-2,4- 
pentanedionat0)-, 1,1,1,5,5,5-hexa- 
fluoro-2.4-dioxo-3-pentanide, 27:3 19 

nonacarbonyliron-, bis[p-nitrido- 
bis(triphenylphosphorus)( 1 +)I, 26:339 

isocyano-1,3-dimethyIbenzene)-. 2654, 
28:181 

N,FeO,P,WC,, H,, Tungstate(2-), nona- 
carbonyliron-, bislp-nitrido-bis(trii- 
phenylphosphorus)(l +)I, 26:339 

N,Fe,O, ,P,C,,H,, Ferrate(2-). undecacar- 
bonyltri-, bislp-nitrido-bis(tripheny1- 
phosphorous)(l +)I, 28:203 

decacarbonyltetra-. bis(tetraethy1- 
ammonium), 27:187 

N,Fe,O,,C,,H,, Ferrate(2-), carbidohexa- 
decacarbonylhexa-. bis(tetraethy1- 
ammonium), 27:183 

N,H,, Hydrazine. ruthenium(I1) complexes, 
26:72 

N,H,C, Hydriazine, methyl-, ruthenium(I1) 
complexes, 26:72 

N,12PtC,H,,, Platinum(I1). (trans-(R,R)- 1,2- 

N,FeMoO,P,C,,H,. Molybdate(2 -), 

N,FeO,C,,H,,, Iron(O), tricarbonylbis(2- 

N,Fe,O,,C,H,, Ferrate(2-), carbidodo- 

N,MnO,C,,H,, Manganese, tetracar- 
bonyl[2-(phenylazo)phenylC' @I-, 
26173 

N,Mn,O,C,H,, Manganese, p-(azodi-2.1- 
phenyleneC',N%?',N ')octacar- 
bonyldi-, 26: 173 

N,MoO3S,C,,H,, Molybdenum(I1). tricar- 
bonylbis(diethy1dithiocarbamato)-, 
28:145 

N,MoO,C,,H,,, Molybdenum, bis(tert-butyl 
isocyanide)tetracarbonyl-, cis-, 28: 143 

N,Mo,O,PtC,,H,, Molybdenum, 
[bis(benzonitrile)platinum] hexacar- 
bonylbis(q5-cyclopentadienyl)di-, 
(2Mo-R),26:345 

N,Mo,O,C,,H,,, Dimolybdate(VI), 
bis(tetrabutylammonium), 27:79 

N,Mo,SI,H,2H,O, Molybdate(V), bis(p- 
sulfido)tetrakis(disulfido)di-, 
diammonium, dihydrate, 27:48,49 

N,Mo,S,,H,,XH,O, Molybdate(lV), tris(p- 
disulfido)tris(disulfido)-)l,-thio- 
triangulo-tri; diammonium, hydrate, 
27:48,49 

N,Mo,O ,,C ,,H7,, Hexamolybdate(VI), 
bis(tetrabutylammonium), 2777 

N,N&O , ,C,H ,,, Nickelate(2 - ), hexa-p- 
carbonyl-hexacarbonylhexa-, 
bis(tetramethylammonium), 26:3 12 

N,O,RuC,H,,, Ruthenium(II), 
bis(benzo[hjquinolin-lO-ylC'~,N]di- 
carbonyl-, cis-. 26: 177 

methylsilyl)amido]bis(diethyl ether)-, 
27:148 

bis[2-(2-pyridinylmethyl)phenyl- 
C',N]di-. 26:208 

N,O,WC,,H,,, Tungsten, bis(tert-butyl iso- 
cyanide)tetracarbonyl-, cis-, 28: 143 

N,O,WC,,H,, Tungsten, tetracarbonyl((di- 
ethylamino)methylidyne](isocyanato)-, 
trans-, 26:42 

ato(2-)](cis- 12-cyclohexanediamine)-, 
27:283 

(R,R)-1,2-~yclohexanediamine]-, 
27:283 

, Platinum(I1). (ascorbato(2-)] [trans- 
(S.S)- 1.2cvclohexanediaminel-. 27:283 

N,O,Si,YbC,,H,, Ytterbium, bis[bis(tri- 

N,O,Pd,C,H,,. Palladium(II), di-p-acetato- 

N,O,PtC,,H,, Platinum(II), [ascorb- 

, Platinum(II), [ascorbato(2-)] [trans- 

cyclohexanediaminel-diiodo-. 27:284 N,O,C,,H,,,, Aletic acid (1.2-ethankdiyl- 
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dinitri1o)tetra-, molybdenum complex, 
29:256,259 

N,O,,Os,C,,H,, Osmium, bis(aceto- 
nitri1e)decacarbonyltri-, 26:292,38:234 

N20,,S,VC,,H,,2H,0, Vanadium(II), tetra- 
aquabis( 1,2-benzisothiazol-3(2H)-one 
1,l-dioxidato)-, dihydrate, 27:307 

carbonylplatinumtetra-, bis[ p-nitrido- 
bis(triphenylphosphineX1 +)I, 26:375 

carbonyl-hexacarbonylhexa-, bis(tetra- 
butylammonium, 26:316 

decacarbonylnitridopenta-, p-nitrido- 
bis(triphenylphosphorus)(l+), 26288 

tetradecacarbonylplatinumtetra-, bis[ p- 
nitrido-bis(triphenylphosphorus)( 1 +)I, 
26:373 

N,O,,Os,P,C,,H,, Osmate(2-)pentadeca- 
carbonylpenta-, bis[ p-nitrido-bis(tri- 
phenylphosphorus)(l +)I, 26299 

N,O,,P,Ru,C,,H~, Ruthenate(1-), hexa- 
decacarbonylnitridohexa-, p-nitrido- 
bis(triphenylphosphorus)(l+), 26:287 

N,O,,Os,P,C,H,, Osmate(2-), octadeca- 
carbonylhexa-, bis[p-nitrido-bis(trii- 
phenylphosphorus)(l +)I, 26300 

N,O, 8Pf9C34H,r Platinate(2 -), tris [tri-p- 
carbonyl-tricarbonyltri-, bis(tetra- 
ethylammonium), 26322 

N,O,Pt,,C,H,, Platinate(2-), tetrakisltri- 
p-carbonyl-tricarbonyltri-, bis(tetra- 
ethylammonium), 26321 

N,O,,Pt,,C,H,, Platinate(2-), pentakis[tri- 
p-carbonyl-tricarbonyltri-, bis(tetra- 
ethylammonium), 26320 

diylbis(diphenylphosphine)] bis(iso- 
cyanomethane), trans-, 28:43 

N,W,O,,C,,H,,, Hexatungstate(VI), bis(tetra- 
butylammonium), 27:EO 

N,BrF,PRuC,,H,,, Ruthenium(I1). tris(ace- 
tonitrile)bromo(q4- 1,5-cyclooctadiene)-, 
hexafluorophosphate( 1 -), 26:72 

N,C,H,,, 1,2-Ethanediamine, N-(2-amino- 
ethyl)-, palladium complex, 29: 187 

N,ClF,PRuC,,H,,, Ruthenium(I1). tris(ace- 
tonitrile)chloro(q4-1,5-cyclooctadiene)-, 
hexafluorophosphate(1-), 26:71 

N,Cl,MoC,H, Molybdenum(III), tris(ace- 

N,O,,P,PtRh,C,H,, Rhodate(2-), dodeca- 

N2OI2P&C,H7,, Platinate(2-), hexa-p- 

N,O,,P,Ru,C,H,, Ruthenate( 1 -), tetra- 

N,O,,P,PtRh,C,,H,, Rhodate(2- ), 

N,P,WC,,H,, Tungsten(0). bisll2-ethane- 

tonitri1e)trichloro-, 28:37 

bis(acetonitri1e)-tetramethyl- 
ammonium, 26:356 

N,CrO,C,,H,,, Chromium, tricarbonyl- 
tris(propionitri1e)-, 28:32 

N,CrO,C,,H,,, Chromium, tris(ren-butyl 
isocyanide)tricarbonyl-Jut-, 28: 143 

N,FeO,C,H,,, Iron(O), dicarbonyltris(2- 
isocyano-1,3-dimethylbenzene)-, 2656, 
28:182 

N,MoO,C ,,H,,, Molybdenum, tris(fen-butyl 
isocyanide)tricarbonyl-,fat-, 28: 143 

N,Mo,O,, P,C8H,,,5H,0, Pentamolybdo- 
bis [ (2-aminoethy1)phosp honate] (4 - ), 
sodium tetramethylammonium di- 
hydrogen, pentahydrate, 27:126 

N,Na,Nb,O,RhSiWC,,H Ammonium, 
tetrabutyl-, sodium [B-hexatriaconta- 
oxo( p ,,-tetraoxosilicato)( 10.1 1.12- 
triniobiumnonatungsten)ato(7-)](qs- 
pentamethylcyclopentadieny1)rhod- 
ate(5-) (3:2:1), 29:243 

N,O,MoC,,H,,, Molybdenum, tricarbonyl- 
tris(propionitri1e)-, 28:3 1 

N,O,WC,,H,,, Tungsten, tricarbonyl- 
tris(propanenitri1e). 27:4.28:30 

N,O,WC,,H,,, Tungsten, tris(ten-butyl 
isocyanide)tricarbonyl-Jac-, 28: 143 

N,V,,O&,H, , ,, Decavanadato, tris(tetra- 
butylammonium) trihydrogen, 27:83 

N,B,F,PdC,H PalladiumtII), tetrakis(ace- 
tonitrile)-, bis[tetrafluoroborate( 1 -)I, 
26: 128.28:62 

N,Br,H ,,Ru, Ruthenium(III), tetra- 
amminedibromo-, cis-, bromide, 26:67 

N,C,H,, 1.3-Propanediamine. N,N ’- bis(2- 
aminoethy1)-, ruthenium complex, 
29: 165 

N,C,,H,, 1,4.8,ll-Tetrazacyclotetradecane, 
ruthenium complex, 29:166 

N,C,,H,, 1,5,9,13-Tetraazacyclohexadeca- 
1,3,9,1l-tetraene, 4,10-dimethyl-. nickel 
complex, 27:272 

N,CI,Pd,C,H, Palladium(I), tetrakis(ted- 
butyl isocyanide)di-p-chlorodi-. 28: 110 

N,C1,Pd2C,H,,, Palladium, di-p-chloro- 
bis[2-(phenylazo)phenylC’,IP]di-, 
26:175 

N,Cl,WC,H,, Tungstenw), (23-bipy- 
ridine)dichloro[( 1,1 dimethyl- 
ethy1)imido)-(pheny1imido)-, 27:303 

N,Cl,RuC,,H,, Ruthenate( 1 -), tetrachloro- 
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N,Cl,CrC,H ,,, Chromium(II1). dichloro- 
bis( lJ-ethanediamine)-. A&-, 
chloride, and monohydrate, resolution 
of, 2624,27,28 

amminedichloro-. cis-, chloride, 2666 

bis( lJ-ethanediamine)-, dichloride, 

N,Cl,H 1 2 R ~ ,  Ruthenium(II1). tetra- 

N,CI,PtC,H 16r Platinum(IV), dichloro- 

cis-, 27:314 
N,Cl,PtC,H,,, Platinum(I1). dichloro- 

bis( 13-ethanediamine monohydro- 
chloride), trans-, 27:315 

N,Co,O,C,H ,36r Tetraammonium hexa- 
kis[y[tetraethyl2,3-dioxobutane- 
1,1,4,4-tetracarboxylato(2-)- 
0 ",02:03,04]]-tetracobaltate(4-), 
29:277 

N,CuF6PC,H,,. Copper(l+), tetrakis(ace- 
tonitrile)-, hexafluorophosphate(1-), 
28:68 

dimethyl-3,1l-bis( l-methoxyethyli- 
dene)-1,5,9,13-tetraazacyclohexadeca- 
1,4,9,1 2-tetraene-K%".5"'3] -, bis [ hexa- 
fluorophosphate( 1 -)I. 27:264 

methoxybenzylidene)-2,12-dimethyl- 
1,5,9,I3-tetraazacyclohexadeca- 1,4,9.12- 
tetraene-~~N'~.~. '~]-, bis[hexafluoro- 
phosphate(1 -)I, 27:275 

N,F,,P,RuC,,H2,, Ruthenium(I1). tetra- 
kis(acetonitrile)(q4-, 1,5-cycloocta- 
diene)-, bis[hexafluorophosphate( 1 -)I. 
26:72 

isocyano-l,3-dimethylbenzene)-. 2657 
28183 

N,H 18Mo,0,, P2,4H,0, Pentamolybdo- 
bis(phosphonate)(4-), tetra- 
ammonium, tetrahydrate, 27: 123 

N,Li,Si,C,H,. Lithium, p-[(a,a',12-q:- 
a.a',1,2-q-12-phenylenebis[(trimethyl- 
silyl)methylene]]bis(N,N,N',N '-tetra- 
methyl- 1,2-ethanediamine)di-, 2 6  148 

N,M&O,C,H Tetraammonium hexa- 
kis[ p-[tetraethyl2,3-dioxobutane- 
1 ,I ,4,4-tetracarboxylat0(2 -)- 
0",02:03,04]]-tetramagnesate(4-), 
29:277 

N,Mn,O,C,H ,,,, Tetraammonium hexa- 
kis [y (tetraethyl 2.3-dioxobutane- 

N4F,,Ni02P,C,H32, NickelGI), [2,12- 

N,F,,NiO,P,C,H,,, Nickel(I1). [3,1l-bis(a- 

N,FeOC,,H,,, Iron(O), carbonyltetrakis(2- 

1,1,4,4-tetracarboxylato(2 -)- 
0",02:03,~4]]-tetramanganate(4-). 
29:277 

N,MoO,S,C loH,o, Molybdenum, bis(di- 
ethy1dithiocarbamato)dinitrosyl-, cis-, 
28:145 

N,MoP,C,,H,,, Molybdenum, bis(dinitr0- 
gen)bis( 1,2-ethanediylbis(diphenyl- 
phosphine)]-, trans-, 28:38 

N,Mo,O,, P,C2H,,2H,0, Pentamolybdo- 
bis(methylphosphonate)(4-), tetra- 
ammonium, dihydrate, 27:124 

N,Mo,O,, P,C,H,, Pentamolybdobis(ethy1- 
phosphonate)(4-), tetraammonium, 
27:125 

N4Mo,0,,P2C,,Hz,5H20, Pentamolybdo- 
bis(phenylphosphate)(4-), tetra- 
ammonium, pentahydrate, 27: 125 

N4Mo,0,,P,C,,Hz6,5H20, Pentamolybdo- 
bis[(4-aminobenzyl)phosphonate](4-), 
diarnmonium dihydrogen, pentahy- 
drate, 27:126 

N,Mo,O,, P,C,,H,,4H20, Pentamolybdo- 
bis[(4-aminobenzyl)phosphonate](4-), 
bis(tetramethy1ammonium) dihydro- 
gen, tetrahydrate, 27: 127 

kis(buty1ammonium). 27:78 

1,5,9,13-tetraazacyclohexadeca- 1,3,9,11- 
tetraenato(2-)-~~N'.~.~.I~]-, 27:272 

N,NiC,H ,,, Nickel(O), bis(2,2'-bipyridine)-, 
28:103 

N,NiC,H,,, Nickel(0). tetrakis(tert-butyl 
isocyanide)-, 28% 

N,NiC,H,,, Nickel(O), bis(l,lO-phenan- 
thro1ine)-, 28:103 

N4NiC2,H,, Nickel(O), tetrakis(cyclohexy1 
isocyanide), 28101 

N,NiO,C,H,, NickelGI), 13.1 l-dibenxoyl- 
2,12-dimethyl-l.5,9,13-tetraazacyclo- 
hexadeca-13,9,1 l-tetraenato(2-)- 

N,M%O,,C,H Octamolybdate(VI), tetra- 

N,NiC 14H22. NickelOI), 14, lo-dimethyl- 

K4N1.5.9'13j-, 27:273 
N,N&O,C,H,,, Tetraammonium hexa- 

kis(y[tetraethyl2,3-dioxobutane- 
l11,4,4-tetracarboxylat0(2-)- 
0",O2:O3,O4]]-tetranic kela te(4-). 
29:277 

deca-1,4,9,12-tetraene, 2J2-dimethyl- 
3,1 I-bis( 1-methoxyethy1idene)-, nickel 

N,O,C,H,,, 1.5Q.13-tetraazacyclohexa- 
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complex, 27:264 

deca-1.3.9,ll-tetraene. 3,l l-dibenzoyl- 
2,12-dimethyl-, nickel complex, 27:273 

N,O,C,H,,, 1,5.9,13-Tetraazacyclohexa- 
deca-1,4,9,12-tetraene, 3.1 1-bis(a- 
methoxybenzylidene)-2,12-dimethyl-, 
nickel complex, 27:275 

N,O,,P,W,C,H ,,,, Pentatungstobis(pheny1- 
phosphonate)(4-). tetrakis(tributy1- 
ammonium), 27:127 

N,O,SiTiV3W9C,H,,. 12.3-Trivanadonona- 
tungstosilicate(4-), p,-[(+cyclopenta- 
dieny1)trioxotitanateoJ-, A+-, tetra- 
kis(tetrabuty1ammonium). 27: 132 

N,O,SiV,W,C,H,,,. 1.2.3-Trivanadonona- 
tungstosilicate(7-), A+-, tetrakis(tetra- 
butylamrnonium) tihydrogen, 27: 13 1 

N,O,SiW,,C,H,,, Dodecatungstosili- 
cate(4-). y-, tetrakis(tetrabuty1- 
ammonium), 27:95 

N,P,C,,H,, Phosphorus(l+), p-nitndo- 
bis(tripheny1)-, azide, 26:286 

N,P,WC,H,,, Tungsten, bis(dinitr0- 
gen)bis [ 1,2ethanediylbis(diphenyl- 
phosphine)]-, mns-, 28:41 

N,W,,,O,,C,H ,,, Decatungstatew), tetra- 
kis(tetrabuty1ammonium). 27:81 

N4Zn40,C,H Tetraammonium hexa- 
kis[p-[tetraethyl2,3-dioxobutane- 
1,1,4,4-tetracarboxylat0(2 -)- 
O",02:03,0']]-tetrazincate(4-), 
29277 

N,FeC,,H,,, Iron(O), pentakis(2-isocyano- 
1,3-dimethylbenzene), 2657,28: 184 

N,BP,C,H,, Triphosphenium, 1,1,1,3,3,3- 
hexakis(dimethy1amino)-, tetra- 
phenylborate(1 -), 27:256 

N,B,F,MoO,C,H ,,, Molybdenum(I1). tetra- 
kis(acetonitri1e)dinitrosyl-, cis-, 
bisItetrafluoroborate(1 -)I, 26132, 
28:65 

kis(acetonitri1e)dinitrosyl-, cis-, 
bis(tetrafluoroborate(1-)I, 26:133, 
2866 

N,B,C,H,,, Tris[ 1,3,2]diazaborino[l,3,5, 
u : 1',2'-c: 1",2"-e] [1,3,5,2,4,6] triazatri- 
borine, dodecahydro-, 2959 

, 1H,6H,11 H-Trisi 1,321diaza- 

N40,C,H,2, 1,5,9,13-Tetraazacyclohexa- 

N,B,F,O,WC,H,,, Tungsten(I1). tetra- 

azatriborine, hexahydro-13,ll-tri- 
methyl-, 2959 

N,B,C,,H,,, Tris[ 1,3,2]diazaborino[ 1.2- 
u: 1 ' 2 I - c :  1",2"-e] [ 1,3,5,2,4,6]triazatri- 
borine, dodecahydro-1,7,13-trimethyl-. 
2959 

N,C,H,, 1,5,9,13-Tetraazacyclohexadeca- 
1,4.9,12-tetraene, 2.12-dimethyl-3.1 1 - 
bis[ 1-(methylamino)ethylidene]-, 
nickel complex, 27:266 

N,C,H,, 3,10,14,18,2 1,25-Hexaazabicyclo- 
[ 10.7.7.1 hexacosa-1,11,13,18,20,25- 
hexaene, 2,3,10,11,13,19-hexamethyI-, 
cobalt complex, 27:270 

nickel complex 27:268 
N,C,H, 1,5,9,13-Tetraazacyclohexadeca- 

1,4,9,12-tetraene, 3.1 1 -bis[a-(benzyl- 
amino)benzylidene]-2,12dimethyl-, 
nickel complex, 27:276 

N,C,H,,, 3,11,15,19,22,26-Hexaazatricy- 
clo[ 11.7.7. Is"]octacosa-l.5,7,9(28), 
12,14,19,21,26-nonaene, 3.1 l-dibenzyl- 
14,20-dimethyl-2,12-diphenyl-, iron 
complex, 27:280 

nickel complex, 27:277 
N,Cl,O,RuC,H,, 6H,O, Ruthenium(II), 

tris(2,2'-bipyridine)-, dichloride, hexa- 
hydrate, 28:338 

N6Cl,W2CPH,,, Tungstenw), tetrachlor- 
bis( 1,l-dimethylethanamine)bis[( 1,l- 
dimethylethy1)imido) bis(p-phenyli- 
mido)di-, 27:301 

(2,3,10,11,13,19-hexamethyl- 
3.10,14,18,21,25-hexaazabicy- 
clo[ 10.7.71 hexacosa-l,l1,13.18,20,25- 
h e ~ a e n e - 1 P N ~ ~ . ' ~ ~ ' ~ ~ ) ,  bis[hexafluoro- 
phosphate(1 -)I, 27:270 

(benzylamino)benzylidene]-2,12- 
dimethyl-l,5,9,13-tetraazacyclohexa- 
deca-l,4,9, 12-tetraene-~-N'.59.'3]-, 
bis[hexafluorophosphate(l -)I, 27:276 

N,F,,FeP,C,Hs2, Iron(II), (3.1 l-dibenzyl- 
14,20-dimethyl-2,12-diphenyl- 
3.1 1,15,19,22,26-hexaazatricyclo- 
[ 1 l.7.7.15~9]octacosa-l,5.7,9(28), 
12,14,19,2 1,26-n0naene-1P-N'~.'~~~~1-, 
bis(hexafluorophosphate(1 -)I, 27:280 

N,CoF,,P,C,H,,,, Cobalt@), 

N,F,NiP,C,H,, Nickel(I1). [3,1l-bis[a- 

N,F,,NiP,C,,H,, Nickelfll), 
borolo[ 12-c~: 1 ' 2 ' - ~ :  1.. 2"4] I 1,3,52,4,6]tri- (2,3,10,11,13,19-hexamethyl- 
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N6F612NiP2C26H44 (Continued) 
3,10,14,18,2 1.25-hexaazabicy- 
clo[ 10.7.71 hexacosa- 1,l 1,13,18,2025- 
hexaene-~~N’~.’’~’.~)-, bis [ hexafluoro- 
phosphate(1 -)I, 27:268 

14,20-dirnethyl-2,12-diphenyl- 
3,11,15,19,22.26-hexaazatricyclo- 
[ 1 1.7.7.1 S”]octacosa-l ,5,7,9(28), 

bis[hexafluorophosphate( 1 -)I. 27:277 
N6F,,P,CXH,, 3,10.14,18,21,25-Hexaazabi- 

cyclo[ 10.7.7]hexacosa-1,11,13,18,20,25- 
hexaene, 2,3,10,11,13,19-hexamethyl-, 
tris[hexafluorophosphate( 1 -)I, 27:269 

N,F,,P,C,H,,. 3,1l1l5,19,22,26-Hexaazatrii- 
cyclo[ 1 1.7.7.1 5”] octacosa- 1,5,7,9(28), 
12,14,19,21,26-nonaene. 3,l l-dibenzyl- 
14,20-dimethyl-2,12-diphenyl-, 
tris[hexafluorophosphate( 1 -)I, 27:278 

N6Nb607,Si2W,,C~H,,,, Ammonium, tetra- 
butyl-, hydrogen lOd:lOd’,lOf:- 
lOf’,l If: 1 ly-tri-h-oxobis[p-tritria- 
contaoxo( y,,-tetraoxosilicato)( 10.1 1,12- 
triniobium-nonatungsten)]ate(8-) 
(6:2:1), 29:240 

N,NiP,F,,C,H,. Nickel(II), [2,12-dimethyl- 
3,11-bis[ 1 -(methylamino)ethylidene]- 
1,5,9,13-tetraazacyclohexadeca- 1,4,9,12- 
tetraene-~‘W~””]-, bis[hexafluoro- 
phosphate(1-)], 27:266 

N606S,VC,H,,2NC,H,, VanadiumOII), 
bis(l,2-benzisothiazo1-3(2H)-one 1,l- 
dioxidato)tetrakis(pyridine)-. 
-2pyridine. 27:308 

N,B,RuC,,H,. Ruthenium(I1). (q4-1,5- 
cyclooctadiene)tetrakis(hydrazine)-, 
bis[tetraphenylborate( 1 -)I. 2673 

N,B,RuC,H,,, RutheniumOI), (q4-1,5- 
cyclooctadiene)tetrakis(methylhy- 
drozine)-, bis[tetraphenylborate( 1 -)I, 
26:74 

N8F,2P,RuC,,H,6, Ruthenium(II), (q4-cyclo- 
octadiene)tetrakis(methylhydrazine)-, 
bis[hexafluorophosphate( 1 -), 2674 

N,,H,NaO,,,P,W,3 1H,O, Sodiotriconta- 
tungstopentaphosphate( 14-), tetra- 
decaammonium, hentricontahydrate, 
27:115 

N,,H,,NaO,,Sb,W,, 24H,O, Sodiohenicosa- 
tungstononaantimonate( 18-), octa- 

N6F,,NiP2CwH,,, Nickel(I1). [3,1 l-dibenzyl- 

12,14,19,2 1,26-nonaene-~~-N’~,’~.~~.~~ 1 - 3  

decaammonium, tetracosahydrate, 
27: 120 

N24As4Co,H,,0,,2W, 19H,O, Ammoniodi- 
cobaltotetracontatungstotetra- 
arsenate(23-), tricosaammonium. 
nonadecahydrate, 27:119 

bis(trimethylsilyl)-2,3-dicarba-nido- 
hexaborate(2-), 29:97 

dienyl-, compd. with 1.2-dimethoxy- 
ethane (l:l), 26341 

carbonyl(qkyclopentadieny1)-, 
sodium, compd with 1,2-dimethoxy- 
ethane(l:2), 26:343 

NaH,N 140, ,,P,W,3 lH,O, Sodiotriconta- 
tungstopentaphosphate( 14-), tetra- 
decaammonium. hentricontahydrate. 
27:115 

NaH,,N,,08,Sb,W,, 24H,O, Sodiohenicosa- 
tungstononaantimonate( 18-). octa- 
decaammonium, tetracosahydrate, 
27:120 

NaMo0,C,H5,2C4H,,0,. Molybdate( 1 -), 
tricarbonyl(qkyc1opentadiene)-, 
sodium, compd. with 1,2dimethoxy- 
ethane(l:2), 26:343 

NaNbO,C, Niobate(1-), hexacarbonyl-, 
sodium, 28:192 

NaO,WCV,H, ,C,H,,O,, Tungstate( 1 -), 
tricarbonyl(qkyclopentadieny1)-, 
sodium, compd. with 12-dimethoxy- 
ethane(l:2), 26343 

Na,FeO,C,, Ferrate(2-), tetracarbonyl-, 
disodium, 28:203 

Na,Fe,O,C,, Ferrate(2-), octacarbonyldi-, 
disodium, 28:203 

Na,Fe,O,,C, ,, Ferrate(2-). undecacarbonyl- 
tri-, disodium, 28:203 

Na2M02N206S4C6H ,,4H20, Disodium di-p- 
sulfido-bis [ [L-cysteinato(2 -)]oxo- 
molybdate(V)], tetrahydrate, 29:258 

Na,Mo,N,0,S,C6H,,4H,0, Sodium y-oxo- 
y-sulfido-bis[ [L-cysteninato(2-)]oxo- 
molybdate(V)], tetrahydrate, 29255 

Na,Mo2N,0,,S,C,,H,,H,0, Disodium [y- 
(1,2-ethanediyldinitrilo)tetraacetato]- 
di- y-sulfido-bis[oxomolybdate(V)], 
monohydrate, 29259 

Na,N,Nb30,RhSiWCS,H,,,. Disodium 

NaB,LiSi,C,H,,, Sodium lithium 2,3- 

NaC,H, C,H,,O,, Sodium, cyclopenta- 

NaCr0,C,H,,2C4H,,0,, Chromate( 1 -), tri- 
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tris(tetrabuty1ammonium) 18-hexatria- 
contaoxo(p ,,-tetraoxosilicato)( 10,ll. 12- 
triniobiumnonatungsten)ato(7-)](us- 
pentamethylcyclopenta- 
dienyl)rhodate(S-), 29:243 

tetradecacarbonylpenta-, disodium, 
26:284 

(Na,P,,), 27:227 

PI-, octasodium, 2 7 9  

cate(l0-), B-, nonasodium hydrogen, 
tricosahydrate, 27:88 

phate(9-), A-, nonasodium, hydrate, 
27: 100 

decasodium, 27:87 

phosphate(l2-), a-, dodecasodium, 
tetracosahydrate, 27: 108 

Na,As40,,W,,60H,0, Sodiotetraconta- 
tungstotetraarsenate(27-), heptacosa- 
sodium, hexacontahydrate, 27:118 

NbBr,O,C,H,,, Niobium, tribromo( 1.2- 
dimethoxyethane)-, 29: 122 

NbBr,O,C,H,,, Niobium. tetrabromo- 
bis(tetrahydr0furan)-, 29: 121 

NbCl,C,,H,,, Niobium(IV), dichlorobis(qs- 
cyclopentadieny1)-, 28:267 

NbCl,O,C,H,,, Niobium, trichloro( 12- 
dimethoxyethane)-, 2 9  120 

NbC1,0,C8H ,,, Niobium, tetrachloro- 
bis(tetrahydr0furan)-, 29: 120 

NbNaO,C,, Niobate( 1 -), hexacarbonyl-, 
sodium, 28:192 

Nb,N,Na,O,RhSiWC,,H ,,,, Rhodate(5 -), 
[ B-hexatriacontaoxo(p,,-tetraoxosili- 
cato)( 10,11,12-triniobiumnona- 
tungsten)ato(7-)](q5-pentamethyl- 
cyclopentadieny1)-, disodium tris(tetra- 
butylammonium), 29:243 

Nb,N,0,,Si,W,,C,H2,,, (10,11,12-tri- 
niobiumnonatungsten)ate(8 -), 

bis[8-tritriacontaoxo(p12-tetraoxosili- 
cato)-, hexakis(tetrabuty1ammonium) 
dihydrogen, 29:240 

NdCl,LiO,Si,C,H,,, Neodymium, bis(qs- 

Na,O,,RuSC,,, Ruthenate(2-), p-carbido- 

Na,P,,, Sodium henicosaphosphide, 

Na,O,,SiW, ,, Undecatungstosilicate(8-), 

Na,H0,SiW923H,0, Nonatungstosili- 

N~O,PW,,xH,O, Nonatungstophos- 

Na,,O,SiW,, Nonatungstosilicate( lo-), a-, 

Na,,0,,P2W,,24H,0, Pentadecatungstodi- 

1od:lod',10f:1Of', llf: 1 lf-tri-~-oxo- 

1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-bis(tetra hydro- 
furan)lithium-, 27: 170 

NdCl13/2C,H,O, Neodymium trichloride- 
tetrahydrofuran(23), 27: 140,28:290 

NdOC,,H,,, Neodymium, ten-butylbis(qs- 
cyclopentadieny1Xtetrahydrofuran)-, 
27:158 

pentadieny1Htetrahydrofuran)-, 2620, 
28:293 

NdO,C,,Hm, Neodymium, tris(2,6-di-ten- 
butyl-4-methy1phenoxo)-, 27: 167 

Nd,CI,Si,C,H,, Neodymium, tetrakis[qS- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-di-, 27: 171 

Nd,Cl,O,C ,2H24, Neodymium. hexachloro- 
tris(tetrahydr0furan)di-, 27: 140.28:290 

NiAs,C,H,,, Nickel(O), bis[ 12-phenylene- 
bis(dimethy1arsine))-, 28: 103 

NiAs,C,,H,, Nickel(0). tetrakis(tripheny1- 
arsine)-, 28:103 

NiB,F,0,C,2H,,, Nickel(I1). hexa- 
kis(ethano1)-, bis[tetrafluorobor- 
ate(l-)],29:115 

NiB,F,O,S,C,,H,, Nickel(I1). hexakis(di- 
phenyl su1foxide)-, bis [tetrafluoro- 
borate(1-)]. 29116 

diene)-, 28:94 

NdOC ,,H,,, Neodymium(II1). tris(q'-cyclo- 

NiC 16H32, Nickel(O), bis( 1,S-cycloocta- 

NiCl,, Nickel dichloride, 28:322 
NiCoMoO,C,,H ,,, Nickel, cyclo-p,-ethyli- 

dyne-1:2:3-~'C-pentacarbonyl- 
l ~ ~ C , - 2 ~ ~ C - b i s [  1,3(qs)-cyclopenta- 
dienyl]cobaltmolybdenum-, 
(Co -Mo)(Co -NiXMo -Ni), 27: 192 

(benzylamino)benzylidene]-2,12- 
dimethyl-1.59.1 3-tetraazacyclohexa- 
deca- 1,49,1 2-tetraene-~~'JS.'3]-, 
bis(hexafluorophosphate( 1 -)I, 27:276 

N i F , ~ N ~ O ~ P ~ C ~ ~ H , ~ ,  Nickel(II),, 12.12- 
dimethyl-3.1 I-bis( 1 -methoxyethyli- 
dene)- 1.5,9,13-tetraazacyclohexadeca- 
1,4,9,12-tetraene-~~N".~"")-. 
bis[hexafluorophosphate( 1 -)I, 27:264 

NiF,,N,O,P,C,H,,, Nickel(I1). [3,1l-bis(a- 
methoxybenzylidene)-2,12-dimethyl- 
1,5.9,13-tetraazacyclohexadeca- 1.4,9,12- 
tetraene-~~N'~"~'']-, bis [hexafluoro- 
phosphate(1-)], 27:275 

NiF,N,P,C,,H,, Nickel(I1). [3,11-bis[a- 
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NiFI2N6P2C2,H,, Nickel(I1). 
(2,3,10,11,13,19-hexamethyl- 
3,10,14,18,2 125-hexaazabicy- 
clo[ 10.7.71 hexacosa-l.l1,13,18,2025- 
hexaene-K4N14.18.2 1.25 )-. bis[hexafluoro- 
phosphate(1 -)I, 27:268 

14,20-dimethyl-2.12-diphenyl- 
3,11, 15,19,22,26-hexaazatricy- 
do[  1 1.7.7.1 5s)octacosa-l ,5,7,9(28), 
12,14,19,21,26-nonaene-~~N~~~'~.U26)-, 
bis[hexafluorophosphate( 1 -)I, 27:277 

amidato(2- )-C4,N](tricyclohexy1- 
phosphine), 26206 

amidato(2- )-C3,N](tricyclohexylphos- 
phine)-, 26205 

1,5,9,13-tetraazacyclohexadeca- 1,3,9,11- 
tetraenato(2-)-~~NI.~.~.'~]-, 27:272 

NiN,C2Jl,,, Nickel(0). bis(2,2'-bipyridine)-, 
28: 103 

NiN4C2,,H3, Nickel(O), tetrakis(tert-butyl 
isocyanide), 2899 

NiN4C2,H,,, Nickel(O), bis( 1.10-phenan- 
thro1ine)-, 28: 103 

NiN4C2,H,, Nickel(0). tetrakis(cyclohexy1 
isocyanide)-, 28: 101 

NiN,O,C,H, Nickel(I1). (3.1 l-dibenxoyl- 
2.12-dimethyl- 1,5.9,13-tetraazacyclo- 
hexadeca- 1.3.9.1 l-tetraenato(2-)- 

NiN,P,F,,C,H,, Nickel(II), [2,12-dimethyl- 
3,11-bis[ l-(methylamino)ethylidene]- 
1,5,9,13-tetraazacyclohexadeca- 1,4.9,12- 
tetraene-~~N'~.~.'))-, bislhexafluoro- 
phosphate(1-)], 27:266 

NiO,P,C,,H,, Nickel(0). Tetrakis(dimethy1 
pheny1phosphonite)-, 28:lOl 

NiO,Os,C,,H,, Osmium, nonacarbonyl($- 
cyclopentadieny1)tri-p-hydrido-nic kel- 

NiF I ,N,P,C,H,,, Nickel(I1). [ 3.1 1 -dibenzyl- 

NiNOPC,,H,, Nickel(II), [ l-butan- 

-, Nickel(II), [2-methyl-l-propan- 

NiN,C,,H,,, Nickel(II), [4,10-dimethyl- 

K4NL.58'3]-, 27:273 

tri-, 26:362 
NiO,Ru,C ,,Ha. Ruthenium, nonacar- 

bonyl(q5-cyclopentadienyl)tri-p- 
hydrido-nickeltri-, 26:363 

phosphite)-, 28101 

phosphite), 28:101, 104 

phosphitef-. 28:lOl 

NiO,,P,C,,H,,. Nickel(0). tetrakis(trimethy1 

NiOI2P,C2,H,, Nickel(0). tetrakis(triethy1 

NiO,,P,C,H,, Nickel(0). tetrakis(isopropy1 

NiO,,P,C,,H,, Nickel(O), tetrakis(tripheny1 
phosphite)-, 28: 101 

NiP,C,,H,,, Nickel(O), bis[ 12-ethanediyl- 
bis(dimethylphosphine)]-, 28: 101 

NiP,C,,H,,, Nickel(0). tetrakis(trimethy1- 
phosphine)-, 28:lOl 

NiP,C,H,, Nickel(0). tetrakis(triethy1- 
phosphine), 28: 101 

NiP,C,H,, Nickel(O), tetrakis(diethy1- 
pheny1phosphine)-, 28: 101 

NiP,C,H,,, Nickel(O), tetrakis(tributy1- 
phosphine), 28:lOl 

NiP,C,,H,, Nickel(O), bis [ 1 2-ethanediyl- 
bis(dipheny1phosphine)l-, 28: 103 

NiP,C5,H5,, Nickel(O), tetrakis(methy1di- 
pheny1phosphine)-, 28: 101 

NiP,C,,H,, Nickel(O), tetrakis(tripheny1- 
phosphine). 28: 102 

NiSb4C,2H,, Nickel(0). tetrakis(tripheny1- 
stibine)-, 28:103 

Ni,O,Os,C,H 15, Osmium, nonacarbonyl- 
tris(q5-cyclopentadienyl)trinickeltri-, 
26:365 

Ni,N,O,C,H ,36. Nickelate(4-), hexakis [ p- 
[tetraethyl 2,3-dioxobutane-l,1,4,4-tetra- 
carboxylato(2-)-O",02:03, O']] tetra-, 
tetraammonium, 29:277 

bonyl-hexacarbonylhexa-, bis(tetra- 
methylammonium, 26:3 12 

Ni6N2OI2C,H,, Nickelate(2-), hexa-p-car- 

OAU,BF,P,C,H,,, Gold( 1 +)? p,-oxO-[tris- 
[(triphenylphosphine)-, tetrafluoro- 
borate( 1 -), 26326 

OBClF,IrP,C,,H,,, Iridium(III), carbonyl- 
chlorohydrido[tetrafluoro- 
borato(1 -)]bis(triphenylphosphine)-, 
26:117,28:23 

OBClF41rP2C38H,,, Iridium(II1). carbonyl- 
c hloromethyl[tetrafluoro- 
borato( 1 -)]bis(triphenylphosphine)-, 
261 18,28:24 

OBF,MoC,H,, Molybdenum( 1 +), 
carbonyl(q5-cyclopentadienyl)bis(di- 
phenylacety1ene)-, tetrafluoro- 
borate( 1 -), 2 6  102.28: 11 

OBF,MoPC,,H,, Molybdenum( 1 +), car- 
bonyl(q5-cyclopentadienylXdiphenyl- 
acetylene)-(triphenylphosphine), tetra- 
fluoroborate(1-), 26:104,28:13 

OBP,RhS,C,H,, RhodiumQII), [[2-[(di- 
phenylphosp hino)methyl) -2-methyl- 



Formula Index 387 

1.3-propanediyl]bis(diphenylphos- 
phine)]-(dithiocarbonat0)-, tetra- 
phenylborate(1-), 27:287 

OCH,, Formaldehyde, rhenium complex, 
29222 

platinum complexes, 26135 
ruthenium complex, 29:225 
tungsten complex, 26:45 

OC,H,, Acetaldehyde, iron complex, 
26:235-241 

manganese and rhenium complexes, 
28:199,201 

complex, 27: 198 
OC,H,, Dimethyl ether, ruthenium 

, Ethanol, nickel complex, 29:115 
rhenium complex, 29148 

OC,H, Acetone, cobalt complex. 29:114 
iridium complex, 26:123.28:57,29:232, 

molybdenum and tungsten complexes, 

tungsten complex, 29:143 

283 

26:105,28:14 

OC,H,, Furan, tetrahydro-, actinide and 
lanthanide complexes, 28:289,290 

iron complex, 26232 
lanthanide complexes, 28:293-295 
lanthanide-lithium complexes, 27: 170 
lutetium complexes, 27:152. 161, 162 
molybdenum complex, 28:35 
neodymium and samarium complexes, 

neodymium complex, 27:158 
niobium complexes, 29120, 121 
samarium complex, 27:155,28:297 

2620 

OC4HI,, Diethyl ether, ytterbium complex, 

OC,H,, Phenol, rhodium complex, 27:292 
OC7H,, Anisole, chromium complex, 

28:137 
OC,H,, Ethanone, 1-phenyl-, manganese 

complex, 26156-158 
OC,H,,, 2-Cyclopentene-1-one, 2,3,4,5- 

tetramethyl-, 29: 195 
OC,,H,,, 3-Butene-2-one, 4-phenyl-, iron 

complex, 2852 
OC,,H,,, Phenol, 2,6-di-ter~-butyl-, actinide 

and lanthanide complexes, 27:166 
OC,,Hz4, Phenol, 2,6-di-tert-butyl4-methyL, 

actinide and lanthanide complexes, 
27:166 

OC 17H,4, 1,4-Pentadien-3-one, 1,5-diphenyl-, 

27: 148 

OCIIrP,C,,H,,, Iridium, carbonylchloro- 
bis(tripheny1phosphine)-, trans-, 28:92 

OCILuC,,H,,, Lutetium, chloro(q8-1.3,5.7- 
cyclooctatetraeneXtetra hydrofuran)-, 
27:152 

OClP,RhC,,H,, Rhodium, carbonylchloro- 
bis(tripheny1phosphine j ,  trans-, 28:79 

OC1P,RhS,C42H,, Rhodium, chloro[ [2- 
[(dip henylphosphino)methylj-2- 
methyl-l,3-propanediyl]bis(diphenyl- 
phosphine)](dithiocarbonato)-, 27:289 

OC14Mo, Molybdenum tetrachloride oxide, 
28:325 

OCl,W, Tungsten tetrachloride oxide, 
28:324 

OCl,H,MoN,, MolybdateOr), pentachloro- 
0x0-, diammonium, 26:36 

OCoI,C,, HI,, Cobalt(III), carbonyldi- 
iodo($-pentamethylcyclopenta- 
dieny1)-, 28:275 

29: 125 

cyanato)-, 2938 

isocyano- 1,3-dimethylbenzene)-, 2657, 
28:183 

complexes, 27:307,309 

OCrF,, Chromium tetrafluoride oxide, 

OF,NSC, h6-Sulfane, pentafluoro(is0- 

OFeN.,C,,HX,, Iron(0). carbonyltetrakis(2- 

OH,, Water, chromium and vanadium 

iridium complex, 26:123,28:58 
ruthenium complex, 26:254-256 

OIP,RhC,,H,, RhodiumQ), carbonyliodo- 
bis(tricyclohexy1phosphine)-, 27:292 

OLiNC,,H,,, Lithium, (diethyl ether)I8- 
(dimethylamino)-1-naphthylj-, 2 6  154 

OLuC,,H,,, Lutetium, bis(q5-Cyclopenta- 
dienyl)(tetrah ydrofuran)-p-tolyl-, 
27: 162 

amino)-methyl]phenyl-C1,”J($-1,3.5,7- 
cyclooctatetraene)(tetrahydrofuran)-, 
27:153 

dienyl)(tetra hydrofuran)[(trimethy 1- 
sily1)methyll-, 27: 16 1 

OMoC,,H ,,, Molybdenum(1V). oxobis($- 
cyclopentadieny1)-, 29:209 

OMoC,,H,,, Molybdenum(lV), oxobis($- 
methylcyclopentadieny1)-, 292 10 

ON, Nitrosyls, chromium, molybdenum, 
and tungsten, 281%. 197 

OLuNC,,H,, Lutetium, [(2-[(dimethyl- 

OLuSiC,,H,, Lutetium, bis($-cyclopenta- 

palladium complex, 28: 110 molybdenum and tungsten, 26132,133 
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ONC, Cyanate, tungsten complex, 26:42 
ONC,H,, 3-Butenamide, nickel complex, 

ONC,H,, 2-Propenamide, 2-methyl-, nickel 

ONC,H,, Benzoyl isocyanide, chromium 

ONC,,H,,, Formanide, N-[I-(I-naphthal- 

ONNiPC,,H,, Nickel(II), [ I-butan- 

26206 

complex, 26205 

complex, 2632,34,35 

eny1)ethyl)-, rhenium complex, 29:217 

amidato(2- )-C4,~(tricyclohexylphos- 
phine), 26206 

ONNiPC,,H,, Nickel(I1). 12-methyl- 1 -pro- 
panamidato(2-)C3,~(tricyclohexyl- 
phosphineh, 26205 

ONPC,,H,, Benzamide, 2-(diphenylphos- 
phino)-N-phenyl-, 27:324 

ONPC,,H,,, Benzamide, N-[2-(diphenyl- 
phosphino)phenyl]-, 27:323 

ONdC Neodymium, tm-butylbis(q5- 
cyclopentadienyl)(tetrahydrofuran)-, 
27:158 

pentadieny1Xtetrahydrofuran)-, 2620, 
28:293 

thioxo-l,3-pentadiene-l,5-diyl- 
C’ ,C5S)bis(triphenylphosphine)-, 
26:188 

OOsP,SC,H,,, Osmium, carbonyl(thi0- 
carbonyl)tris(triphenylphosphine)-. 
26187 

OPC,H,, Trimethyl phosphite, iron 
complex. 2661 

OPC,H,,, Triethyl phosphite, iron 
complex, 26:61 

OPC,,H,,, Triphenyl phosphite, iron 
complex, 2661 

OPC,,H,,, Benzenemethanol, 2-(diphenyl- 
phosphine), manganese complex, 
26:169 

OPSi,C, ,H,,, Phosphine, (22-dimethyl-l- 
(trimethylsiloxy)propylidene)(tri- 
methylsily1)-. 27:250 

dridotris(tripheny1phosphine)-, 28:82 

complex, 29: 116 

ONdC,,H,,, Neodymium(III), tris(q5-cyclo- 

OOsP,SC,,HH,, Osmium, carbonyl(5- 

OP,RhC,,H, Rhodium(1). carbonylhy- 

OSC,,H,,, Diphenyl sulfoxide, nickel 

OS,CH, Dithiocarbonic acid, 27:287 
OSiC,H,,, Silane, methoxytrimethyl-, 2644 
OSmC,,H,,, Samarium(III), tris($-cyclo- 

pentadienyl)(tetrahydrofuran)-, 26:21. 
28:294 

ether)bis($-pen tamethylcyclopenta- 
dieny1)-, 27:148 

O&F,, Dioxygenyl hexafluoro- 
arsenate(1-), 293 

O,BF4FeC,,HI3, Iron( l+), dicarbonyl($- 
~yclopentadienyl)(r)~-2-methyl- l-pro- 
pene)-, tetrafluoroborate(1 -). 28:210 

O,BF,IrP,C,,H,,, Iridium(III), diaquadi- 
hydridobis(tripheny1phosphine)-, 
tetrafluoroborate(1-), 26124,2858 

O,BF,IrP,C,,H,, Iridium(III), bis(ace- 
tone)dihydridobis(triphenylphos- 
phine)-, tetrafluoroborate( 1 -), 2 6  123, 
2857 

bonyl(q5-cyclopentadienyl)[tetra- 
fluoroborato( 1 -)](triphenylphos- 
phine)-, 2698,28:7 

02BF4PWC,H,, Tungsten, dicarbonyl(q’- 
cyclopentadieny1)I tetrafluoro- 
borato(1 -)](triphenylphosphine)-, 
26:98,28:7 

O,BP,PtC,H,,, Platinum(I1). (3-methoxy- 
3-oxo-~O-propyl-~C’)bis(triethylp hos- 
phine)-, tetraphenylborate(1-), 2 6  138 

O,B,F,MoN,C,H,,, MolybdenumflI), tetra- 
kis(acetonitrile)dinitrosyl-, ch-, bisltetra- 
fluoroborate(1 -)I, 26:132,28:65 

kis(acetonitri1e)dini trosyl-, cis-, 
bis(tetrafluoroborate(1 -)I, 2 6  133, 
2856 

26111 

26:112 

denum, and tungsten complexes, 
27:291 

OYbC,H,, Ytterbium, (diethyl 

O2BF4MoPC,,H2,, Molybdenum, dicar- 

O,B,F,N,WC,H 12, Tungsten(I1). tetra- 

0,C. Carbon dioxide, rhenium complex, 

02CH,, Formic acid, rhenium complex. 

O,C,H,, Acetic acid, chromium, molyb- 

palladium complex, 26:208 
rhodium complex, 27:292 
tungsten complex, 26224 

, Methyl formate, rhenium complex. 
29:2 16 

27:184 
O,C,H,, Methyl acetate, iron complex. 

osmium complex, 27:204 
platinum complex, 26138 
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ruthenium complex, 28:47 
0,C3H,, Methyl propanoate, platinum 

O,C,H ,,NaC,H,, Ethane, 1,2-dimethoxy-, 
complex, 26138 

compd with cyclopentadienyl- 
sodium(l:l), 26:341 

complex, 29:120, 122 
solvates of chromium, molybdenum, and 

tungsten carbonyl cyclopentadienyl 
complexes, 26343 

O,C,H,,, Ethane, 1,2-dimethoxy-, niobium 

tungsten complex, 2650 
ytterbium complex, 26:22,28:295 

02C,H,, 2,4-Pentanedione, molybdenum 
complex. 29:130, 131 

O,C,H,,, Propanoic acid, 2,2-dimethyl-, 
tungsten complex, 26:223 

O,C,H,, Benzoic acid, rhodium complex, 
27:292 

O,C,H,, Methyl benzoate, chromium 
complex, 26:32, 28:139 

O,C,H,,, 4H-Pyran4one. 2,3,5,6tetra- 
hydrido-2,3,5,6-tetramethyl-, 29: 193 

02CIOH8. 2.3-Naphthalenediol, in prepn. of 
cis-tetraamminedihaloruthenium(II1) 
complexes, 2656.67 

methyl ester, cobalt complex, 
2 6  192 

complex, 26256 

phenylphosphorany1idene)-, 29:27 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydr0furan)lithium-, 
27:170 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydr0furan)lithium-. 
27: 170 

O,Cl,LiNdS~C,H,,, Neodymium, bis[qs- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-bis(tetra hydro- 
furan)lithium-, 27: 170 

O,Cl,LiPrSi,C,H,,, Praseodymium, bis(q5- 
1,3-bis(trimethylsilyl)-cyclopenta- 
dienyljdi-p-chloro-bis(tetrahydr0- 
furan)lithium-, 27:170 

0,C1,LiScSi4C,,H,,, Scandium, bislqs-l 3 -  
bis(trimethylsilyl)cyclopentadienyl]di- 

,2-Propynoic acid, 3-phenyl-, 

O,ClC,H,, Acetic acid, chloro-, ruthenium 

O,CINPSC,,H,,, Sulfamoyl chloride, (tri- 

O,Cl,CeLiSi,C,H,,, Cerium, bis[q5-1,3- 

O,Cl,LaLiSi,C,,H,,, Lanthanum, bis[qs-1.3- 

p-chloro-bis(tetrahydr0furan)lithium-, 
27: 170 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetra hydrofuran)li thium-. 
27: 170 

O,Cl,LiSbYbC,H,,, Ytterbium, bis(qs-1,3- 
bis(trimethylsily1)cyclopentadienyl)di- 
p-chloro-bis(tetrahydr0furan)lithium-, 
27:170 

bis(tetrahydr0furan). 27: 140.28:290 

dimethoxyethane)(2,2-dimethylpro- 
py1idyne)-, 2650 

O,Cl,MoC,H,,, Molybdenum, tetrachloro- 
bis(tetrahydr0furan)-, 28:35 

O,CoC,,H,,, Cobalt(1). dicarbonyl(q5- 
pentamethylcyclopentadieny1)-, 
28~273 

dieny1)-(methyl 3-phenyl-q2-2-pro- 
pynoate)(trip heny1phosphine)-. 
26: 192 

complex, 27:292 

rhenium complex, 2683 

complex. 26:254 

O,Cl,LiSi,YC,H,,. Yttrium, bis[q5-l,3- 

O,Cl,SmC,H,,, Samarium, trichloro- 

0,Cl,WC9H,,. Tungsten(VI), trichloro( 1.2- 

O,CoPC,,H,, Cobalt, (q5-cyclopenta- 

O,FC,H, Benzoic acid, 3-fluoro-, rhodium 

O,F,HP. Phosphorodifluoridic acid, 

O,F,C,H. Acetic acid, trifluoro-, ruthenium 

tungsten complex, 26222 
O,F,C,H,, 2,4-Pentanedione, 1,1,1,5.-5.5- 

hexafluro-, palladium complexes, 

O,F,FePC,,H,,, Iron(l+), (q5-cyclopenta- 
dienyl)dicarbonyl(tetra hydrofuran)-. 
hexafluorophosphate( 1 -), 26:232 

O,F,MoP,C,H,, Molybdenum(I1). dicar- 
bonylbis[ 1.2-ethanediylbis(dipheny1- 
phosphine)] fluoro-, hexafluorophos- 
phate(1-), 26:84 

dimethyl-3,1l-bis( l-methoxyethyli- 
dene)- 1.5.9.1 3-tetraazacyclohexadeca- 
1,4,9,12-tetraene-~~”.S.9.”]-, bis[hexa- 
fluorophosphate(1 -)I, 27:264 

methoxybenzylidene)-2,12-dimethyl- 
1,5,9,13-tetraazacyclohexadeca- 1,4,9,12- 
tetraene-~~N’.’”.’~] -, bislhexafluoro- 
phosphate(1-)], 27:275 

27:3 18-320 

0,F,,N4NiP,C&I,2, Nickel(II), (2,12- 

0,F,2N,NiP,C,H,,, Nickel(I1). [3,1l-bis(a- 
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O,FeC, ,H ,,, Iron, dicarbonyl(q5-cyclopenta- 
dienyl)(2-methyl- 1-propenyl-KC')-, 
28:208 

O,FeN,C,H,,, Iron(O), dicarbonyltris(2- 
isocyano-l,3-dimethylbenzene)-, 2656, 
28: 182 

O,FeS,C,H,, Iron, dicarbonyl(q5-cyclo- 
pentadienyl)[(methylthio)thiocar- 
bonyll-, 28: 186 

0,HfC ,,Hi,,, Hafnium, dicarbonylbis(q'- 
cyclopentadieny1)-, 28:252 

O,HfC,,H,, Hafnium, dicarbonylbis(q5- 
pentamethylcyclopentadieny1)-, 28:255 

O,IP,ReC,,H,, Rheniumo,  iododioxo- 
bis(tripheny1phosphine)-, 2 9  149 

O,MoN,S,C loHzo, Molybdenum, bis(di- 
ethy1dithiccarbamato)dinitrosyl-, cis-, 
28:145 

bonyl(q5-cyclopentadienyl)hydndo(tri- 
pheny1phosphine)-, 2698,28:7 

bonyl(q5-cyclopentadienyl)(q3-cyclo- 

O,MoPC,H,,, Molybdenum, dicar- 

O,MoP,C,H,, Molybdenum(I), dicar- 

triphosphorus)-, 27:224 
O,NCH,, Methane, nitro-, antimony 

complex, 29: 113 
cobalt complex, 29: 114 

O,NC,H,, CPyridinecarboxylic acid, 
rhodium complex, 27:292 

O,NP,C,,H,,, Phosphorus( 1 +), p-nitrido- 
bis(tripheny1)-, acetate, 27:296 

O,NSC,H,, L-Cysteine, molybdenum 
complex, 29:255,258 

O,N,RuC,H ,,, Ruthenium(II)bis(benzo- 
[h]-quinolin-lO-ylC'o,N]dicarbonyl-, 
cLF-, 2 6  177 

O,N,Si,YbC,,H,, Ytterbium, bis[bis(tri- 
methylsilyl)amido]bis(diethyl ether)-, 
27: 148 

deca- 1,4,9,12-tetraene, 2.12-dimethyl- 
3,1l-bis( 1-methoxyethy1idene)-, nickel 
complex, 27:264 

deca-1,3,9,1l-tetraene, 3,l l-dibenzoyl- 
2,12-dimethyl-, nickel complex, 27:273 

deca-1,4,9,12-tetraene, 3,1l-bis(a- 
methoxybenzylidene)-2,12-dimethyl-, 
nickel complex, 27:275 

O,N,NiC,H,, Nickel(II), [3,1 l-dibenxoyl- 
2.12-dimethyl- 1,5,9,13-tetraazacyclo- 

O,N,C,H,,, 1,5,9,13-tetraazacyclohexa- 

O,N,C,H,,, 1.5.9.13-Tetraazacyclohexa- 

O,N,Cd, ,  1,5,9,13-Tetraazacyclohexa- 

hexadeca-1,3,9,1 l-tetraenato(2-)- 
K~N"."]-, 27:273 

O,PC,H,,, Phosphonous acid, phenyl-, 
dimethyl ester, nickel complex, 28:lOl 

O,PC,,H,,, Phosphinic acid, diphenyl-, tin 
complex, 29:25 

O,PWC,,H,,, Tungsten, dicarbonyl(q5- 
cyclopentadienyl)hydrido(triphenyl- 
phosphine), 2698,28:7 

phenoxobis(triisopropy1phosp hine)-, 
27:292 

O,PdC,H,, Palladium(O), (1,5-diphenyl- 
1,4-pentadien-3-one)-, 28: 1 10 

O,SC,H,, Benzenesulfonic acid, emethyl-, 
rhodium complex, 27:292 

O,SmC,,H, SamariumOI), bis(qs-penta- 
methylcyclopentadienyl)bis(tetra- 
hydrofuran)-, 27: 155,28:297 

cyclopentadieny1)-, 28:250 

pentamethylcyclopentadieny1)-, 28:253 

pentadienylx 1 J-dimethoxyethane)-, 
2622,28:295 

O,ZrC,,H,,, Zirconium, dicarbonylbis(q5- 
cyclopentadieny1)-, 28:25 1 

O,ZrC,,H,, Zirconium, dicarbonylbis(q5- 
pentamethylcyclopentadieny1)-, 28:254 

O,AuBF,Ir,NP,C,H,,, Nitrate, tns[ 12- 
ethanediylbis(dipheny1phosphine)l- 
hexa hydrido [ (triphenylphos- 
phine)gold]-triiridium(2+) tetrafluoro- 
borate(1 -) (1: 1: l), 29:291 

chloro- 1-KClbis(triethy1phosphine- 
l~P)bis(triphenylphosphine)-2~P,3P- 
triangulo-digold-, trifluoromethanesul- 
fonate, 27:218 

0,BF4MoC,H,, Molybdenum, tricar- 
bonyl(q5-cyclopentadienyl)[tetra- 
fluoroborato(1-)I-, 26:96,28:5 

O,BF,MoC,,~, Molybdenum( 1 +). tricar- 
bonyl(q5-cyclopentadienyl)(q2-ethene)-, 
tetrafluoroborate( 1 -), 2 6  102,28: 11 

O,BF,WC,H,, 'lbngsten, tricarbonyl(q5- 
cyclopentadienyl)[ tetrafluoro- 
borato(1-)I-, 26:96,28:5 

borane(l2)-l-yl)ethanol, 4-methyl- 
benzenesulfonate ester, 29: 102 

O,P,RhC,H,, Rhodium(I), carbonyl- 

O,TiC,,H,,, Titanium, dicarbonylbis(qs- 

O,TiC,,H,, Titanium, dicarbonylbis(q5- 

0,YbC 14H,r Ytterbium(II), bis(q'-cyclo- 

0,Au,ClF,P4PtSC49H,, Platinum( 1 +). 

O,B,,SC,,H,,, 2-( 12-Dicarbadodeca- 
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O,C,H,, Butanoic acid, h x o - ,  methyl 
ester, rhodium complex, 27:292 

O,ClCrC,H,, Chromium, tricarbonyl(q6- 
ch1orobenzene)-, 28:139 

O,CIF,PtSC,,Hm, Platinum(II), chloro- 
bis(trieth ylphosphine)(trifluoro- 
methanesu1fonato)-, cis-, 26126 

03C1F,PtSC,,H,, Platinum(Il), chloro- 
bis(tripheny1phosphineXtrifluoro- 
methanesu1fonato)-, cis-, 28:27 

O,Cl,MoC,,H,, Molybdenum(II1). tri- 
chlorotris(tetrahydrofuran)-, 28:36 

O,Cl,WC,H,, Tungsten, trichlorotri- 
methoxy-, 2645 

O,CI,YbC ' ,H ,  Ytterbium trichloro- 
tri(tetrahydr0furan)-, 27: 139,28:289 

O,C&Nd,C,H,, Neodymium, hexachloro- 
tris(tetrahydr0furan)di-, 27: 140,28:290 

O,CoN,C,,H,, Cobalt, tricarbonyl[2- 
(phenylazo)phenylC',")-, 26:176 

O,CrC,H,, Chromium, (11,-benzene)tricar- 
bonyl-, 28:139 

O,CrFNC,H,, Chromate(VI), fluorotrioxo-, 
pyridinium, 27:310 

O,CrNC,H,, Chromium, dicarbonyl(q5- 
cyclopentadieny1)nitrosyl-, 28: 196 

O,CrNCIlH,,, Chromium, tricarbonyl(q6- 
N,N-dimethylbenzenamine), 28: 139 

O,CrN,C,,H Chromium, tricarbonyl- 
tris(propionitri1e)-, 28:32 

O,CrN,CI8H,,, Chromium, tris(ren-butyl 
isocyanide)tricarbonyl-,fat-, 28: 143 

0,CrNaC8H,,2C4H ,,O,, Chromate(1 -), tri- 
carbonyl(qs-cyclopentadienyl)-, 
sodium, compd. with 1.2-dimethoxy- 
ethane( 1:2), 26:343 

O,DyC,,HM, Dysprosium, tris(2,6-di-ren- 
butyl9methylphenoxo)-, 27: 167 

O,ErC,H,, Erbium, tris(2.6-di-re#-butyl-4- 
methy1phenoxo)-, 27: 167 

O,FCrC,H,, Chromium, tricarbonyl(q6- 
fluorobenzene)-, 28:139 

O,FNSC,,H~,, Fluorosulfate, tetrabutyl- 
ammonium, 26:393 

0,FN,ReCllH8, Rhenium, (22-bipy- 
ridine)tricarbonylfluoro-, 2692 

O,FP,RhC,H,, Rhodium@), carbonyl(3- 
fluorobenzoato)bis(triphenylphos- 
phine), 27:292 

O,FS,C,,H,, 2,2'-Bi-1,3-dithiolo[4,5-b]- 
[ 1,4]dithiinylidene fluorosulfate, 
26:393 

O,F,SCH, Methanesulfonic acid, trifluoro-, 

iridium and platinum complexes, 28:26, 

iridium, manganese and rhenium 

platinum complex, 26:126 

28:70 

27 

complexes, 26:114, 115, 120 

O,F,S,C,H, l&"-Oxathietane, 4.4-difluoro- 
2,2-dioxo-3-(pentafluoro-)L6-sulfanyl)-, 
2936 

O,F,S,C,, 1,2h6-Oxathietane 3,4+trifluoro- 
22-dio~o-3-(pentafluoro-~~-sulfanyl)-, 
29:36 

O,FeC,H,, Iron, acetyldicarbonyl(qkyc1o- 
pentadienyl), 26239 

O,FeN,C,, H lron(O), tricarbonylbis(2-iso- 
cyano-l,3-dimethylbenzene)-, 2 6 9 ,  
28:181 

O,FeP,C,H,,, lron(O), tricarbonylbis(tri- 
methy1phosphine)-, 28: 177 

O,FeP,C,H,, Iron(O), tricarbonylbis(tri- 
butylphosphine), 28: 177 

0,FeP,C,,H9, Iron(O), tricarbonylbis(tri- 
pheny1posphine)-, 28: 176 

O,FeP,C,&, Iron(O), tricarbonylbis(tri- 
cyclohexy1phosphine)-, 28: 176 

O,HoC,,H,, Holmium, tris(2,6-di-ren- 
butyl4methylphenoxo)-, 27: 167 

O,LaC,,H,, Lanthanum, tris(2,6-di-tert- 
butylphenox0)-, 27: 167 

O,LaC,,H,, Lanthanum, tris(2.6di-rert- 
butyl4methylphenoxo)-, 27: 166 

O,MoC,&,, Molybdenum(0). tricar- 
bonyl(cyc1oheptatriene)-, 28:45 

O,MoNC,H,, Molybdenum, dicarbonyl(q'- 
cyclopentadieny1)nitrosyl-, 28: 196 

O,MoN,S,C,,H,, Molybdenum(II), tricar- 
bonylbis(diethy1dithiocarbamato). 
28: 145 

O,MoN,C ,,H,,, Molybdenum, tris(rert-butyl 
isocy anide)tricarbonyl-, jac-, 
28: 143 

O3MoNaC,H,2C,H,,O,. Molybdate(1-), 
tricarbonyl(q5-cyclopentadienyl)-, 
sodium, compd. with 1,2-dimethoxy- 
ethane(l:2), 26343 

bonyl(dihydrogen)bis(tricyclohexyl- 
phosphine)-, 27:3 

O,NP,RhC,,H, Rhodimfl), carbonyl(4- 
p yridinecarboxylato)bis(triisopropyl- 
phosphineb, 27:292 

O,MoP,C,,H,, Molybdenum, tricar- 
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O,NSC,H,, 1,2-Benzisothiazol-3(2H)-one, 
1.1-dioxide, chromium and vanadium 
complex, 27:307, 309 

O,NWC,H,, Tungsten, dicarbonyl(q5-cyclo- 
pentadieny1)nitrosyl-, 28: 196 

O,N,MoC,,H,,, Molybdenum, tricarbonyl- 
tris(propionitri1e)-, 28:31 

03N3WC,,H,,, Tungsten, tricarbonyl- 
tris(propanenitri1e)-, 27:4,28:30 

O,N,WC,,H,,, Tungsten, tris(rert-butyl 
isocyanide)tricarbonyl-,fat-, 28: 143 

0,NaWC,H5,2C,H,,02. Tungstate(1 -), tri- 
carbonyl(q5-cyclopentadienyl)-, 
sodium, compd. with 1.2-dimethoxy- 
ethane(l:2), 26343 

O,NdC,,Hm, Neodymium, tris(2,6-di-ren- 
butylQmethylphenoxo), 27: 167 

O,PC,H,, Trimethyl phosphite, cobalt and 
rhodium complexes, 2k283.284 

iron complexes, 28:171,29:158 
nickel complex, 28:lOl 

O,PC,H,,, Triethyl phosphite, iron 
complexes, 28:171,29159 

nickel complex, 28:lOl 
nickel, palladium, and platinum 

O,PC,H,,, Isopropyl phosphite, nickel 

O,PC,,H,,, Triphenyl phosphite, cobalt 

complexes, 28:104-106 

complex, 28:lOl 

complex, 29: I78 
iron complexes, 28:171,29159 
nickel complex. 28: 101 
ruthenium complex, 26178 

O,PC,,H,,, Tris(4methylphenyl) phosphite, 
ruthenium complex, 26277,278,28:227 

O,P,RhC,, H,, Rhodiumfl), (acetatokar- 
bonylbis(triisopropy1phosp hine)-, 
27:292 

O,P,RhC,H,,, Rhodium(I), (benzoatokar- 
bonylbis(tricyclohexy1phosphine)-, 
27:292 

O,P,RhC,H,,, Rhodium(I), carbonyl(4- 
methylbenzenesulfonato)bis(tricyclo- 
hexylphosphine); 271292 

hydrogen)bis(triisopropylphosphine)-, 
27:7 

hydrogen)bis(tricyclohexylphos- 
phine), 27% 

O,PrC,,H,, Praseodymium, tris(2,6-di-fert- 
butyl-4-methy1phenoxo)-, 27: 167 

O,P,WC,,H,,, Tungsten, tricarbonyl(di- 

03P2WC,,H,, Tungsten, tricarbonyl(di- 

O,RuC, ,HI,, Ruthenium(0). tricar- 
bonyl( 1,5-~yclooctadiene)-, 28:54 

O,ScC,,H,,, Scandium tris(2.6-di-rert- 
buty1phenoxo)-, 27: 167 

O,ScC,,H,, Scandium, tris(2,6-di-fert-butyl- 
.I-methylphenoxo)-, 27: 167 

O,SmC,,H,,, Samarium, tris(2,6-di-t&- 
buty1phenoxo)-, 27: 166 

O,WC,,H,, Tungsten, tricarbonyl(q"-cyclo- 
heptatriene)-, 27:4 

O,YC&,,, Yttrium, tris(2,6-di-rert-butyyl- 
phenoxo)-, 27:167 

O,YC,H,, Yttrium, tris(2,6-di-rert-butyl4 
methy1phenoxo)-, 27: 167 

03YbC,,hm. Ytterbium, tris(2,6-di-terr- 
butylQrnethylphenoxo), 27: 167 

O,AsFeC,,H 15, Iron(O), tetracarbonyl(tri- 
pheny1arsine)-, 2661,28:171 

O,BF,MoC,,H,,, Molybdenum(l+), (ace- 
tone)tricarbon yl(q5-cyclopentadienyl)-, 
tetrafluoroborate(1-), 26105,2814 

tone)tricarbonyl(q5-cyclopentadienyl), 
tetrafluoroborate(1-), 26:105,28:14 

O,BrNSC,,H,,, Bicyclo[2.2.l)heptane-7- 
methanesulfonate, 3-bromo-1.7- 
dimethyl-2-oxo-, [( lR)-(ENDO, ANTI)]-, 
ammonium, 26:24 

tetracarbonyl-, 28: 145 

27:291 

3-methyl+phenyl-, dimethyl ester, 
cobalt complex, 26197 

,2-Pentenedioic acid, 3-methyl-2- 
(phenylmethyl), dimethyl ester. cobalt 
complex, 26197 

dichlorodi-. 28:84 

dieny1)-[ 1,3-bis(methoxycarbony1)-2- 
methyl4phenyl- 1,3-butadiene-l,4- 
diyl] (triphenyl p hosphine)-, 26: 197 

bis(methoxycarbonyl)-2-methyl-3- 
phenyl-l,3-butadiene-1.4-diyl](tri- 
pheny1phosphine)-, 2 6  197 

O,CrC,,H,, Chromium, ($-aniso1e)tricar- 
bonyl-, 28:137 

04CrN,C ,,H ,,, Chromium, bis(tert-butyl 
isocyanideftetracarbonyl-, cis-, 28: 143 

04BF4WC, ,HI,, Tungsten( 1 +), (ace- 

O,Br,MoC,, Molybdenum(II), dibromo- 

O,C,H,, Phthalic acid, rhodium complex, 

04Cl,H 16, 2.4-Hexadienedioic acid, 

04Cl,Rh,C4. Rhodium, tetracarbonyl- 

O,CoPC,,H,, Cobalf ($-cyclopenta- 

, Cobalt, (q5-cyclopentadienyl)-[l A 
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O,F,K,MnS, ManganateOII), trifluorosul- 

0,F,P,PtSC,,H3,, PlatinumOI), 
fato-, dipotassium, 27:312 

hydrido(methanol)bis(triethylphos- 
phine)-, trans-, trifluoromethanesul- 
fonate, 26:135 

O,F,Fe,P,C,,H,,, Iron( 1 +), p-acetyl-2rC':- 
Ir~-tricarbonyl-l r2C,2~C-bis [ I&($- 
cyclopentadienyl)](triphenylphos- 
phine-kP)di-, hexafluorophos- 
phate(1-), 26237 

O,F,,N,PdC,,H,,, Palladium(II), (2,2'- 
bipyridine)( 1,1,1,5,5,5-hexafluoro-2,4- 
pentanedionato). 1,1,1,5,5,5-hexa- 
fluoro-2,4-dioxo-3-pentanide, 27:3 19 

O,F,,P,PdC,H,,, Palladium(II), (bis(2- 
(dip henylphosphino)ethyl]phenyl- 
phosphine]( 1.1, I ,5,5,5-hexafluoro-2,4- 
pentanedionato), 1,1,1,5,5,5-hexa- 
fluoro-2,4-dioxo-3-pentanide, 27:320 

04FI,PdC,,H,, Palladium, bis( 1,1,1,5,5,5- 
hexafluoro-2,4-pen tanedionato), 
27:3 18 

0,FeC ,,H lo, Iron(0). tricarbonyl(4phenyl- 
3-butene-2-one)-, 2852 

0,FeNC ,,%, Iron(O), tetracarbonyl(24so- 
cyano-1,3-dimethylbenzene)-, 28: 180 

O,FeNP,C,H,,, Ferrate( 1 -), hydridotetra- 
carbonyl-, p-nitrido-bis(tripheny1- 
phosphorus)(l+), 26336 

O,FeNa,C,, Ferrate(2-), tetracarbonyl-, 
disodium, 28:203 

O,FePC,,H, ,, Iron, tetracarbonyl(dimethy1- 
pheny1phosphine)-, 2661.28: 171 

O,FePC,,H,,, Iron, tetracarbonyl(tributy1- 
phosphine), 26:61,28:171 

-, Iron(O), tetracarbonyl(tri-teH-butyl- 
phosphine), 28:177 

0,FePC ,,HI,, Iron(O), tetracarbonyl(methy1- 
dipheny1phosphine)-, 2661,28:17 1 

O,FePC,,H ,,, Iron(O), tetracarbonyl(tri- 
pheny1phosphine)-, 26:61,28:170 

O,FePC,,H,,, Iron(O), tetracarbonyl(tri- 
cyclohexy1phosphine)-, 2661,28:171 

O,FeSbC,H ,,, Iron(O), tetracarbonyl(tri- 
pheny1stibine)-. 26:61,28: 17 1 

O,IrNP,C,H,, Iridate( 1 -), tetracarbonyl-, 
p-nitrido-bis(tripheny1phos- 
phorus)(l+), 28:214 

phenylenebis(methy1ene)l hexakis(tetra- 
O,Mg,C,H,,, Magnesium, cyclo-tri(p-12- 

O,MnN,C,,H,,, Manganese, tetracar- 
bony1 ( 2-(pheny1azo)phenyl-C N ]  -, 
26173 

O,MnPC,H,,, Manganese, octacarbonyl- 
ldC, 2~~C-p-(carbony~-2rC: lrO+(di- 
phenylphosp hino-2r P)-o-phenylene- 
 KC': 1rC2]di-, 26:158 

O,MoN,C,,H,,, Molybdenum, bis(tmt-butyl 
isocyanide)tetracarbonyl-, cis-, 28: 143 

04M02CI,H ,,, Molybdenum, tetracarbonyl- 
bis(q5-cyclopentadienyl)di-, (Mo-Mo), 
28:152 

04M02P,C,,H,,. Molybdenum(I), tetracar- 
bonylbis(q5-cyclopentadienyl)(p-q2:q~- 
diphosphorus)di-, 27:224 

O,NP,RhC,H,, Rhodate( 1 -), tetracar- 
bonyl-, p-nitrido-bis(tripheny1phos- 
phorus)(l+), 28:213 

ammonium, 26:391 

bis(2-(2-pyridinylmethyl)phenyl- 
C',N]di-, 26208 

O,N,WC,,H,,, Tungsten, bis(tert-butyl iso- 
cyanide)tetracarbonyl-, cis-, 28: 143 

O,PSC,H,,, 2-Butenedioic acid, 2- 
(dimethylphosphinothioy1)-, dimethyl 
ester, manganese complex, 26163 

methoxy- 1,3-butanedionato-o)bis(tri- 
isopropy1phosphine)-, 27:292 

O,Ru,C,,H ,,, Ruthenium, tetracarbonyl- 
bis(q5-cyclopentadienyl)di-, 28: 189 

04S,,ReCmHI,, Bis(2,2'-bi-1,3-dithiolo-[4,5- 
b] [ 1,4]dithiinylidene) perrhenate, 
26391 

O,W,C,,H Tungsten, tetracarbonylbis(q5- 
cyclopentadieny1)di-, (W-W), 28: 153 

O,BF,ReC,, Rhenium, pentacarbonyl[tetra- 
fluoroborato(1-)I-, 26:108,28:15, 17 

O,BF,ReC,H,, Rhenium( 1 +), pentacar- 
bonyl(q2-ethene)-, tetrafluoro- 
borate(1-), 26110,28:19 

O,BF,WC,,H,,, Twigsten( 1 +), pentacar- 
bonyl[(diethylamino)methylidyne] -, 
tetrafluoroborate( 1 -), 2640 

O,BrMnC,, Manganese, bromopentacar- 
bonyl-, 28: 156 

O,BrReC,, Rhenium, bromopentacar- 
bonyl-, 28: 162 

O,CIMnC,, Manganese, pentacarbonyl- 

b,NReC,,H,,, Perrenate, tetrabutyl- 

O,N,Pd,CBH,, Palladium(II), di-p-acetato- 

O,P,RhC,H,, Rhodium@), carbonyl( 1- 

hydrofuran)tri-, 26: 147 chloro-, 28:1% 
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O,ClReC,, Rhenium, pentacarbonyl- 

O,CoMoNiC,,H,,, Nickel, cyclo-p,-ethyli- 
dyne-1:2:3-~’C-pentacarbonyl-1r~C,- 
2r3C-bis[ 1 ,3(q5)-cyclopenta- 
dienyl]cobaltmolybdenum-, 

chloro-, 28: 161 

(CO-MO)(CO-N~~MO-N~) ,  27: 192 
O,CrC, ,Ha, Chromium, tricarbonyl($- 

methyl benzoate)-, 28: 139 
O,CrNC,,H,, Chromium, (tert-butyl iso- 

cyanide)pentacarbonyl-, 28: 143 
O,CrNC,,H,,, Chromium, (benzoyl iso- 

cyanide)dicarbonyl($-methyl- 
benzoate)-, 26:32 

O,F,N,PReC,,H,, Rhenium, (2,2’-bipy- 
ridine)tricarbonyl(phosphorodi- 
fluoridate), 26:83 

O,F,FeS,C,H,, Iron(l+), dicarbonyl($- 
cyclopentadienyl)(thiocarbonyl)-, tri- 
fluoromethanesulfonate, 28: 186 

O,F,FeMoP,C,H%, Iron( 1 +), p-acetyl- 
2Kc’ :- 1 KO-tetracarbonyl- 1 K3C,2K2C- 
bis[ 1,2-(r(5-cyclopentadienyl)](tri- 
phenylphosphine-1rP)molybdenum-. 
hexafluorophosphate(1 -), 26241 

O,F,Fe,PC,,H,,, Iron( 1 +), p-acety1C:O- 
bis[dicarbonyl(q-cyclopentadieny1)-, 
hexafluorophosphate(1 -), 26235 

O,HReC,, Rhenium, pentacarbonyl- 

O,IMnC,, Manganese, pentacarbonyliodo-, 

O,IReC,, Rhenium, pentacarbonyliodo-. 

O,MnC,H,, Manganese, pentacarbonyl- 

O,MnC,,H,, Manganese, (2-acetylphenyl- 

hydrido-, 26:77 

28:157, 158 

28:163 

methyl-, 26:156 

C,O)tetracarbonyl-, 26: 156 

26172 

bonyl{2-(diphenylphos- 
phino)phenyl] hydroxymethyl€,P}-, 
26169 

0,MoNC Molybdenum, (tert-butyl 
isocyanide)pentacarbonyl-, 28: 143 

O,NWC,,H,, Tungsten, (rmt-butyl iso- 
cyanide)pentacarbonyl-, 28: 143 

O,N,WC,,H,,, Tbngsten, tetracarbonyl[(di- 
ethylamino)methylidyne](isocyanato), 
trans-, 2642 

, Manganese, benzylpentacarbonyl-, 

O,MnPC,,H,,, Manganese, tetracar- 

05P,RhC,H,,, Rhodium(1). carbonyl(hy- 
drogen phthalato)bis(tricyclohexyl- 
phosphine), 27:291 

O,ReC,H, Rhenium, pentacarbonyl- 

O,ReC,H,, Rhenium, pentacarbonyl- 
methyl-, 2 6  107.28: 16 

0,Br6C04H,,N,,2H,0, CobaltOII), dodeca- 
amminehexa-p-hydroxo-tetra-, (+)-, 
hexabromoide, dihydrate, 29:271 

dodecaamminehexa- y-hydroxo-tetra-, 
(-)-, hexabromide, dihydrate, 29: 172 

O,C,H,, Ascorbic acid, platinum complex, 
27:283 

O6Cl,N,RuC&,6H,O, Ruthenium(II), 
tris(2,2’-bipyridine)-, dichloride, hexa- 
hydrate, 28:338 

O,Cl,Ru,C,, Ruthenium(II), di-p-chloro- 
bis(tricarbonylch1oro-, 28:334 

O,CoP,C, ,H,, Cobalt(I), (q’cyclopenta- 
dienyl)bis(trimethyl phosphite)-, 
28:283 

0,Co,H,16N,,4H,0, Cobalt(II1). dodeca- 
amminehexa-p-hydroxo-tetra-, (-)-, 
hexaiodide, tetrahydrate, 29: 170 

O,CrNC,,H,, Chromium, (benzoyl iso- 
cyanide)- pentacarbonyl-, 26:34, 35 

O,Cr,C,,H,,, Chromium, hexacarbonyl- 
bis(q5-cyclopentadienyl)di-, 28: 148 

O,F,S,, Peroxydisulfuryl difluoride, 2 9  10 
O,F,FeMoPC,,H,,, Iron(l+), p-acetyl- 

2rC’:-1rO-pentacarbonyl-lr3C,2~- 
bis[ 1,2-($-cyclopentadienyl)] molyb- 
denum-, hexafluorophosphate( 1 -), 
26:239 

O,MnC,H,, Manganese, acetylpentacar- 
bonyl-, 29: 199 

O,Mo,C,,H ,,, Molybdenum, hexacar- 
b~nylbis(~~-cyclopentadienyl)di-, 

hydrido-. 28: 165 

O,Br,Co4H,N ,L2H,0, Cobalt(II1). 

(Mo-Mo), 28~148, 151 
O,Mo,N,PtC,H,, Molybdenum, 

[bis(benzonitrile)platinum] hexacar- 
bonylbis(~fcyclopentadieny1)di-, 

O,Mo,P,Pd,C,,H,, Molybdenum, hexa- 
(~Mo-B), 26345 

carbonylbis(q5-cyclopentadienyl)bis(tri- 
phenylphosp hine)dipalladiumdi-, 
26:348 

carbonylbis(q5-cyclopentadienyl)bis(tri- 
O,Mo,P,Pt&H,, Molybdenum, hexa- 
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pheny1phosphine)diplatinumdi-, 
26:347 

O,N,PtC ,,Hm, Platinum(lI), [ascorb- 
ato(2-)](cis-l2-~yclohexanediarnine-, 
27:283 

, Platinum(II), [ascorbato(2-)] [tmns- 
(R,R)-12-~yclohexanediamine]-, 27:283 

, Platinum(II), [ascorbato(2-)] [trans- 
(S,S)-1,2cyclohexanediamine]-, 27:283 

bis( 12-benzisothiazol-3(2H)-one 1.1- 
dioxidato)tetrakis(pyridine)-, 
-2pyridine, 27:308 

sodium, 28: 192 

pentadienyl)bis(trimethyl phosphite), 
28:284 

O,P,RuC,, H,, Ruthenium(II), (q5-cyclo- 
pentadienyl)[2-[(diphenoxyphos- 
phino)oxy]-phenyl-C,P](triphenyl 
phosphite-P)-, 2 6  178 

O,ReC,H. Rhenium, tetracarbonylcar- 

O,ReC,H,, Rhenium, acetylpentacarbonyl-, 
28:201 

O,RuC,H,, Ruthenium, tetracarbonyl(q2- 
methyl acry1ate)-, 28:47 

06W2C,,H Tungsten, hexacarbonylbis(q5- 
cyc1opentadienyl)di-. 28: 148 

O,Cl,Er,C,,H,,, Erbium, hexachlorohepta- 
kis(tetrahydrofuran)i-, 27: 140,28:290 

O,Co,P,PtC,,H,, Cobalt, heptacar- 
bony11 12-ethanediylbis(diphenylphos- 
phine)j-platinumdi-, 26:370 

O,CrNP,C,,H,,, Chromate(1-), (ace- 
tato)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 27:297 

O,F,IrP,S,C,&I,,, Iridium(III), carbonyl- 
hydridobis(trifluoromethanesu1- 
fonato)bis(triphenylphosphine)-, 
26120,28:26 

O,FePC,&, Iron(O), tetracarbonyl(tri- 
methyl phosphite)-, 26:61,28:171 

O,FePCl0H,,, Iron(O), tetracarbonyl(triethy1 
phosphite)-, 26:61,28:171 

O,FePC,H,,, Iron(O), tetracarbonyl(hi- 
phenyl phosphite), 26:61,28:171 

O,MoNP,C,,H,,, Molybdate( 1 -), (ace- 
tat0)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 27:297 

06N,S,VC,H,2NC,H,, Vanadium(II1). 

O,NbNaC, Niobate(1 -), hexacarbonyl-, 

O,P,RhC,,H,,, Rhodium(I), (q5-cyc10- 

boxy-. 26: 112,28:21 

O,Mo,N,C,,H,,, Dimolybdate(VI), 
bis(tetrabutylammonium), 27:79 

O,NP,WC,,H,,, Tungstate(1-), (ace- 
tato)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 27:297 

O,AuMn,P,C,,H,, Gold, Octacarbonyl- 
h4C, 21&p-(diphenylphosphino)- 
1 : 2 ~  P-(triphenylphosphine)-3~ P- 
triangulo-dimanganese-, 26229 

O,ClHgMn,PCJI,, Manganese, y-(chloro- 
mercurio)- y(diphenylphosphin0)- 
bis(tetracarbony1-, (Mn -Mn), 26:230 

O,CoMoRuC,,H, ,. Ruthenium, cyclo-[p,- 
l(q2):2(q2):3(q2)-2-butyne]-octacar- 

pentadienyl]cobaltmolybdenum-, 
bOnyl-1K2C,2K3C,3K3c-[ 1(q5)-CYClO- 

(CO-MO)(CO-RU)(MO-RU), 27: 194 
O,Co,MoC,,H,, Molybdenum, octacar- 

bonyl(q5-cyclopentadienyl)-y3-ethyli- 
dynedicobalt-, 27: 193 

bonyl(trifluoromethanesu1fona to); 
26114 

O,F,ReSC,, Rhenium(1). pentacarbonyl(tri- 
fluoromethanesulfonato); 2 6  1 15 

O,F,,W,C,, lbngsten(I1). tetrakis(trifluoro- 
acetatoyi-, (W-4-W), 26222 

0,Fe,Na,C8, Ferrate(2-), octacarbonyldi-, 
disodium, 28:203 

0,MnPSC I ,H I ,, Manganese, tetracar- 
bonyl[2-(dimethylphosphinothioyl)- 
1,2-bis(methoxycarbonyl)ethenyl-C,S]-. 
26 163 

phenylp hosp hino)-bis(tetracarbony1-, 
(Mn -Mn), ynitridebis(tripheny1- 
phosphorus)(l+), 26:228 

O,Mn,N,CJI,, Manganese, p-(azodi-2,1- 
phenylene-C',P:C ".N')octacar- 
bonyldi-, 26: 173 

O,Mn,PC,oHl ,. Manganese, y(dipheny1- 
phosphino) y-hydridobis(tetracar- 
bonyl-, (Mn-Mn), 26:226 

0,Mn,P,S2C,,H,,, Manganese, octacar- 
bonylbis(pdimethylphosphinothioy1- 
P,S)di-, 2 6  162 

dinitri1o)tetra-, molybdenum 
complexes, 29:256,259 

pheny1phosphonite)-, 28: 101 

O,F,MnSC,, Manganeseo), pentacar- 

O,Mn,NPIC,,H, Manganate(1-), p(di- 

O,N,C,,H,,, Acetic acid (1,2-ethanediyl- 

O,NiP,C,,H,, Nickel(O), Tetrakis(dimethy1 
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O,PC,,H,,, 1H-Phospholium, 2.3.4.5-tetra- 
kis(methoxycarbonyl)-2,2-dimethyl-, 
manganese complex, 2 6  167 

O8PSCI4Hmr 2H-1,2-Thiaphosphorin-2-ium, 
3,4,5,6-tetrakis( methoxycarbony1)-22- 
dimethyl-, manganese complex, 26: 165 

O,SC,,H,,, Thiophenetetracarboxylic acid, 
tetramethyl ester, 26: 166 

O,W,C,H,,, TungstenUI), tetrakis(ace- 
tato)di-. (W-4- W), 26224 

O,W,C,H, Tungsten(I1). tetrakis(221 
dimethy1propanoato)di-, (W-4- W). 
26223 

O,BrH,Os,C,,, Osmium, (p,-bromomethyli- 
dyne)nonacarbonyl tri-p- hydrido- 
triangulo-tri-, 27:205 

O,BrH,Ru,C,,, Ruthenium, (p3-bromo- 
methy1idyne)nonacarbonyl-tri-p- 
hydrido-triangulo-tri-, 27:20 1 

O,BrHgRu,C,,H,, Ruthenium, promo- 
mercury)nonacarbonyl(3,3-dimethyl- 1- 
butyny1)-rriangulo-tri-, 26:332 

O,ClH,Os,C,,, Osmium, nonacarbonyl(p,- 
chloromethy1idyne)tri-p-hydrido- 
triangulo-tri-, 27:205 

0,C14Ru2C,H,, Rutheniumol), p-aqua- 
bis(p-chloroacetato)bis[(chloroace- 
tato)(q4-cycloocta-1,5-diene)-, 26256 

O,Cl,,Ru,C,H,,, Ruthenium(I1). p-aqua- 
bis(p-trichloroacetato)bis[(q4-bicyclo- 
[2.2.1] heptadiene)(trichloroacetato)-. 
26256 

O,CoFeSC,, Iron, nonacarbonyl-p-,-thio- 
dicobalt-, 26245. 352 

O,Co,FePC,,H,, Iron, nonacarbonyl(p-,- 
pheny1phosphinidene)icobalt-, 26353 

O,Co,RuC,,H,, Ruthenium, p3-2-butyne- 
nonacarbonyldicobalt-, 27:194 

O,Co,RuSC,, Ruthenium, nonacarbonyl- 
p,-thio-dicobalt-, 26:352 

O,CrFeN,P,C,,H,, Chromate(2-), nona- 
carbonyliron-bis[ p-nitrido-bis(tri- 
phenylphosphorus(l+)], 26339 

O,F,,Ru,C,H,,, Ruthenium(II), p-aqua- 
bis(p-trifluoroacetato)bis [(q4-cycloocta- 
1,5-diene)(trifluoroacetato>, 26:254 

hydridononacarbonyliron-, pnitrido- 
bis(triphenylphosphorus)(l+), 26338 

O,FeMoN,P,C,,H,, Molybdate(2-), nona- 
carbonyliron-bis[p-nitrido-bis(tri- 
phenylphosphorus)(l +)I, 26:339 

O,FeMoNP,C,,H,,, Molybdate( 1 -), 

O9FeNWC,,H1,, Tungstate( 1 -), hydrido- 
nonacarbonyliron-. pnitrido-bis(tri- 
pheny1phosphorus)f 1 +), 26336 

O,FeN,P,WC,,H,, Tungstate(2-), nona- 
carbonyliron-, bis[ y-nitrido-bis(tri- 
phenylphosphorus)(l +)I, 26339 

O,Fe,SC,H,, Iron, nonacarbonyldihydrido- 
p,-thiotri-, 26:244 

O,HgIRu,C,,H,, Ruthenium, nonacar- 
bonyl-(3,3-dimethyl-I-butynyl)(iodo- 
mercury)-triangulo-tri-. 26330 

nonacarbonyliron-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 26338 

O,NiOs,C,,H,, Osmium, nonacarbonyl($- 
cyclopentadieny1)tri-p-hydrido-nickel- 

O,NCrFeP,C,,H,,, Chromate(1-), hydrido- 

tri-, 26362 
O$JiRu,C,,H,, Ruthenium, nonacar- 

bonyl(q5-cyclopentadieny1)tri-p- 
hydrido-nickeltri-, 26:363 

O,Ni,Os,C,H,,, Osmium. nonacarbonyl- 
tris(qs-cyclopentadieny1)trinickeltri-, 
26:365 

O,Os,S,C,, Osmium, nonacarbonyldi-p,- 
thio-tri-, 26306 

O,PRU,C,,H, I, Ruthenium, nonacarbonyl- 
p-hydrido-(p-dipheny1phosphido)tri-, 
26264 

O,Ru,C,,H,,, Ruthenium, nonacarbonyl(p,- 
3,3-dimethyl-l-butynyl)-p-hydrido- 
triangulo-tri-, 26:329 

O,&uHOs,PC,,H,,, Osmium, decacar- 
bonyl-p-hydrido[p-(triethylphos- 
phine)gold]tri-, 27:210 

O,&IHO~,PC,,H,,, Osmium, decacar- 
bonyl-p-hydxido[ p-(triphenylphos- 
phine)gold]tri-, 27:209 

O,&~,OS,P,C~~H,, Osmium, decacar- 
bonylbis[p-(triethylphosphine)gold] tri-. 
27:211 

bis(tripheny1phosphine)triosmiumdi-, 
27:211 

aquabis( 12-benzisothiazol-3(2H)-one 
1.1-dioxidat0)-, dihydrate, 27:309 

hydridomethyltri-, 27:206 

p-hydrido- ymethylene-triangulo-tri-, 
27:206 

O,&u,Os,P,C,H,, Gold, decacarbonyl- 

O,,CrN,S,C,,H 162HZ0, ChromiumOI), tetra- 

O,,HOs,C, I H,, Osmium, decacarbonyl- 

O,,H,Os,C, ,H,, Osmium, decacarbonyl-di- 

0,J130s,C, ,H,, Osmium. nonacarbonyl-tri- 
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p- hydrido( p3-methoxymethy1idyne)- 
triangulo-tri-, 27:203 

OloH3Ru,C, ,H,, Ruthenium, nonacarbonyl- 
tri- p- hydrido( p,-methoxymethy1idyne)- 
triangulo-tri-, 27:200 

bonyI(dimethylpheny1p hosphine)(2- 
isocyano-2-methylpropane)tri-. 26275, 
28:224 

0,0NP,Ru3Si,C,8H,,, Ruthenate(1-), deca- 
carbonyl- 1 K’C.~K’C,~K~C- p-hydrido- 
l:2r2-H-bis(triethyIsi1yl)- 11CsQKSi- 
triangulo-tri-, p-nitrido-bis(tripheny1- 
phosphorusXl+). 26:269 

0,0N20s,C,,H,, Osmium, bis(acetonitri1e)- 
decacarbonyltri-, 26:292,28:234 

0 ,,,N2S2VC ,,H ,,2H,O, Vanadium(I1). tetra- 
aquabis( 1,2-benzisothiazol-3(2H)-one 
1,l-dioxidato)-, dihydrate, 27:307 

Osmium, decacarbony Idi- p- 

O,,,NPRU,C,,H,~, Ruthenium decacar- 

0 ,,Os,C 

O,,OS,SC,~, Osmium, p-,-carbonylnona- 

0,00s,SC,6H6, Osmium, (p-benzenethio- 

hydrido-tri; 26:367,28:238 

carbonyl-p,-thio-tri-. 26:305 

la to)-decacarbonyl-phydrido-tri-, 
26:304 

O,oP,Ru,C,,H,,, Ruthenium, decacar- 
bonyl[methyIenebis(diphenylphos- 
phine)]tri-, 26:276,28:225 

O,,Co,RuC, ,, Ruthenium, undecacarbonyl- 
dicobalt, 26:354 

0, ,Fe,N,P,C,,H,. Ferrate(2-), undecacar- 
bonyltri-, bis[p-nitrido-bis(tripheny1- 
phosphorous)(l +)I, 28:203 

0, ,Fe,Na,C,,, Ferrate(2-), undecacarbonyl- 
tri-, disodium, 28:203 

0, ,HOs,C,,H,, Osmium, decacarbonyl-p- 
hydrido(pmethoxymethy1idyne)- 
triangulo-tri-, 27:202 

0, ,HRu,C,,H,, Ruthenium, decacarbonyl- 
p-hydrido(ymethoxymethy1idyne)- 
triangulo-tri-, 27: 198 

O,,H,Os,C,,H,, Osmium, nonacarbonyl-tri- 
p-hydrido[p,-(methoxycarbonyl) 
methylidynel-rriangulo-tri-, 27:204 

0, ,MnPC,,H,,, Manganese, tricarbonyl[q2- 
2.3,4.5-tetrakis(methoxycarbonyl)-2.2- 
dimethyl-lH-phospholiuml-, 26: 167 

bonyl[q2-3,4,5,6-tetrakis(methoxycar- 
bonyl)-22-dimethyl-2H-1,2-thiaphos- 
phorin-2-ium]-, 26: 165 

0, ,MnPSC,,H,,, Manganese, tricar- 

0, ,NOs,C,,H,, Osmium, (acetonitri1e)unde- 
cacarbonyltri-, 26290,28:232 

O1 ,NOs,C,,H,, Osmium, undecacar- 
bonyl(pyridine)tri-, 26291,28:234 

0, ,NP,0s3C,,H3,, Osmate(1-), p-carbonyl- 
decacarbonyl-p-hydrido-tri-, p-nitrido- 
bis(triphenylphosphorus)(l+), 28:236 

bonyl(dimethylpheny1phosphine)tri-, 
26273,28:223 

O,~uCo,FePC,H,,. Ferrate(1-), dodeca- 
carbonyltricobalt-, (triphenylphos- 
phine)gold(l+), 27: 188 

O,,Au,CoP,Ru,C,H,, Ruthenium, dodeca- 
carbonyltris(tripheny1phos- 
phine)cobalt-trigoldtri-, 26327 

O,,Co,CuNC 14H3. Ruthenium, (aceto- 
nitri1e)dodecacarbonyltricobalt- 
copper-, 26359 

O,,Co,FeNC,H,, Ferrate( 1 -), dodecacar- 
bonyltricobalt-, tetraethylammonium, 
27:188 

carbonyltricobalt-, tetraethyl- 
ammonium, 26:358 

0,,F4Re4C,,4H,0. Rhenium, dodecacar- 
bonyltetrafluorotetra-, tetrahydrate, 
26:82 

dodecacarbonylhydridotetra-, tetra- 
ethylammonium, 27: 186 

dodecacarbonyltetra-, bis[ p-nitrido- 
bis(triphenylphosphorus)(l +)I, 26:246 

dodecacarbonyltetra-, bis(tetraethy1- 
ammonium), 27:187 

tetra-p-hydrido-tetra-. 28219 

carbonyl(p-3,3-dimethyl- 1 -butynyl) { p- 
[tricarbonyl(q~-cyclopenta- 
dienyl)molytfdenum]mercury~- 
triangulo-tri-, 26:333 

O121r4C12, Iridium, dodecacarbonyltetra-, 
28:245 

O,,N,Ni,C,H, Nickelate(2-), hexa-p- 
carbonyl-hexacarbonylhexa-, bis(tetra- 
methylammonium), 26:3 12 

O,,N,P,PtRh,C,H,. Rhodate(2-), dodeca- 
carbonylplatinumtetra-, bis[p-nitrido- 
bis(triphenylphosphine)(l +)I, 26:375 

O,,PRu,C,,H, ,, Ruthenium, undecacar- 

O,,Co,NRuC,,H,, Ruthenate(1-), dodeca- 

O,,Fe,HNC,,H,, Ferrate(1-), carbido- 

O,,Fe,NP,C,H,,,, Ferrate(2-), k-carbido- 

O,,Fe,N,C,H,, Ferrate(2-), carbido- 

O,,H,Ru,C ,,, Ruthenium, dodecacarbonyl- 

O,,HgMoRu,C,,H,,, Ruthenium, nona- 
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O,,NiP,C ,,HX. Nickel(0). tetrakis(trimethy1 

O,,NiP,C,H,, Nickel(0). tetrakis(triethy1 

O,,NiP,C,,H,, Nickel(O), tetrakis(isopropy1 

O,,NiP,C,,H,, Nickel(0). tetrakis(tripheny1 

O,,Os,C,,H,, Osmium, dodecacarbonyl- 

O120s3C ,,, Osmium, dodecacarbonyltri-, 

0,,0s4CI,H,, Osmium, dodecacarbonyl- 

O,,OS,S,C,~, Osmium, dodecacarbonyldi- 

O,,P,PdC,H,, Palladium(O), tetrakis(tri- 

O,,P,PtC,H,, Platinum(O), tetrakis(triethy1 

O,,P,Sn,C~H,, Tin(IV), tributyltrislp-(di- 

phosphite)-, 28: 101 

phosphite)-, 28:101, 104 

phosphite)-, 28:lOl 

phosphite)-, 28:lOl 

tetra-p-hydrido-ierrahedro-tetra-, 26293 

28:230 

tetra-p-hydrido-retmhedm-tetra-, 28:240 

p,-thio-tetra-, 26307 

ethyl phosphite)-, 28: 105 

phosphite), 28:106 

phenylphosphinate-0 :O ')tri- 
p-hydroxo-p,-oxotri-, diphenylphos- 
phinate, 29:25 

0,,P,Sn4CaH7,, Tin(N), tetrabutyltetra- 
kis[p-(diphenylphosphinato-O:O' )y,- 
0x0-tetra-, 29:25 

O,,Rh,C,,, Rhodium, tri-p-carbonyl-nona- 
carbonyltetra-, 28:242 

O,,Ru,C,,, Ruthenium, dodecacarbonyltri-, 
26:259,28:216 

O,,Ru,C,,H,, Ruthenium, dodecacarbonyl- 
tetra-p-hydrido-tetra-, 26:262 

O,,W,Pt&,H,,. Platinate(2-), hexa-p-car- 
bonyl-hexacarbonylhexa-, bis(tetra- 
butylammonium), 26:3 16 

O,,Fe,C,,, Iron, carbidotridecacarbonyl- 
tetra-, 27:185 

O,,Os,S,C ,,, Osmium, tridecacarbonyldi-p,- 
thio-tetra-, 26307 

O,,P,Ru,C,,H,,, Ruthenium, decacar- 
bonyl(dimethylpheny1phosphine)tetra- 
hydrido[ tris-(+methylphenyl)phos- 
phiteltetra-, 26:278,28:229 

0,,Fe4NC,,HB, Ferrate(1-), dodecacar- 
bony11 p4-(methoxycarbony1)-methyli- 
dyne] tetra-, tetraethylammonium, 
27:184 

decacarbonylnitridopenta-, p-nitrido- 
bis(triphenylphosphorus)(l+), 26288 

O,,N,P,Ru,C,H,, Ruthenate(1-), tetra- 

O,,N,P,PtRh,C,,H,. Rhodate(2-), tetra- 
decacarbonylplatinumtetra-, bis[p- 
nitrido-bis(triphenylphosphorus)( 1 +)I, 
26:373 

O,,Na,Ru,C,,, Ruthenate(2-), p,-carbido- 
tetradecacarbidopenta-. disodium, 
26284 

O,,PRu,C,,H,,, Ruthenium, undecacar- 
bonyltetrahydrido[triis(4-methyl- 
pheny1)phosphiteltetra-, 26277,28:227 

O,,P,RU,C,,H,,, Ruthenate(2-), p,-carbido- 
tetradecacarbonylpenta-, bis[ p-nitrido- 
bis(triphenylphosphorus)( 1 +)I, 26:284 

O,,N,Os,P,C,,H,, Osmate(2-), pentadeca- 
carbonylpenta-, bis[ p-nitrido-bis(tri- 
phenylphosphorus)(l +)I, 26299 

O,,RU,C,~, Ruthenium, p,-carbido-penta- 
decacarbonylpenta-, 26283 

O,,Fe,N,C,,H,, Ferrate(2-), carbidohexa- 
decacarbonylhexa-, bis(tetraethy1- 
ammonium), 27: 183 

O,,N,P,Ru,C,,H,, Ruthenate( 1 -), hexa- 
decacarbonylnitridohexa-, p-nitrido- 
bis(triphenylphosphorus)(l +)I, 26:287 

O,,Ru,C,,, Ruthenium, p+,-carbido-hepta- 
decacarbonylhexa-, 26281 

O,,HgRu,C,H,,, Ruthenium, (p,-mercury)- 
bis[nonacarbony1(p3-3,3-dimethyl-1- 
butynyl)-triongulo-tri-, 26:333 

O,,N,Os,P,CwH,, Osmate(2-), octadeca- 
carbonylhexa-, bis[p-nitrido-bis(tri- 
phenylphosphorus)(l +)I, 26300 

O,,N,Pt&H,, Platinate(2-), tris[tri-p- 
carbonyl-tricarbonyltri-, bis(tetra- 
ethylammonium), 26:322 

dihydridohexa-, 26301 

26295 

bis(tetrabutylammonium), 27:77 

bis(tetrabutylammonium), 27:80 

bis(phosphonate)(4-), tetraammon- 
ium, tetrahydrate, 27: 123 

O,,MO,N,P,C,H~~,~H,O, Pentamolybdo- 
bis((2-aminoethy1)phosp honatej(4- ), 
sodium tetramethylammonium dihy- 
drogen, pentahydrate, 27: 126 

O,,Os,C,,H,, Osmium, octadecarbonyl- 

O,,Os,C,,, Osmium, octadecarbonylhexa-, 

0,,Mo6N,C,,H7,, Hexamolybdate(VI), 

0,,N2W6C32H,,, Hexatungstatew), 

0,, H,,Mo,N4P,4H,0, Pentamolybdo- 

O,,MO,N,P,C,H,~~H,O, Pentamolybdo- 
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bis(methylphosphonate)(4-), tetra- 
ammonium, dihydrate, 27:124 

O,, Mo,N4P,C4Hz6, Pentamolybdobis(ethy1- 
phosphonate)(4-), tetraammonium, 
27:125 

0, I Mo5N4P2C ,,H,5H,O, Pentamolybdo- 
bis(phenylphosphate)(4-), tetra- 
ammonium, pentahydrate, 27:125 

02,Mo5N4PzC14HHza5H,0, Pentamolybdo- 
bis[(4-aminobenzyl)phosphonate](4-), 
diammonium dihydrogen, pentahy- 
drate, 27:126 

02,Mo,N4P,C,,H4, 4H,O, Pentamolybdo- 
bis((4-aminobenzyl)phosphonate](4-), 
bis(tetramethy1ammonium) dihydro- 
gen, tetrahydrate, 27: 127 

O,,N,P,W,C,H 122, Pentatungstobis(pheny1- 
phosphonate)(4-), tetrakis(tributy1- 
ammonium), 27:127 

O,P,Ru,C,H, Ruthenium, [p-ethynediyl- 
bis(diphenylphosphine)]bis(undeca- 
carbonyltri-, 26277,28:226 

0,,Re4Cm Rhenium, octadecacarbonyl- 
bis(p,-carbon dioxide)tetra-, 26 11 1, 
28:20 

OuCs6P2W,, Pentatungstodiphosphate(6-), 
hexacesium, 27:lOl 

O,N,Pt,,C,H,, Platinate(2-), tetrakis[tri- 
p-carbonyl-tricarbonyltri-, bis(tetra- 
ethylammonium), 26:321 

0,,Mo,N4C,Hl,, Octamolybdate(VI), 
tetrakis(buty1ammonium). 27:78 

02sN3VIOC48Hrll, Decavanadateo, tris(tetra- 
butylammonium) trihydrogen, 27233 

O,CO~I,N,,S~~C,~H~,~~H,O, Cobalt(II1). 
dodecaamminehexa-p-hydroxo-tetra-, 
(+)-, bisbis(p-d-tartrato)-dianti- 
monate(III)] iodide, dodecahydrate, 
29: 170 

0mN2Pt,SC46H40. Platinate(2-), penta- 
kis[ tri-p-carbonyl-tricarbonyltri-, 
bis(tetraethylammonium), 26:320 

O,,N4Wl0CUH ,,, Decatungstate(VI), tetra- 
kis(tetrabutylammonium), 27:8 1 

0,HNa$iW923H,0, Nonatungstosili- 
cate(l0-), p-, nonasodium hydrogen, 
tricosahydrate, 27:88 

phate(9-), A-, nonasodium, hydrate, 
27:lOO 

O,N%PW, xH,O, Nonatungstophos- 

O,Na,,SiW,, Nonatungstosilicate( lo-), a-, 

decasodium, 27:87 

hexacesium, 27:lOl 

cate(8-), y-, octapotassium, dodeca- 
hydrate, 27:88 

cate(8-), p2-, octapotassium, tetradeca- 
hydrate, 27:91,92 

cate(8-), a-, octapotassium, trideca- 
hydrate, 27:89 

0,Na8SiW, ,, Undecatungstosilicate@-), 
PI-, octasodium, 2 7 9  

O,Cs,PV,W,,, Divanadodecatungstophos- 
phate(5-), p- and y-, pentacesium, 
27:102, 103 

O,Cs,PV,W,, Trivanadononatungstophos- 
phate(6-), a- 1,2,3-, hexacesium, 
27:lOO 

O&&SiV3W9,3H,0, 1,2,3-Trivanadonona- 
tungstosilicate(7-), A+-, hexapo- 
tassium hydrogen, trihydrate, 27329 

0,H4SiW,,xH20, Dodecatungstosilicic 
acid, a- and p-, hydrate, 27:93,94 

O&PVW, ,,xH,O, Vanadoundecatungsto- 
phosphate(4-), a-, tetrapotassium, 
hydrate, 2 7 9  

O&SiW 1217H20, Dodecatungstosili- 
cate(4-), a; tetrapotassium, hepta- 
decahydrate, 2293 

cate(4-), B; tetrapotassium, nona- 
hydrate, 27:94 

0,N,SiTiV3W9C,H,,, 1,2,3-Trivanado- 
nonatungstosilicate(4-), p,-[($~y~10- 
pentadienyl)trioxotitanateo]-, A$-, 
tetrakis(tetrabutylammonium), 
27:132 

O,N4SiV3W9C,H,,. 1,2,3-Trivanadonona- 
tungstosilicate(7-), A+-, tetrakis(tetra- 
butylammonium) trihydrogen. 27: 13 1 

O~4SiW,,C,Hl,, Dodecatungstosili- 
cate(4-), y-, tetrakis(tetrabuty1- 
ammonium), 27:95 

phosphate(l2-), a-, dodecasodium, 
tetracosahydrate, 27: 108 

061K,,P,W1,20H20, Heptadecatungstodi- 
phosphate(l0-), a2-, decapotassium, 
eicosahydrate, 27:107 

O,,Cs,PW,,, Decatungstophosphate(7-), 

O,&SiW,, 12H,O, Decatungstosili- 

O,K$iW, ,,14H,O, Undecatungstosili- 

O3,&SiW,,~13H,O, Undecatungstosili- 

O&SiWI29H,O, Dodecatungstosili- 

0,6Na,2P,W,524H,0, Pentadecatungstodi- 
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O,,Li~P,W,,,20H2O. Lithioheptadeca- 
tungstodiphosphate(9-), a, -, nona- 
potassium, eicosahydrate, 27: 109 

0,&P2W,,,19H,0, Octadecatungstodi- 
phosphate(6-), fl-, hexapotassium, 
nonadecahydrate, 27: 105 

O,,&P,W,,, 14H,O, Octadecatungstodi- 
phosphate(6-), a-, hexapotassium, 
tetradecahydrate, 27: 105 

0,&,H,Rb4W,,34H,0, Tungstate(4-), 
aquadihydroxohenhexacontaoxo- 
bis[trioxoarsenato(lII)] henicosa-, 
tetrarubidium. tetratricontahydrate, 
27:113 

0,,,As,H,W2,xH,0, Tungsten, aquahexa- 
hydroxoheptapentacontaoxobis[tri- 
oxoarsenato(III)]henicosa-. hydrate, 
27:112 

O,,H,,N,,NaSb9W,,,24H,O, Sodiohenicosa- 
tungstononaantimonate( 1 8-), octa- 
decaammonium, tetracosahydrate, 
27:120 

0, ,,,H,N,,NaP,WN,3 lH,O, Sodiotriconta- 
tungstopentaphosphate( 14-), tetra- 
decaammonium, hentricontahydrate. 
27:115 

tungstotetraarsenate(27-), heptacosa- 
sodium. hexacontahydrate, 27: 1 18 

O,,-&,Co,H IooN24W40 19H,O, Ammonio- 
dicobaltotetracontatungstotetraar- 
senate(23-), tricosaammonium, 
nonadecahydrate, 27:119 

0,,H,K,Li,P,W,,92H20, Octatetraconta- 
tungstooctaphosphate(40-), penta- 
lithium octacosapotassium heptahy- 
drogen, dononacontahydrate, 2 7  1 10 

OsAu,F,P,C,H,,, Osmium(1 +), tri-p- 
hydrido-tris(tripheny1phosphine)- 
bis[(triphenylphosphine)gold]-, hexa- 
fluorophosphate( 1 -), 29:286 

OsClP,C,H,,, Osmium(I1). dichloro- 
tris(tripheny1phosphine)-, 2 6  184 

OsCl,P,SC,,H,,, Osmium(II), di- 
chloro(thiocarbonyl)tris(triphenyl- 
phosphine)-, 26185 

OsCl,P,C~,H,,. Osmium(lII), trichloro- 
tris(dimethylpheny1phosphine)-, mer, 
27:21 

cyclooctadiene] tris(dimethylpheny1- 

OI&,Na,W,60H,O, Sodiotetraconta- 

OsH,RhP,C,,H,,, Rhodium, [2(q4)-1,5- 

phosphine-lKP)-tri-p-hydrido- 
osmium-, 27:29 

OsH,P,ZrC,H,,, Zirconium, bis( 1,1(q5)- 
cyclopentadienyl] tris(dimethylpheny1- 
phosphine-2~P)-tri-p-hydrido-hydrido- 
1pH-osmium-, 27:27 

thioxo- I ,3-pentadiene- 1,Sdiyl- 
C' ,Cs,S)bis(triphenylphosphine)-, 
2 6  188 

OsOP,SC,H,,, Osmium, carbonyl(thi0- 
carbonyl)tris(triphenylphosphine)-, 
26:187 

carbonyl)tris(triphenylphosphine)-, 
26186 

bonyl-p-hydrido[ p-(triethylphos- 
phine)gold]tri-. 27:210 

Os,AuHO,,PC,H,,, Osmium, decacar- 
bonyl-p-hydrido[ p-(triphenylphos- 
phine)gold]tri-, 27:209 

Os,Au,O,,P,C,,H~, Osmium, decacar- 
bonylbis[p-(triethylphosphine)gold] tri-, 
27:2 11 

bony lbis [ p-(trip hen ylp hos- 
phine)gold]tri-, 27:211 

Os,BrH,09C,,, Osmium, (p,-bromo- 
methy1idyne)nonacarbonyltri-p- 
hydrido-triangulo-trii-, 27:205 

Os,ClH,O,C,,, Osmium, nonacarbonyl(p,- 
c hloromethy1idyne)tri-p-hydrido- 
triangulo-tri-, 27:205 

Os,HO,,C, ,H,, Osmium, decacarbonyl- 
hydridomethyltri-, 27:206 

Os,HO, ,C,,H,, Osmium, decacarbonyl-p- 
hydrido( p-methoxymethy1idyne)- 
triangulo-tri-, 27~202 

Os,H,O,,C, ,H2, Osmium, decacarbonyl-di- 
p-hydrido- p- methylene-rriangulo-tri-, 
27:206 

Os,H,O,,,C, ,H,, Osmium, nonacarbonyl-tri- 
p-hydrido(p,-methoxymethy1idyne)- 
triangulo-tri-, 27:203 

Os,H,O,,C,,H,. Osmium, nonacarbonyl-tri- 
p-hydrido[p,-(methoxycarbony1)- 
methylidynel-rriangulo-tri-, 27:204 

Os,NO, ,C,,H,, Osmium, (acetonitri1e)unde- 
cacarbonyltri-, 26290,28:232 

Os,NO, ,C,,H,, Osmium, undecacar- 

OsOP,SC,,H,, Osmium, carbonyl(5- 

OsP,SC,,H,,, Osmium(I1). dihydrido(thi0- 

Os,AuHO,,PC,,H,,, Osmium, decacar- 

Os,Au,O,,P,C,H,, Osmium, decacar- 
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bonyl(pyridine)tri-, 26:291,28:234 
Os,NO,,P,C,,H,,. Osmate(1 -), p-carbonyl- 

decacarbonyl-p-hydrido-tri-, p-nitrido- 
bis(tripheny1phosphorus)Q +), 28:236 

Os3N20,,C,,H,, Osmium, bis(acetonitrile)- 
decacarbonyltri-. 26292,28:234 

Os,NiO,C,,H,, Osmium, nonacarbonyl(q’- 
cyclopentadieny1)tri-p-hydrido-nic kel- 
tri-, 26:362 

Os,Ni,O,C,H,,, Osmium, nonacarbonyl- 
tris(q5-cyclopentadienyl)trinickeltri-, 
26365 

Os,O,S,C,. Osmium, nonacarbonyldi-p,- 
thio-tri-, 26306 

Os,O,,C,,H,, Osmium, decacarbonyldi-p- 

Os30,,SC,,, Osmium, p3-carbonylnona- 

Os,O,,SC,,H,, Osmium, (p-benzenethio- 

hydrido-tri-, 26367,28:238 

carbonyl-p3-thio-tri-, 26:305 

1ato)decacarbonyl-p-hydrido-tri-, 
26304 

28:230 

tetra-p-hydrido-rmahedm-tetra-. 26293, 
28:240 

p3-thio-tetra-, 26307 

p,-thio-tetra. 26:307 

carbonylpenta-, bis[p-nitrido-bis(tri- 
phenylphosphorus)(l +)I, 26:299 

Os,N,O,,P,C,H,, Osmate(2-), octadeca- 
carbonylhexa-, bis[p-nitrido-bis(trii- 
phenylphosphorus)(l +)I, 26300 

Os,O,,C ,,H,, Osmium, octadecacarbonyl- 
dihydridohexa-, 26301 

Os,O,,C ,,, Osmium, octadecacarbonyl- 
hexa-. 26:295 

Os,O,,C,,, Osmium, dodecacarbonyltri-, 

Os,O,,C,,H, Osmium, dodecacarbonyl- 

Os,O,,S,C,,. Osmium, dodecacarbonyldi- 

Os,O,,S,C,,, Osmium, tridecacarbonyldi- 

Os,N,O,,P,C,,H,, Osmate(2-), pentadeca- 

PAuCIC,,H ,,. Gold, chloro(tripheny1phos- 

PAuC1F,C3, H,,, Aurateo), chloro(penta- 
phineb, 26325,27538 

fluoropheny1)-. (benzy1)triphenyl- 
phosphorium, 26:88 

PAuCo,FeO,,C,H,,, Ferrate( 1 -), dodeca- 
carbonyltricobalt-, (triphenylphos- 
phine)gold(l+), 27:188 

PAuHO,,Os,C,,H,,, Osmium, decacar- 
bon yl- p- hydrido( p-(triethylp hos- 

phine)gold]tri-, 27:2 10 
PAuHO,,Os,C,H,,, Osmium, decacar- 

bonyl-p-hydrido[ p-(triphenylphos- 
phine)gold]tri-. 27:209 

PAu,F,NSC,,H,,, Gold(I), (pentafluoro- 
pheny1)-p-thiocyanate(tripheny1phos- 
phine)di-. 26:90 

PBF,MoOC,H,, Molybdenum( 1 +), car- 
bonyl(q5-cyclopentadienyl)(diphenyl- 
acetylene)(triphenylphosphine)-, 
tetrafluoroborate(1-), 26104.28:13 

PBF,MoO,C,,H,, Molybdenum, dicar- 
bonyl(qs-cyclopentadienyl)[ tetra- 
fluoroborato( 1 -)](triphenylphos- 
phine)-, 26:98,28:7 

PBF,O,WC,,H,, Tungsten, dicarbonyl($- 
cyclopentadienyl)[ tetrafluorobor- 
ato(1 -)](triphenylphosphine)-. 2698, 
28:7 

PBrF,N,RuC,,H,,, Ruthenium(I1). tris(ace- 
tonitrile)bromo(q4-1,5-cyclooctadiene)-, 
hexafluorophosphate(1-), 26:72 

PC,H,, Phosphine. trimethyl-, 26:7 

-, Phosphine, trimethyl-, cobalt and 
rhodium complexes. 28280,281 

preparation of, 28:305 

iron complex, 28: 177 
nickel complex, 28:lOl 
platinum complex, 29:190 
tungsten complexes, 27:304,28:327. 329 

PC,H,, Phosphine, (2.2-dimethylpropyli- 

PC,H,, Phosphine, phenyl-, cobalt-iron 

PC,H,,, Phosphine, triethyl-, gold-osmium 

dyne)-, 27:249.251 

complex, 26353 

complexes, 27:209,211 
gold-platinum complex, 27:218 
nickel complex, 28:lOl 
platinum complexes, 26126,135-140. 

27:32,34,28:27, 120, 122, 133,29191 
PC,H,,. Phosphine, dimethylphenyl-, iron 

complex, 2661,28 17 1 
molybdenum complex, 27: 11 
osmium complex, 27:27 
osmium-rhodium complex, 27:29 
osmium-zirconium complex, 27:27 
ruthenium complex 26273,278,28:223. 

tungsten complex, 28330 
224.228 

PC,H,,, Phosphine. ethylmethylphenyl-, 
lithium complex, 27:178 
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, Phosphorane, dimethylmethyl- 
enediphenyl-, uranium complex, 
27: 177 

PC,H,,, Phosphine, triisopropyl-, platinum 
complex, 28:120, 135 

rhodium complex, 27:292 
tungsten complex, 27:7 

PC,,H IJ, Phosphine, diethylphenyl-, nickel 
complex, 28:lOl 

platinum complex, 28:135 
PC,,H,,, Phosphine, diphenyl-, manganese 

complex, 26158,226-230 
ruthenium complex, 26:264 

26:61,28:171, 177,29:153 
-, Phosphine, tributyl-, iron complex, 

nickel complex, 28:lOl 
PC,,H,, Phosphine, tri-ren-butyl-, iron 

complex, 28: 177 
palladium complex, 28:115 

complex, 2661,28:171 
PC,,H,,, Phosphine, methyldiphenyl-, iron 

molybdenum complex, 27:9, 10 
nickel complex, 28:lOl 
tungsten complex, 28:331,328 

PC 14HU, Phosphine, di-ten-butylphenyl-, 
palladium and platinum complexes, 
28114.116 

PC,,H,,, Phosphine, triphenyl-, cobalt 
complex, 26:190-197,29:175 

cobalt-gold-iron complex, 27: 188 
cobalt-gold-ruthenium, 26327 
gold complexes, 26:325,326,27:214, 

gold and platinum complex, 27:218 
gold-iridium complexes, 29:284,285,2% 
gold-manganese complex, 26:229 
gold-osmium complex, 27:209,21 I ,  

gold-platinum complex, 29:293,295 
gold-rhenium complex, 29288,289,291, 

gold-ruthenium complex, 29:281,288 
iridium complexes, 261 17-120, 122-125, 

iron complexes, 26:237,241,28:170. 176, 

molybdenum complex, 28:13 
molybdenum, palladium, and platinum 

molybdenum and tungsten complexes, 

29:280 

29:286 

292 

201,202.28:23-26,57-59,92,29:283 

29: 153 

complexes, 26:347 

2698-105,28:7 

nickel complex, 28: 102 
osmium complex, 26:184-188 
paIladium complex, 28: 107 
platinum complex, 27:37,28:124. 125, 135 
rhenium complex, 27:15, 16,29:146, 148, 

rhodium complexes, 27:292,28:77-83 
ruthenium complexes, 26:181,182,28:270. 

tungsten complex, 28:40 

149,214,216,217,219,220,222 

337,29:161 

PC,,H,,, Phosphine, (2.4.6-tri-tert-butyl- 
pheny1)-, 27:237 

PC,,H,,. Phosphine. tricyclohexyl-. iron 
complexes, 26:61.28:171. 176,29:154 

molybdenum complex, 27:3, 13 
nickel complexes, 26205,206 
palladium and platinum complexes, 

platinum complex, 28:130 
rhodium complex, 27:291 
tungsten complex, 27:6 

28114,116 

PC,,H,,, Phosphine. tris@-to1yl)-, gold- 
rhenium complex, 29289,292 

PClF,N,RuC,4H,I, Ruthenium(I1). tris(ace- 
tonitrile)chloro(q4- 1,5-cyclooctadiene)-, 
hexafluorophosphate( 1 -)-, 2671 

PClNO,SC,,H,,, Sulfamoyl chloride, (tri- 
phenylphosphorany1idene)-, 2927 

PClRuC,H,, Ruthenium@), chloro($- 
hexamethylbenzene)hydrido(tri- 
phenylphosphine); 26:181 

PCl,C,,H,, Phosphonous dichloride, 
(2,4,6-tri-tert-butyIphenyl)-, 27:236 

PC1,F6N4RuC4Hl6, Phosphate( 1 -), hexa- 
fluoro-, trans-dichlorobis( 1.2-ethane- 
diamine)ruthenium(III), 29: 164 

PCI,F6N4RuC7H,, Phosphate( 1 -), hexa- 
fluoro-, trans-[(R,S)-N,N '- bis(2- 
aminoethyl)-l,3-propanediamine]di- 
chlororuthenium(II1). 2 9  165 

PCI,Si,C,,Hz7, Phosphonous dichloride, 
[tris(trimethylsilyl)methyl]-, 27:239 

PCoC,,H,, Cobalt, (q5-cyclopentadieny1)- 
[q2-l,l '-(1,2-ethynediyl)bisbenzene](tri- 
pheny1phosphine)-, 26: 192 

PCoC,,H,, Cobalt, (1f-cyclopentadieny1)- 
(2.3-dimethyl-1 A-diphenyl- 1.3-buta- 
diene-l,4-diyl)(triphenylphosphine)-, 
26195 

PCoO,C,,H,, Cobalt, (qkyclopenta- 
dienyl)(methyl 3-phenyl-q2-2-pro- 
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pynoate)(triphenylphosphine)-, 26: 192 

dienyl)[ 1.3-bis(methoxycarbonyl)-2- 
methyl4phenyl- 1.3-butadiene- 1.4 
diylj(tripheny1phosphine)-. 26 197 

bis( methoxycarbonyl)-2-methyl-3- 
phenyl- 1.3-butadiene- 1 ,4diyl] (tri- 
pheny1phosphine)-, 26  197 

PCo,Fe09PC 15H,, Iron, nonacarbonyl(p,- 
pheny1phosphinidene)icobalt-, 26:353 

PCs,O,V,W ,,, Divanadodecatungstophos- 
phate(5-), $-, and y-, pentacesium, 
27:103 

PCs,O,V,W,, Trivanadononatungstophos- 
phate(6-), a-1,2,3-, hexacesium. 27: 100 

PCs,O,W ,,, Decatungstophosphate(7 -), 
hexacesium, 27: 101 

PCuF,N,C,H ,,, Copper( 1 +), tetrakis(ace- 
tonitrile)-, hexafluorophosphate( 1 -), 
28:68 

PF,HO,, Phosphorodifluoridic acid, 
rhenium complex, 2683 

PF2N,0,ReC ,,H,, Rhenium, (22’-bipyri- 
dine)tricarbonyl(phosphorodifluori- 
dato)-, 2683 

of, 26  12,28:3 10 

2 ~ ~ 6 -  I&-pentacarbonyl- IK’C,~KZC- 
bis[ 12-(q5-cyclopentadienyl)]molyb- 
denum-, hexafluorophosphate( 1 -), 
26239 

PF,FeO,C,,H,,, Iron(] +), ($-cyclopenta- 
dienyl)dicarbonyl(tetrahydrofuran)-, 
hexafluorophosphate(1 -), 26232 

bis[dicarbonyl(q-cyclopentadienyl)-, 
hexafluorophosphate( 1 -), 26:235 

PF,MoO,C,H,, Molybdenum(II), dicar- 
bonylbis[ 12-ethanediylbis(dipheny1- 
phosphine)] fluoro-, hexafluorophos- 
phate(1-), 26% 

PFe0,C ,,H ,,. Iron(O), tetracarbonyl(di- 
methy1phenylphospine)-, 2661,28: 17 1 

PFeO,C,,H,,, Iron(O), tetracarbonyl(tri-few- 
buty1phosphine)-, 28: 177 

-, Iron(O), tetracarbonyl(tributy1- 
phosphine), 2661,28:171 

PFeO,C,,H,,, Iron(O), tetracarbonyl(methy1- 
dipheny1phosphine)-, 28: 171 

PCoO,C,,H,. Cobalt, (~f-cyclopenta- 

, Cobalt, (q5-cyclopentadieny1)[ 1.4 

PF,, Phosphorous trifluoride. preparation 

PF,FeMoO,C,,H,,, Iron(] +), p-acetyl- 

PF6Fe205C,,H,,, Iron(] +), p-acetyl-C:O- 

PFeO,C,,H,,, Iron(0). tetracarbonyl(tri- 
pheny1phosphine)-. 26:61,28:170 

PFeO,C,,H,,. Iron(O), tetracarbonyl(tri- 
cycIohexy1phosphine)-, 2661.28: 171 

PFeO,C,q, Iron(O), tetracarbonyl(trimethy1 
phosphite)-. 26:61,28:171 

PFeO,C,,H,,. Iron(0). tetracarbonyl(triethy1 
phosphite)-. 2661,28:171 

PFeO,C,,H,,. Iron(O), tetracarbonyl(tri- 
phenyl phosphite)-, 26:61.28:171 

PH,Li, Lithium dihydrogen phosphide, 
(LiH,P), 27:228 

PHgCIMn,O,C,H,,. Manganese, p-(chloro- 
mercurio)-p-(diphenyIphosphino)- 
bis(tetracarbony1-, (Mn -Mn), 26230 

P&O,VWI ,,xH,O, Vanadoundecatungsto- 
phosphate(4-), a-, tetrapotassium, 
hydrate, 2 7 9  

phosphino)ethyl)-, 27178 

methylsily1)-, lithium, -2tetrahydro- 
furan, 27:243,248 

PMnO,C,H,,, Manganese, octacarbonyl- 
11CC,2~C-p-[carbonyI-2~C: 1~0-6- 
(diphenylphosphino-21c P)-o-phenyl- 
ene-2~C~,11cC~]di-, 26 158 

{ 2-(diphenylphosphino)phenylJ hy- 
droxymethyl-C,P}-, 26169 

bonyl(2-(dimethylphosphinothioyl)- 
1,2-bis(methoxycarbonyl)ethenyl-C,S]-, 
26: 163 

PMnO, ,C 17H Manganese, tricarbonyl[q2- 
2,3.4,5-tetrakis(methoxycarbonyl)-22- 
dimethyl- 1H-phospholiuml-, 
26: 167 

bonyl[q2-3,4,5,6-tetrakis(methoxycar- 
bonyl)-2,2-dimethyl-2H-1,2-thiap hos- 
phorin-2-iumj-, 26 165 

PMn,O,C,H, Manganese, y(dipheny1- 
phosphino)-p-hydridobis(tetracar- 
bonyl-, (Mn-Mn), 26226 

PMoO,C,H,,, Molybdenum, dicar- 
bonyl($-cyclopentadienyl)hydrido(tri- 
pheny1phosphine)-, 2698,28:7 

amidato(2 - )c4,NNJ (tricyclohexylphos- 
phine)-, 26206 

PLiC,H,,, Lithium, [2-(methylphenyl- 

PLiSi,C,H ,,,20C4H,, Phosphide, bis(tri- 

PMnO,C,,H,,, Manganese, tetracarbonyl- 

PMnO,SC,,H,,, Manganese, tetracar- 

PMnO,,SC,,H,,, Manganese, tricar- 

PNNiOC,,H, NickelUI), butan- 
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, Nickel(I1). 12-methylpropan- 
amidato(2- )-C1,N](tricyclohexylphos- 
phine)-, 26:205 

PNOC,,H,, Benzamide, 2-(diphenylphos- 
phino)-N-phenyl-, 27:324 

PNOCZH2,, Benzamide, N-[2-(diphenyl- 
phosphino)phenyl]-, 27:323 

PNO,,Ru,C,,H,, Ruthenium, decacar- 
bonyl(dimethylphenylphosphine)(2- 
isocyano-2-methylpropane)tri-, 26:275, 
28:224 

phate(9-), A-, nonasodium, hydrate, 
27:lOO 

POC,,H,,, Benzenemethanamine, 2-(di- 
pheny1phosphino)-, manganese 
complex, 2 6  169 

POSi,C,,H,,, Phosphine, [22-dimethyl-l- 
(trimethylsiloxy)propylidene](tri- 
methylsily1)-, 27:250 

PO,C,H, ,, Phosphonous acid, phenyl-, 
dimethyl ester, nickel complex, 28: 101 

PO,C,,H,,, Phosphinic acid, diphenyl, tin 
complex, 2925 

PO,WC,,H,,, Tungsten, dicarbonyl(qs- 
cyclopentadienyl)hydrido(triphenyl- 
phosphine), 2698,28:7 

PO,C,H,, Trimethyl phosphite, cobalt and 
rhodium complexes, 2k283.284 

iron complexes, 2661,28:171,29:158 
nickel complex, 28:lOl 

PNqO,W,xH,O, Nonatungstophos- 

PO,C,H,,, Triethyl phosphite, iron 
complexes, 2661,28:171,29:159 

nickel complexes, 28:101, 104-106 
PO,C,H,,, Isopropyl phosphite. nickel 

PO,C,,H,,, Triphenyl phosphite, cobalt 

iron complexes, 2661,28:171,29:159 
nickel complex, 28:lOl 
ruthenium complex, 26: 178 

complex, 28:lOl 

complex, 29:178 

PO,C,,H,,, Tris(4methylphenyl) phosphite, 
ruthenium complex, 26277,278,28:227 

PO,SC,H,,, 2-Butenedioic acid, 2-(di- 
methylphosphinothioy1)-, dimethyl 
ester, manganese complex, 2 6  163 

PO,C,,H,,, 1H-Phospholium, 2,3,4,5-tetra- 
kis(methoxycarbonyl)-2,2-dimethyl-, 
manganese complex, 26:167 

PO,SC,,H, 2H-1,2-Thiaphosphorin-2-ium, 
3.4,5,6-tetrakis(methoxycarbonyl)-2,2- 
dimethyl-, manganese complex, 26: 165 

PO,Ru,C,,H, ,. Ruthenium, nonacarbonyl- 
yhydrido-( ydipheny1phosphido)tri-, 
26264 

bonyl(dimethylpheny1phosphine)tri-, 
26:273.28:223 

PO,,Ru,C,,H,,, Ruthenium, undecacar- 
bonyltetrahydrido[tris(4-methyl- 
pheny1)phosphite) tetra-, 26277,28:227 

POsSC,,H,,, Osmium(I1). dihydrido(thi0- 
carbonyl)tris(triphenylphosphine)-, 
26186 

PPtC,,H,,, Platinum(0). bis(ethene)(tri- 
cyclohexy1phosphine)-, 28: 130 

PRuC,H,,, Ruthenium(II), [2-(diphenyl- 
phosphino)phenylC1P](q6-hexa- 
methy1benzene)hydrido-, 36 182 

PSC,H,, Phosphine sulfide, dimethyl-, and 
manganese complex, 2 6  162 

PS,C,H,,. Phosphonium, (dithiocar- 
boxy)triethyl-, rhodium complex, 
27:288 

PSiC,,H,,, Phosphine, (2,4,6-tri-ren-butyl- 
phenylXtrimethylsily1)-, 27:238 

PSi,C,H,,, Phosphine, tris(trimethylsily1)-, 
27:243 

PUC,H,,, UraniumOV), tris(qs-cyclo- 
pentadienyl)[(dimethylphenylphos- 
phorany1idene)methyll-, 27: 177 

P,, Diphosphorus, chromium complex, 
29:247 

PO, ,Ru,C,,H,,, Ruthenium, undecacar- 

molybdenum complex, 27:224 
P,AuMn,O,C,,H,,. Gold, octacarbonyl- 

1dC. 2~~Gy-(diphenylphosphino)- 
1 :2~P-(tfiphenylpho~phine)-3~P- 
triangulo-dimanganese-, 26229 

P2A~,O,,Os3C2,H,, Osmium, decacar- 
bonylbisI p-(triethylphosphine)gold] tri-, 
27:211 

P,BClF41rN,C,,H,,, Iridium(II1). chloro(di- 
nitrogen)hydrido[tetrafluoro- 
borato(1 -)] bis(tripheny1phosphine)-, 
26:119,28:25 

P,BClF,IIOC,,H,,, IridiumOII), carbonyl- 
chlorohydrido[tetrafluoro- 
borato( 1 -)bis(triphenylphosphine)-, 
26:117,28:23 

P,BClF,IrOC,,H,,, IridiumOII), carbonyl- 
chloromethyl [tetrafluoro- 
borato( 1 -)]bis[triphenylphosphine)-, 
26:118,28:24 

P2BF,IrC,,H,,, Iridium(l+), (q4-1.5<yclo- 



Formula I n d a  405 

octadiene)( 1,3-propanediyIbis(di- 
pheny1phosphine)l-, tetrafluoro- 
borate(1-). 27:23 

P,BF,IrC,H,,, Iridium@), (q4- 1,5-cycloo- 
ctadiene)bis(triphenylphosphine)-, 
tetrafluoroborate(1-), 26:122,28:56 

hydridobis(tripheny1phosphine)-, 
tetrafluoroborate(1-), 26124,2858 

P,BF,IrO,C,,H,, Iridium(III), bis(ace- 
tone)dihydridobis(triphenylphos- 
phine)-, tetrafluoroborate( 1 -), 26: 123, 
2857 

P,BO,PtC,H,,, Platinum(I1). (3-methoxy- 
3-oxo-~O-propyl-~C')bis(triethylphos- 
phine)-, tetraphenylborate( 1-), 26: 138 

octene)bis(triethylphosphine)-. tetra- 
phenylborate( 1 -), 26139 

P,C,H ,,, Phosphine, lbethanediylbis(di- 
methyl-, nickel complex, 28: 101 

P,C,,H,,, Phosphine, methylenebis(di- 
phenyl-, palladium complex, 28:340 

ruthenium complex, 26276,28:225 
P,C,,Hm Phosphine, ethynnediylbis(di- 

P,BF,IrO,C,H,,, Iridium(II1). diaquadi- 

P,BPtC,H,. Platinum(II), (q3-cycIo- 

phenyl-, ruthenium complex, 26:277, 
28:226 

P,C,,H,, Phosphine, 1.2-ethanediylbis(di- 
phenyl-, gold-iridium complexes. 
29:290,296 

iridium complex, 27:25 
molybdenum complexes, 2684,28:38, 

nickel complex, 28:103 
platinum complexes, 26370.28: 135 
tungsten complexes, 28:41,43. 

29:201 

29: 142-144 
P,C,,H,, Phosphine, 1,3-propanediyl- 

bis(dipheny1-, iridium complexes, 
27:22,23 

bis(dipheny1-, iridium complex, 27:26 

butylphenyl), 27:241,242 

bis(tripheny1phosphine)-, trans-, 28:92 

bis(tripheny1phosphine)-. trans-, 
28:79 

P,ClPtC,,H,,. Platinum(II), chloro(cis-l.2- 
diphenylethenyl)bis(triethylphos- 
phineb, trans-, 26140 

P,C,H,, Phosphine, 1.4-butanediyl- 

P,C,,Hss, Diphosphene, bis(2,4,6-tri-rm- 

P,ClIrOC,,H,,, Iridium, carbonylchloro- 

P,CIORhC,,H,, Rhodium, carbonylchloro- 

P2ClRuC,, H,,, Ruthenium@), chloro(q5- 
cyclopentadienyl)bis(trip henylphos- 
phine), 28270 

P,C12N,C8H,,, 1,3,2,4.-Diazadiphospheti- 
dine, 1,3-di-te~-butyl-2,4-dichloro-, cis-, 
27:258 

P2Cl2N2WC,,H,,, Tungsten(VI), dichloro[ (1,l- 
dimethylethyl)imido](phenyl- 
imido)bis(trimethylphosphine)-, 27:304 

P2C1,PtC,,H2,, Platinum, dichloro[1,2- 
ethanediylbis(dipheny1phosphine)l-, 
26370 

P,Cl,WC,H,, Tungsten, tetrachloroI 1.2- 
ethanediylbis(dipheny1phosphine))-. 
28:41 

P,C14WC26H26, TungstenOV), tetrachloro- 
bis(methyldipheny1phosphine)-, 28:328 

P,Cl,WC,,H,, Tungsten, tetrachlorobis(tri- 
pheny1phosphine)-, 2840 

P,CoC, ,H2,, Cobalt@), (q5-cyclopenta- 
dienyl)bis(trimethylphosphine)-, 
28:281 

P,CoC,H,,, Cobalt, (qS-cyclopentadienyl- 
bis(tripheny1phosphine)-, 26: 191 

P,CoF,,N,C,H,, Cobalt(lI), 
(2,3,10,11,13,19-hexamethyl- 
3,10,14,182 125-hexaazabicy- 
clo( 10.7.71 hexacosa-1 ,11,13,18, 2425- 
he~aene-K4N'"'~~'.~)-, bis[hexafluoro- 
phosphate(1 -)I, 27:270 

P,CoO,C, ,H2,. Cobalt(I), (q5-cyclopenta- 
dienyl)bis(trimethyl phosphite)-, 28:283 

P,Co20,PtC,H,, Cobalt, heptacar- 
bony1 [ 1.2-ethanediylbis(diphenylphos- 
phine)] platinumdi-. 26  370 

P,CrFeN09C,,H,,, Chromate( 1 -), hydrido- 
nonacarbonyliron-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 26:338 

tat0)pentacarbonyl; p-nitrido-bis(tri- 
phenylphosphorus)(l+), 27:297 

hexacesium, 27: 101 

fluorobenzoato)bis(triphenylphos- 
phine)-, 27:292 

hydi-ido(methanol)bis(triethylphos- 
phineb, trans-, trifluoromethanesul- 
fonate, 26135 

P,F,FeMoO,C,H,,, Iron(l+), p-acetyl-2- 
KC': 1~O-tetracarbonyl-l~~C,2~~C- 

P,CrNO,C,H,,, Chromate(1-), (ace- 

P2cs6o,]ws, Pentatungstodiphosphate(6-), 

P,FO,RhC,H,, Rhodium(I), carbonyl(3- 

P,F,O,PtSC,,H,,, Platinum(I1). 



406 FormulaIndex 

P,F,FeMoO,C,H, (Continued) 
bis[ 1,2-(q3-cyclopentadienyl)](tri- 
phenylphosphine-1KP)molybdenum- 
hexafluorophosphate( 1 -), 26241 

P,F,Fe,O,C,,H,, Iron( 1 +). p-acetyl- 
2Kc': lrC)-tricarbonyl- 1K2c,2Kc- 
bis[ 1,2-(qs-cyclopentadienyl)](tri- 
phenylphosphine-KP)di-, hexafluoro- 
phosphate(1-), 26237 

P2F,110,S,C,,H,,, Iridium(III), carbonyl- 
hydridobis(trifluoromethanesu1- 
fonato)bis(triphenylphosphine), 
26:120,28:26 

(benzy1amino)benzylideneJ-2.12- 
dimethyl- 1,5,9,13-tetraazacyclohexa- 
deca- 1,4,9,12-tetraene-~~N~.'~~.'~]-, 
bis[hexafluorophosphate(l -)I, 27:276 

P,F,,FeN,C,H,,, Iron(II), [3,1 l-dibenzyl- 
14,20-dimethyl-2,12-diphenyl- 
3.1 1,15,19,22,26-hexaazatricyclc- 
[ 1 1.7.7.1S"]octacosa-1,5,7,9(28), 
12,14,19,2126-n0naene-leN'~.'~.~~~]-, 
bis[hexafluorophosphate( 1 -)I, 27:280 

P2FI2IrC2,H2,, Phosphate(1-), hexafluoro-, 
(q6-fluorene)(q'-pentamethylcyclo- 
pentadienyl)iridium(2+) (2:1), 29:232 

P,F,,IrN,C,,H,, Phosphate( 1 -), hexa- 
fluoro-, tris(acetonitrile)(q'-penta- 
methylcyclopentadienyl)iridium(2+) 
(21), 29232 

fluoro-, tris(acetone)(qs-pentamethyl- 
cyclopentadienyl)iridium(2+) (2: I), 
29:232 

P,F12N,RhC,,Hx, Phosphate( 1 -), hexa- 
fluoro-, tris(acetonitrile)(qs-penta- 
methylcyclopentadienyl)rhodium(2+) 
(2:1), 29:231 

dimethyl-3,1l-bis(l-methoxyethyli- 
dene)-l,5,9.13-tetraazacyclohexadeca- 
1.4,9,12-tetraene-leN'.5.9.')) -, bis [ hexa- 
fluorophosphate(1-)], 27:264 

methoxybenzylidene)2,12-dimethyl- 
1,5,9,13-tetraazacyclohexadeca-l,4,9,12- 
tetraene-leN'59.'3]-, bis[hexafluoro- 
phosphate(1 -)I. 27:275 

P,F,N,RuC,,H,, Ruthenium(II), tetra- 
kis(acetonitrile)(q4-1,5-cyclooctadiene~, 
bis(hexafluorophosphate( 1 -)I, 2672 

P,F,N,NiC,, H,, Nic kel(II), [ 3,ll -bis [ a- 

P,F,,IrO,C,,H,,, Phosphate(1 -), hexa- 

P,F,2N4Ni0,C,H,,, Nickel(I1). I2.12- 

P,F,,N,NiO,C,H,,, Nickel(II), [3,1l-bis(a- 

P,F,,N,NiC,,H,, NickelOI), (2,3,10,11,13,19- 
hexamethyl-3,10,14,18,21,25-hexaaza- 
bicycle[ 10.7.7]hexacosa-1,11,13,18,20,25- 
h e x a e n e - ~ ~ N ' ~ ~ ' ~ ~ ' ~ ~ ) - ,  bis[hexafluoro- 
phosphate(1-)], 27:268 

14.20-dimethyl-2,12-diphenyl- 
3.1 1,15,19,22,26-hexaazatricyclo- 
[ 1 1.7.7.lS9]octacosa- 1,5,79(28), 
12,14,19,2 1 ,26-n0naene-~N". '~~~]  -. 
bis[hexafluorophosphate( 1 -)I. 27:277 

cyclooctadiene)tetrakis(methylhydra- 
zine)-. bis[hexafluorophosphate( 1 -), 
2674 

hydridononacarbonyliron-p-nitrido- 
bis(triphenylphosphorus)(l+), 26338 

P,FeNO,C,H,,, Ferrate(l-), hydridotetra- 
carbonyl-, p-nitrido-bis(tripheny1- 
phosphorus)(l+), 26:336 

P,FeO,C,H,,, Iron(0). tricarbonylbis(tri- 
methy1phosphine)-, 28: 177 

P,FeO,C,,H,, Iron(O), tricarbonylbis(tri- 
butylphosphine), 28: 177 

P,FeO,C,H,. Iron(O), tricarbonylbis(tri- 
pheny1posphine)-, 28: 176 

P,FeO,C,H,, Iron(O), tricarbonylbis(tri- 
cyclohexy1phosphine)-, 28: 176 

P,Fe,NO,,C,H,, Ferrate(2-), k-carbido- 
dodecacarbonyltetra-, bis[ ynitrido- 
bis(triphenylphosphorus)(l +)I, 26:246 

P,H,ReC,H,, Rheniumw I), heptahydrio- 
bis(tripheny1phosphine)-, 27: 15 

P,H ,,Mo,N,O2,,4H,O, Pentamolybdo- 
bis(phosphonate)(l-), tetraammonium, 
tetrahydrate, 27: 123 

P,IORhC,,H,, Rhodium(I), carbonyliodo- 
bis(tricyclohexy1phosphine)-, 27:292 

P,IrNO,C,H,, Indate( 1 -), tetracarbonyl-. 

P,F,,N,NiC,H,,, Nickel(I1). [3,1 l-dibenzyl- 

P,F,,N,RUC,,H,,. RutheniumOI), (q4- 

P,FeMoNO,C,,H,,. Molybdate( 1 -), 

y nitrido-bis(tripheny1phos- 
phorus)(l+), 28:214 

P,&O,,W,,, 19H,O, Octadecatungstodi- 
phosphate(6-), B-, hexapotassium, 
nonadecahydrate, 27: 105 

P,&O,W ,,,14H,O, Octadecatungstodi- 
phosphate(6-), a-, hexapotassium, 
tetradecahydrate, 27: 105 

P,K,,O,, W ,,20H,O, Heptadecatungstodi- 
phosphate( lo-), %-, decapotassium, 
eicosahydrate, 27: 107 

P,L&06, W ,, 20H20, Lithioheptadeca- 
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tungstodiphosphate(9-), al-. nona- 
potassium, eicosahydrate, 27: 109 

P,Mn,O,S,C,,H,,, Manganese, octacar- 
bonylbis( p-dimethylphosphinothioyl- 
P,S)di-, 26 162 

P,MoN07C,H,,, Molybdate( 1 -), (ace- 
tat0)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 27:297 

P,MoO,C,H,, Molybdenum, tricar- 
bonyl(dihydrogen)bis(tricyclohexyl- 
phosphine)-, 27:3 

P,MoS,C,H,, Molybdatew), tetrathio-, 
bis(tetraphenylphosphonium), 27:41 

P,Mo,O,C ,,H Molybdenum(I), tetracar- 
bonylbis(q5-cyclopentadienyl)(p-qz:q~- 
diphosph0rus)di-, 27~224 

carbonylbis(q5-cyclopentadienyl)bis(tri- 
pheny1phosphine)dipalladiumdi-, 
26348 

~arbonylbis(q~cyc1opentadien yl)bis(tri- 
phenylphosp hine)diplatinumdi-, 
26347 

P,Mo&C,H,, Molybdate(V), di-p-thic- 
tetrathiodi-, bis(tetrapheny1phos- 
phonium), 27:43 

P,Mo,S,C,H,, Molybdate(V), bis($-di- 
sulIido)di-p-thio-dithiodi-, bis(tetra- 
phenylphosphonium), 27:45 

P,Mo2S,,56C,H, Molybdate(2-), thio-. 
(Mo,S,,,)~-, bis(tetrapheny1phos- 
phonium), 27:42 

P,Mo,s,C,H,. Molybdate(IV,VI), (q2-di- 
su1fido)di-p-thio-trithiodi-, bis(tetra- 
phenylphosphonium), 27:44 

P,Mo,N,O,,C,H,,SH,O, Pentamolybdo- 
bis[(2-aminoethyl)phosphonate)(4-), 
sodium tetramethylammonium dihy- 
drogen, pentahydrate, 27:126 

P,MosN,O2,C2H,,2H,O, Pentamolybdo- 
bis(methylphosphonate)(4-), tetra- 
ammonium, dihydrate, 27: 124 

P,Mo,N~O,, C,H,,, Pentamolybdobis(ethy1- 
phosphonateX4-), tetraammonium, 
27:125 

P,Mo,N40,,Cl,H,6,5H,0, Pentamolybdo- 
bis(phenylphosphate)(4-), tetra- 
ammonium, pentahydrate, 27: 125 

P,Mo,N40,,Cl,H,6,5H,0, Pentamolybdo- 
bis[(4-aminobenzyl)phosphonate](4-), 
diammonium dihydrogen. penta- 

P,Mo20,Pd,C,,H,, Molybdenum, hexa- 

P2M~0,P~C,H,, Molybdenum, hexa- 

hydrate, 27: 126 
P,Mo,N40,,C~H4z4H,0, Pentamolybdo- 

bis((4-aminobenzyl)phosphonate)(4-), 
bis(tetramethy1ammonium) dihydro- 
gen, tetrahydrate, 27:127 

P,NO,C,,H,,, Phosphorus(l+), p-nitrido- 
bis(tripheny1-, acetate, 27:296 

P2N03RhCDHa, Rhodim@), carbonyl(4- 
pyridinecarboxylato)bis(triisopropyl- 
phosphine), 27:292 

P2N04RhC,HB, Rhodate( 1 -), tetracar- 
bonyl-, p-nitrido-bis(tripheny1phos- 
phorus)(l+), 28:213 

P,NO,WC,,H,,, Tungstate(1-), (ace- 
tat0)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)(l +), 27:297 

P,NOloRu,Si,C,H,l, Ruthenate(1-), deca- 
carbonyl-I~~C~~'C,3K4C-p-hydndo- 
1 :2~~H-bis(triethyls~yl)-l~Si,2~Si- 
rriangulo-tri-, p-nitrido-bis(tripheny1- 
phosphorus)(l+). 26269 

P,NO, ,Os,C,H,,, Osmatefl-), p-carbonyl- 
decacarbonyl-p-hydrido-tri-, p-nitrido- 
bis(triphenylphosphorus)(l +), 28:236 

P,N,O,,Ru,CBHa. Ruthenate( 1 -), tetra- 
decacarbonylnitridopenta-, p-nitrido- 
bis(triphenylphosphorus)( 1 +), 
26288 

P,N,O,,Ru,C,,H, Ruthenate(1 -), hexa- 
decacarbonylnitridohexa-, p-nitrido- 
bis(triphenylphosphorus)(l+), 
26287 

P,N,C,,H,, Phosphorus( 1 +), ynitrido- 
bis(tripheny1-, azide, 26286 

P,N,O,, W,C,H Pentatungstobis(pheny1- 
phosphonateX4-), tetrakis(tributy1- 
ammonium), 27: 127 

P2N6NiF12C&IM, NickelUI), (2J2-dimethyl- 
3.1 1-bis[l-(methylamino)ethylidene)- 
1,5,9,13-tetraazacyclohexadeca- ln9.12- 
tetraene-ICN'J".'3]-, bis[hexafluoro- 
phosphate(1 -)I, 27:266 

P,Na,,0,W,,24H20, Pentadecatungstodi- 
phosphate(l2-), a-, dodecasodiurn, 
tetracosahydrate, 27: 108 

thioxo- 1J-pentadiene-lJ-diyl- 
C',Cs$)bis(triphenylphosphine)-, 
26: 188 

P,O,RhC,,H,,, Rhodium(I), carbonyl- 
phenoxybis(triisopropy1phosphine)-, 
27:292 

~~ 

P,OOsSC,,H, Osmium, carbonyl(5- 
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P201RhC2,H4,, Rhodiumu), (acetato)car- 
bonylbis(triisopropy1phosphine)-, 
27:292 

P201RhC,Hl,, Rhodium(I), (benzoato)car- 
bonylbis(tricyclohexy1phosphine)-. 
27:292 

P,OIRhC,Hll, Rhodium(I), carbonyl(4- 
methylbenzenesulI'onato)bis(tricyclo- 
hexy1phosphine)-, 27:292 

hydrogen)bis(triisopropylphosphine)-, 
27:7 

hydrogen)bis(tricyclohexylphos- 
phine), 27:6 

P,O,RhC,H,, Rhodiumu), carbonyl( 1- 
methoxy- 1,3-butanedionato-o)bis(tri- 
isopropy1phosphine)-, 27:292 

P,O,RhC,,H,,, Rhodium(1). carbonyl(hy- 
drogen phthalatofbis(tricyclohexy1- 
phosphine)-, 27:291 

pentadienyl)bis(trimethyl phosphite)-, 
28:284 

P,O,,RuC,,H,, Ruthenium(I1). ($-cycle- 
pentadienyl)[2-[(diphenoxyphos- 
phino)oxy] phenyl-C,P](triphenyl 
phosphited), 26178 

P,O,,Ru,C,,H,,, Ruthenium, decacar- 
bonyl[methylenebis(diphenylphos- 
phine)]tri-, 26276.28:225 

bonyl(dimethylpheny1phosp hine)tetra- 
hydridoltris(4-methy1phenyl)phos- 
phiteltetra-, 26:278,28:229 

P,O,,Ru,C,,H,,, Ruthenate(2-), ps-car- 
bidotetradecacarbonylpenta-, bis[p- 
nitrido-bis(triphenylphosphorus)( 1 +)I, 
26:284 

P,O,,Ru,C,H,, Ruthenium, [yethynediyl- 
bis(diphenylphosphine)]bis[undeca- 
carbonyltri-, 26277,28:226 

phosphine), 28:115 

pheny1phosphine)-, 28: 1 14 

hexy1phosphine)-, 28:116 

ethy1phosphine)-, 28: 133 

isopropylphosphine)(ethene), 28: 135 

P,O,WC,, H,, Tungsten, tricarbonyl(di- 

P,01WC3,H,, Tungsten, tricarbonyl(di- 

P,O,RhC, ,Ha, Rhodium(I), (qs-cyclO- 

P,O,,Ru,C,,H,,, Ruthenium, decacar- 

P,PdC,H,, Palladium(0). bis(tri-rert-butyl- 

P2PdC,,H,, Palladium(0). bis(di-tee-butyl- 

P,PdC,,H,, Palladium(O), bis(tricyc1o- 

P,PtC,,H,,, Platinum(O), (ethene)bis(tri- 

P,PtCmH,, Platinum(0). (ethene)bis(tri- 

P,PtC,,H,, Platinum(O), bis(diethylpheny1- 

P,PtC,,H,,, Platinum(0). [ 12-ethanediyl- 
phosphine)-, 28:135 

bis(diphenylphosphine)](ethene)-, 
28:135 

P,PtC,,H,, Platinum(0). bis(di-tm-butyl- 
pheny1phosphine)-, 28:116 

P,PtC,,H,, Platinum(0). bis(tricyclohexy1- 
phosphine), 28:116 

P,PtC,,H,, Platinum(0). (ethene)bis(tri- 
pheny1phosphine)-. 28: 135 

P,RhC, ,H,,, Rhodiumo), (q'-cyclopenta- 
dienly)bis(himethylphosphine)-, 
28:280 

P,S&C,H,, Diphosphene, bis[tris(tri- 
methylsilyl)methyl]-, 27:241 

PI, Phosphorus, qdo-tri-, molybdenum 
complex, 27:224 

, Triphosphorus, chromium 
complex, 29247 

hexaphenyl-, tetrachloroalumi- 
nate(1-), 27:254 

P,Au,BF,OC,H,,, Gold( 1 +). p-0~0-  
[tris[(triphenylphosphine)-, tetra- 
fluoroborate( 1 -), 26326 

P1Au,CoO,,Ru,C,H,, Ruthenium, dodeca- 
carbonyltris(tripheny1phos- 
phine)cobalt-trigoldtri-, 26327 

P,BN,C,,H,,, Triphosphenium, 1,1,1,3,3,3- 
hexakis(dimethy1amino)-, tetra- 
phenylborate( 1 -), 27:256 

P,BORhS,C,H,,, Rhodium(II1). [[2-[(di- 
phenylphosphino)methyl]-2-methyl- 
1.3-propanediyl] bis(dipheny1phos- 
phine)](dithiocarbonato)-, tetra- 
phenylborate( 1 -), 27:287 

P,C,H,,, Phosphine. bis[2-(diphenylphos- 
phino)ethyl]phenyl-. palladium 
complex, 27:320 

P,C,,H19, Phosphine, [2-[(diphenylphos- 
phino)methyl]-2-methyl- 1.3-propane- 
diyl] bis(dipheny1; rhodium complex, 
21:287 

P,CICoC,H,, Cobalt. chlorotris(tri- 
pheny1phosphine)-, 26: 190 

P,ClIrC,H,,, Iridium(1). chlorotris(tri- 
pheny1phosphine)-, 26:201 

P,CIORhS,C,,H,,, Rhodium, chloro((2- 
[(diphenylphosphino)methyl]-2- 
methyl- 1,3-propanediyl]bis(diphenyl- 
phosphine)](dithiocarbonato)-. 27:289 

P,AlCl.,C,,H,, Triphosphenium, 1,1,1,3,3,3- 



FoimuluZndex 409 

P,ClRhC,H,,, Rhodiumu), chlorotris(tri- 
pheny1phosphine)-, 28:77 

P,Cl,OsC,H,,, Osmium(I1). dichlorotri(tri- 
pheny1phosphine)-. 26: 184 

P,CI,OsSC,,H,,, Osmium(II), dichloro(thio- 
carbonyl)tris(triphenylphosphine)-? 
26185 

P,Cl,OsC,H,,, OsmiumOII), trichloro- 
tris(dimethylpheny1phosphine)-, mer,  
27:27 

P,Cl,WC,H,,, TungstenflV), tetrachloro- 
tris(trimethy1phosphine)-, 28:327 

P,F,,04PdC,H,,, Palladium(II), [bis[2-(di- 
phenylphosphino)ethyl]phenylphos- 
phine]( 1.1.1.5,5,5-hexafluoro-2.4- 
pentanedionat0)-, 1,1,1,5,5,5-hexa- 
fluoro-2,4-dioxo-3-pentanide, 27:320 

P3F,8N6C26H47r 3,10,14,18,21,25-Hexaaza- 
bicycle( 10.7.7lhexacosa- 
1,11113,1820,25-hexaene, 
2.3.10.1 1,13,19-hexamethyl-, tris [ hexa- 
fluorophosphate( 1 -)I, 27:269 

P,F,,N,CSoHs5. 3.1 1 ,I 5,19,22,26-Hexaazatri- 
cyclo[ 1 1.7.7. 15.9]octacosa-l,5,7,9(28), 
12,14,19,21,26nonaene, 3.1 l-dibenzyl- 
1420-dimethyl-2,12-diphenyl-. 
tris[hexafluorophosphate( 1 -)I, 27:278 

P,H,OsRhC,,H,,, Rhodium, [2(q4)-1,5- 
cyclooctadiene] tris(dimethylpheny1- 
phosphine- 1x P)-tri-p-hydrido- 
osmium-, 27:29 

P,H,OsZrC,H,,, Zirconium, bis[ 1,1(q5)- 
cyclopentadienyl] tris(dimethylpheny1- 
phosphine-2x P)-tri-p-hydrido-hydrido- 
1rH-osmium-, 27:27 

hydridotris(tricyclohexy1phosphine)-, 
27:13 

P,H,WC,H,,, Tungsten(IV), hexahydrido- 
tris(dimethylpheny1phosphine)-, 27: 11 

P,Mn,NO,C,,H,. Manganate(1-), p-(di- 
pheny1phosphino)-bis(tetracarbony1-, 
(Mn -Mn), p-nitrido-bis(tripheny1- 
phosphorus)(l+). 26:228 

bonyl(q5-cyclopentadienyl)(q3-cyclo- 

P,H,MoC,H,, Molybdenum(1V). hexa- 

P,MoO,C,H,, Molybdenum(I), dicar- 

triphosphorus)-, 27:224 
P,OOsC,,H,,, Osmium, carbonyl(thiocar- 

bonyl)tris(triphenylphosphine)-, 
26187 

dridotris(tripheny1phosphine)-, 28:82 
P,ORhC,H,, Rhodium(1). carbonylhy- 

P,PtC ,sH,,, Platinum(O), tris(triethy1phos- 

P,PtC,,H,, Platinum(0). tri(triisopropy1- 

P,PtC,H,, Platinum(O), tris(tripheny1- 

P,, Phosphorus, tetrahedra-tetra-, rhodium 

P,Au,ClF,O,PtSC4,H,, Platinum( 1 +), 

phineb. 28:120 

phosphine)-, 28:120 

phosphine), 28:125 

complex, 27:222 

chloro- 1-KCI bis(triethy1phosphine- 
1~P)bk(triphenylphosphine)-2~P,3rP- 
rriongulo-digold-, trifluoromethanesul- 
fonate, 27:218 

dridobis[ 1,3-propanediylbis(diphenyl- 
phosphine)] di-, tetrafluoroborate( 1 -), 
27122 

hydrido-hydridotetrakis(triethy1phos- 
phine)di-, tetraphenylborate(1-), 27:34 

-, Platinum(I1). p-hydrido-dihydrido- 
tetrakis(triethy1phosphine)di-. tetra- 
phenylborate( 1 -), 27:32 

hydrido-hydridotetrakis(tripheny1- 
phosphine)di-. tetraphenylborate( 1 -), 
27:36 

P4BPtC,H3,, Platinum(I1). phydrido- 
hydridophenyltetrakis(triethy1phos- 
phine)di-, tetraphenylborate( 1 -), 
26:136 

P,ClRhS,C,,H,, Rhodium, chloro[ [2-[(di- 
phenylphosphino)methyl]-2-methyl- 
1,3-propanediyl)bis(diphenylphos- 
phine)] [(dithiocarboxy)triethylphos- 
phoniumatol-, 27:288 

P,CI,Pd,C,H,, Palladium(I), dichloro- 
bis[p-methylenebis(dipheny1phos- 
phine)]di-, (Pd-Pd). 28:340 

P,CI,WC,,H,,, TungstenOI), dichlorotetra- 
kis(trimethy1phosphine)-, 28329 

P4Cl,WC3,H,, TungstenOI), dichlorotetra- 
kis(dimethylpheny1phosphine)-, 
28:330 

P4Cl,WC,,H5Z, TungstenOI), dichlorotetra- 
kis(methyldipheny1phosphine)-, 28:33 1 

P4CrFeN,0,C,,H,. Chromate(2-), nona- 
carbonyliron-, his[ p-nitrido-bis(tri- 
phenylphosphorusX 1 +)I, 26339 

P,FeMoN,O,C,,H,. Molybdate(2-), nona- 
carbonyliron-. bis[p-nitrido-bis(tri- 
phenylphosphorus)( 1 +)I, 26339 

P,BF,H,Ir,C,H,,, Iridium(l+). pentahy- 

P,BH,Pt&H,, Platinum(I1). di-y 

P,BH,P&C,H,, Platinum(II), di-p- 
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P,FeN,O,WC,,H,, Tungstate(2-), nona- 
carbonyliron-. bis[ p-nitrido-bis(tri- 
phenylphosphorus)( 1 +)I, 26339 

P,Fe,N,O, ,C,,H,, Ferrate(2-), undecacar- 
bonyltri-, bis[ynitrido-bisftriphenyl- 
phosphorousX1 +)I, 28:203 

hydridotetrakis(methy1diphenylphos- 
phine), 279 

P,H,WC,,H,,, Tungsten(1V). tetrahydrido- 
tetrakis(methyldipheny1phosphine)-, 
27:lO 

P,H,Re,C,,H,, Rhenium(IV), octahydrido- 
tetrakis(tripheny1phosphine)di-, 27: 16 

P,MoN,H,H,,, Molybdenum, bis(dinitr0- 
gen)bis[ lJ-ethanediylbis(dipheny1- 
phosphine)]-, trans-, 28:38 

P4N2OI2PtRh4Cs4H, Rhodate(2-), 
dodecacarbonylplatinumtetra-, bis [p- 
nitrido-bis(triphenylphosphine)( 1 +)I, 
26:375 

decacarbonylplatinumtetra-, bis[y 
nitrido-bis(triphenylphosphorus)( 1 +)I ,  
26373 

P,N,O,,Os,C,,H,, Osmate(2-), penta- 
decacarbonylpenta-, bis [p-nitrido- 
bis(triphenylphosphorus)(l +)I, 26299 

P,N,O,,Os,C,H,, Osmate(2-), octadeca- 
carbonylhexa-, bis[p-nitrido-bis(trii- 
phenylphosphorus)(l +)I, 26308 

P,N,WC,,H,, Tbngsten(0). bis[ 12-ethane- 
diylbis(dipheny1phosphine)j bis(iso- 
cyanomethane), trans-. 28:43 

P,N,WC,H,,, Tungsten, bis(dinitr0- 
gen)bis[ 12-ethanediylbis(dipheny1- 
phosphine)]-. trans-, 28:41 

P,NiC ,,HI2, Nickel(O), bis[ 12-ethanediyl- 
bis(dimethy1phosphine)l-, 28: 101 

P,NiC,,H, Nickel(O), tetrakis(trimethy1- 
phosphine), 28:lOl 

P,NiC,H, Nickel(O), tetrakis(triethy1- 
phosphine)-, 28: 101 

P,NiC,H, Nickel(0). tetrakis(diethy1- 
pheny1phosphine)-. 28: 101 

P,NiC,H IC8, Nickel(0). tetrakis(tributy1- 
phosphine), 28:lOl 

P,NiC,,H,, Nickel(O), bis[ 12-ethanediyl- 
bis(dipheny1phosphine)l-, 28: 103 

P,NiC,,H,,, Nickel(0). tetrakis(methy1di- 
phenylphosphinef-, 28:lOl 

P,H,MoC5,H,,, Molybdenum(IV), tetra- 

P4N,0,,PtRh4C,6H, Rhodate(2-), tetra- 

P,NiC,,H,, Nic kel(O), tetrakis(tripheny1- 

P,NiO,C,,H,, Nickel(0). tetrakis(dimethy1 

P4NiO12Cl,H,, Nickel(O), tetrakis(trimethy1 

P,NiO,,C,H, Nickel(0). tetrakis(triethy1 

P,NiO,,C,,H,, Nickel(0). tetrakis(isopropy1 

P,NiO,,C,,H,, Nickel(0). tetrakis(tripheny1 

P,O,,PdC,H, Palladium(0). tetrakis(tri- 

P,O,,PtC,H,, Platinum(O), tetrakis(triethy1 

P,O,,Sn,C,H, Tin(IV), tributyltris[p-(di- 

phosphine), 28:102 

phenylphosphonite), 28: 101 

phosphite)-, 28:lOl 

phosphite); 28:101, 104 

phosphite)-, 28: 101 

phosphite)-, 28:lOl 

ethyl phosphite)-, 28: 105 

phosphite)-, 28:106 

pheny1phosphinate-O :O ')tri-p-hydroxo- 
p,-oxwtri-, diphenylphosphinate. 2925 

kis [ p(diphenylphosphinato-0 :O ')-p,- 
0x0-tetra-, 29:25 

P,PdC,H,, Palladium(O), tetrakis(tri- 
phenylphosphine); 28: 107 

P,PtC,H,, Platinum(0). tetrakis(triethy1- 
phosphine), 28:122 

P,PtC,,H,, Platinum(0). tetrakis(tri- 
pheny1phosphine)-, 28: 124 

P,RhC,,H,,, Rhodium(I), hydridotetra- 
kis(triphenylphosphine), 28:8 1 

P,RhC,,H,, RhodiurnflI), dihydridotetra- 
kis(tripheny1phosphine)-, 28:337 

P,AuF,ORuC,,H,, Phosphate(1-), hexa- 
fluoro-, carbonyldi-phydrido-tris(tri- 
phenylphosphine)[(triphenylphos- 
phine)gold]ruthenium( 1 +), 29:281 

P,AU,F,NO,P~C,~H,, Phosphate(1 -), 
hexafluoro-, (nitrato-O,O ')bis(tri- 
pheny1phosphine)bis [(triphenylphos- 
phine)gold]platinum(l+), 29:293 

P,H,N,,NaO,,,W,,3 lH,O, Sodiotriconta- 
tungstopentaphosphate( 14-), tetra- 
decaammonium. hentricontahydrate, 
27:115 

P,Au,F,OsC,H,,, Phosphate(1-), hexa- 
fluoro-. tri-p-hydrido-tris(tripheny1- 
phosphine)bis[(triphenylphos- 
phine)gold]osmium( 1 +), 29286 

P,Au,F,RuC,H,,, Phosphate( 1 -), hexa- 
fluoro-, tri-phydridwtris(tripheny1- 
phosphine)bis[(triphenylphos- 

P,O,,Sn,C,H,,, Tin(IV), tetrabutyltetra- 
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phine)gold]ruthenium( 1 +), 29:288 

ethanediylbis(dipheny1phos- 
phine)]heptahydridotri-, bisltetra- 
fluoroborate(1 -)I, 27:25 

P,B,F,H,Ir,C,,H,,. Iridium(2f). hepta- 
hydridotris( 1,3-propanediylbis(di- 
phenylphosphine)] tri-, bis[tetrafluoro- 
borate( 1 -)I, 2 7 2  

P,ClRhC3,HN, Rhodium(I), chloro($- 
tetrahedra-tetraphosphorus)bis(tri- 
pheny1phosphine)-, 27:222 

P,Cl,SnC,,H,, lH-12,3-Triphospholium. 
3.3,4,5-tetrahydro-l11,3,3-tetraphenyl- 
hexachlorostannate(1 -). 27:255 

P,, Tricyclo[2.2.1.@“] heptaphosphide(3-), 
27:228 

P,Au,F,ReC,,,H,,, Phosphatefl-), hexa- 
fluoro-, tetrahydridobis[tris(4-methyl- 
pheny1)phosphinej tetrakis[(triphenyl- 
phosphine)gold]rhenium( 1 +), 29:292 

P,Li,, Lithium heptaphosphide, (Li3P7), 
27:227 

P,H,K,Li,0,,W,,92H20, Octatetraconta- 
tungstooctaphosphate(N-), penta- 
lithium octacosapotassium hepta- 
hydrogen, dononacontahydrate, 27:llO 

P~u,F,,ReC,,,H,,, Phosphate(1-), hexa- 
fluoro-, tetrahydridobis(tripheny1- 
phosphine)pentakis[(triphenylphos- 
phine)gold]rhenium(2+) (2:l). 29:288 

P~u,F,,ReC,,,H,,,, Phosphate(1-), hexa- 
fluoro-, tetrahydridobis(tri-p-tolyl- 
phosphine)pentakis[(triphenylphos- 
phine)gold]rhenium(2+) ( 2  l), 29:289 

dodecakis(tripheny1phosphine)penta- 
pentaconta-, 27:214 

P , ,  ~ t a c y c ~ ~ [ ~ . ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~ O ~ ” - -  
010.14.0”.’6.0”.’5] hexadecaphosphide- 

P,B,F,H,Ir,C,,H,,. IridiumfZf), tris[ 1.2- 

P,fiuS,CI,C,,,H,,, Gold. hexachloro- 

(2-), 27:228 
P ,,Li2, Lithium hexadecaphosphide, 

P,,Na,, Sodium henicosaphosphide. 

P,, , Decacyclo[9.9.1 .@-10.03.7.019.- 

phosphide(3-), 27:228 
PdB,F,N,C,H ,,, Palladium(II), tetra- 

kis(acetonitri1e)-, bis[tetrafluoro- 
borate(1 -)I, 26128,28:63 

(Li2P,6)r 27:227 

(Na,P,,), 27:227 

~L8.~lU0.~13.1~.~14.19.~16.18]~en~cosa~ 

PdC,H,,, Palladium(I1). (q3-allyl)-(qs- 
cyclopentadienyl), 28:343 

PdC1N,C,,Hl9, PalladiumflI), chloro(2-(2- 
pyridinylrnethyl)phenyl-C1,N](3,5- 
dimethy1pyridine)-, 26:210 

PdCl,C,H,,, Palladium(II), dichloro(q4-1,5- 
cyclooctadiene), 28:348 

PdCI,N,C Palladium(II), (2,2‘-bipyri- 
dine)dichloro-, 29 186 

PdCl,N,C,,H Palladium, bis(benzo- 
nitri1e)dichloro-, 2861 

PdCl,N,C,H 13, Palladium(I1). [N-(2-amino- 
ethyl)-l,2-ethanediamine]chloro-, 
chloride, 29187 

PdF,,N,O,C,~ ,,, Palladium(I1). (22‘- 
bipyridine)( I, 1,1.5,5,5-hexafluoro-2,4- 
pentanedionato), 1,1,1,5,5,5-hexa- 
fluoro-2,4-dioxo-3-pentanide, 27:3 19 

PdF1,O,C,,H,, Palladium, bis( 1,1,1,5,5,5- 
hexafluoro-2,4-pentanedionato)-, 
27:318 

PdF,,O,P,C,H,,, Palladium(I1). [bis[2- 
(dipheny1phosphino)ethylj phenyl- 
phosphine]( 1,1,1,5,5,5-hexafluoro-2,4- 
pentanedionato), 1,1,1,5.5.5-hexa- 
fluoro-2,4-dioxo-3-pentanide, 27:320 

Pd02C,H,, Palladium(O), (1,s-diphenyl- 
1,4-pentadien-3-one)-, 28: 110 

PdO,,P,C,,Ha,. Palladium(O), tetrakis(tri- 
ethyl phosphite)-, 28: 105 

PdP,C,H,, Palladium(0). bis(tri-rerr- 
butylphosphine). 28:115 

PdP,C,H, Palladium(O), bis(di-rert- 
butylphenylphosphine), 28: 114 

PdP,C,,H,, Palladium(0). bis(tricyc1o- 
hexy1phosphine)-, 28:116 

PdP,C,,Ha, Palladium(O), tetrakis(tri- 
pheny1phosphine)-. 28:107 

Pd,Cl,C,H ,,, Palladium(I1). bis(q3-allyl)di- 
pchloro-di-, 28:342 

Pd,Cl,N,C,,H,, Palladium(I1). di-y 
chloro-bis[2-[(dimethyl- 
amino)methyl] phenylC‘ Ndi-, 262 12 

bis(8-quinolylmethyl-C,N)di-, 26:213 

bis[2-(2-pyridinylmethyl)phenyl- 
C’,N]di-, 26209 

Pd,Cl,N,C&I,,, Palladiumu), tetrakis(ferf- 
butyl isocyanide)di-p-chloro-di-, 
28 110 

Pd,C1,N,CBHl6, PalladiumuI), di-y-chloro- 

Pd,CI,N,C,H,, Palladium(II), di-p-chloro- 



412 Formula Index 

Pd,CI,N,C,H Palladium, di-p-chloro- 
bis[2-(phenylazo)phenylC'"Z]di-. 
26:175 

Pd,CI,P,C,H,, Palladium(1). dichloro- 
bis[p-methylenebis(dipheny1phos- 
phine)]di-, (Pd-Pd), 28:340 

carbonylbis(qs-cyclopentadienyl)bis(tri- 
pheny1phosphine)dipaIladiumdi-, 
26:348 

Pd,N,0,C2,H2,, Palladium(I1). di-yacetato- 
bis [2-(2-pyridinylmethyI)phenyl- 
C',N]di-, 26:208 

PrCl,LiO,Si,C,,H,,. Praseodymium, bis[qs- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienyl] di-pchloro-bis(tetrahydr0- 
furan)lithium-, 27: 170 

PrO,C,,H,. Praseodymium, tris(26-di-tert- 
butyl-4-methylphenoxo), 27: 167 

Pr,CI,Si,C,H,, Praseodymium, tetrakis[qs- 
1.3-bis(trimethylsilyl)cyclopenta- 
dienyljdi-p-chloro-di-, 27: 17 1 

PtAu,CIF,O,P,SC,H,, Platinum( 1 +), 
chloro-1-KClbis(triethy1phosphine- 
1~P)bis(triphenylphosphine)-2~P,3~P- 
triangulo-digold-, trifluoromethanesul- 
fonate, 27:218 

PtAu,F,NO,P,C,,H,. Platinum( 1 +), 
(nitrato-O,O ')bis(triphenylphos- 
phine)bis[(triphenylphosphine)gold]-, 
hexafluorophosphate( 1 -), 29:293 

PtAu,B,P,C,,,H ,,,, Platinum(Z+), (tri- 
phenylphosphine)hexakis[(triphenyl- 
phosphine)gold]-. bisItetrapheny1- 
borate( 1 -)I, 29:295 

PtBO,P,C,H,,, Platinum(II), (3-methoxy- 
3-oxo-~O-propy~-~C')bis(triethylphos- 
phine), tetraphenylborate( 1 -), 26:138 

octene)bis(triethylphosphine)-, tetra- 
phenylborate(1-), 26: 139 

PtBP,C,H,,, Platinum(II), p-hydrido- 
hydridophenyltetrakis(triethy1phos- 
phineyi-, tetraphenylborate( 1 -), 
26: I36 

PtC,H,,, Platinum(O), tris(ethene)-, 28: 129 
PtCI6H2,, Platinum(O), bis( 1.5-cycloocta- 

PtC,,H,, Platinum(0). tris(bicyclo[2.2.- 

PtClF,O,SC,,H,, Platinum(I1). chloro- 

Pd,Mo,O,P,C,,H,. Molybdenum, hexa- 

PtBP,C,H,,, Platinum(I1). (q'-cyclo- 

diene)-, 28: 126 

l]hept-2-ene)-, 28: 127 

bis(triethylphosphine)(trifluoro- 

methanesulfonato), cis-, 26:126,28:27 
PtClP,C,H,,, Platinum(II), chlorohydrido- 

bis(trimethy1phosphine)-, trans-, 29: 190 
PtClP,C,,H,,, Platinum(I1). chlorohydrido- 

bis(triethy1phosphine)-, trans-, 29: 191 
PtClP,C,,H,,, Platinum(I1). chloro-(cis-l,2- 

diphenylethenyl)bis(triethylphos- 
phine j ,  trans; 26: 140 

PtCI,C,H Platinum(I1). dichloro(q4-1,5- 
cyc1ooctadiene)-, 28:346 

PtCl,N,C,,H Platinum, bispenzo- 
nitri1e)dichloro; 26:345.28:62 

PtCl,P,C,,H,,, Platinum, dichloro[ 1,2- 
ethanediylbis(diphenylphosphine)]-, 
26:370 

PtCI,KC,H.,, Platinate(I1). tri- 
chloro(ethene)-, potassium, 28:349 

PtCI,N,C,H,,, Platinum(IV), dichloro- 
bis( 12-ethanediamine). dichloride, 
cis-, 27:314 

PtCI,N,C,H,,, Platinum(I1). dichloro- 
bis( 12-ethanediamine monohydro- 
chloride)-, trans-, 27:3 15 

PtCo,O,P,C,,H,, Cobalt, heptacar- 
bonyl[ 1,2-ethanediylbis(diphenylphos- 
phine)]platinumdi-. 26:370 

PtF,O,P,SC,,H,,. Platinum(II), 
hydrido(methanol)bis(triethylphos- 
phine)-, trans-, trifluoromethanesul- 
fonate. 26: 135 

cyclohexanediamine]diiodo-. 27:284 

[bis(benzonitrile)platinumj hexacar- 
bonylbis(qs-cyclopentadienyl)di-, 

PtI,N,C,H ,,. Platinum(I1). [trans-(R,R)-1,2- 

PtMo,N,O,C,,H,, Molybdenum. 

(~Mo-R),  26:345 
PtN,O,C !,Hrn, Platinum(I1). [ascorb- 

ato(2-)](cis-l,2-cyclohexanediamine-, 
27:283 

, Platinum(I1). Iascorbato(2-)] [trans- 
(R,R ) 12-cyclohexanediamine] -, 27:283 

, Platinum(I1). [ascorbato(2-)] [trans- 
(S,S)-I,2-cyclohexanediamine]-, 27:283 

PtN,O,,P,Rh,C,H,, Rhodate(2-), dodeca- 
carbonylplatinumtetra-, bis[p-nitrido- 
bis(tripheny1phosphineX 1 +)I, 26375 

PtN,O,,P,Rh,C,,H,. Rhodate(2-), tetra- 
decacarbonylplatinumtetra-, bis[p- 
nitridobis(triphenylphosphorus)( 1 + )], 
26:373 

ethy1phosphite)-, 28: 106 
PtO,,P,C,H,, Platinum(0). tetrakis(tri- 
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PtPC,,H,,, Platinum(0). bis(ethene)(tri- 
cyclohexy1phosphine)-, 28: 130 

PtP,C,,H,, Platinum(0). (ethene)bis(tri- 
ethy1phosphine)-, 28:133 

PtP,CmH,, Platinum(0). (ethene)bis(tri- 
isopropylphosphine)(ethene)-, 28: 135 

PtP,C,,H,, Platinum(0). bis(diethy1- 
pheny1phosphine)-. 28: 135 

PtP2C2,H,,, Platinum(0). [ 1.2-ethanediyl- 
bis(diphenylphosphine)](ethene)-, 
28:135 

PtP,C,,H,, Platinum(0). bis(di-rerr-butyl- 
pheny1phosphine)-, 28: 116 

PtP,C,,H,, Platinum(0). bis(tricyclohexy1- 
phosphine)-, 28: 116 

PtP,C,,H, Platinum(O), (ethene)bis(tri- 
pheny1phosphine)-. 28:135 

PtP3C,,H45, Platinum(0). tris(triethy1phos- 
phine)-, 28:120 

PtP,C,,H,,. Platinum(0). tri( triisopropyl- 
phosphine)-. 28:120 

PtP,CwH,,, Platinum(O), tris(tripheny1- 
phosphine). 28:125 

PtP,C,,H,, Platinum(0). tetrakis(triethy1- 
phosphine)-, 28: 122 

PtP,C,,H,, Platinum(O), tetrakis(tri- 
pheny1phosphine)-, 28: 124 

Pt,BH,P,C,H, Platinum(I1). di-p-hydrido- 
hydridotetrakis(triethy1phosphine)di-, 
tetraphenylborate( 1 -), 27:34 

tetrakis(triethy1phosphine)di-, tetra- 
phenylborate( 1 -), 27:32 

PGBH,P,C,H, Platinum@), di-p-hydrido- 
hydridotetrakis(tripheny1phos- 
phine)di-, tetraphenylborate( 1 -), 
27:36 

iodo-diiododi-. trans-, 29: 188 

carbonylbis(q5-cyclopentadienyl)bis(tri- 
pheny1phosphine)diplatinumdi-, 
26:347 

P&N,O,,C,H,,, Platinate(2-). hexa-p-car- 
bonyl-hexacarbonylhexa-, bis(tetra- 
butylammonium), 26:3 16 

Pt,N,O,,C,H,, Platinate(2-), tris[tri-p-car- 
bonyl-tricarbonyltri-, bis(tetraethy1- 
ammonium), 26:322 

p-carbonyl-tricarbonyltri-, bis(tetra- 
ethylammonium), 26:321 

-, Platinum(I1). p-hydrido-dihydrido- 

P~I,0,C2, Platinum(l1). dicarbonyldi-p- 

Pt,Mo,O,P,C,,H, Molybdenum, hexa- 

Pt,,N,O,C,H, Platinate(2-). tetrakis[ tri- 

Pt,,N,O,C,H,, Platinate(2-), pentakis[tri- 
p-carbonyl-tricarbonyltri-, bis(tetra- 
ethylammonium), 26:320 

Rb,Br,Cr,, Chromate(3-), nonabromodi-. 

Rb,Br,Ti,, Titanate(3 -), nonabromodi-, 

Rb,Br,V,, Vanadate(3 -), nonabromodi-, 

Rb,ChTi,, Titanate(3 -), nonachlorodi-. 

Rb,C&V,, Vanadate(3 -). nonachlorodi-, 

Rb,As2H407,,W2,,34H,0, Tungstate(4-), 

trirubidium, 26:379 

trirubidium, 26379 

trirubidium, 26379 

trirubidium 26:379 

trirubidium, 26:379 

aquadihydroxohenhexacontaoxo- 
bis[trioxoarsenato(III)] henicosa-. 
tetrarubidium, tetratricontahydrate, 
27:113 

ReAu,F,P,C,,,H,,,,,, Rhenium(l+), tetra- 
hydridobis[tris(4-methylphenyl)phos- 
phine] tetrakis[(triphenylphos- 
phine)gold]-, hexafluorophos- 
phate(1-), 29292 

ReAu5F,,P,C,,,H 109r Rhenium(2+), tetra- 
hydridobis(tripheny1phosphine)penta- 
kis[(triphenylphosphine)]gold)-, 
bis[hexafluorophosphate( 1 -)I, 29:288 

ReAu,F,,P,C,,,H Rhenium(2+). tetra- 
hydridobis(tri-p-tolylphosp hine)penta- 
kisI(triphenylphosphine)gold]-. 
bislhexafluorophosphate( 1 -)I. 
29:289 

ReBF4N0,C,Hm. Rheniumq), carbonyl(q5- 
cyclopentadienyl)nitrosyl( triphenyl- 
phosphine), (+ )-(S)-, tetrafluoro- 
borate(1-), 29219 

pentadieny l)nitrosyl(trip henylp hos- 
phine)-, tetrafluoroborate( 1 -), 29:2 14 

bonyl(q’-cyclopen tadieny1)nitrosyl-. 
tetrafluoroborate(1-), 29213 

ReBF,O,C,, Rhenium, pentacarbonyl [tetra- 
fluoroborato(1-))-, 26108,28:15, 17 

ReBF,O,C,H,, Rhenium(l+), pentacar- 
bonyl(q2-ethene)-, tetrafluoro- 
borate( 1 -), 2 6  110,28: 19 

28:162 

28:161 

-, Rhenium(1). carbonyl(q5-cyclo- 

ReBF,NO,C,H,, Rhenium@), dicar- 

ReBrO,C,, Rhenium, bromopentacarbonyl-, 

ReClO,C,, Rhenium, pentacarbonylchloro-, 
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ReCl,NP,C,,H,, Rheniumo.  dichloro- 
nitridobis(tripheny1phosphine)-, 29: 146 

ReFN,O,C,,H,, Rhenium, (22’-bipyri- 
dine)tricarbonylfluoro-, 2682.83 

ReF,N,O,PC,,H,, Rhenium. (2,2’-bipyri- 
dine)tricarbonyl(phosphorodifluori- 
dato)-, 26:83 

ReF,O,SC,, Rhenium(1). pentacarbonyl(tri- 
fluoromethanesu1fonato)-, 26 1 15 

ReF40,,C,,4H,0, Rhenium, dodecacar- 
bonyltetrafluorotetra-, tetrahydrate, 
26:82 

ReHO,C,, Rhenium, pentacarbonyl- 

ReH,P,C,,H,, Rhenium(VII), heptahydrio- 
bis(tripheny1phosphine)-. 27: 15 

ReIO,P,C,,H,, R h e n i u m 0  iododioxo- 
bis(tripheny1phosphine)-, 29: 149 

ReIO,C,, Rhenium, pentacarbonyliodo-, 
28:163 

ReI,O,P,C,,H,, RheniumOr), ethoxy- 
diiodooxobis(tripheny1p hosphine)-, 
trans-, 29 148 

ReI,K,, Rhenate(IV), hexaiodo-, 
dipotassium, 27:294 

ReNOPC,H2,, Rhenium, (q’-cyclopenta- 
dienyl)methylnitrosyl(trip henylphos- 
phine)-, (+)-(Q, 29:220 

ReNO,PC,H,,, Rhenium, (qs-cyclopenta- 
dienyl)formylnitrosyl(triphenylphos- 
phine)-, 29:222 

ReNO,PC,,H,,, Rhenium, ($-cyclopenta- 
dienyl)(methoxycarbonyl)nitrosyl(tri- 
pheny1phosphine)-, 29:216 

ReNO,C,,H,, Perrenate. tetrabutyl- 
ammonium, 26391 

ReN,O,PC,,H,,, Rhenium. ($-cyclopenta- 
dienyl)[[[l-( l-naphthal- 
enyl)ethyl]amino]carbonyl] nitrosyl(tri- 
pheny1phosphine)-, (+)-(SR)-, 29:217 

ReO,C,H,, Rhenium, tricarbonyl(~f-cyclo- 
pentadienyl), 29:211 

ReO,S,,C,H,,, Bis(2,2’-bi-l$-dithiolo[4,5- 
b] [1,4]dithiinylidene) perrhenate, 
26:391 

hydrido-. 26:77 

ReO,C,H, Rhenium, pentacarbonyl- 

ReO,C,H,, Rhenium, pentacarbonyl- 

ReO,C,H. Rhenium, tetracarbonylcar- 

hydrido-, 28: 165 

methyl-, 26107,28:16 

boxy-. 261 12,28:21 

ReO,C,H,, Rhenium, acetylpentacarbonyl-, 
28:201 

Refiu,BC,,,H,,,. Rhenium(1-), hexa- 
hydridotetrakisftriphenylphos- 
phine)bis[(triphenylphos- 
phinelgoldldi-, tetraphenylborate( 1 -), 
29:291 

Re,Cl,N,C,,H,,, Rhenate(II1). octachloro- 
di-, bis(tetrabuty1ammonium). 28:332 

Re,H,P,C,,H,, Rhenium(IV), octahydrido- 
tetrakis(tripheny1phosphine)di-, 27: 16 

Re,C,O,,, Rhenium, octadecacarbonyl- 
bis(p,-carbon dioxide)tetra-, 26: 11 1 

Re,O,,C, Rhenium, octadecacarbonyl- 
bis(p,-carbon dioxide)tetra-, 28:20 

RhBOP,S,C,H,,, RhodiumflII), [ [2-[(di- 
phenylphosphino)methyl]-2-methyl- 
1.3-propanediyl]bis(diphenylphos- 
phine))(dithiocarbonato)-. tetra- 
phenylborate( 1 -), 27:287 

RhClC,,H,,, Rhodiumu), chlorobis(cyc1o- 
octene)-, 2 8 9  

RhCIOP,C,,H,, Rhodium, carbonyl- 
chlorobis(tripheny1phosphine)-, trans-, 
28:79 

[(diphenylphosphino)methyl]-2- 
methyl-l,3-propanediyl]bis(diphenyl- 
phosphine)](dithiocarbonato)-, 27:289 

RhClP,C,H,,, Rhodiumu), chlorotris(tri- 
pheny1phosphine)-, 28:77 

RhCIP,S,C,H,, Rhodium, chloro[[2-[(di- 
phenylphosphino)methyl]-2-methyl- 
1,3-propanediyl)bis(diphenylphos- 
phine)] [(dithiocarboxy)triethylphos- 
phoniumatol-, 27:288 

RhClP,C,,H,, Rhodiumo), chloro(q2- 
tetrahedro-tetraphosphorus)bis(tri- 
pheny1phosphine)-, 27222 

RhFO,P,C,Hx, Rhodiumu), carbonyl(3- 
fluorobenzoa to)bis(triphenylphos- 
phine), 27:292 

RhF,,N,P,C,,H,, Rhodium(2+), tris(ace- 
tonitrile)($-pentamethylcyclopenta- 
dieny1)-, bis[hexafluorophos- 
phate(1-)], 29231 

RhH,OsP,C,,H,,, Rhodium, [2(q4)-1,5- 
cyclooctadiene]tris(dimethylphenyl- 
phosphine-1KP)-tri-yhydrido- 
osmium-, 27:29 

RhClOP,S,C,,H,. Rhodium, chloro[ [2- 

RhIOP,C,,H,, Rhodium(1). carbonyliodo- 
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bis(tricyclohexy1phosphine)-, 27:292 
RhNO,P,C,,H,, RhodimO), carbonyl(4- 

pyridinecarboxylato)bis(triisopropyl- 
phosphine), 27:292 

RhNO,P,C,H,, Rhodate(9-), tetracar- 
bonyl-, p-nitrido-bis(tripheny1phos- 
phorus)(l+), 28:213 

[P-hexatriacontaoxo(p,,-tetraoxosili- 
cato)( 10,11,12-triniobiumnona- 
tungsten)ato(7-)](q5-pentamethyl- 
cyclopentadieny1)-, disodium tris(tetra- 
butylammonium). 29:243 

hydridotris(tripheny1phosphine)-, 
28:82 

RhO,P,C,H,,. Rhodium(I), carbonyl- 
phenoxybis(triisopropy1phosphine)-, 
27:292 

RhO,P,C,,H,,. Rhodium(1). (acetato)car- 
bonylbis(triisopropy1phosphine)-. 
27:292 

RhO,P,C,H,,, Rhodium(1). (benzoato)car- 
bonylbis(tricyclohexy1phosphine)-, 
27:292 

RhO,P,C,H,,, Rhodium(I), carbonyl(4- 
methylbenzenesulfonato)bis(tricyclo- 
hexy1phosphine)-, 27:292 

methoxy-l,3-butanedionato-o)bis(tri- 
isopropy1phosphine)-. 27:292 

RhO,P,C,,H,,, Rhodium(I), carbonyl(hy- 
drogen phthalato)bis(tricyclohexyl- 
phosphine), 27:291 

pentadienyl)bis(trimethyl phosphite), 
28:284 

RhP,C, ,H,,, Rhodium(1). (q5-cyclopenta- 
dienyl)bis(trimethylphosphine)-, 
28:280 

RhP,C,,H,,, RhodiumO), hydridotetra- 
kis(tripheny1phosphine)-, 28:81 

Rh,B,F,,N,,C,H,,, Rhodium(I1). deca- 
kis(acetonitri1e)di-, tetrakis[tetrafluoro- 
borate( 1 -)I, 29: 182 

Rh,CI,C,H,,. RhodiumO), di-p-chloro- 
tetrakis(ethene)di-, 28:86 

Rh,Cl,C,,H,, Rhodiumo), di-p-chloro- 
bis(q4- 1,5cyclooctadiene)di-, 28:88 

Rh,Cl2O,C4. Rhodium, tetracarbonyl- 
dichlorodi-, 28234 

RhN,Na,Nb,O,SiWC,,H ,,,, Rhodate(+), 

RhOP,C,,H,, Rhodium(1). carbonyl- 

RhO,P,Cz4H,, Rhodium(1). carbonyl( 1- 

RhO,P,C,,H,,, Rhodium(I), (q5cyc10- 

Rh,Cl.&H, Rhodium(II1). di-ychloro- 
dichlorobis(qs-pentamethylcyclo- 
pentadieny1)di-, 29:229 

dodecacarbonylplatinumtetra-, bis[p- 
nitrido-bis(triphenylphosphine)(l+)], 
26375 

decacarbonylplatinumtetra-, bis(p- 
nitrido-bis(triphenylphosphorus)(l +)I, 
26373 

carbonyltetra-, 28:242 

c hloro(thionitrosyl)bis(trip henyl- 
arsine)-, 29162 

RuAuF,OP,C,,H,,, Ruthenium( 1 +). car- 
bonyldi- p-hydrido-tris(tripheny1phos- 
phine)[(triphenylphosphine)gold] -, 
hexafluorophosphate( 1 -), 29281 

RuAu,F,P,C&I,,, Ruthenium( 1 +), tri-p- 
hydrido-tris(tripheny1p hos- 
phine)bis[(triphenylphosphine)gold]-. 
hexafluorophosphate( 1 -), 29:286 

RuB,N,C,H,, Ruthenium(I1). (q4- 1 S- 
cyclooctadiene)tetrakis(methyl- 
hydrazine)-, bis(tetrapheny1- 
borate( 1 -)I. 2674 

RuB,N,RuC,,H,, Ruthenium(II), (q4- 1 5  
cyclooctadiene)tetrakis( hydrazine), 
bis[tetraphenylborate(l -)I, 2673 

RuBrF,N,PC,,H,,, Ruthenium(II), tris(ace- 
tonitrile)bromo(q4-1,5-cyclooctadiene)-, 
hexafluorophosphate( 1 -), 2672 

RuBr,N2C,,H,,, Ruthenium(II), bis(benzo- 
nitrile)dibromo(q5- 1,5-cyclooctadiene)-. 
26:71 

amminedibromo-, cis-. bromide, 
26:66 

RuC,,H ,,, Ruthenium(I1). (q4-bicyclo[2.2. 11- 
hepta-2.5-diene)bis(q2-2-propenyl)-, 
26:251 

RuC,,H,,, Ruthenium(I1). (q4-cycloocta- 
1 ,5-diene)bis(q3-2-propenyl)-, 26254 

RuCIF,N,PC,,H,,, Ruthenium(I1). tris(ace- 
tonitrile)chloro(q4-1,5-cyclooctadiene)-, 
hexafluorophosphate( 1 -), 2671 

RuCIPC,H,, Ruthenium(I1). chloro(q6- 
hexamethylbenzene)hydrido(tri- 
pheny1phosphine)-. 26: 181 

Rh,N,Ol2P,PtC,H,. Rhodate(2-), 

Rh,N,O,,P,PtC,,H,, Rhodate(2-), tetra- 

RbO,,C,,, Rhodium, tri-p-carbonyl-nona- 

RuAs,CI,NSC,,H,. RutheniumOI), tri- 

RuBr,H,,N,, Ruthenium(II1). tetra- 



416 Formula Index 

RuClP,C,,H,,, Ruthenium(I1). chloro(q5- 
cyclopentadienyl)bis(trip henylphos- 
phine)-, 28:270 

cl0[2.2.l]-hepta-2,5-diene)dichloro-, 
26250 

RuCI,C,H,,, Ruthenium(I1). dichloro(q4- 
cycloocta-l,5-diene)-, 26:253 

cyc1ooctadiene)-, polymer, 26:69 

dichlorobis( 1 J-ethanediamine)-, trans-. 
hexafluorophosphate(1-), 29164 

RuCl,F,N,PC,H,, Ruthenium(II1). [(R,S)- 
N.N '-bis(2-aminoethyl)-1,3-propane- 
diamineldichloro-, trans-, hexafluoro- 
phosphate(1-), 29: 165 

tonitrile)dichloro(q4-1.5-cycloocta- 
diene)-, 26:69 

RuCl,N,C,,H,,, Ruthenium(I1). bis(benzo- 
nitrile)dichloro(q'- 1,5cyclooctadiene)-, 
26:70 

tris(2,2'-bipyridine)-, dichloride, hexa- 
hydrate, 28:338 

amminedichloro-, cis-, chloride, 26:66 

chloro(thionitrosyl)bis(triphenylphos- 
phine)-, 29:162 

dichloro( 1,4,8,1 l-tetraazacyclotetra- 
decane)-, trans-, chloride, dihydrate, 
29: 166 

RuCl,N,C,,H,,, Ruthenate(1-), tetra- 
chlorobis(acetonitri1e)-tetraethyl- 
ammonium, 26356 

RuCoMoO,C,,H,,, Ruthenium, qcZo-[p,- 
l(q2):2(q2):3(q2)-2-butyne]-octacar- 

pentadienyllcobaltmolybdenum-. 

RuCoO,SC,, Ruthenium, nonacarbonyl-p,- 
thio-dicobalt-, 26:352 

RuCO,O,C,,H,, Ruthenium, p3-2-butyne- 
nonacarbonyl-dicobalt-, 27: 194 

RuCo,O, ,C, ,, Ruthenium, undecacarbonyl- 
dicobalt-, 26:354 

RuCo,NO,,C,,H,, Ruthenate(1-), 
dodecacarbonyltricobalt-. tetraethyl- 

RuCl,C,H,, Ruthenium(I1). (q4-bicy- 

, Ruthenium(I1). di-p-chloro(q4-1,5- 

RuCI,F,N,PC,H,,, Ruthenium(III), 

RuCl,N,C,,H,,, Ruthenium(I1). bis(ace- 

RuCl,N,0,C,H,6,6H,0, Ruthenium(II), 

RuCI,H,,N,, Ruthenium(III), tetra- 

RuCl,NP,SC,,H,, Ruthenium(II), tri- 

RuCl,N,C ,,H,2H20, Ruthenium(III), 

bonyl- lK2C,2K3C,3K3C-[ 1(~')-CYClO- 

(CO --Mo)(CO --Ru)(Mo --Ru), 27: 194 

ammonium, 26:358 

kis(acetonitrile)(q4-1,5-cycloocta- 
diene)-, bis[hexafluorophosphate( 1 -)I, 
26:72 

RuF,,N,P,C,,H,,, Ruthenium(I1). (q4- 
cyclooctadiene)tetrakis(methyl- 
hydrazine)-, bis[hexafluorophos- 
phate(1-)], 2674 

bis(benzo[h] quinolin- 10-ylC"-',"jdicar- 
bonyl-, cb, 26177 

RuO,C, ,H ,,, Ruthenium(O), tricarbonyl( 1.5- 
cyc1ooctadiene)-, 2854 

RuO,C,H,, Ruthenium, tetracarbonyl(q2- 
methyl acry1ate)-, 28:47 

RuO,P,C,,H,, Ruthenium@), (q5-cyc10- 
pentadienyl)[2-[(diphenoxyphos- 
phino)oxy] phenyl-C,P](triphenyl 
phosphite-P)-, 26:178 

RuPC,H,,, Ruthenium(I1). [2-(diphenyl- 
phosphino)phenyl-C',P](q6-hexa- 
methy1benzene)hydrido-, 26: 182 

tetrakis(tripheny1phosphine)-, 28:337 

chlorobis[(q'-pentamethylcyclopenta- 
dieny1)chloro; 29:225 

Ru,Cl,O,C,, RutheniumOI). di-p-chloro- 
bis(tricarbonylch1oro)-, 28:334 

Ru,Cl,O,C,H,. RutheniumOI), p-aqua- 
bis(p-chloroacetato)bis[(chloroace- 
tato)(q4-cycloocta- 1,5-diene)-, 26256 

Ru,Cl,,O,C,H,,, Ruthenium(I1). p-aqua- 
bis(p-trichloroacetato)bis[(q4-bicy- 
cl0[2.2.1]heptadiene)(trichloroacetato)-. 
26:256 

bis( ~-trifluoroacetato)bis[(q4-cycloocta- 
1.5-diene)(trifluoroacetato)-, 26:254 

Ru,O,C,,H,,, Ruthenium(I1). di-p-methoxo- 
bis [(q5-pentamethylcyclopentadieny1)-, 
29:225 

Ru,O,C,,H,,, Ruthenium, tetracarbonyl- 
bis(q5-cyclopentadieny1)di-, 28: 189 

Ru3Au3Co0,,P,C,H,,, Ruthenium. 
dodecacarbonyltris(tripheny1phos- 
phine)cobalt-trigoldtri-, 26327 

Ru,BrH,O,C,,, Ruthenium, (p,-bromo- 
methy1idyne)nonacarbonyl-tri-p- 
hydrido-triangulo-tri-, 27:201 

RuF,,N,P,C,,H,, Ruthenium(I1). tetra- 

RuN~O,C,~H,,, Ruthenium(I1). 

RuP,C,,H,, Ruthenium(I1). dihydrido- 

Ru,Cl,C,H,, Ruthenium(II1). di-p- 

Ru,F,,0,C24H26, Ruthenium(I1). p-aqua- 
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Ru,BrHgO,C,H,, Ruthenium, (bromo- 
mercury)nonacarbonyl(3,3-dimethyl- 1- 
butyny1)-triangulo-tri-, 26:332 

Ru,HO, ,C,,H,, Ruthenium, decacarbonyl- 
p- hydrido( p-methoxymethy1idyne)- 
triangulo-tri-, 27: 198 

Ru,H,O,,C, ,HI. Ruthenium, nonacarbonyl- 
tri-p- hydrido( p3-methoxymethy1idyne)- 
triangulo-tri-, 27:200 

Ru3HgI0,C ,,H,, Ruthenium, nonacar- 
bonyl(3d-dimethyl- 1-butynyl)(iodo- 
mercury)-triangulo-tri-, 26:330 

Ru,MoHgO,,C,,H,,, Ruthenium, nona- 
carbonyl(p3-3,3-dimethyl- 1-butyny1)p- 
[ tricarbonyl(q5-cyclopenta- 
dienyl)molybdenum]mercury- 
triangulo-tri-, 26333 

Ru,NO,,PC,,H,,, Ruthenium, decacar- 
bonyl(dimethylphenylphosphine)(2- 
isocyano-2-methylpropane)-, 26275. 
28:224 

Ru,N0,0P,Si,C,8H,,, Ruthenate(1-), deca- 
carbonyl- 1 ~ ~ C 2 ~ ~ c . 3 ~ ~ C - p - h y d r i d o -  
1 :2~H-bis(triethylsilyl)- 1KSi2KSi- 
triangulo-tri-, p-nitrido-bis(tripheny1- 
phosphorus)(l+). 26269 

bonyl(q5-cyclopentadienyl)tri-p- 
hydrido-nickeltri-, 26:363 

Ru,O,C,,H,,, Ruthenium, nonacarbonyl(p,- 
3.3-dimethyl- 1-butyny1)-p-hydrido- 
triangulo-tri-, 26:329 

Ru,O,PC,,H,,, Ruthenium, nonacarbonyl- 
p-hydrido-(p-dipheny1phosphido)tri-, 
26:264 

bony1 [methylenebis(diphenylphos- 
phine)]tri-, 26:276,28:225 

Ru,O,,PC,,H,,, Ruthenium, undecacar- 
bonyl(diemthylpheny1phosphine)tri-. 
26:273.28:223 

26:259.28:216 

tetra-p-hydrido-tetra-, 26:262,28:2 19 

bonyl(dimethylpheny1phosphine)tetra- 
hydrido[tris(4methylphenyl)phos- 
phitejtetra-, 26:278,28:228 

Ru,O,,PC,,H,,, Ruthenium, undecacar- 
bonyltetrahydrido[tris(4methyl- 

Ru,NiO,C,,H,, Ruthenium, nonacar- 

Ru,O,,P,C,,H,,, Ruthenium, decacar- 

Ru,O,,C,,, Ruthenium, dodecacarbonyltri-, 

Ru,O,,C,,H,, Ruthenium, dodecacarbonyl- 

Ru,O,,P,C,,H,,. Ruthenium, decacar- 

pheny1)phosphitejtetra-, 26277,28:227 

decacarbonylnitridopenta-, p-nitrido- 
bis(triphenylphosphorus)( 1 +), 26:288 

Ru,Na,O,,C,,. Ruthenate(2-), p,-carbido- 
tetradecacarbonylpenta-, disodium. 
26284 

RU,O~,C,~. Ruthenium, pS-carbidopenta- 
decacarbonylpenta-, 26:283 

Ru,P,O,,C,,H,,, Ruthenate(2-), p,-carbido- 
tetradecacarbonylpenta-, bis [p-nitrido- 
bis(triphenylphosphorus)(l +)I. 
26:284 

mercury)bis [nonacarbonyl(p,-3,3- 
dimethyl- 1-butyny1)-triangulo-tri-, 
26333 

Ru,N,O,,P,C,,H,, Ruthenate(1-), hexa- 
decacarbonylnitridohexa-, p-nitrido- 
bis(triphenylphosphorus)( 1 +), 26:287 

Ru,O,,C,,. Ruthenium, h-carbido-hepta- 
decacarbonylhexa-, 26281 

Ru,O,,P,C,H,, Ruthenium, [p-ethynediyl- 
bis(diphenylphosphine)]bis[undeca- 
carbonyltri-, 26:277.28:226 

S. Sulfur, chromium complex, 29:251 
cobalt and iron complexes. 26:244 
cobalt, iron, and ruthenium complexes, 

molybdenum aqua cubane complexes. 

molybdenum complexes, 29:255.256,258, 

osmium cluster complex, 26305-307 
SAuCIC,H,, GoldfI). chloro(tetrahydro- 

thiophene). 2686 
SAuF,C,,,HH,, Gold(1). (pentafluoro- 

pheny1qtetrahydrothiophene)-, 26:86 
SAuF,,C,H,, Gold(II1). tris(pentafluor0- 

pheny1Ntetrahydrothiophene)-, 26:87 
SAu,CIF,O,P,PtC,,H,. Platinum( 1 +), 

chloro-l-KClbis(triethylphospl$ne- 
l~P)bis(triphenylphosphine)-2~f',3KP- 
rriangulo-digold-. trifluoromethanesul- 
fonate, 27:2 18 

pheny1)-p-thiocyanato(tripheny1phos- 
phine)di-, 26:W 

thiol, 29:64 

Ru,N,O,,P,C,H,, Ruthenate(1-), tetra- 

Ru,HgO,,C&,,, Ruthenium, (h- 

26352 

29:266,268 

259 

SAu,F,NPSC,,H ,,, Gold(I), (pentafluoro- 

SBC,H,,, 9-Borabicyclo[3.3.1]nonane-9- 
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SB2CI6H2,, Bis[ 1,5-cyclooctanediyl- 
bory1)monosulfide. 29:62 

SB,,O,C ,,H2,, 2-( 12-Dicarbado- 
decaborane( 12)-l-yl)ethanol, Cmethyl- 
benzenesulfonate ester, 2 9  102 

SBrF,C,H,, h6-Sulfane, (2-bromo- 
etheny1)pentafluoro-, 27:330 

SBrF7C2H,, h6-Sulfane. (2-bromo-2.2- 
difluoroethy1)pentafluoro-. 29:35 

SBrF,C,H, h6-Sulfane, (2-bromo-1,2,2-tri- 
fluoroethy1)pentafluoro-, 29:34 

SBrNO,CI,H,,, Bicyclo[2.2.1] heptane-7- 
methanesulfonate, 3-bromo-1, - 
dimethyl-2-oxo-, [( l R ) - ( E N D O h ] - ,  
ammonium, 2624 

osmium, 26:185-187 
SC, Thiocarbonyls, iron, 28: 186 

SC,H,, Thiophene, tetrahydro-, gold 

SC,H,, 2.4-Pentadienthial, osmium 

SC,H,, Benzenethiol, osmium complex, 

SClF,O,PtC,,H,, Platinum(II), chloro- 

complexes, 26:85-87 

complex, 26: 188 

26304 

bis(triethylphosphine)(trifluoro- 
methanesu1fonato)-, cis-, 2 6  126.28:27 

SCINO,PC,,H,,, Sulfamoyl chloride, (tri- 
phenylphosphoranylidene), 29:27 

SCl,OsP,C,,H,,, Osmium(lI), dichloro(thio- 
carbonyl)tris(triphenylphosphine)-, 
26185 

dicobalt-, 26:245,352 

p,-thio-dicobalt-, 26:352 

ammonium, 26:393 

fato-, dipotassium, 27:312 

bonyl(trifluoromethanesu1fonato)-, 
26: 114 

SF,O,CH, Methanesulfonic acid, trifluoro-. 
28:70 

complexes, 26: 114, 115, 120 

27 

SCo,FeO,C,, Iron, nonacarbonyl-p3-thio- 

SCo,O,RuC,, Ruthenium, nonacarbonyl- 

SFNO,C,,H,,, Fluorosulfate, tetrabutyl- 

SF,K,MnO,, Manganate(III), trifluorosul- 

SF,MnO,C,, ManganeseO), pentacar- 

iridium, manganese and rhenium 

iridium and platinum complexes, 28:26. 

platinum complex, 26:126 
SF,O,P,PtC,,H,,, PlatinumQI), 

hydrido(methanol)bis(triethylphos- 

phine)-, trans-. trifluoromethanesul- 
fonate, 26:135 

SF,O,ReC, Rheniumfl), pentacarbonylftri- 
fluoromethanesu1fonato)-, 26: 1 15 

SF,C,H, A6-Sulfane, ethynylpentafluoro-, 
27:329 

SF,NOC, h6-Sulfane. pentafluoro( iso- 
cyanato)-, 29:38 

SF,C,H, h6-Sulfane. (22-difluoro- 
etheny1)pentafluoro-, 29:35 

SF&,, h6-Sulfane, pentafluoro(trifluoro- 
etheny1)-, 29:35 

SFe,O,C,H, Iron. nonacarbonyl- 
dihydrido-p,-thiotri-, 26:244 

SH,, Hydrogen sulfide. titanium compltx, 
27:66 

tungsten complex, 27:67 
SMnO,PC,,H,,, Manganese, tetracar- 

bony1 (2-(dimethylp hosp hinothioy1)- 
1,2-bis(methoxycarbonyl)ethenyl-CS]-. 
26162 

bonyl[q2-3,4.5.6-tetrakis(methoxycar- 
bonyl)-22-dimethyl-2H- 1.2-thiophos- 
phorin-2-ium]-, 26: 165 

SMnO, ,PC,,H,,, Manganese, tricar- 

SNC, Thiocyanate, gold complex, 2690 
SNO,C,H,, L-Cysteine, molybdenum 

SNO,C,H,, 12-Benzisothiazol-3(2H)-one 
complex, 29:255 

1.1-dioxide, chromium and vanadium 
complex, 27:307,309 

SN, Nitrogen sulfide, ruthenium complex, 
2 9  162 

SOC,,H,,, Diphenyl sulfoxide. nickel 
complex, 29: 1 16 

SOOsPC,H,,. Osmium, carbonyl(thiocar- 
bonyl)tris(triphenylphosphine)-, 2 6  187 

SOOsP,C,,H,, Osmium, carbonyl(5- 
thioxo-lf-pentadiene-l,5-diyl- 
C'.C~+S)bi~(triphenylphosphine)-, 
26: 188 

SO,C,H,, Benzenesulfonic acid, emethyl-, 
rhodium complex. 27:292 

SO,PC,H,,, 2-Butenedioic acid, 2-(di- 
methylphosphinothioy1)-, dimethyl 
ester, manganese complex, 26:163 

SO,C,,H,,, Thiophenetetracarboxylic acid, 
tetramethyl ester, 2 6  166 

SO,,Os,C,, Osmium, p,-carbonylnona- 
carbonyl-p,-thio-tri-. 26:305 

SO,,Os,C,,H,, Osmium. (p-benzene- 
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thiolato)(decacarbonyl-p-h ydrido-tri-, 
26:304 

SOsP,C,,H,, Osmium(II), dihydrido(thi0- 
carbonyl)tris(triphenylphosphine)-, 
26: 186 

SPC,H,, Phosphine sulfide. dimethyl-, and 
manganese complex, 2 6  162 

SPO,C,,H,, 2H-1,2-Thiaphosphorin-2-ium. 
3,4,5,6-tetrakis(methoxycarbonyl)-2.2- 
dimethyl-. manganese complex, 26: 165 

SSi,C,H,, Disilathiane, hexamethyl-, 29:30 
S,. Disulfido, chromium complex, 29:252 
S,BOP3RhCMH,,, RhodiumflII), [[2-[(di- 

phenylphosphino)methyl] -2-methyl- 
1,3-propanediyl]bis(diphenylphos- 
phine)](dithiocarbonato)-. tetra- 
phenylborate(1-), 27:287 

S,B,C,,H,. Bis( 1,5-cyclooctanediyl- 
boryl)disulfide, 29:67 

S,C2H,. Methyl dithioformate, 28: 186 
S,CIOP,RhC,,H,, Rhodium, chloro[[2- 

I(diphenylphosphino)methyl]-2- 
methyl- 1 ,bpropanediyl] bis(dipheny1- 
phosphine)](dithiocarbonato)-, 27:289 

S,ClP,RhC,H,, Rhodium, chloro[ [2-[(di- 
phenylphosp hino)methyl]-2-methyI- 
1.3-propanediyl] bis(dipheny1phos- 
phine)] I(dithiocarboxy)triethylphos- 
phoniumatoj-, 27:288 

tetraaquabis( 1,2-benzisothiazol-3(W)- 
one 1,l-dioxidat0)-, dihydrate, 27:309 

S,F,O,, Peroxydisulfuryl difluoride, 29: 10 
S,F,FeO,C,H,, Iron(l+), dicarbonyl($- 

cyclopentadienylXthiocarbony1)-. tri- 
fluoromethanesulfonate, 28: 186 

S,F,IrO,P,C,,H,,. Iridium(II1). carbonyl- 
hydridobis(trifluoromethanesu1- 
fonato)bis(triphenylphosphine)-, 
26:120,28:26 

S,F,O,C,H, 1,2A6-Oxathietane, 4.4-difluoro- 
2,2-dioxo-3-(pentafluoro-A6-sulfanyl)-, 
29:36 

S,F,O,C,, 12A6-Oxathietane 3.4.4-trifluoro- 
2,2-dioxo-3-(pentafluoro-h6-sulfanyl)-. 
29:36 

S,FeO,C,H,, Iron, dicarbonyl(qs-cyclo- 
pentadienyl)[(methylthio)thiocar- 
bony]]-, 28:186 

S,IInC,,H,,, Indium(II1). iodobis(benzene- 
thio1ato)-, 2917 

S,CrN20,,C,,H,,,2H20, Chromium(I1). 

S,Mn,O,P,C,,H,,, Manganese, octacar- 
bonylbis(pdimethy1phosphinothioyl- 
P,S)di-, 26:162 

S,NC,H,,. Dithiocarbamic acid, diethyl-. 
molybdenum complex, 28: 145 

S,N,O,,VC,,H ,,2H20, Vanadium(I1). tetra- 
aquabis( 1.2-benzisothiazol-3(2H)-one 
1.1-dioxidato)-, dihydrate, 27:307 

bis( 12-benzisothiazol-3(2H)-one 1.1- 
dioxidato)tetrakis(pyridine)-, 
-2pyridine, 27:308 

S,OCH, Dithiocarbonic acid, 27:287 
S,O,Os,C,, Osmium, nonacarbonyl-p,-thio- 

S,O, ,Os,C,,, Osmium, dodecacarbonyldi- 

S20,,0s4C,,. Osmium, tridecacarbonyldi- 

S,PC,H,,, Phosphonium, (dithiocar- 

S,N,O,VC,H,,ZNC,H,, Vanadium(III), 

tri-, 26:306 

p3-thio-tetra-, 26:307 

p3-thio-tetra-, 26:307 

boxy)triethyl-, rhodium complex. 
27:288 

pentadienyl)bis(hydrogen sulfide), 
2756 

pentadienyl)bis(hydrogen su1fido)-, 
27:67 

S,InC,,HIs. Indium(II1). tris(benzenethi0- 
lato)-, 29:15 

S,TiC,H,, Titanium(IV),bis($-penta- 
methylcyclopentadienyl)[trisul- 

S4MoC,oH,,, Molybdenum(IV), his($- 

S,TiC,,H,,, TitaniumflV), bis($-cyclo- 

S,WC,,H,,, TungstenflV), bis(q5-cyclo- 

fid0(2-)]-. 27:62 

cyclopentadienyl)[tetrasulfido(2-)]-, 
27:63 

S4MoN,O,C ,,H,,, MolybdenumflI), tricar- 
bonylbis(diethy1dithiocarbamato)-, 
28:145 

S,MoN,O,C ,,H,, Molybdenum, bis(di- 
ethy1dithiocarbamato)dinitrosyl-, cis-, 
28: 145 

S,MoP,C,H,, Molybdatern), tetrathio-. 
bis(tetrapheny1phosphonium). 27:41 

S,SnC,H,, TinflV), tetrakis(benzenethi0- 
lato)-, 29:18 

S,V,C,,H,,, Vanadium, (p-disulfido- 
S:S ‘)bis(qs-methylcyclopentadienyl)- 
di-ythio-di-, 2755 

thione. 26389 
S,C,H4, 1,3-Dithiolo [4,5-b] [ 1 Pldithiin-2- 
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S,Cr,C,H, Chromium, (ydisulfido- 
S:S)(p-q2:q2-disulfido)bis(q5-penta- 
methylcyclopentadieny1)-p-thio-di-, 
(0-Cr) ,  27:69 

S,TiC,,H,,, Titanium(IV), bis(q’-cyclo- 
pentadienyl)[pentasulfido(2-)]-, 27:60 

S5TiC 12H14, Titanium, bis(q5-methyl cyclo- 
pentadienyl)(pentasulfidof-S’ :g)-, 
27:52 

S,V,C,,H,,, Vanadium, (p-disulfido-S:S’)(y- 
q2:q2-disulfido)bis(q-methylcyclo- 
pentadieny1)-p-thio-di-, 2 7 9  

S,Mo,P,C,H,, Molybdate(V), di-ythio- 
tetrathiodi-, bis(tetrapheny1phos- 
phonium), 27:43 

S,AsBrF,, cyclo-Heptasulfur(l+), bromo-, 
hexafluoroarsenate(1 -), 27:336 

S,AsF,I, cyclo-Heptasulfur(1 +), iodo-, 
hexafluoroarsenate(1-), 27:333 

S,BrF,Sb, cyclo-Heptasulfur(1 +). bromo-, 
hexafluoroantimonate( 1 -), 27:336 

S,F,ISb, cyclo-Heptasulfur(l+), iodo-. 
hexafluoroantimonate( 1 -), 27:333 

S,Mo,P,C,H,, Molybdate(IV,VI), (q2- 
disu1fido)di-p-thio-trithiodi-, bis-tetra- 
phenylphosphonium), 27:44 

S,C,,H,, 2,2’-Bi-1,3-dithiolo[4,5-b] [1,4]di- 
thiinylidene, 26386 

S,Mo,P,C,H,, Molybdate(V), bis(q2- 
disu1fido)di-p-thio-dithiodi-, bis(tetra- 
phenylphosphonium), 27:45 

S,FO,C ,,H,, 2.2’-Bi-1,3-dithiolo[4,5- 
b] [ 1,4]dithiinylidene fluorosulfate, 
26393 

S,,,Mo,P,C,,H,, Molybdate(2-), thio-, 
(Mo,S,o~,,)2-bis(tetraphenylphos- 
phonium), 27:42 

sulfido)tetrakis(disulfido)di-, 
diammonium, dihydrate, 27:48,49 

S,,Mo,N,H,,XH,O, Molybdate(IV), tris(p- 
disulfido)tris(disulfido)-p,-thio- 
triangulo-tri-. diammonium, hydrate, 
27:48,49 

S,,F,,I,Sb,,2AsF,, cyclo-Heptasulfur(3+), p- 
iodo-bis(4-iodo-, tris [ hexafluoro- 
antimonate( 1 -)] -2(arsenic tri- 
fluoride), 27:335 

S,,AuI,C,H ,,. 22’-Bi-1,3-Dithiolo[4.5- 
b] [ 1.41 dithiinylidene, 5,5‘.6,6’-tetra- 
hydro-, diiodoaurate(I)(2: 1). 29:48 

S,,Mo,N,H8,2H,0, Molybdateo, bis(p- 

SI,Br21C,,H,, 2,2‘-Bi-1,3-dithiolo[4,5- 
b] [ 1,4]dithiinylidene, 5,5’,6,6‘-Tetra- 
hydro-, dibromoiodate(I)(2: 1). 29:45 

b] [ 1.4jdithiinylidene. 5,5’,6,6‘-tetra- 
hydro-, (triiodideX2: l), 29:42 

S,,O,ReC,H,,, Bis(2,2’-bi-1,3-dithiolo[4,5- 
b] [ 1,4]dithiinylidene)perrhenate, 26:391 

S,&e.,Br,F,,, cyclo-Heptasulfur(1 +), 
bromo-, tetrasulfur(2 +) hexafluoro- 
arsenate(l-)(4:1:6), 27:338 

S,,As,F,I, cyclo-Heptasulfur(1 + ), iodo-, 
tetrasulfur(2+) hexafluoroarsen- 
ate(1-)(4: 1:6), 27:337 

SbBrF,S,, Antimonate( 1 -), hexafluoro-, 
bromo-cyclo-heptasulfur( 1 +). 27:336 

SbC,,H,,, Stibine, triphenyl-, iron complex, 
26:61.28:171 

S,,I,C,H,,, 2,2,’-Bi-1,3-dithiolo[4,5- 

nickel complex 28: 103 
SbCl,NO,CH,, Antimony(V), penta- 

chloro(nitromethane)-. 29:113 
SbF61S,, Antimonate(1 -). hexafluoro-, 

iodo-cyclo-heptasulfur(l+), 27:333 
SbFeO,C,,H,,, Iron(O), tetracarbonyl(tri- 

phenylstibine), 26:61,28:171 
Sb,CoCl,,N,O,,C,H,,. Antimonate(V), 

hexachloro; hexakis(nitr0- 
methane)cobalt(II)(2:1). 29: 114 

chloro-, hexakis(acetone)cobaIt(II)(2: 1 ), 
29: 114 

Sb3F,,I,S,,2AsF3. Antimonate(1-), hexa- 
fluoro-, yiodo-bis(4-iodo-cyclo-hepta- 
sulfur)(3+)(3: 1). -2(arsenic tri- 
fluoride), 27:335 

Sb,Co,I,N,,O,C,,H, 12H,O, Antimo- 
nate(III), bis(p-d-tartrate)-, (+ )-dodeca- 
amminehexa-p- hydroxo-tetra- 
cobalt(II1) iodide (2:1:2), dodeca- 
hydrate, 29:170 

Sb,NiC,,H,, Nickel(O), tetrakis(tripheny1- 
stibine)-, 28: 103 

Sb,H,,N,,NaO8,W,,24H,O, Sodiohenicosa- 
tungstononaantimonate( 18-), octa- 
decaammonium, tetracosahydrate, 
27:120 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydr0furan)lithium-, 
27:170 

Sb,CoCl,,O,C,,H,,, Antimonateo, hexa- 

ScCl,LiO,Si,C,H,,, Scandium, bis[q5-1,3- 

ScO,C,,H,,. Scandium tris(2.6-di-tert- 
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buty1phenoxo)-, 27: 167 
ScO,C,H, Scandium, tris(2.6-di-tert-butyl- 

4-methy1phenoxo)-, 27: 167 
Sc,CI2Si4C,H,, Scandium, tetrakis[q5-1,3- 

bis(trimethylsily1)cyclopentadienyl)di- 
p-chloro-di-, 27: 171 

Se, Selenium, osmium carbonyl clusters, 
26:308 

SeBC,H,,, 9-Borabicyclo(3.3.1]nonane-9- 
selenol, 2973 

SeB,C,,H,, Bis( 1,5-cyclooctanediyl- 
bory1)monoselenide. 29:71 

Se,B,C,,H,, Bis( 1,5-~yclooctanediyl- 
boryl)diselenide, 29:75 

Se,B,H,,, 6.9-Diselena-arachno- 
decaborane( lo), 29: 105 

Se,B,H,, 7.9-Diselena-nido- 
undecaborane(9). 29: 103 

Se,InC,,HI5, Indium(III), tris(benzene- 
seleno1ato)-, 29: 16 

Se5TiC,,H,,, TitaniumQV), bis(qs-cyclo- 
pentadienyl)[pentaselenido(2-)]-, 
27:61 

SiB,C,H,,, 2,3-Dicarba-nido-hexaborane(8). 
2-(trimethylsily1)-. 29:95 

SiBrC,H,, Silane, bromotrimethyl-, 26:4 
SiC,H,,, Silane, tetramethyl-, lutetium 

complex, 27:161 
SiC,HI,, Silane, triethyl-, ruthenium 

complex, 26269 
SiC,,H, Benzene, 1,2-bis[(trimethyl- 

silyl)methyl]-, lithium complex, 26: 148 
SiCIC,H,, Silane, chlorotrimethyl-. 29: 108 
SiH&0,V,W,3H20, 12.3-Trivanadonona- 

tungstosilicate(7-), A+-, hexa- 
potassium hydrogen, trihydrate. 27: 129 

cate( lo-). $-, nonasodium hydrogen, 
tricosahydrate, 275% 

SiH,O,W,,,xH,O, Dodecatungstosilicic 
acid. a-, $-, hydrate, 27:93,94 

Si&O,WI2,17H,O. Dodecatungstosili- 
cate(4-), a-, tetrapotassium, hepta- 
decahydrate, 2T93 

cate(4-), $-, tetrapotassium, nona- 
hydrate, 27~94 

cate(8-), y-, octapotassium, dodeca- 
hydrate, 27:88 

SiHNa,0MW,23H,, Nonatungstosili- 

Si&O,Wl2,9H2O, Dodecatungstosili- 

Si&O,W,, 12H,O, Decatungstosili- 

Si&O,,W, ,, 14H20, Undecatungstosili- 

cate(8-), $,-. octapotassium, tetra- 
decahydrate, 27:91.92 

Si&O,W, ,, 13H,O, Undecatungstosili- 
cate(8-), a-, octapotassium. trideca- 
hydrate, 27:89 

dienyl)(tetra hydro fur an) [ (trimethyl- 
silyl)methyl]-, 27:161 

SiNC,H 19, Ethanamine, 1.1 -dimethyl+" 
(trimethylsily1)-. 27:327 

SiN,Na,Nb,O,RhWC,,H,,,, Rhodate(5- ), 
[$-hexatriacontaoxo(p12-tetraoxosili- 
cato)( 10,11,12-triniobiumnona- 
tungsten)ato(7-)](q5-pentamethyl- 
cyclopentadieny1)-, disodium tris(tetra- 
butylammonium), 29243 

nonatungstosilicate(4-), y,-[(qs-cyclo- 
pentadienyl)trioxotitanate(IV)]-. A+, 
tetrakis(tetrabutylammonium), 27:132 

SiN40,V3W9C64H147, 1.2.3-Trivanadonona- 
tungstosilicate(7-), A+-, tetra- 
kis(tetrabuty1ammonium) trihy drogen, 
27:131 

SiN40aW12C64H,L11 Dodecatungstosili- 
cate(4-). y-, tetrakis(tetrabuty1- 
ammonium), 27:95 

SiNa,O,W, ,, Undecatungstosilicate(8-), 
PI-, octasodium, 27% 

SiNa,,O,W,, Nonatungstosilicate( lo-), a-. 
decasodium, 2787 

SiOC,HI2, Silane, methoxytrimethyl-, 26:44 
SiPC,,H,,. Phosphine, (2.4.6-tri-ten-butyl- 

phenyl)(trimethylsilyl)-, 27:238 
Si,B4C,H2,, 2.3-Dicarba-nido-hexa- 

borane(8). 2,3-bis(trimethylsilyl)-, 29:92 
Si2B,LiNaC,H2,, 2.3-Dicarba-nido-hexa- 

borate(2-), 2.3-bis(trimethylsilyl)-, 
lithium sodium, 29:97 

borate(2-), 2.3-bis(trimethylsilyl)-. 
dilithium, 2999 

borane(6), f,4-di-z~-butyl-2,6-diiso- 
propyl-3,5-bis(trimethylsilyl)-, 29:54 

Si,Br,UC2,H,, Uranium(IV), bis(q5-1,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
bromo-, 27:174 

Si,C, ,H,,, 1,3-Cyclopentadiene, 1.3-bis(tri- 
methylsily1)-, lanthanide-lithium 
complexes, 27:170 

SiLuOC,,H,, Lutetium, bis(q5-cyclopenta- 

SiN,O,TiV,W,C,H,,, 12,3-Trivanado- 

Si,B,Li,C,H,,, 2.3-Dicarba-nido-hexa- 

Si,B,N,C,H,, 3.5-Diaza-nido-heta- 
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Si,C,,H,,, Benzene, 1.2-bis[(trimethyl- 

Si,C,,H,, Disilene, tetrakis(2,4,6-tri- 

Si,Cl,ThC,,H,,, Thorium(IV), bis(q5-1,3- 

silyl)methyl]-, 26: 148 

methylpheny1)-, 29:19.21 

bis(trimethylsilyl)cyclopentadienyl]di- 
chloro-, 27:173 

bis(trimethylsilyl)cyccyclopentadienyl]di- 
chloro-, 27:174 

bis(trimethylsilyl)cyclopentadienyl]di- 
iodo-, 27: 176 

Si,LiCI ,H,,, Lithium, [q5-1,3-bis(trimethyl- 
silyl)cyclopentadienyl]-. 27: 170 

si~Li,N&&,, Lithium, p-[(a,a’,l2- 
q :a,a‘, 12-q)- 12-phenylenebis [ (tri- 
methylsilyl)methylene]]bis(NJ,N’J ’- 
tetramethyl-l,2-ethanediamine)di-, 
26149 

(trimethylsily1)-, ytterbium complex, 
27:148 

Si,NO,,P,Ru,C,,H,,, Ruthenate( 1 -), 
decacarbonyl-l~’C.2r~C,3~C-p- 
hydrido-l:2~~H-bis(triethylsilyl)- 
1 KSi2KSi-mangulo-trii-, K-nitrido- 
bis(triphenylphosphors)( 1 t). 26269 

Si2N6Nb,0,,W,,C,H,,,, (10.1 lJ2-tri- 
niobium-nonatungsten)ate(8-), 

oxo-bis[P-tritriacontaoxo(p,,-tetraoxo- 
silicato), hexakis(tetrabuty1- 
ammonium)dihydrogen, 29:240 

Si,OPC, ,H,,, Phosphine, I2.2-dimethyl-l- 
(trimethylsiloxy)propylidene](tri- 
methylsilyl), 27:250 

Si,SC,H,, Disilathiane, hexamethyl-, 29:30 
Si,C,,H,, Methane, tris(trimethylsily1)-, 

27:238 
Si,C,,H,, Trisilane, 1,1,1,3,3,3-hexamethyl- 

2.2-bis(2,4,6-trimethylphenyl)-, 29:20 
Si,Cl,PC,,H2,, Phosphonous dichloride, 

(tris(trimethylsilyl)methyl]-, 27:239 
Si,PC,H,,. Phosphine, tris(trimethylsilyl), 

27:243 
Si,Ce,Cl,C,H,, Cerium, tetrakis[qs-l ,3- 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27:171 

bis(trimethylsilyl)cyclopentadienyl]di- 

Si2C1,UC,H4,, Uranium(IV), bis(q5-1,3- 

Si,I,UC,,H,, UraniumOV), bis(q5-1,3- 

Si,NC,Hl9. Silanamine, l,l,l-trimethyl-N- 

1od:1od’,10J101’, llJllJl?r’-tri-~- 

S~Cl,CeLiO,C,H,,, Cerium, bis[q5-l,3- 

p-chloro-bis(tetrahydr0furan)lithium-, 
27:170 

S&CI,Dy,C,H,, Dysprosium, tetrakis[qs- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienyljdi-p-chloro-di-, 27: 17 1 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27:171 

S&Cl,Eu,C,H, Europium, tetrakis[q5-1,3- 
bis(trimethylsily1)cyccyclopent adienylldi- 
p-chloro-di-, 27:171 

Si,CI,Gd,C,H,, Gadolinium, tetrakis[q5- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-di-, 27: 17 1 

Si.,Cl,Ho,C,H,, Holmium, tetrakis[q5-1,3- 
bis(trimethylsilyl)clopentadienyl] di- 
p-chloro-di-, 27:171 

Si4C1,LaLi0,C&,, Lanthanum, bis[q5- 
1,3-bisftrimethylsilyl)cyclopenta- 
dienyl] di-p-chloro-bis(tetrahydr0- 
furan)lithium-, 27: 170 

Si&l,La,C,H,, Lanthanum, tetrakis[q5- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-di-. 27: 17 1 

Si&l,LiNdO,C,H,, Neodymium, bis(qs- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienyljdi-p-chloro-bis(tetra hydro- 
furan)lithium-, 27:170 

S~Cl,Li0,PrCHHs8. Praseodymium, bis [qs- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-p-chloro-bis(tetrahydr0- 
furan)lithium-, 27: 170 

S&CI,LiO,ScC,H,, Scandium, bis[q5-1.3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydrofuran)lithium-, 
27:170 

bis( trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetra hydr0furan)lithium-, 
27:170 

S&Cl,Li0,YbC,,H58, Ytterbium, bis[q5-1,3- 
bis(trirnethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydr0furan)lithium-, 
27:170 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27:171 

Si&l,Nd,C,H,, Neodymium, tetrakis[q5- 
1,3-bis(trimethylsilyl)cyclopenta- 
dienyljdi-p-chloro-di-, 27: 171 

Si&I,Pr,C,H,, Praseodymium, tetrakis[q5- 

Si,Cl,Er,C,H,, Erbium, tetrakis[q5-1.3- 

Si&l,Li0,YCBH5,, Yttrium, bis[q5-l.3- 

Si,CI,Lu,C,H,, Lutetium, tetrakis[qs-1.3- 
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1,3-bis(trimethylsilyl)cyclopenta- 
dienylldi-pshloro-di-, 27: 171 

Si&l,Sc,C,H,, Scandium. tetrakisI$-1,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
pchloro-di-, 27: 171 

Si&l,Sm,C,H,, Samarium, tetrakis[q5-1,3- 
bis(trimethylsilyl)lopentadienyl]di- 
p-chlorodi-, 27:171 

bis(trimethylsilyl)clopentadienyl]di- 
p-chloro-di-. 27: 171 

bis(trimethylsilyl)lopentadienyl] di- 
p-chloro-di-, 27:171 

bis(trimethylsilyl)lopentadienyl]di- 
pchloro-di-, 27:171 

Si,Cl,Yb,C,H, Ytterbium, tetrakis[q5- 1,3- 
bis(trimethylsilyl)lopentadienyl]di- 
pchloro-di-, 27: 171 

methylsilyl)amido]bis(diethyl ether)-, 
27:148 

S&P,C,H,, Diphosphene, bis[tris(tri- 
methylsilyl)methyl]-. 27:241 

SmCI,O,C,H ,,, Samarium, trichloro- 
bis(tetrahydr0furan)--, 27: 140.28:290 

SmC13,2C4H,0, Samarium trichloride- 
Ztetrahydrofuran. 27: 140,28:290 

SmOC,,H,,, Samarium(III), tris($-cyclo- 
pentadieny1Xtetrahydrofuran)-, 26:2 1, 
28~294 

methylcyclopentadienyl)bis(tetra- 
hydrofuran)-, 27: 155,28:297 

SmO,C,,H,, Samarium, tris(2,ddi-rm- 
buty1phenoxo)-, 27: 166 

Sm,Cl,Si.,C,H,, Samarium, tetrakis[qs-1,3- 
bis(trimethylsilyl)cyclopentadienyl)di- 
p-chloro-di-, 27: 171 

SnC,H,,, Stannane, trimethyl-, cobalt 
complex, 29175,178,180 

SnCI,P,C,,H,, Stannate( 1 -), hexachloro-, 
3,3,4,5-tetrahydro- 1.1.32-tetraphenyl- 
1H- 1,2,3-triphospholium, 27:255 

SnS,C,H,, Tin(IV), tetrakis(benzenethio- 
lato)-, 29: 18 

Sn,O,,P,C,H,,, T i n o ,  tributyltris[p- 
(diphenylphosphinatea :O ’)tri-p- 
hydroxo-p,-oxo-tri-, diphenylphos- 

Si,Cl,Tb,C,H,, Terbium, tetrakis[q5-l,3- 

Si,Cl,Trn,C,H,, Thulium, tetrakis[$- 1,3- 

Si,Cl,Y,C,H,, Yttrium, tetrakis[q5-l,3- 

Si,N,O,YbC,,H, Ytterbium, bis[bis(tri- 

SmO,C,H,, Samarium(II), bis($-penta- 

Sn40,,P4C,H7,, Tin(“), tetrabutyltetra- 
kis[p-(dipheny1phosphinato-O :O ‘)-p,- 
0x0-tetra-. 2925 

Tb,Cl,SbC,H,, Terbium, tetrakis [$-1,3- 
bis(trimethylsily1)cyclopentadienyljdi- 
p-chloro-di-, 27:171 

cyclopentadieny1)-, 28:302 

bis(trimethylsilyl)cyclopentadienyl]di- 
chloro-, 27:173 

ThClC,,H,,, Thorium(IV), chlorotris($- 

ThC1,Si,CzH,,, Thorium(IV), bis(qs-1,3- 

ThCl,, Thorium tetrachloride, 28:322 
TiClC,,H,,, TitaniumOII), chlorobis($- 

cyclopentadieny1)-, 28:261 
TiCJC ,,H,. Titanium, dichlorobis(q5- 

chlorocyclopentadieny1)-, 29200 
TiN,0,SiV,W9C,H 1,2,3-Trivanado- 

nonatungstosilicate(4-), ~,-[(+cYc~o- 
pentadienyl)trioxotitanate(IV)]-, A+-, 
tetrakis(tetrabuty1ammonium). 27: 132 

Ti02C,,H,,. Titanium, dicarbonylbis(q5- 
cyclopentadieny1)-, 28:250 

Ti02C,H, Titanium, dicarbonylbis(q5- 
pen tamethylc yclopentadieny1)-, 
28:253 

pentadienyl)bis(hydrogen su1fido)-, 
27:66 

TiS,C,H,, Titanium(IV), bis(q5-penta- 
methylcyclopentadienyl)[trisul- 

TiS,C,,H 12r Ti tan iumo,  bis(q5-cyclo- 

fido(2-)]-. 27~62 
TiS,CI,HI,, Titanium(IV), bi~(~~-cyclo- 

pentadienyl)[pentasultido(2-)]-, 
27:60 

TiS,C,,H,,, Titanium, bis($-methyl cyclo- 
pentadienylXpentasulfidof-S’:S5)-, 
2752 

TiSe,C,,H,,, Titaniumm, bis($-cyclo- 
pentadienyl)lpentaselenido(2-)]-, 
27:61 

tricesium, 26379 

trirubidium, 26379 

tricesium, 26379 

trirubidium, 26379 

Ti,Br,Cs,, Titanate(3-), nonabromodi-, 

Ti,Br,Rb,, Titanati(3 -), nonabromodi-, 

Ti,Cl.,Cs,, titanate(3-), nonachlorodi-, 

Ti,Cl.,Rb,, titanate(3 -), nonachlorodi-, 

TIC,H,, Thallium, cyclopentadienyl-, 
phinate, 2925 28:315 
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Tm,Cl,Si,C,H,, Thulium, tetrakis[q5-1,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27:171 

UBr,Si,C,,H,, Uranium(IV), bis(q5-1,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
bromo-. 27:174 

cyclopentadieny1)-, 28:301 

bis(trimethylsilyl)cyclopentadienyl]di- 
chloro-, 27:174 

bis(trimethylsilyl)cyclopentadienyl]di- 
iodo-, 27: 176 

UNC,,H,,, UraniumQV), tris(q5-cyclopenta- 
dienylxdiethylamido), 29:236 

UN,C,,H, UraniumUV), bis(q5-cyclo- 
pentadienyl)bis(diethylamido)-, 29234 

UPC2,H2,, Uranium(IV), tris(q'-cyclopenta- 
dienyl)((dimethylphenylphosphoranyli- 
dene)methyl]-, 27:177 

UCIC,,H,,, Uranium(IV), chlorotris(q5- 

UCl,Si,C,,H,, Uranium(IV), bis(q5-1,3- 

UI,Si,C,,H,,, UraniumQV), bis(q5-1,3- 

VC,,H,,, Vanadocene, 28:263 
VClC,,H ,,, Vanadium(III), chlorobis(q5- 

cyclopentadieny1)-, 28:262 
VK.,O,PW,, xH,O, Vanadoundecatungsto- 

phosphate(4-), a-. tetrapotassium, 
hydrate, 2 7 9  

VN2O,,S,C,,H,,2H,O. Vanadium(II), tetra- 
aquabis( 1,2-benzisothiazol-3(2H)-one 
1.1-dioxidato)-, dihydrate, 27:307 

bis( 1,2-benzisothiazol-3(2H)-one 1,l- 
dioxidato)tetrakis(pyridine)-, 
-2pyridine, 27:308 

tricesium. 26:379 

trirubidium, 26:379 

tricesium, 26379 

trirubidium, 26379 

phate(5-), B-, y-. pentacesium, 27:103 

S:S')bis(q5-methylcyclopentadieny1)- 
di-p-thio-di-, 2755 

V,S,C,,H,,, Vanadium, (p-disulfido-S:S')(p- 
q2:q2-disulfido)bis(q-methylcyclo- 

~,0bS2CMH282NC,H,, VanadiumOII), 

V,Br,Cs,, Vanadate(3 -), nonabromodi-, 

V,Br,Rb,, Vanadate(3 -), nonabromodi-, 

V,Cl$s,, Vanadate(3 -), nonachlorodi-, 

V,C&Rb,, Vanadate(3 -), nonachlorodi-, 

V,Cs,O,PW,,, Divanadodecatungstophos- 

V,S,C,,H,,, Vanadium, (p-disulfido- 

pentadieny1)-p-thio-di-, 2 7 9  
V,Cs,O,PW,, Trivanadononatungstophos- 

phate(6-). a-1,2,3-, hexacesium, 27: 100 
V,H%0,SiW9,3H,0, 12.3-Trivanadonona- 

tungstosilicate(7-), A+-, hexa- 
potassium hydrogen, trihydrate, 27: 129 

V,N,O,SiTiW,C,H ,,,, 1,2,3-Trivanadc- 
nonatungstosilicate(4-), p3-[(q5-cyclo- 
pentadienyl)trioxotitanate(IV)]-, A$-, 
tetrakis(tetrabuty1ammonium). 27: 132 

V3N40,SiW9CbOH,,,, 1,2,3-Trivanadonona- 
tungstosilicate(7 -), A+-, tetrakis(tetra- 
buty1ammonium)trihydrogen. 27: 13 1 

tris(tetrabuty1ammonium) trihydrogen, 
27:83 

V,,N,O,C,H, I ,. Decavanadateo, 

WBF,NO,C,&,. Tungsten(l+). pentacar- 
bonyl[(diethylamino)methylidyne]-, 
tetrafluoroborate( 1 -), 2640 

WBF,O,PC,,H,, Tungsten, dicarbonyl(q5- 
cyclopentadienyl)[tetrafluorobor- 
ato( 1 -)](triphenylphosphine)-, 26:98, 
28:7 

cyclopentadienyl)[tetrafluorobor- 
ato(1-)I-, 26:96,28:5 

WBF404CI,H,,. Tungsten(l+), (acetone)tri- 
carbonyl(q5-cyclopentadienyl)-, tetra- 
fluoroborate(1-), 26105,28: 14 

WB,F,N,O,C,H ,,. Tungsten(2+), tetra- 
kis(acetonitri1e)dinitrosyl-, cis; 
bis(tetrafluoroborate(1 -)I, 26  133. 
28:66 

WC,,H,,, Tungstenw), tris(22-dimethyl- 
propys)(2,2-demethylpropylidyne)-, 
2647 

WCl,N,P,C,,H,,, Tungstenw), dichloro- 
( ( 1,l -dimethylethyl)imido] (phenyl- 
imido)bis(trimethylphosphine)-, 
27:304 

WCI,N,C,H,,, Tungstenw), (2,2'-bipyri- 
dine)dic hloro[( 1, l-dimethyl- 
ethyl)imido](phenylimido)-, 27:303 

WCl,P,C,,H,,, TungstenOI), dichlorotetra- 
kis(trimethy1phosphine)-, 28:329 

WCl,P,C,,H,, TungstenOI), dichlorotetra- 
kis(dimethylpheny1phosphine)-, 
28:330 

WC1,P4C,,H,,, Tungsten(II), dichlorotetra- 
kis(methyldipheny1phosphine)-, 28:33 

WBF,O,C,H,, Tbngsten, tricarbonyl(q'- 
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WCI,O,C,H,,, Tungstenw), trichloro( 1.2- 
dimethoxyethane)(2.2-dimethylpropyli- 
dyne)-, 2650 

methoxy-, 26:45 
WCI,O,C,H,, Tungsten, trichlorotri- 

WCl,, Tungsten tetrachloride, 26221,29:138 
WCl,O, Tungsten tetrachloride oxide, 

28:324 
WCl,P,C,,H,, Tungsten, tetrachIoro[ 1.2- 

ethanediylbis(diphenylphosphine)]-, 
28:41 

WC1,P2C,,H,,, TungstenQV), tetrachloro- 
bis(methyldipheny1phosphine)-, 28:328 

WCl,P,C,,H,, Tungsten, tetrachlorobis(tri- 
pheny1phosphine)-, 28:40 

WCI,P,C,H,,, TungstenuV), tetrachloro- 
tris(trimethy1phosphine)-, 28:327 

WFeNO,C,,H,,, Tungstate( 1 -), hydrido- 
nonacarbonyliron-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 26:336 

WFeN,09P4C8,H, Tungstate(2-), nonacar- 
bonyliron-, bis( p-nitrido-bis(tripheny1- 
phosphorusXl+), 26339 

tetrakis(methyldipheny1phosphine)-. 
27:lO 

WH,P,C,H,,, Tungsten(IV), hexahydrido- 
tris(dimethylpheny1phosphine)-, 27: 11 

WNO,C,H,. Tungsten, di~arbonyl(q~cyc10- 
pentadieny1)nitrosyl-, 28: 196 

WNO,C,,H,, Tungsten, (rert-butyl iso- 
cyanide)pentacarbonyl-, 28: 143 

WNO,P,C,,H,,, Tungstate( 1 -), (ace- 
tat0)pentacarbonyl-, p-nitrido-bis(tri- 
phenylphosphorus)(l+). 27:297 

WN,O,C,,H,,, Tungsten, bis(rert-buty1 iso- 
cyanide)tetracarbonyl-, cis-, 28: 143 

WN,O,C ,,H Tungsten, tetracarbonyl[(di- 
ethylamino)methylidyne](isocyanato)-, 
rmns-, 26:42 

diylbis(dipheny1phosphine)j bis(iso- 
cyanomethane)-, trans-, 28:43 

[fl-hexatriacontaoxo(p,,-tetraoxosili- 
cato)( 10,11,12-triniobiumnona- 
tungsten)ato(7-)](q5-pentamethyl- 
cyclopentadieny1)-, disodium tris(tetra- 
butylammonium), 29:243 

tris(propanenitri1e)-, 27:4,28:30 

WH,P,C,,H,,, Tungsten(1V). tetrahydrido- 

WN,P,C,,H,, Tungsten(O), bis[ 1.2-ethane- 

WN,Na,Nb,0,RhSiC,,H1,,, Rhodate(5). 

WN,O,C,,H,,, Tungsten, tricarbonyl- 

WN,O,C,,H,,, Tungsten, tris(rerr-butyl iso- 
cyanide)tricarbonyl-,fat-, 28: 143 

WN,P,C,,H,,, Tungsten, bis(dinitro- 
gen)bis[ lJ-ethanediylbis(dipheny1- 
phosphine)]-, truns-, 28:41 

WNaOlC,H,2C4H,,0,. Tungstate( 1 -), tri- 
carbonyl(q5~yclopentadienyl)-, 
sodium, compd. with 1.2-dimethoxy- 
ethane(l:2), 26343 

cyclopentadienyl)hydrido(tri phenyl- 
phosphine), 2698,28:7 

heptatriene), 27:4 

hydrogen)bis(triisopropylp hosp hine)-, 
27:7 

WO,P,C,,H,, Tungsten(0). tricarbonyl[ 12- 
ethanediyIbis(dipheny1phos- 
phine)] phenyletheny1idene)-, mer-, 
29: 144 

WO,P,C,H,, Tungsten, tricarbonyl(dihy- 
drogen)bis(tricyclohexylp hosphine)-, 
276 

bonyl[l2-ethanediyl(diphenyIphos- 
phine)]-, 2 9  142 

carbonyl( 12-ethanediylbis(dipheny1- 
phosphine)]-,lac-, 2 9  143 

pentadienyl)bis(hydrogen su1fido)-, 
27:67 

W,C@&.C,H,,, Tungstenw), tetrachlor- 
bis( 1,l -dimethylethanamine)bis [( 1,l- 
dimethyIethyl)imido]bis(p-phenyl- 
imido)di-, 27:301 

W,F,,O,C,, TungstenQI), tetrakis(trifluor0- 
acetato)di-, (W-4-W), 2 6 2 2  

W,N,C,,H,, Tungsten, hexakis(dimethy1- 
amido)di-, 29:139 

W204C 14H Tungsten, tetracarbonyIbis($- 
cyc1opentadienyl)di-, ( W- W), 
28:153 

W,O,C,,H Tungsten, hexacarbonylbis(q5- 
cyclopentadieny1)di-, 28: 148 

W,O,C,H,,, lhgsten(I1). tetrakis(ace- 
tato)di-, (W-4-W), 26224 

W20,CaH,, Tungsten(I1). tetrakis(2.2- 
dimethylpropanoato)di-( W-4- W), 
26:223 

WO,PC,,H,,, Tungsten, dicarbonyl($- 

WO,C,,H,, Tungsten, tricarbonyl(q6-cyclo- 

WO,P,C,, H,, Tungsten, tricarbonyl(di- 

W04P2C,H,, Tungsten(O), tetracar- 

W04P,C12H,, Tungsten(0). (acetone)tri- 

WS2Cl,Hl,, TungstenQV), bis($cyclo- 
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W,Cs,O,P,, Pentatungstodiphosphate(6-), 
hexacesium, 27: 101 

W5N40,, P,C,H ,,,, Pentatungstobis(pheny1- 
phosphonateX4-), tetrakis(tributy1- 
ammonium), 27:127 

W,N,O,,C,,H,,, Hexatungstate(VI), 
bis(tetrabutylammonium), 27:80 

W,Cs,O,PV,, Trivanadononatungstophos- 
phate(6-), a-1,2,3-, hexacesium, 27:lOO 

W9H&O,SiV,3H,O, 1,2,3-Trivanadonona- 
tungstosilicate(7 -), A+-, hexa- 
potassium hydrogen, trihydrate, 27: 129 

W3N$O,Si.23H2O, Nonatungstosili- 
cate( lo-), j3-, nonasodium hydrogen, 
tricosahydrate, 27:88 

nonatungstosilicate(4-), ~,-[(+cYc~o- 
pentadienyl)trioxotitanate(IV)]-, A+-, 
tetrakis(tetrabutylammonium), 27: 132 

W,N,O,SiV,C,H 1,2,3-Trivanadonona- 
tungstosilicate(7 -), A+-, tetrakis(tetra- 
butylammonium)trihydrogen, 27: 13 1 

phate(9-), A-, nonasodium, hydrate, 
27:lOO 

W,Na,,O,Si, Nonatungstosilicate( lo-), a-, 
decasodium, 27:87 

W,,Cs,O,PV,, Divanadodecatungstophos- 
phate(5-), p-, y-. pentacesium, 27:103 

W,,Cs,O,P, Decatungstophosphate(7 -), 
heptacesium, 27:lOl 

W,,&O~Si.lZH,O. Decatungstosili- 
cate(8-), y-. octapotasium, dodeca- 
hydrate, 27:88 

W,,N,O,,C,H,,, Decatungstate(VI), tetra- 
kis(tetrabutylammonium), 27:8 1 

W, , &O,PV.xH,O, Vanadoundecatungsto- 
phosphate(4-), a-, tetrapotassium, 
hydrate, 2 7 9  

W, ,&0,,Si.14H20, Undecatungstosili- 
cate(8-), p2-. octapotassium, tetra- 
decahydrate, 27:91 

W, ,&0,Si.l4H2O, Undecatungstosili- 
cate(8-), &-, octapotassium, tetra- 
decahydrate, 27:92 

W, ,&O,Si. 13H,O, Undecatungstosili- 
cate(8-), a-, octapotassium, trideca- 
hydrate, 27:89 

W, ,Na,O,Si, Undecatungstosilicate(8-), 
PI-. octasodium, 2 7 9  

W,N,O,SiTiV,C,H ,,,, 12.3-Trivanado- 

WJV%O,P.xH,O, Nonatungstophos- 

W,,H,O,Si.xH,O, Dodecatungstosilicic 

W,,&O,Si. 17H,O, Dodecatungstosili- 
acid, a-, p-, hydrate, 27:93 

cate(4-), a-, tetrapotassium, hepta- 
decahydrate, 27:93 

cate(4-), p-. tetrapotassium, nona- 
hydrate, 27:94 

W,,N,O,SiC,H le(. Dodecatungstosili- 
cate(4-), y-. tetrakis(tetrabuty1- 
ammonium), 27:95 

phosphate(l2-), a-, dodecasodium, 
tetracosahydrate, 27: 108 

W,,K,,O6,P,2OH,O, Heptadecatungstodi- 
phosphate(l0-), q-, decapotassium, 
eicosahydrate, 27: 107 

tungstodiphosphate(9-), a,-, nona- 
potassium, eicosahydrate, 27: 109 

W,,&0,2P2,19H,0, Octadecatungstodi- 
phosphate(6-), fl-, hexapotassium, 
nonadecahydrate, 27: 105 

W,,&0,P~14H2O, Octadecatungstodi- 
phosphate(6-), a-, hexapotassium, 
tetradecahydrate, 27: 105 

triniobium-nonatungsten)ate(8 -), 

0x0-bis( p-tritriacontaoxo(p,,-tetraoxo- 
silicato), hexakis(tetrabuty1- 
ammonium) dihydrogen, 29240 

W,,As,H,O,Rb,34H2O, lbngstate(4-), 
aquadihydroxohenhexacontaoxo- 
bis[trioxoarsenato(III)] henicosa-, tetra- 
rubidium, tetratricontahydrate, 27: 113 

W21As,H,010,xH20. lbngsten, aquahexa- 
hydroxoheptapentacontaoxobis[ tri- 
oxoarsenato(III)] henicosa-, hydrate, 
27: 112 

W2,H,,N,,Na0,Sb,24H20, Sodiohenicosa- 
tungstononaantimonate( 18-), octa- 
decaammonium, tetracosahydrate, 
27:120 

W,H,N,,NaO, ,,P,3 lH,O. Sodiotriconta- 
tungstopentaphosphate( 14-), tetra- 
decaammonium, hentricontahydrate, 
27:115 

W&,Co,H l,$,0,,,19H,0, Ammoniodi- 
cobaltotetracontatungstotetraarsen- 

WI2K.,O,Si.9H,O, Dodecatungstosili- 

W15Na,,0,,P,24H,0, Pentadecatungstodi- 

WllLi~0,,P,20H,0, Lithioheptadeca- 

W,,N6Nb&,Si2C&,,,, (10,11,12- 

1od:1od’,10J1Of’,l lJ1 lJlV’-tri-~- 
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ate(23 -), tricosaammonium, nona- 
decahydrate, 27: 119 

W&,Na,0,,,60H,O. Sodiotetraconta- 
tungstotetraarsenate(27-), heptacosa- 
sodium, hexacontahydrate, 271 18 

W,H,K,Li,0,,P8,92H,0, Octatetraconta- 
tungstooctaphosphate(40-), penta- 
lithium octacosapotassium heptahy- 
drogen, dononacontahydrate, 27: 110 

XeF,, Zenon difluoride, 29: 1 
XeF,, Zenon tetrafluoride, 29:4 

YCI,Li0,Si4C,H,,, Yttrium, bis(q5- I ,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetrahydr0furan)lithium-, 
27: 170 

phenoxo)-, 27:167 

methy1phenoxo)-, 27: 167 

bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-di-, 27:171 

YbC,,H,,,, Ytterbium(I1). bis(pheny1- 
ethyny1)-, 27:143 

YbCl,LiO,Si,C,H,,. Ytterbium, bis[qs-1,3- 
bis(trimethylsilyl)cyclopentadienyl]di- 
p-chloro-bis(tetra hydr0furan)lithium-, 
27:170 

tris(tetrahydr0furan)-, 27: 139,28:289 

Y03C,H,, Yttrium, tris(2,6-di-ren-butyyl- 

YO,C,,H,, Yttrium, tris(2,6di-ren-butyl4 

Y,CI,Si,C,H,, Yttrium, tetrakis[q5-1,3- 

YbCl,O,C,,H,, Ytterbium, trichlor- 

YbC1,30C4H,, Ytterbium trichloride- 

3tetrahydrofuran. 27:139,28:289 
YbI,, Ytterbium diiodide, 27147 
YbN,O,Si&,H,, Ytterbium, bis[bis(tri- 

methylsilyl)amido] bis(diethy1 ether)-, 
27: 148 

YbOC,H, Ytterbium, (diethyl ether)bis(qs- 
pentamethylcyclopentadieny1)-, 27: 148 

YbO,C,,H,, YtterbiumQI), bis(qkyc1o- 
pentadienylx 12-dimethoxyethane)-, 
2622,28:295 

YbO,C,,h,, Ytterbium, tris(2,6-di-rm-butyyl- 
4-methylphenoxo)-, 27: 167 

Yb,Cl,Si&,H,. Ytterbium, tetrakis[qs-1,3- 
bis(trimethylsi1yl)cyclopen tadienylldi- 
p-chloro-di-, 27:171 

ZnCI,, Zinc dichloride, 28322,291 10 
Zn,N,O,C,H Zincate(4-), hexakis [p- 

[tetraethyl 2,3-dioxobutane-l,1,4,4- 
t e h a ~ a ~ ~ I a t o ( 2 - ~ " , 0 ~ : O ' , ~ J ] t e t r a - .  
tetraammonium, 29:277 

ZrC ,,H ,,, Zirconium, bis(qs-cyclopenta- 
dieny1)dihydrido-, 28:257 

ZrClC,,H,,, Zirconium, chlorobis(qs-cyclo- 
pentadieny1)hydrido-, 28:259 

ZrH,OsP,C,H,,, Zirconium, bis[ l,l(q5)cyc10- 
pentadienyl]tris(dimethylphenylphos- 
phine-2~P)-tri-p-hydndo-hydrido-lrH- 
osmium-, 27:27 

cyclopentadieny1)-, 28:25 1 

pentamethylcyclopentadieny1)-, 28:254 

ZrO,C,,H Zirconium, dicarbonylbis(q5- 

ZrO,C,,H,, Zirconium, dicarbonylbis(q'- 
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