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PREFACE 

Preparative chemistry is the heart of chemistry. The goal of Inorganic Syntheses 
is to provide both the neophyte and the seasoned veteran with safe and reliable 
methods to prepare useful compounds. The raison d'Ctre of Inorganic Syntheses 
is to serve as a valuable treasure trove of precursors to yet undiscovered cam- 
pounds and to demonstrate practical techniques to the undergraduate student. It 
is not to be a repository for the exotic, easily forgotten compounds that have no 
practical use. The inclusion of useful compounds only is an admirable goal and 
one that the Editor and the Editorial Board have striven valiantly to attain, for 
the utility of a particular synthesis is often in the eyes of the beholder. It is my 
sincere hope that prospective authors who may read this will keep in mind that 
utility of the product and safety of the procedure must be considered to be equally 
important prerequisites for publication in Inorganic Syntheses. 

The real heroes in compiling one of these volumes are the checkers. Careless 
authors supply sloppily written manuscripts in incorrect format with incomplete 
information with respect to reaction vessels, reaction conditions, and means of 
characterization. Although this is an entirely voluntary process, our loyal check- 
ers come through in admirable style. My deepest gratitude is owed to them. 
Additionally, there are five other magnificent colleagues who have given at least 
as much of their energy to this volume of Inorganic Syntheses as the Editor has. 
Without the considerable help and continuing interest of Duward F. Shriver, 
John C. Bailar, Jr., Therald Moeller, Thomas E. Sloan, and William Powell, 
my assignment would have been completed with considerably greater difficulty. 
My sincerest appreciation must be expressed to the two very competent women, 
Barbara Crabtree and LeNelle McInturff, who handled many of the details and 
who retyped many of the manuscripts. 

Preparative chemistry is fun. Safe and reliable preparative chemistry is even 
more satisfying. I hope that the inorganic chemistry community will find the 
preparations in this volume both useful and safe. 

JEAN'NE M. SHREEVE 

Moscow. ldaho 
September 1985 

Previous volumes of lnorganic Syntheses are available. Volumes I-XVI can be ordered from 
R.  E. Krieger Publishing Co.,  Inc., P.O. Box 9542. Melbourne, Florida 32901; Volume XVII is 
available from McGraw-Hill, Inc.; subsequent volumes can be obtained from John Wiley & Sons, 
Inc. 
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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 respon- 
sibility 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 commercially at reasonable prices 
are not acceptable. We do not encourage the submission of compounds that are 
unreasonably hazardous, and in this connection, less dangerous anions generally 
should be employed in place of perchlorate. 

The Editorial Board lists the following criteria of content for submitted man- 
uscripts. Style should conform with that of previous volumes of Inorganic 
Syntheses. The introductory section should include a concise and critical sum- 
mary 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 indi- 
cation 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 antic- 
ipates 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 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 
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x Notice to Contributors and Checkers 

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 recommen- 
dations 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 Amer- 
ican 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 delineated, 
where appropriate, in the experimental procedure. It is impossible, however, to 
foresee 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 Inorganic 
Syntheses, Volume 18, p. xv, 1978. A current assessment of the hazards asso- 
ciated with a particular chemical is available in the most recent edition of Thresh- 
old 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 infor- 
mation about this hazard may be found in Inorganic Syntheses, Volume 12, 
p. 3 17. A hazard associated with the synthesis of tetramethyldiphosphine disul- 
fide [Inorg. Sinth., 15, 186 (1974)] is cited in Inorganic Syntheses, Volume 23, 
p. 199. 
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Chapter One 

FLUORINE-CONTAINING COMPOUNDS 

1. CHLORINE FLUORIDE 

Chlorine fluoride is a versatile and very useful reagent.”, Preparation from the 
elements is well established,’ but since the reaction involves the use of elemental 
fluorine and either Monel or nickel reactors, it is a procedure not readily acces- 
sible to many laboratories. In addition, the reaction is exothermic. Two proce- 
dures that are excellent lower temperature routes to chlorine fluoride are described 
below. 

Chlorine juorides are vigorous oxidizers and are toxic. In 
addition, hydrolysis can produce shock-sensitive chlorine oxides. Suitable shield- 
ing for high-pressure work is required. Protective clothing and face masks must 
be worn at all times. 

Caution. 

A. CHLORINE TRIFLUORIDE WITH CHLORINE 

CsF 

ClF, + C1, + 3C1F 

Submitted by CARL J. WHACK* and R. D. WILSON* 
Checked by DARRYL D. DESMARTEAUt 

*Rocketdyne Division, Rockwell International, Canoga Park, CA 91304. 
?Department of Chemistry, Clemson University, Clemson, SC 29631. 



2 Fluorine-Containing Compounds 

Procedure 

A clean, passivated (with ClF,) 150-mL high-pressure stainless steel Hoke cyl- 
inder, equipped with a Hoke valve, is loaded with CsF (9 mmol) in the dry box. 
After connection to a passivated (with ClF,) stainless steel, Teflon FEP vacuum 
line,4 the evacuated cylinder is cooled to - 196", and CIF, [Ozark-Mahoning] 
(40 mmol) and CI, (38 mmol) are condensed into it. The cylinder is first warmed 
to ambient temperature, then placed in an oven (150-155") for 15 hr and finally 
recooled to ambient temperature. The products are separated by fractional con- 
densation through a series of U-traps cooled to - 142 and - 196". A very small 
amount of noncondensable gas is pumped away, and the CIF is collected in the 
trap at - 196". Unreacted starting materials are retained in the trap at - 142" 
(methylcyclopentanelliquid N2). The yield of ClF (1 13 mmol, 97.4%) may be 
increased to 99 + %f by pyrolyzing the solids (CsF, CsCIF,, CsCIF,) left in the 
reactor with a heat gun and fractionating the evolved gases as above. The reactor 
and solids (with or without pyrolysis) may be used over again, and the ClF may 
be stored in the reactor until needed. 

The solid residue is highly oxidizing. Contact with organic 
materials should be avoided. Slow hydrolysis by exposure to the atmosphere in 
a well-ventilated hood destroys the material satisfactorily. Water can then be 
added cautiously. 

Caution. 

B. CHLORINE TRIFLUORIDE WITH MERCURY(I1) 
CHLORIDE 

25" 

2ClF, + HgCl, + 4C1F + HgF, 

Submitted by A. WATERFELD* and R. MEWS* 
Checked by DARRYL D. DEsMARTEAUt 

Procedure 

Caution. Mercury salts are poisonous. Chlorine jluorides are powerfui 
oxidizers and jluorinators. Protective clothing and face masks must be worn at 
all times, and extreme care musi be taken to avoid contact between the fluorides 
and oxidizable materials. 

$The checker used one-half the amounts of starting materials in a Monel vessel and obtained 

*Institut fur Anorganische Chemie, Tammanstrasse 4, D-3400 Gottingen, West Germany. 
?Department of Chemistry, Clemson University, Clemson, SC 29631. 

essentially the same yield. 



2 .  Chloryl Fluoride 3 

A 300-mL Monel Hoke cylinder that has been passivated with ClF: and equipped 
with a manometer [Dresser] (fluorine-resistant, 1000 psi range) is loaded with 
40.2 g (148 mmol) of dry HgCl,. Using a metal vacuum line, 27.4 g (296 mmol) 
of ClF3 [Ozark-Mahoning] is condensed into the evacuated cylinder at - 196". 
After 14 days at room temperature, the internal pressure reaches 645 psi. The 
chlorine fluoride is distilled out of the cylinder, which is held at - 125" (30- 
60" petroleum ether/liquid N,) via a stainless steel vacuum line into a passivated 
Monel Hoke cylinder at - 196". The yield is 29.5 g (542 mmole, 91.5%).$ The 
mercury salt remaining in the cylinder is 87% HgF, based on a loss of 4.3 g. 
The HgF, may be used for further syntheses or destroyed as prescribed.s The 
chlorine fluoride is sufficiently pure for most preparative purposes (contains traces 
of C10,F and Cl,). For final purification, literature methods are recommended.' 

Properties 

Chlorine fluoride is colorless as a solid (mp - 155") and pale yellow as a liquid 
(bp - 100. lo). The IR spectrum of the gas in a stainless steel cell with AgCl 
windows shows a band centered at 772 cm-' with P and R branches but no Q 
branch. 
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2. CHLORYL FLUORIDE 

6NaCl0, + 4C1F3 + 6NaF + 2C1, + 30, + 6C10,F 

Submitted by KARL 0. CHRISTE,* RICHARD D. WILSON,* and CARL J. SCHACK* 
Checked by D. D. DESMARTEAUt 

$The checker used one-half the amounts of starting materials in a 150 mL Monel cylinder and 

*Rocketdyne, A Division of Rockwell International Cop., Canoga Park, CA 91304. 
TDepartment of Chemistry, Clemson University, Clemson, SC 29631. 

obtained the same yield. 
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Chloryl fluoride is the most common chlorine oxyfluoride. It is always encoun- 
tered in reactions of chlorine mono-, tri-, or pentafluorides with oxides, hydrox- 
ides, or poorly passivated surfaces. It was first obtained' in 1942 by Schmitz 
and Schumacher by the reaction of C10, with F,. Other methods involve the 
reaction of KClO, with either BrFl  or C1F,.3*4 The simplest method' involves 
the reaction of NaCIO, with ClF,, resulting in the highest yields and products 
that can readily be separated. 

Procedure 

Caution. The hydrolysis of C10,F can produce shock-sensitive C102.6 
Therefore, the use of a slight excess of ClF, is recommended for the synthesis 
to suppress any CIO, formation. Chlorine trguoride is a powerjkl oxidizer and 
ignites most organic substances on contact. The use of protective face shields 
and gloves is recommended when working with these materials. 
In the dry box, dry sodium chlorate (30 mmol, 3.193 g) is loaded into a 30-mL 
high-pressure stainless steel Hoke cylinder equipped with a stainless steel Hoke 
valve. The cylinder is connected to a stainless steel-Teflon FEP vacuum manifold 
(Fig. 1) that has been well passivated with ClF, [Ozark-Mahoning] until the 
ClF,, when condensed at - 196", shows no color. The cylinder is then evacuated 
and CIF, (21.5 mmol) is condensed into the cylinder at - 196". The cylinder is 
allowed to warm to room temperature and is kept at this temperature for 1 day. 
The cylinder is then cooled back to - 196", and during subsequent warm-up of 
the cylinder the volatile products are separated by fractional condensation under 
dynamic vacuum through a series of U-traps kept by liquid N, slush baths at 
-95" (toluene), - 112" (CS,), and - 126" (methylcyclohexane). The trap at 
- 95" contains only a trace of chlorine oxides, the trap at - 112" contains most 
of the C102F (29 mmol), and the trap at - 126" (7 mmol) contains mainly C1, 
and some CI0,F. The yield of C10,F is almost quantitative based on the limiting 
reagent NaCIO, (29.4 mmol, 98%).$ The purity of the material is checked by 
infrared spectroscopy in a well-passivated Teflon or metal cell equipped with 
AgCl windows. The product should not show any impurities. A small amount 
of chlorine oxides, which can be readily detected by their intense color if present 
or if formed during handling of C102F, can readily be removed by conversion 
to C10,F with elemental F, or will decompose to C1, and 0, during storage at 
ambient temperature. Chloryl fluoride can be stored in a metal vessel at room 
temperature for long time periods without significant decomposition. 

$The checker used one-third of the stated scale and obtained C102F in a yield of 95%. 
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Fig. I .  Typical metal-TeJon vacuum system used for handling strongly oxidizing or 
corrosivepuorine compounds. As the vacuum source A, a good mechanical pump 
ton or better) is normally sufficient. The use of a fluorocarbon oil, such as Halocarbon 
[Halocarbon Products] as a pump oil is strongly recommended for safety reasons. B ,  
glass waste trap with glass or Teflon stopcocks and a detachable bottom; only fluorocarbon 
grease [Halocarbon Products] should be used for the stopcocks and joint; the trap is kept 
cold by a Dewar flask with liquid nitrogen; great care must be taken, and a face shield 
and heavy leather gloves must be worn when pulling off the cold lower half of the waste 
trap for disposal of the trapped material by evaporation in a fume hood. The glass waste 
trap can be connected to the metal line by a glass-metal joint, a graded glass-metal seal, 
or most conveniently by a quick-coupling compression fitting with Viton O-ring seals. 
C, scrubber for removal of fluorine; the scrubber consists of a glass tower packed with 
alternating layers of NaCl and soda lime that are held in place by plugs of glass wool at 
either end. The valves E are arranged in such a manner that the scrubber can be by- 
passed during routine operation. D, Teflon-FEP (fluoro-ethylene-propylene copolymer 
[Zeus]) or PFA (polyperfluoroether) U-traps made from %- or %-in. 0.d. commercially 
available heavy wall tubing; all metal lines are made from either 316 or 321 %-in. 0.d. 
stainless steel or Monel tubing, except for the lines from the U-traps to the Heise gage 
[Dresser] J ,  for which %-in. 0.d. tubing is preferred; stainless steel bellows valves E, 
such as Hoke Model 4200 series, are used throughout the entire line; metal-metal or 
metal-Teflon connections are all made with either flare or compression (Swagelok [Craw- 
ford Fitting] or Gyrolok) fittings. F, lecture bottle of CIF, [Ozark-Mahoning] used for 
passivation of the vacuum line. G, He gas inlet. H, F, gas inlet. I, connectors for attaching 
reaction vessels, reagent containers, etc. J ,  Heise Bourdon tube pressure gage (&-lo00 
mm * 0.1%). K, crude pressure. gage (0-5 atm). L, 2-L steel bulbs used for either 
measuring or storing larger amounts of gases. M, %-in. 0.d. metal U-tubes to permit 
condensation of gases into the storage bulbs L. N, infrared cell for gases, Teflon body 
with condensing tip, 5 cm path length, AgCl windows. The four U-traps D, connected 
in series, constitute the fractionation train used routinely for the separation of volatile 
materials by fractional condensation employing slush baths of different temperatures. The 
volumes of each section of the vacuum line are carefully calibrated by PVT measurements 
using a known standard volume. 
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Properties6 

Chloryl fluoride is a colorless liquid boiling at -6". The IR spectrum of the 
gas4 shows the following major bands: 1271 (vs), 1106 (ms), 630 (s), and 547 
(ms) cm-'. The 'T NMR spectrum' of the liquid at - 80" consists of a singlet 
at 315 ppm downfield from external CFCl,. 
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3. CHLORINE FLUOROSULFATE 

SO, + ClF + ClOS0,F 

Submitted by CARL J. SCHACK* and RICHARD D. WILSON* 
Checked by W. TOTSCHt 

Chlorine fluorosulfate is a very reactive compound that is useful in numerous 
applications as a chlorinating agent, a fluorosulfating agent, and an oxidizer.' 
Originally ClOS0,F was prepared by Gilbreath and Cady' by reactions of C1, 
and FO,SOOSO,F at 125" for 5 days. Since the peroxide is not readily available 
and its preparation, requires the use of elemental fluorine, this synthesis is not 
accessible to many laboratories. A useful alternative to this method involves the 
direct addition of ClF to SO,. This procedure provides ClOS0,F in very high 
yield. This synthesis may be conducted in stainless steel3 or g l a ~ s , ~ * ~  is rapid, 
and can be used on any scale with good results. 

*Rocketdyne, A Division of Rockwell International C o p . ,  Canaga Park, CA 91304. 
?Materials and Molecular Research Division, Lawrence Berkeley Laboratory and Chemistry 

Department, University of California, Berkeley, CA 94720. 
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Procedure 

Caution. The starting materials and product are strong oxidizers and 
are toxic. They must not be allowed to touch the skin or organic materials, such 
as grease, other than halocarbon type. Gloves, face shields, and otherprotective 
devices must be utilized where contact with these compounds is possible. 
Sulfur trioxide [Sargent-Welch] is available in sealed borosilicate glass ampules 
in 2-lb quantities. The ampule should be opened and handled only in a hood in 
accordance with the manufacturer's data sheet. (Place the ampule in a pan with 
sand or vermiculite, scratch the neck with a file, and, wearing rubber gloves 
and a face shield, snap the top of the neck off. Transfer the unused contents to 
a bottle with a fluoropolymer cap.) 

A clean, dry, 150-mL stainless steel Hoke cylinder and a valve for it are 
tared. Using a funnel, the cylinder is loaded with SO, (0.388 mol) through the 
cylinder opening. The valve is inserted into the opening and tightened, and the 
outside of the cylinder is rinsed with water to remove possible external SOJ 
H,SO, contamination. After wiping dry, the weight of the cylinder and SO, is 
determined. The cylinder is connected to a stainless steel vacuum manifold, 
equipped with a pressure gauge, through a --shaped 0.25-in. diameter, stainless 
steel connector about 1 ft long. This type of connector provides flexibility and 
thereby permits shaking of the cylinder during the reaction with CIF. Also 
attached to the vacuum manifold is a supply of CIF [Ozark-Mah~ning].~ The 
cylinder is cooled to - 78" and evacuated. While the cylinder is warmed from 
-78", the addition of ClF is begun by bleeding it in from the manifold and 
maintaining a pressure of about 1 a m .  

At first the uptake of CIF may be slow due to the fact that the SO, is still 
solid, but when it melts the rate of CIF addition increases, especially if the 
reaction cylinder is shaken. Most of the C1F is added at about -30" by inter- 
mittently immersing the reactor in a cold bath. After 2 hr, the uptake of CIF 
(0.40 mol) becomes slow. A slight further excess of ClF (0.02 mol) is added 
by cooling the cylinder to below - 78". It is left overnight at ambient temperature. 

Purification of the product is accomplished by fractional condensation through 
a series of Teflon FEP U-traps cooled to -78 and - 196" while the reaction 
cylinder is kept at about - 30". After removal of the noncondensable gases, only 
occasional pumping is required. This minimizes the passage of ClOS0,F through 
the trap at - 78". The trap cooled to - 1%" contains Cl,, FClO,, SOZF2, unreacted 
CIF, and a little ClOS0,F. This material is disposed of by transferring it to a 
removable cold trap and venting this trap behind a shield in a hood. The cylinder 
at - 30" contains any HSO,F by-product formed. Pure CIOS0,F (0.372 mole, 
96% yield) is obtained in the trap cooled to -78". 

Alternatively, when the reaction is completed, the cylinder is cooled to - 78", 
and the volatile material is removed. The product can be kept in the cylinder at 
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Pmbient temperature and purified by fractional condensation as needed. Using 
a I-L cylinder, this reaction has been run on a 6-mole scale with similar results. 
For small amounts of ClOSO,F, the CIF may simply be condensed onto the SO, 
at - 196" and the closed cylinder warmed slowly to ambient temperature in a 
prechilled Dewar flask.4 

~ r o p e r t i e s ~ ' ~  

Chlorine fluorosulfate is a pale yellow liquid that solidifies at - 84.3" and boils 
at 43.4'. The IR spectrum of the gas' has bands at 1481 (vs), 1248 (vs), 855 
(vs), 831 (ms, sh), 703 (ms), 572 (ms), and 529 (m) cm-' (stainless steel cell 
with AgCl windows). Chlorine fluorosulfate is the only known practical inter- 
mediate for the synthesis of chlorine perchlorate, C10C10,,8 and it is easily 
photolyzed in Pyrex at room temperature to provide FO,SOOSO,F in high 
Chlorine fluorosulfate reacts violently with water. 
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4. SULFUR CHLORIDE PENTAFLUORIDE 

CsF 

SF, + CIF- SClF, 

Submitted by CARL J. SCHACK,* RICHARD D. WILSON,* and MICHAEL G. WARNERt 
Checked by A. WATERFELDt 

*Rocketdyne, A Division of Rockwell International Corp., Canoga Park, CA 91304. 
?Jacobs Engineering Group, Inc., Pasadena, CA 91 101. 
$Department of Chemistry, University of California, Berkeley, CA 94720. 
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Sulfur chloride pentafluoride has utility in the preparation of numerous inorganic 
and organic derivatives. ' A procedure for its synthesis has appeared previously 
in this series.' This method involved the in situ generation of ClF by a hot flow 
tube reaction followed by a second hot flow tube reaction of the C1F and SF, to 
furnish SCIF,. These reactions are time consuming to set up and sometimes 
difficult to master. A far simpler synthesis is the reaction of SF, and CIF at 
ambient temperature in the presence of C S F . ~  The reaction proceeds rapidly and 
in high yield with a minimum of by-product formation, thus allowing easy 
separation of the products. 

Procedure 

Caution. The reagents and products are toxic and oxidizing. They must 
not be allowed to contact the skin or organic materials such as grease, other 
than halocarbon type. Gloves, face shields, and other protective devices must 
be utilized where contact with these compounds is possible. 
To a clean, passivated (treated with CIF, or CIF vapor at subatmospheric pressure 
for 1 hr or more), high-pressure, 30-mL stainless steel Hoke cylinder equipped 
with a valve is added powdered CsF (10 mmol) in a dry box. The CsF should 
have been dried previously by fusion in a platinum crucible followed by both 
cooling and grinding in a dry box. The cylinder is connected to a stainless steel- 
Teflon FEP (fluorinated-ethylene-propylene copolymer) vacuum system,4 evac- 
uated, and cooled to - 196". Based on PVT measurements, SF, [Matheson] 
(7.23 mmol) and ClF' (7.59 mmol) [Ozark-Mahoning] are added successively. 
The closed cylinder is allowed to warm to ambient temperature and to stand for 
2 hr. Products are then separated by fractional condensation through a series of 
U-traps cooled at - 126" (liquid nitrogedmethylcyclohexane slush) and - 196". 
Passing into the trap at - 196" are small amounts of SOF,, SO,F,, SClF,, and 
CIF. Remaining in the trap at - 126" is pure SCIF, (7.01 mmol, 97% yield).* 
Much larger amounts of SClF, may be prepared using this quantity of catalyst 
and only slightly longer reaction times. The catalyst can be reused. 

P r o p e r t i e ~ ~ ' ~ ' ~  

Sulfur chloride pentafluoride is colorless as a solid, liquid, or gas. It melts at 
- 64" and boils at - 19.1". The IR spectrum of the gas'.' has bands at (int.); 
908 (vs), 854 (vs), 802 (m), 713 (m), 706 (s), 602 (vs), and 578 (m) cm-'. It 

*The checker, using SFdClFICsF in 42.3:53.3:13.4 mmol ratio, found SClF, (36.4 mmol, 
85.5%). This lower yield was attributed to some SOF, impurity in the SF, used. Other products 
were SOF,, Cl,, and SF,. If SF50C1 is formed from SOF, and ClF, it will remain as a contaminant 
in the SClF,. 
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is stable to acids but is rapidly hydrolyzcd by alkalis. The compound is storable 
at ambient temperature in stainless steel and is thermally stable at 250". 
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5 ,  (FLUOROCARB0NYL)IMIDOSULFUROUS 
DIFLUORIDE 

4SF, + Si(NCO), + 4FC(O)NSF, + SiF, 

Submitted by JOSEPH S. THRASHER* 
Checked by DIETER LENTZ? 

Since its initial preparation from the reaction of sulfur tetrafluoride with inorganic 
isocyanates of silicon, phosphorus, or sulfur, (fluorocarbony1)imidosulfurous 
difluoride, FC(0)NSF2,' has become one of the primary starting materials in the 
field of sulfur-nitrogen-fluorine chemistry. Nitrogen fluoride sulfide, NSF, and 
thiazyl trifluoride, NSF,, the two key substances in this field of chemistry,2 are 
both readily prepared from FC(O)NSF,. Nitrogen fluoride sulfide is best prepared 
from the pyrolysis of the mercurial formed between HgF, and FC(O)NSF,,' 
while oxidative fluorination of FC(O)NSF, with AgF, gives NSF,." 

The method described below is convenient for preparing FC(O)NSF, in 100- 
g quantities starting from tetraisocyanatosilane and sulfur tetrafluoride. This 
procedure requires a stainless steel pressure vessel and a glass vacuum line. 

*Department 01 Chemistry, The University 0 1  Alabama, University. AL 35486. 
tlnstitut fur Anorganische und Analytische Chemie, Freie Universitat Berlin, Fabeckstr. 34-36, 

D-1000 Berlin 33. 
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Procedure 

Caution. Sulfur tetrafluoride and SiF, are both toxic gases. The toxicity 
of FC(O)NSF, is unknown, but it also should be regarded as hazardous. All 
operations should be carried out in a well-constructed vacuum line or in a well- 
ventilated hood. 
Tetraisocyanatosilane' (30.1 mL; 220 mmol) is loaded into a 500-mL stainless 
steel Hoke cylinder in an inert atmosphere. The cylinder is then attached to a 
glass vacuum line, and the Si(NCO), is degassed by several freeze-thaw cycles. 
With the reaction vessel held at - 196", an excess of sulfur tetrafluoride [Mathe- 
son] (900 mmol) is added by vacuum transfer. The small excess of SF, is used 
because the reaction product reacts further with Si(NCO), to give 
SFFNC(O)NCO.~ The vessel that contains the reaction mixture is then placed 
in an ice-water bath, which is allowed to warm slowly to room temperature. 
After 24 hr, the reaction vessel is cooled to - 85" (I-propanol/liquid nitrogen) 
and reattached to the vacuum line, where both the by-product SiF, and unreacted 
SF, are transferred under dynamic vacuum into a trap at - 196". When little or 
no more SiF, is observed to condense in the trap at - 196", the remaining volatile 
contents of the reaction vessel are transferred to the vacuum line for trap-to-trap 
distillation. The trap at - 78" stops primarily FC(O)N=SF,, with SF,, SOF,, 
and SiF, as contaminants. This fraction is further purified by redistillation through 
a series of traps at -25, -78, and - 196". The fraction retained in the -78" 
trap is generally found to be spectroscopically pure FC(O)NSF, (108.6 g, 94% 
yield), but further fractionations through the same series of traps can be carried 
out if necessary. The light-sensitive product is stored in Pyrex glass vessels in 
the dark below 0". The by-product SiF, is vented to an efficient fume hood or 
stored in an appropriate pressure vessel. 

Properties 

(Fluorocarb0nyl)imidosulfurous difluoride is a pungent, colorless liquid, bp 48.8" 
(extr.), mp -94.7O.l When heated at 190", it decomposes to COF, and NSF.' 
This decomposition also takes place at temperatures as low as 0" in the presence 
of fluoride ion, for example, CsF.'IR (gas)': 1850 (vs) (u,,,), 1350 (vs) (us=& 
1160 (VS) (uCF), 1132 (s) (uCF), 865 (s), 764 (VS) ( u S F ) ,  727 (VS) (uSF) cm-'. I9F 
NMR9 (ext. CC13F; 30"): 42.5 (s), 8,- 21.0 (s); (-80") 6sF 35.7 (d), ScF 
19.5 (t) (JF-F = 4 Hz). 
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6. ACYCLIC SULFUR NITROGEN FLUORINE 
COMPOUNDS 

Submitted by RUDIGER MEWS,* KLAUS KELLER,* and OSKAR GLEMSERj 
Checked by K. SEPPELTt and J. THRASHERS 

Key substances in sulfur-nitrogen-fluorine chemistry are thiazyl fluoride (sulfur 
nitride fluoride), NSF, and thiazyl trifluoride (sulfur nitride trifluoride), NSF,. 
Almost all known derivatives in this field of chemistry are obtainable through 
these two molecules.' The first preparation of NSF, by fluorination of S,N, with 
AgF, is still the simplest and most efficient,' but it is less attractive for a general 
preparation because of the unstable nature of S,N,. For NSF, several procedures 
are mentioned in the literature.- The easiest way to obtain very pure thiazyl 
fluoride is the thermal decomposition of Hg(NSF,),.6 The mercury compound 
also serves as the starting material for the preparation of haloimidosulfurous 
difluorides. 

A. THIAZYL TRIFLUORIDE (NITROGEN TRIFLUORIDE 
SULFIDE) 

FC(O)NSF, + 2AgF, + COF, + NSF, + 2AgF 

*Institut fur Anorganische Chemie der Universitat, Tammanstrasse 4, D-3400 Gottingen, W. 

TInstitut fur Anorganische und Analytische Chemie, Freie Universitiit Berlin, Fabeckstrasse 34- 

$Department of Chemistry, Clemson University, Clemson, SC 29631. 

Germany. 

36, D-1000 Berlin 33. 
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Fig. I .  
trap fractionation. 

Apparatus for the synthesis of NSF, and for separation of products by trap-to- 

Procedure 

H Caution. All compounds used in this procedure are extremely toxic and 
moisture sensitive. Contact with skin or mucous membranes should be rigorously 
avoided. 
A 1-L two-necked flask with a reflux condenser is connected by a polyethylene 
tube to a system of five traps maintained at -20" (I), -78" (II), - 196" (III), 
room temperature (IV), and - 196" (V), as shown in Fig. 1. The temperatures 
are reached by cooling methanol with Dry Ice or liquid nitrogen. 

H Caution. For the preparation of cooling bathsfrom flammable organic 
solvents, liquid nitrogen must be used. A slow-$owing stream of dry nitrogen 
must be present at all times to prevent condensation of liquid air in traps that 
are at - 196" and open to the atmosphere. 
The reaction vessel is loaded with 800 g of AgF2* (5.48 moles) and cooled by 
an icehalt bath to - lo", and FC(O)NSF,'.' (320 g, 2.44 moles) is added in 10- 
mL portions (about 15 g) with a syringe through the free second neck A. The 
stopper is lifted as little as possible to prevent contamination with moisture. 

*AgF, is readily prepared from AgCl or AgF and elemental fluorine in a flow system (prefluor- 
hated Cu tube) at 100-250". The residue of this reaction might be recycled under these conditions. 
Sitver(I1) fluoride is available commercially from Ozark-Mahoning Inc. 
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Silver(I1) fluoride and FC(O)NSF, are mixed by shaking the vessel or by mechan- 
ical stirring. The temperature of the flask should not exceed room temperature. 
At higher temperatures, larger amounts of SF, are formed. 

After addition of the last portion of FC(O)NSF,, the reaction vessel is held 
at 25" for another hour and then flushed with a slow stream of dry nitrogen 
introduced via neck A to transfer the reaction products quantitatively into the 
cooled traps. Then stopcock B is closed, and the reaction vessel is disconnected 
from the trap system. Trap I contains unreacted FC(O)NSF, and some NSF,. 
By allowing trap I to warm to room temperature, the product is transferred to 
trap 11 which is at -78". The FC(O)NSF, that remains in trap I may be used 
in further reactions. Traps I and I1 are closed (at C, D ,  and E ) .  Trap IV is cooled 
with liquid N,, and trap I11 is warmed slowly to - 30". Carbonyl fluoride evap- 
orates from trap I11 and condenses in trap IV, while some NSF, remains in trap 
111. The contents of traps I1 and I11 are combined. For further purification the 
trap containing the crude product is connected to two wash flasks (containing 
200 mL of water and 200 mL of 5% aqueous KMnO,, respectively), followed 
by a drying tube filled with granulated P,O,, and three traps cooled to -20, 
-78, and - 196", respectively. The pure product is collected in the trap at 
- 78". Sometimes it is necessary to change the contents of the flasks after about 
half of the product is purified. Dry nitrogen is required to prevent condensation 
of air. Yields up to 70% (175 g) NSF, are obtained. This procedure can be scaled 
down easily to 1/10 or even lower. 

Anal.' Calcd. for NSF,: N, 21.53; S, 49.26. Found: N,  21.12; S, 49.37. 

Properties 

Thiazyl trifluoride (nitrogen trifluoride sulfide) is a colorless gas with a pungent 
odor, bp -27", mp -72.6". The compound is thermally stable up to >200", 
is resistant to water, and is attacked only by strong nucleophiles or electrophiles.' 
IR (gas) 1523 (m), vSN; 815 (vs), v,,,,; 773 (s), vssF; 525 (w), a,,,; 432 (w), 

aSF3; 346 (w), tiNSF; I9F NMR9 (CFCl, ext. ref.) +(SF) 70.0 ppm (tr)., 

B. BIS(IMIDOSULF'UR0US DIl?LUORIDATO-N)MERCURY (11) 

100 

2FC(0)NSF2 + HgF, 4 Hg(NSF,), + 2COF2 

Procedure 

H Caution. All compounds used in this procedure are extremely toxic. 
Decomposition products (remaining as residues in the condenser, the reaction 
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Fig. 2 .  Apparatus for the synthesis of Hg(NSF,),. 

flask, or the traps) often react explosively with water. Initial rinsing with CC1, 
is recommended for cleaning. Surplus FC(O)NSF,, recovered from the reaction, 
should be fractionated carefully and stored at low temperature until further use. 
On standing at room temperature, explosive decomposition products form rapidly. 
A two-necked 250-mL flask equipped with a dropping funnel and a condenser 
is connected to three traps cooled to - 78" (Dry Ice), - 196", and - 196" as 
shown in Fig. 2. The diameter of the second trap should be at least 5 cm to 
prevent plugging from COF,. Because moisture must be carefully excluded, all 
glassware must be dried in an oven (1 50"). First the traps and the reflux condenser 
are put together while hot (fluorine- and heat-resistant grease should be used; 
for example, homogeneous 2: 1 mixtures of Fluorolube Gr-90 [Fisher] and Kel- 
F wax 200 [Halocarbon]), and then they are cooled to room temperature in a 
stream of dry nitrogen through A. The two-necked flask, filled with HgF,, is 
connected to the condenser, and finally the hot dropping funnel is added. After 
the funnel has reached room temperature, it is filled with FC(O)NSF, by means 
of a syringe. When the funnel is closed at B, the T-joint is opened at A to prevent 
excess pressure. The traps are cooled to the temperature indicated. 

The nitrogen flow is continued to protect trap 111. The reaction vessel is kept 
at 10" with running water. Into 110 g of HgF2* (0.461 mole), 100 g of FC(O)NSF,8 
(0.76 mole) is dropped slowly. After 24 hr, the reaction flask and the condenser 
are disconnected from the trap system, joined to two other traps (cooled with 
liquid N,), and evacuated (oil pump) at room temperature for 30 min to remove 

*It is possible to use commercially available HgFr [Ozark-Mahoning]; however, better results 
are obtained from freshly prepared HgF, (from HgCI, and F2 at 100-250"). 
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unreacted FC(O)NSF,. The remaining residue contains about 80% of the initial 
FC(O)NSF, as Hg(NSF,),. For most purposes (preparation of NSF, XNSF,), 
this product is sufficiently pure. Rather pure Hg(NSF,), can be prepared by using 
a twofold stoichiometric excess of FC(O)NSF, in this procedure. The analytically 
pure mercury compound recrystallizes from hot CH,Cl, under dry nitrogen in 
colorless monoclinic needles. However, during this procedure, extensive decom- 
position is observed. 

Anal. Calcd. for Hg(NSF,)2: F, 20.6; Hg, 54.4; N, 7.59; S, 17.4. Found: 
F, 20.1; Hg, 53.7; N, 7.7; S, 17.4. 

Properties 

Bis(imidosu1furous difluoridato-N)mercury(II) is a colorless, moisture-sensitive 
solid that decomposes slowly at room temperature. Storage below - 10" is 
recommended. IR (solid): 1313 (vs), 680 (vs), 574 (s), 550 (m) cm-'. 

C. THIAZYL FLUORIDE (NITROGEN FLUORIDE SULFIDE) 

Procedure 

A 250-mL flask is loaded with 100-150 g (0.184.27 mole) of Hg(NSF,), 
(content 66%) and connected via a bent joint with a stopcock (A) to three traps 
and an oil pump (Fig. 3). Because moisture must be rigorously excluded, the 

A 

Fig.  3 .  Apparatus for thermal decomposition of Hg(NSF,), to give NSF 
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thoroughly dried traps are put together directly from an oven (150") as in pro- 
cedure B, and evacuated while A is closed. Initially only trap I11 is cooled. After 
pumping for I hr, traps I and I1 are cooled to -78 and - 196", respectively. 
ThenA is opened slowly, and the reaction flask is evacuated at room temperature 
and heated slowly in an oil bath to 110". After 3 hr, the temperature is raised 
to 140". Within 8-10 hr the decomposition is complete. If only a certain amount 
of NSF is needed, the decomposition can be interrupted at any time. Then the 
flask is cooled to room temperature, the stopcock at joint A is closed, and the 
flask is stored below - 30" for further use. 

The procedure given above may be repeated until all of the Hg(NSF,), is 
decomposed. Almost pure NSF is collected in trap 11. Further purification is 
possible by fractional condensation [ - 78", - 130" (petroleum ether/liquid N2), 
- 196'1 under vacuum (0.1 torr). The product is collected in the trap at - 130" 
in almost quantitative yield. 

Anal. Calcd.* for NSF: F, 29.20; S, 49.26. Found: F, 28.54; S, 48.44. 

Properties 

Thiazyl fluoride (nitrogen fluoride sulfide) is a colorless gas that condenses to a 
yellow liquid (bp 0.4", mp - 89"). The compound decomposes readily at room 
temperature and should be stored at - 78", where trimerization occurs slowly. 
It reacts violently with water. Thiazyl fluoride is very reactive toward electro- 
philes and nucleophiles. IR (gas)': 1372 (s), 641 (vs), 366 (s) cm-'. l9FNMRS.'': 
+(SF) (CFCI, int. ref.) 234 ppm. 
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7. HALOIMIDOSULFUROUS DIFLUORIDES, XNSFZ 

Submitted by R. MEWS,* K. KELLER,* and 0. GLEMSER* 
Checked by K. SEPPELTt and J. THRASHER* 

Haloimidosulfurous difluorides XNSF, [X = F,’ Cl,’.’ B?.’ (I)3] are prepared 
by the formal addition of X-F across the NS triple bond of thiazyl fluoride 
(sulfur nitride fluoride), NSF. An alternative method is the Si-N bond cleavage 
of XN(SiMe,), (X = C1, Br) by SF4.4 This addition is easily realized by hal- 
ogenating salts containing the NSF2- anion. These salts are prepared by adding 
NSF to metal fluorides (e.g., CsF‘) or, more conveniently, by cleaving the CN 
bond in (fluorocarbony1)imidosulfurous difluoride [FC(O)NSF,] . For the prep- 
aration of XNSF,, either CSNSF: or Hg(NSF,):.4 can be used as an intermediate, 
but the latter is more readily accessible in high purity. 

Chloroimidosulfurous difluoride and bromoimidosulfurous difluoride, ClNSF, 
and BrNSF,, which may be used extensively for further syntheses, are formed 
in high yield from Hg(NSF,), and the elemental halogen. The iodo compound 
is very unstable. The fluoro derivative has not been synthesized in large quan- 
tities, and very little is known about its chemistry. 

A. CHLOROIMIJlOSULFUROUS DIFLUORIDE 

Hg(NSFJ2 + 2C1, + 2ClNSFZ + HgCl, 

Procedure 

Caution. Mercury compounds are highly toxic, and chlorine is poison- 
ous. These materials should be handled in fume hoods or vacuum lines. Contact 
with skin or mucous membranes should be rigorously avoided. Because all 
products are hydrolyzed violently, all operations should be pe~ormed under 
rigorously anhydrous conditions. 
A Pyrex U-tube (B) (2 cm i.d., 15-cm legs), equipped with ground joints as 
shown in Fig. 1, is filled with 80 g (0.14 mole) of crude Hg(NSF2): (which 

*Institut fur Anorganische Chemie der Universitiit, Tammannstrasse 4, D-3400 Gottingen, West 

tlnstitut fir Anorganische und Analytische Chemie, Freie Universitiit Berlin, Fabeckstrasse 3 6  

$Department of Chemistry, Clemson University, Clemson, SC 29631. 

Germany. 

36, loo0 Berlin 33. 
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C'Z I 
stirring bar*= I 

1 / - 7 8 O  

Fig. I. Apparatus for synthesis of CINSF,. 

J X/-196' 

contains 66% NSF,- ion). The tube is connected to trap I (-78") and trap I1 
(- 196"). A slow stream of nitrogen is maintained at C to prevent condensation 
of air in trap 11. Trap I contains a Teflon-coated stimng bar. Dry chlorine (40- 
50 g, 0.6-0.7 mole) is passed over the Hg(NSF,), in the U-tube over a period 
of 6 hr. The flow rate is controlled by a bubble counter filled with Kel-F oil No. 
3 [Applied Science Laboratories]. 

When all of the chlorine has been added, trap I contains about 50-60 g of a 
yellow liquid (Cl, and ClNSF,). Stopcock A is closed, and the U-tube is removed. 
While it is being stirred, the mixture in trap I is warmed slowly to + 10". Most 
of the chlorine distills into trap 11. For further purification, the product in trap 
I is condensed onto 10 g of Hg at - 196' and stirred at 10" until the liquid 
becomes colorless. This procedure may need to be repeated. Final purification 
of the product is accomplished by fractional distillation [ - 78" (methanol/Dry 
Ice), - 120" (pentanelliquid N,), and - 196'1 under high vacuum (10-2-10-3 
torr). The trap at - 120" contains pure ClNSF, (27 g, 0.23 mole, 80%). 

A n d 2  Calcd. for ClNSF,: N, 1 1.72; C1, 29.7; S, 26.8; F, 31.8. Found: N, 
11.25; C1, 29.2; S, 27.1; F, 30.1. 

Properties 

Chloroimidosulfurous difluoride is a colorless moisture-sensitive liquid (bp 24"). 
It is thermally stable to 100". The N - C l  bond is readily cleaved by photolysis. 
I R  spectrum (gas): 1291 (w), 1200 (s), 752 (vs), 692 (vs), 644.5 (m), 548.5 
(m), and 405 (m), cm-I. 'V NMR spectrum (CFC1,) +(SF) 46.3 ppm. 
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B. BROMOIMIDOSULFUROUS DIFLUORIDE 

(a) Hg(NSF2)2 + 2Br2 
(b) HgF, + 2FC(O)NSF, + 2Br, --* HgBr, + 2COF, + 2BrNSF, 

--* HgBr, + 2BrNSF, 

Procedure 

D Caution. Mercury compounds are highly toxic, and bromine is poison- 
ous. These materials shouLd be handled in fume hoods or vacuum lines. Contact 
with skin or mucous membranes should be rigorously avoided. 
(a) A 500-mL Hoke stainless steel cylinder containing 60 g of crude Hg(NSF,), 
(66%, 0.215 mole NSF,- anion) is attached to a vacuum line, cooled to - 196", 
and evacuated. Bromine (34.7 g, 0.217 mole) is distilled into the cylinder. The 
mixture is warmed to room temperature and agitated for 24 hr. As shown in 
Fig. 2, the cylinder is attached to two thoroughly dried traps [taken from a hot 
oven (1  SO") and cooled to room temperature with a stream of dry nitrogen flowing 
through them]. Into trap I, a stimng bar and 10 g of Hg are placed. To remove 
the last traces of moisture, trap I1 is cooled to - 196" and the system is evacuated 
(oil pump) for 0.5 hr. Then trap I is also cooled to - 196". The valve (A) of 
the cylinder is opened very slowly, and under dynamic vacuum the crude product 
is transferred into the first trap. 

After all volatile materials are condensed into trap I, stopcocks B and C are 
closed, and the cylinder and the pump are removed. By introducing dry nitrogen 
through stopcock C via a T-adapter, the traps are brought to atmospheric pressure. 

B +- 
stirring 

bar 

H9 
L 

' - 1 9 6 O  l l / - 1 9 6 O  

C 

t 
N2 

Fig. 2 .  Apparatus for synthesis of BrNSF,. 
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Trap I is warmed to -20 to -30" while trap I1 remains cooled to - 196" to 
protect the product in trap I from hydrolysis. A slow stream of dry nitrogen is 
maintained at the T to prevent condensation of liquid air in trap 11. 

The mixture in trap I is stirred for 3-4 hr at - 20 to - 30", causing the excess 
bromine to react with the mercury. This process is continued until a pale yellow 
liquid remains. A highly pure product is obtained by fractional condensation by 
using traps at -30" (methanoliliquid N,), -78", and - 196". The pure BrNSF, 
(24.7 g, 0.15 mole; 70%) is found in the trap at - 78". 

(b) Similar results are obtained for the preparation of BrNSF,, when FC(0)NSFP 
is allowed to react with a slight excess of Br, in the presence of HgF,. Pure 
mercury(I1) fluoride is prepared readily by direct fluorination of other mercury 
halides in a flow system (prefluorinated Cu tube, 5 cm i.d.) at 100-200". Fluor- 
ination is started slowly at loo", and the temperature is raised gradually. Mer- 
cury(I1) fluoride is available commercially [Ozark-Mahoning] . 

(Fluorocarbony1)imidosulfurous difluoride,6 FC(O)NSF, (40 g, 0.305 mole) 
and 49.5 g (0.309 mole) of Br, are condensed at - 1 96" onto 50 g (0.2 1 mole) 
of HgF, in a 500-mL steel Hoke cylinder, warmed to room temperature, and 
agitated for 40 hr. The COF, that is formed can be distilled out of the cylinder 
at - 78" into a storage tube and retained for future use or destroyed by bubbling 
into an aqueous sodium hydroxide solution in the fume hood. The residue in the 
cylinder is handled as in part (a). The yield of pure BrNSF, is 49.5 g; 92%. 

Anal. Calcd. for BrNSF,: Br, 48.7; F, 23.2; N, 8.53; S, 19.55. Found: Br, 
48.5; F, 22.8; N, 8.5; S, 19.2. 

Properties 

Bromoimidosulfurous difluoride, BrNSF,, is a slightly yellow liquid that boils 
at 56.5". The compound is light-sensitive and not very stable thermally. It can 
be stored in Pyrex glass vessels at -78". It reacts explosively with water. IR 
spectrum (gas): 1215 (s), 1180 (m), 745 (vs), 689 (vs), and 468 (m), cm-'. 'T 
NMR spectrum (CFCI,): +(SF) 57.6 ppm. 

. 
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8. CESIUM FLUOROXYSULFATE (CESIUM FLUORINE 
SULFATE) 

Cs' + SO:- + F2 + F- + CsS0,F 4 

Submitted by EVAN H. APPELMA" 
Checked by KARL 0. CHRISTE,? RICHARD D. WILSON,? and CARL J. SCHACKt 

The fluoroxysulfate ion is a true hypofluorite, 0,SOF-. It is formed by the 
fluorination of sulfate ion with molecular fluorine in aqueous solution.' To obtain 
a high product yield, it is best to choose a cation that forms a highly soluble 
sulfate, since reaction efficiency is enhanced by high sulfate concentration. On 
the other hand, if the product is to be removed easily from the reaction mixture, 
the same cation must form a relatively insoluble fluoroxysulfate. These conditions 
are met by the Cs' ion, and CsS0,F is the easiest fluoroxysulfate salt to prepare 
and isolate in good yield. 

The fluoroxysulfate ion is analogous to and isoelectronic with the long-known 
compound fluorine perchlorate, C10,F. But whereas ClO,F is a dangerously 
unstable gas, cesium fluoroxysulfate is a rather stable salt that can be stored for 
long periods of time and used conveniently on the benchtop (but see cautionary 
note that follows). It possesses formidable oxidizing and fluorinating capabilities, 
which give it a variety of potential applications as a synthetic and analytical 
reagent for inorganic and organic chemistry.24 

A 20-g preparation is described in this article. Scaling down poses no problem, 
but substantial scaling up may lead to difficulties in introduction of fluorine at 
a sufficiently rapid rate. If the rate of fluorine introduction is not scaled up with 
the size of the preparation, prolongation of the preparation time may lead to loss 
by decomposition. 

Most of the time and labor involved in the preparation are taken up in assem- 
bling the necessary apparatus. The actual reaction takes about an hour, while 
another 90 min or so is required for filtration, preliminary drying, and transfer 
of the sample. The preparation is concluded by overnight drying of the product 
under vacuum. 

Caution. A certain amount of hazard accompanies any procedure that 
makes use of molecular fluorine. The experimenter should familiarize him- or 

*Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. Work performed under 
the auspices of the Office of Basic Energy Sciences, Division of Chemical Sciences, U.S. Department 
of Energy, under Contract W-31-109-Eng-38. 

?Rocketdyne, a Division of Rockwell International Corporation, Canoga Park, CA 91304. 
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herself with the precautions necessary for  safe handling of fluorine before under- 
taking the synthesis. In addition, cesium fluoroxysulfate is thermodynamically 
unstable. Mild detonations have occasionally occurred during the handling of 
100-mg portions of the salt. The causes of these detonations were not always 
clear, although they usually took place in the course of either deliberate or 
inadvertent crushing or scraping of the sample. It is very likely that the deto- 
nations were brought about by impurities on the surjiaces of containers or spa- 
tulas. We  have now worked routinely with 10-203 quantities of CsS04F over 
the past several years and have never observed any kind of detonation involving 
a large amount of the material. Nevertheless, CsS0,F must be regarded as a 
substance whose kinetic stability is not well understood. Use of gloves and a 
plastic face shield are advisable when manipulating the salt. Cesium jluoroxy- 
sulfate is also a powerjiul oxidant, and it reacts violently with a number of 
organic solvents, including dimethyl sulfoxide, dimethylformamide, pyridine, 
and ethylene diamine ( I  ,2-diaminoethane). 

Special Materiats and Equipment 

Fluorine is used as a 20% mixture.with nitrogen. Such mixtures may be obtained 
from any of several specialty gas suppliers. Prices vary substantially and should 
be compared. The cylinder should be equipped with a pressure regulator that is 
designed expressly for fluorine service and that incorporates a nitrogen purge 
assembly. * 

Commercial fluorine usually contains too much HF for satisfactory use of a 
glass flowmeter. The simplest solution is the use of a flowmeter that consists of 
a metal float moving in a channel machined in a Kel-F block [Brooks]. A 
convenient flowmeter range is 0-1 L/min of air. 

Plumbing between the regulator and flowmeter and between the flowmeter 
and the delivery tube is most conveniently effected with Y4-in. 0.d. copper tubing. 
Connections can be of the swage or compression type, or the 45" flare connections 
commonly used for refrigeration lines may be used. Brass, stainless steel, alu- 
minum, or Monel fittings are satisfactory. Connections to pipe fittings may be 
sealed with Teflon tape only-never with pipe dope or lacquer. 

Since HF is formed as a by-product of the reaction, glass should not come 
into contact with the reaction mixture, and the reaction vessel, fluorine delivery 
tube, thermocouple sheath, and filtration apparatus should all be made of Teflon. 
The delivery tube is made from %-in. 0.d. x %-in. i.d. FEP tubing [Zeus]. 
One end of the tube should be heated and drawn to a narrow tip (ca. 1 mm i.d.). 

*A typical regulator of this sort is the Matheson Co. Model B15F679. The standard model is 
usually provided with a 0-300 psig inlet pressure gauge; a higher pressure range (500 or lo00 psig) 
should be requested when ordering. 
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A right-angle bend should be made in the tube by heating it approximately 10 
in. from the tip, and the far end should be cut off about 4 in. from the bend. 

The reaction vessel is a Teflon FEP tube 7/8 in. i.d. X 0.045 in. wall X 9 
in. long, made by heat-sealing one end of a length of the appropriate tubing 
[Zeus]. This may be accomplished by heating the tubing with a high-temperature 
hot air gun or over a cool flame, drawing it down, and pinching the end shut 
with a hot pair of pliers. A sheath for the thermocouple used to measure reaction 
temperature is made in similar fashion from a length of FEP tubing 5 / 2  in. 0.d. 
x y32 in. i.d. The sheath should be some 3-in. longer than the reaction tube so 
that the sheathed thermocouple can be used as a stirrer. 

The filtration apparatus consists of a commercially available 47-mm Teflon 
filter funnel containing a Teflon filter disk of fine-porosity (5-10 pm) [Savillex].* 
A lE-in. NPT male thread should be cut into the top '/2 in. of the chimney of 
this funnel. When it is necessary to pressurize the funnel with nitrogen, a Teflon 
transfer cap* is threaded onto the free end of the chimney, and a plastic line to 
a nitrogen supply can readily be attached to the cap. 

A minor inconvenience of this funnel is that its lower portion is square rather 
than tapered. As a result, filtrate tends to be trapped beneath the filter disk, and 
the funnel must be shaken to remove it. 

Stimng rods used during the filtration should be either solid Teflon or Teflon- 
coated. The dried product may be handled with porcelain, glass, or Teflon-coated 
metal spatulas. The product should be stored in a Teflon vessel [Savillex]. 

For drawing dry nitrogen through the filter during the preliminary drying step, 
an air pump of moderate free-air capacity is needed.t 

Procedure 

The reaction must be carried out in u well-ventilated fume 
hood. 
It is first necessary to calibrate the flow of the 20% F2/80% N, mixture. This 
can be done by passing it into a 1 M KI solution for a specified period of time 
and titrating the 13- formed with standard thiosulfate. A flow of 3.5-4 mmol 
FJmin should be achieved and the corresponding flowmeter setting noted. 

Now 50 mL of 2 M aqueous Cs,SO, is put into the Teflon reaction tube, and 
the tube is immersed in an icehalt eutectic in a cylindrical Dewar flask. An 
unsilvered Dewar is most convenient for observing the reaction. A Teflon-sheathed 

Caution. 

*Filter funnel is Catalog No. 4750-47-6; fine filter disks are Catalog No. 1131; transfer cap is 
Catalog No. 501-25 (%-in. tubing connection) or 501-37 (X-in. tubing connection). Savillex makes 
screw-capped Teflon PFA vials in a wide variety of sizes. (Many of the Savillex products and some 
sizes of Teflon FEP tubing are available through general laboratory suppliers.) 

t A  suitable pump is the Gast Model 021 1, which has a free-air capacity of 1.3 cu ftimin. 
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thermocouple and the fluorine delivery tube are inserted, and the fluorine flow 
is commenced and adjusted to provide 3 . 5 4  mmol F2/min. The temperature of 
the reaction mixture is monitored with an appropriate thermocouple readout or 
potentiometer. The heat generated by the reaction will normally maintain the 
temperature between - 5  and - 10". If the temperature falls below - lo", the 
mixture may freeze. To prevent this, the icehalt mixture should be diluted. 
Conversely, if the temperature rises to near 0", the mixture should be "stiffened 
with ice and salt. After the reaction has proceeded for 20-30 min, it will be 
necessary to stir the mixture regularly to prevent it from foaming out of the tube. 
The sheathed thermocouple can be used as a manual stirrer. Introduction of 
fluorine is continued for 1 hr. Then the cylinder valve is closed, and the pressure 
in the regulator is allowed to bleed down to atmospheric. A flow of nitrogen 
through the line is immediately commenced via the purge assembly. The reaction 
mixture is removed promptly from the icekalt bath to prevent it from freezing, 
and it is filtered under suction through the Teflon filter assembly, which should 
have been prechilled to 0". The filter cake is stirred thoroughly with two suc- 
cessive 20-mL portions of ice-cold water, as much as possible of the supernatant 
liquid being sucked off each time. Excessive washing must be avoided, since 
the product is significantly soluble in water. Filtrate and washings should be 
disposed of promptly and carefully, since they contain both HF and a powerful 
oxidant. 

Now the transfer cap is screwed onto the funnel chimney, and a supply of 
clean, dry nitrogen is attached. The outlet of the funnel is connected to the 
suction side of the air pump, and nitrogen is drawn through the filter cake while 
maintaining -2 psig of positive pressure on the inlet of the funnel. After 25 
min, the funnel is opened, and the filter cake is broken up with a spatula, care 
being taken not to damage the filter disk. 

Passage of nitrogen through the filter is resumed for an additional 25 min. The 
product is then transferred to a 60-mL wide-mouthed Teflon bottle [Savillex], 
any lumps being broken up with a spatula. The uncovered bottle is placed in a 
vacuum desiccator over a desiccant such as anhydrous CaSO,, and the product 
is dried overnight under dynamic vacuum, using a liquid nitrogen or Dry Ice 
trap between the pump and desiccator. The final product is approximately 18 g 
of white or slightly off-white material, which assays as -98% CsS0,F by 
iodometric titration. The yield is -70% based on the Cs2S0, taken, or -30% 
based on the fluorine used. 

The dried product may be stored at room temperature in a screw-cap Teflon 
bottle, but slow decomposition (1-2% per month) is sometimes observed. To 
assure the greatest possible integrity of the sample, the following storage pro- 
cedure is recommended. The loosely capped Teflon bottle containing the CsS0,F 
is placed in a vacuum desiccator, which is evacuated and backfilled with dry 

H Caution. Face shield and gloves are recommended. 
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nitrogen. The desiccator is opened, and the sample bottle is closed tightly. The 
sample bottle is then placed in an outer glass screw-cap bottle containing des- 
iccant, and the entire package is stored in a freezer. The package is warmed to 
room temperature before opening. 

Huoroxysulfate reactions may be carried out routinely in glass vessels, but 
the consequences of the possible production of small quantities of HF should be 
considered. 

Analytical' 

Routine analysis of CsS0,F is carried out by adding an excess of 0.1-0.2 M 
aqueous KI to a weighed portion of the solid, acidifying the solution slightly, 
and titrating the I,- formed with standard thiosulfate, using starch an endpoint 
indicator: 

The solutions will darken slowly at the endpoint, due to gradual reduction of 
peroxydisulfate, S,O,'-, which is present as an impurity in the fluoroxysulfate. 
For the most accurate results, the drift should be measured and extrapolated back 
to the time of mixing. The amount of S,Ot- present may be determined by 
making the titrated solution 1 M in KI, flushing it with NZ, and allowing it to 
stand covered and in the dark for 15 min. Titration of the additional 1,- formed 
gives a measure of the amount of peroxydisulfate in the CsS0,F 

Typical fluoroxysulfate titer extrapolated to time zero: 7.9 meq/g (calcd. for 
CsS0,F: 8.07 meq/g). 

Properties 

Except for the very gradual decomposition that has been noted, cesium fluoroxy- 
sulfate is stable at room temperature. It is not, however, thermodynamically 
stable, and at -100" it undergoes rapid, though not especially violent, decom- 
position to CsS0,F and Oz.' 

Cesium fluoroxysulfate is soluble in water to the extent of about 0.5 M at 
25°C. The aqueous solutions are not stable, decomposing with a -15-min half- 
time to yield a mixture of HF, HSO,-, S03F-, HS05-, HZ02, and O,.' In 
alkaline solution, decomposition is almost instantaneous, and some OF, is pro- 
duced. A wide variety of inorganic substrates are oxidized by aqueous SO,F-, 
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although at varying  rate^."^ Particularly noteworthy is the very rapid oxidation 
of Ag(1) to Ag(I1). Because of this, certain substrates, such as Cr(III), that do 
not react directly with SO,F- can be oxidized smoothly in the presence of 
catalytic amounts of Ag'.3 

Cesium fluoroxysulfate is soluble in acetonitrile to the extent of about 0.07- 
0.08 M at room temperat~re.~ The solutions show little or no decomposition 
over the course of many hours, and acetonitrile has been found to be a convenient 
solvent in which to examine the reactions of S04F- with organic substrates, 
although heterogeneous systems have also been The I9F NMR spectrum 
of CsS0,F in acetonitrile shows a single line with a shift of + 132 ppm downfield 
from CFCI,.' 
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9. SELENIUM TETRAFLUORIDE, SELENIUM 
DIFLUORIDE OXIDE (SELENINYL FLUORIDE), AND 

XENON BIS[PENTAFLUOROOXOSELENATE(VI)] 

Submitted by KONRAD SEPPELT,* DIETER LENTZ,* and GERHARD KLOTER* 
Checked by CARL J. SCHACKt 

Preparations for seleninyl fluoride and selenium tetrafluoride that require only 
SeO, and SF, are very convenient and are identical to that used for the synthesis 
of TeF,.' Other methods of preparation include partial fluorination of elemental 

*Institut fur Anorganische und Analytische Chemie, Freie Universitat Berlin, Fabeckstrasse, 34- 

?Rocketdyne Division, Rockwell International, 6633 Canoga Ave., Canoga Park, CA 91304. 
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selenium with fluorine or chlorine trifluoride.' The present procedure does not 
require the use of fluorinating reagents that are difficult to handle and highly 
oxidizing. 

Because of this straightforward synthesis of seleninyl fluoride, xenon 
bis[pentafluorooxoselenate(VI)] can now be prepared easily. The latter was pre- 
pared initially by the reaction of XeF, and H[SeF,0],3 which results from a time- 
consuming multistep synthesis., 

A. SELENIUM TETRAFLUORIDE AND SELENIUM 
DIFLUORIDE OXIDE 

SeO, + SF, -+ SeOF, + SOF, 
SeO, + 2SF, -+ SeF, + 2SOF, 

The system SeO,/SeOF,/SeF,/SF,/SOF, is interconnected, and the product that 
forms depends only on the ratio of starting materials. Thus, if an excess of SeO, 
is used, SeOF, is formed in high yield, whereas if SF, is in excess, SeF, is 
formed in excellent yield. Also, SeOF, is converted by SF, to SeF,, and SeO, 
with SeF, forms pure SeOF,.5 

Procedure 

Caution. All compounds used in these syntheses are highly poisonous. 
Contact with skin or nasal passages should be avoided. Gloves should be worn 
to preclude HF burns. All selenium compounds should be regarded as toxic. 
Selenium dioxide [Alfa Products] (22.2 g, 0.2 mole) is placed in a 200-mL 
stainless steel Hoke pressure vessel. The vessel is connected to a glass vacuum 
line6 and is evacuated and cooled to - 196". Sulfur tetrafluoride [Matheson] 
(19.4 g, 0.18 mole for preparation of SeOF,; 64.8 g, 0.6 mole for preparation 
of SeF,) is condensed into it. The closed vessel is heated for 12 hr at 120" with 
stimng or shaking of the reaction mixture. 

After the reaction is allowed to cool to ambient temperature, it is further 
cooled to - 196". The reaction vessel is then connected to a trap-to-trap system 
with traps cooled to -78 and - 196". It is allowed to warm to room temperature 
while the contents are fractionated slowly under a vacuum 510-' torr. In the 
trap at - 196" are found SOF, and excess SF,. The pure product, either SeOF, 
or SeF,, is found in nearly quantitative yield in the trap at - 78".* Since either 

*For SeOF,, the checker used 72.5 mmol SeO, and 65.5 mmol SF, and heated the mixture at 
120" for 36 hr without stimng (yield 93%). For SeF,, 14.9 mmol SeO, and 45 mmol SF, under the 
same conditions gave a 85% yield of SeF,. A stainless steel-Teflon FEP vacuum line was used. 
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product attacks glass slowly at room temperature, storage should be in Kel-F or 
FEP (fluoroethylene-propylene copolymer) [Zeus] containers kept in a dry box. 

Properties 

Selenium tetrafluoride is a colorless liquid (mp - 13.8"; bp 106"). Since it is an 
excellent solvent, it is often yellow. It is hydrolyzed readily and attacks Pyrex 
glass at room temperature, especially if water is present. IR gas spectrum: 733 
(s), 622 (s), 361 (m) cm-'. 

Anal. Calcd. for SeF,: Se, 50.9; F, 49.0. Found: Se, 51.4; F, 48.7. 
Seleninyl fluoride is a colorless liquid (mp 15"; bp 126"). It is less sensitive 

to moisture and attacks glass somewhat more slowly than SeF,. The IR gas 
spectrum shows the characteristic S d  stretching vibration at 1037 cm-'. '% 
NMR: +33.5 ppm, J,7Q-,9F = 837 Hz. 

Anal. 
The relatively high boiling points of both materials indicate rather strong 

fluorine bridging and fluorine exchange. The molecular structures of SeF, and 
SeOF, are analogous to those of SF, and SOF,.' The fluorine exchange of the 
two different pairs of fluorine atoms in SeF, can be frozen out at - 140" and in 
dilute solutions only as shown by the 19F NMR spectrum: +A 37.7 ppm, +B 12.1 
ppm, JAB = 26 Hz.' Both compounds exhibit Lewis acid character in reactions 
with alkali metal fluorides to form salts of SeF,- and SeOF,-, respecti~ely.~. '~ 
With Lewis acids, SeF, forms the cation SeF,'.'' 

Calcd. for SeOF,: Se, 59.4; F, 28.6. Found: Se, 59.1; F, 29.1. 

B. XENON BIS[PENTAFLUOROOXOSELENATE(VI)] 

3XeF, + 2SeOF, 3 Xe(OSeF,), + 2Xe 

Procedure 

All compounds are handled in a dry box. Xenon difluoride" (8.5 g, 0.05 mole) 
is placed in a 100-rp1L stainless steel pressure vessel [Hoke]. Seleninyl fluoride 
(4.4 g, 0.033 mole) is placed into a Kel-F or FEP (fluoroethylene propylene 
copolymer) test tube-shaped tube and inserted into the reaction vessel in an 
upright position. The vessel is closed and then cooled to -78" (methanol/Dry 
Ice) and placed in a horizontal position on a mechanical shaker. After being 
shaken for 24 hr at room temperature, the vessel is attached to a vacuum line 
and cooled to - 20", and the volatile material (Xe) is transferred under dynamic 
vacuum into a trap cooled to - 196". The vessel is filled with dry argon (or 
nitrogen) and opened in the dry box. The impure pale yellow liquid is transferred 

Caution. All selenium compounds are toxic. Gloves must be worn. 
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into a glass sublimator. Sublimation at room temperature (lo-' torr) onto a cold 
finger (-20") gives pure Xe(OSeF,), (yield 3.5 g, 41%).* 

Anal. Calcd. for F,,02Se2Xe: F, 37.4; Se, 29.7; Xe, 25.6. Found: F, 37.1; 
Se, 31.0; Xe, 25.6. 

Properties 

Xenon bis[pentafluorooxoselenate(VI)] is a pale yellow crystalline solid (mp 69") 
that is easily hydrolyzed. It is readily characterized by its 19F NMR spectrum in 
CFCl, solution (downfield shifts are positive); a typical AB, pattern: +A 80.5 
ppm, +B 69.4 ppm, JAB = 234 Hz. In addition, 77Se satellites and lz9Xe satellites 
are observed J77,,A = 1323 Hz, J77sc.FB = 1318 Hz, and J,29xe.FB = 38 H z . ~  The 

Xe NMR spectrum shows the expected nine-line spectrum due to coupling 
with the eight equivalent equatorial fluorine atoms at + 3 13 1 ppm (downfield) 
from elemental xenon." IR spectrum (solid): 787 (m), 725 (vs), 700 (s), 612 
(s), 550 (m), 430 (s) cm-'. Its molecular structure has been determined by X- 
ray crystallography. l4 Pyrolysis of the compound yields F,SeOSeF,," whereas 
photolysis gives the corresponding peroxide F,SeOOSeF,. l6 

I29 
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10. TELLURIUM CHLORIDE PENTAFLUORIDE 

TeF, + ClF + TeClF, 
TeC1, + 5C1F + TeClF, + 4C1, 

Submitted by M. MURCHIE. and J. PASSMORE* 
Checked by K. SEPPELTt 

The syntheses described provide straightforward, relatively high-yield routes to 
reasonably pure TeClF,.' The chemistry of the analogous SClF, has been studied 
extensively,2 and the chemistry of TeClF, is likely to be fruitful. 

The advantages of the TeFJClF reaction are that one-fifth as much chlorine 
monofluoride is necessary as when TeCl, is used and there is less chlorine to 
separate from TeClF,. The advantage of the TeClJClF reaction is that TeCl, is 
readily available commercially, whereas TeF, is not. The purity of TeClF, in 
both cases depends largely upon the purity of ClF and the method of purifying 
the TeClF,. 

Procedure 

Caution. Tellurium compounds are highly toxic.' They should be han- 
dled with care in a well-ventilated fume hood and treated in the same way as 
toxic inorganic jluorides (e.g. ,  HF,  CIF, AsF,)., 
Tellurium tetrafl~oride~ is moisture-sensitive and should be handled in a moisture- 
free environment, as has been fully described.6 The tellurium tetrachloride [Alfa 
Inorganics] may be used without further purification. Chlorine monofluoride 
[Ozark-Mahoning] is best manipulated in a preconditioned metal vacuum line.6 
The reaction vessel is pretreated with F2 or SF,, followed by treatment overnight 
with ClF. The reaction vessel is constructed by either sealing one end of a length 

*Department of Chemistry, University of New Brunswick, Fredericton, New Brunswick, Canada 
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of Teflon or Kel-F tubing [Warehoused Plastics] (12.7 mm o.d., 8.0 mm i.d.) 
or boring out a length of Teflon rod (19.1 mm o.d., 14.3 mm i.d.). These tubes 
are connected to the vacuum line via a Whitey valve (1 KS4) [Crawford Fitting] 
and a brass or Teflon (machined from Teflon rod) reducing Swagelok junction. 
Although chlorine monofluoride can generally be used without further purifi- 
cation, it has been found that distilling at - 130" and collecting the more volatile 
fraction produces improved yields of TeCIF, of higher purity. 

Method I 

Tellurium tetrafluoride (0.72 g, 3.5 mmol) is placed in the 25-mL Teflon vessel 
inside the dry box. The vessel and contents are evacuated for 1 hr. Chlorine 
monofluoride (0.42 g, 7.9 mmol) is condensed in small aliquots (aliquots of 
0.23 g of ClF have been used; this amount corresponds to approximately 100 
mL of CIF at a pressure of 760 torr) onto the tellurium tetrafluoride at - 196'. 
The reactants are warmed to room temperature and left for at least 20 min. This 
procedure is repeated until all of the ClF is consumed. The reactants are allowed 
to stand overnight at 25". The solid TeF, is gradually consumed, and a yellow 
liquid is formed. The product is separated by holding the Teflon vessel at - 78" 
and allowing any volatile materials to distill into another vessel held at - 196" 
for a period of about 1 min. The more volatile fraction consists of unreacted 
ClF and traces of SiF,, TeCIF,, and fluorocarbon impurities. Upon warming the 
Teflon vessel that contains the less volatile fraction to room temperature, clear 
liquid, TeCIF,, is observed. 

Calcd. based on the weight of TeF,: 0.91 g. Found, 0.71 g (78% yield). 

Method 2 

Chlorine monofluoride (1.7 g, 3 1.2 mmol) and tellurium tetrachloride (1.5 g, 
5.4 mmol) are allowed to react in the same manner as described for the reaction 
between tellurium tetrafluoride and chlorine monofluoride. A relatively pure 
sample of TeCIF, can be obtained by holding the Teflon vessel at room tem- 
perature and condensing about two-thirds of the yellow liquid (this will include 
the more volatile species) into another vessel, held at - 196". The last traces of 
chlorine in the remaining liquid may be removed by condensing the liquid into 
a vessel containing a large excess of mercury. The vessel and contents are then 
agitated for 3 hr, resulting in a colorless liquid, TeClF,, which can be distilled 
out under vacuum. 

Weight of TeClF,: Calcd. based on the weight of TeCI,: 1.39 g. Found: 1.19 
g (86% yield). 
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Properties 

Tellurium chloride pentatluoride is a colorless liquid (mp -28", bp 13.5").' It 
may be stored in dry metal, glass, or Teflon and is unreactive toward mercury 
at room temperature. It is best characterized by its infrared'.' and Raman spectra.* 
The IR spectrum shows strong peaks at 727 (s), 410 (s), 317 (vs), and 259 (s) 
cm-I. The Raman spectrum has strong lines at 708(31), 659(100), 413(77), and 
407(23) cm-I. '? NMR spectrum in CC1,F: +A -43.99 ppm (quintet), +B 

-4.63 ppm (doublet), J A B  = 170.9 Hz.' The sample was a 4.3 M solution of 
TeCIF, in CCI,F in a 5-mm tube. 
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11. PENTAFLUOROOXOTELLURATES(V1) 

Submitted by F. SLADKY* 
Checked by CARL J. SCHACKt 

In recent years, a large number of compounds containing the F,TeO group 
attached to a variety of elements across the periodic table have been synthesized. 
The F,TeO ligand is characterized by a group electronegativity close to that of 
fluorine, strictly nonbridging behavior, and the ability to stabilize elements in 
their high oxidation states. The compounds HOTeF,, B(OTeF,),, and Xe(OTeF,), 

*lnstitut fiir Anorganische und Analytische Chernie der Universitit, Innrain 52a. A-6020 Innsbruck, 
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are the main precursors for the preparation of pentafluorooxotellurates(V1). 
Depending on the chemical nature of the reactants, the following procedures can 
be employed: (a) acid displacement by the strong acid HOTeF,; (b) metathetical 
reaction between fluorides and the extraordinarily strong Lewis acid B(OTeF,),; 
and (c) oxidative addition of F,TeO radicals created thermally or photolytically 
from Xe(OTeF,),: ' 

(a) E-X + HOTeF, ---* HX + E-OTeF, 
(b) 3E-F + B(OTeF,), BF, + 3 E 4 T e F 5  
(c) E-X + Xe(OTeF,), + Xe + EX(OTeF,), 

Caution. All tellurium compounds are toxic. When ingested they give 
rise at least to a long-lasting garlic odor of the breath and sweat. Fluorosulfuric 
acid is very reactive toward all organic materials and like all pentajluorooxo- 
tellurates(V1) must not be allowed to contact the skin. All manipulations should 
be carried out in a vacuum system, a dry box, or af ime hood. 

A. HYDROGEN PENTAFLUOROOXOTELLURATE(V1) 

(HO)6Te + 5HS03F+ 5H,SO, + HOTeF, 

Procedure 

Orthotelluric acid (H6Te06, 230 g, 1 mole)$ is added to a 12-fold molar excess 
of HS0,F (1200 g, 690 mL) in a 2-L glass vessel. The HS03F is distilled (60'1 
15 torr) before use. The vessel is equipped with a short water-cooled reflux 
condenser (preferably of fused quartz or Teflon). The upper end of the condenser, 
topped with a Teflon-coated thermometer, leads into a declining glass tube (about 
2 cm in diameter and 40 cm long) that is connected to a two-necked 500-mL 
flask equipped with a P,O,, drying tube. All joints are best protected by Kel-F 
grease or Teflon sleeves. The gradually forming solution is stirred magnetically 
and heated at reflux for 1 hr with an electric heating mantle with a stir-through 
opening at the bottom. Some etching and evolution of SiF, are observed. The 
condenser is emptied of water, and crude HOTeF, is distilled up to about 140" 
into the receiving flask, which is cooled to - 23" by a CCl, slush. Some HOTeF, 
tends to solidify within the glass tube. It is driven over by gentle heating. Final 
purification is accomplished by adding about a threefold excess by weight of 

$The checker carried out the procedure at 20% of the scale described with satisfactory results. 
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98% sulfuric acid to the HOTeF, in the receiving flask.* This mixture, sometimes 
containing two liquid phases, is heated at reflux for several hours or until the 
lower layer has disappeared. All F,TeO by-products, mainly F,TeOSO,F, which 
greatly depresses the melting point of HOTeF, are thereby hydrolyzed to HOTeF,. 
Pure hydrogen pentafluorooxotellurate(V1) is sublimed under vacuum from the 
sulfuric acid solution. Yield 215 g (90%). 

Anal. Calcd. for HOTeF,: Te, 53.2; F, 39.7. Found: Te, 53.6; F, 38.5. 

Properties 

Hydrogen pentafluorooxotellurate(V1) is a colorless, glassy-appearing solid that 
melts at 39" and boils at 60"., The compound is moisture-sensitive and is best 
handled by using a conventional vacuum line (vapor pressure 180 torr/25"). 

The gas-phase IR spectrum has strong absorption bands at 3625 ( v ~ - ~ ) ,  1024, 

spectrum shows a highly solvent-dependent A,B pattern. CH,CN solution: +A 

-47.3 ppm, +B -40.4 ppm, JAB = 190 Hz. CCl, solution: +A -47.0 ppm. 
+B -44.5 ppm, JAB = 182 Hz (rel. CFCl,). 

1015 ( 6 o - H ) ,  741, 734 (uT=-O, vTe-,), and 328 (8F-Te-o)  cm-'. The I9F NMR 

B. BORON TRIS[PENTAFLUOROOXOTELLURATE(VI)] 

BCl, + 3HOTeF, + 3HC1 + B(OTeF,), 

Procedure 

With the aid of a vacuum line, HOTeF, (31 g, 129 mmol)? is sublimed onto 
BCl, (5 g, 42.7 mmol) in a 150-mL Pyrex glass vessel. The reaction proceeds 
at about - 60". The evolved HCl, contaminated with small amounts of BCl,, is 
expanded into a 2-L glass bulb. The gas is condensed back into the reaction 
vessel, and the HCl is pumped off at - 112" (CS, slush). This process is repeated 
several times until no further gas evolution is observed. To remove included 
gas, the product is melted and pumped upon for a few seconds. Pure boron 
tris[pentafluomoxotellurate(VI)] (31 g, 42.6 mmol) is obtained in about quan- 
titative yield. 

Anal. Calcd. for B(OTeF,),: Te, 52.7; F, 39.2. Found: Te, 52.1; F, 39.3. 

*Instead of heating the distillate at reflux with H,SO, to destroy impurities, the checker purified 
the products trapped at -23" by fractional condensation through a series of traps cooled at -30, 
-78, and - 1%". The fraction at -78" was pure TeF,OH (83% yield). 

tThe checker carried out the procedure at 20% of the scale described with satisfactory results. 
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Properties 

Boron tris[pentafluorooxotellurate(VI)] is a moisture-sensitive, colorless solid 
that tends to crystallize in large hexagonal prisms that melt at 37". The compound 
is thermally stable to about 130" and can be handled in a dry box or by vacuum 
sublimation. 

The infrared spectrum of solid B(OTeF,), shows absorption bands at 1330, 
615,430 (uBp0) and 740, 725,705 ( u = = - ~ ,  vTe-o) cm-'. Its 'T NMR spectrum 
with CFCI, as solvent exhibits an A,B pattern, with +A -44.4 ppm, +B -48.2 
ppm, J A B  = 181 Hz. 

C. XENON(II) BIS[PENTAFLUOROOXOTELLURATE(VI)] 

XeF, + 2HOTeF, + 2HF + Xe(OTeF,), 

Procedure 

A weighable 10-mL Kel-F or FEP [Zeus] (fluoroethylene propylene copolymer) 
reaction vessel is best suited for this reaction. The compound HOTeF, is con- 
densed onto XeF; (3 g, 17.7 mmol)* in about 3-g (12.5-mmol) portions, and 
the reaction mixture is warmed to a uniform melt. Subsequently, the HF that 
has formed and the unreacted HOTeF, are pumped off at 0" and discarded. 
Alternatively, the HOTeF, can be freed of HF by trapping at - 78" and reused. 
The above procedure must be repeated about six times, corresponding to a molar 
excess of HOTeFS of approximately loo%, to shift the equilibrium completely 
to formation of the product. This displacement is best monitored by weighing 
until constancy is reached. Yield: 10.6 g (96%). 

Anal. Calcd. for Xe(OTeF,),: Te, 41.9; F, 31.2. Found: Te, 41.0; F, 31.5. 

Properties 

Xenon(I1) bis[pentafluorooxotellurate(VI)] is a slightly yellow crystalline solid 
that melts at 38-40". The compound is moisture-sensitive but soluble without 
reaction in CCI, or CHJN. It is thermally stable to about 140" and can be 
vacuum-sublimed and handled in glass apparatus.' 

W Caution. Explosive reactions occur with ethanol, acetone, benzene, and 
other related organic compounds. 

*The checker carried out the procedure at 60% of the scale described. The TeF,OH is added to 
the XeF, (4: 1 ,  100% excess) in two additions. The HF is pumped away at - 78" six or seven times 
for several days, leaving all the TeF,OH behind. 
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The IR spectrum of a solution of Xe(OTeF,), in CCI, shows absorption bands 
at 780, 705, 628 ( I ) = ~ - ~ ,  I ) ~ = - ~ ) ,  and 475 cm-'. Its I9F NMR spectrum 
in the same solvent shows an A4B pattern +A -43.4 ppm, +B -48.2 ppm, JAB 
= 182Hz. 

References 

1. A. Engelbrecht and F. Sladky, Inr. Rev. Sci.. Ser. 2 .  3, 167 (1975); K. Seppelt, Acc. Chem. 
Res., 12, 21 1 (1979); A. Engelbrecht and F. Sladky, Adv. Inorg. Chem. Radiochern.. 24, 21 1 
(1981). 

2. A. Engelbrecht and F. Sladky, Monarsh. Chem., 96, 159 (1965); A. Engelbrecht, W. Loreck, 
and W. Nehoda, Z. Anorg. Allgem. Chem., 366, 88 (1968). 

3. F. Sladky, H. Kropshofer, and 0. Leitzke, J. Chem. Soc., Chem. Commun.. 1973, 134; H. 
Kropshofer, 0. Leitzke, P. Peringer, and F. Sladky, Chem. Ber., 114, 2644 (1981); I .  F. 
Sawyer and G. J. Schrobilgen, Acra Cryst., B38, 1561 (1982). 

4. S. M. Williamson, F. Sladky, and N. Bartlett, Inorg. Synrh., 11, 147 (1968). 
5. F. Sladky, Mom& Chem., 101, 1559 (1970). 

12. TUNGSTEN TETRAFLUORIDE OXIDE 

HF 

2WF, + SiO, + 2WOF4 + SiF, 

Submitted by WILLIAM W. WILSON* and KARL 0. CHRISTE* 
Checked by ROLAND BOUCONt 

Tungsten tetrafluoride oxide can be prepared by numerous methods, such as the 
fluorination of WO, at 30O0,' slow hydrolysis of WF,,' the direct fluorination 
of W in the presence of 0, at 300°,3 the reaction of WF, with WO, at 400': 
the reaction of WOCI, with HF,5.6 or oxygen-fluorine exchange between WF, 
and B,O,., The method given below is a modification of the method of Paine 
and McDowell, who used stoichiometric amounts of SiO, and WF, in anhydrous 
HF for the controlled hydrolysis of WF,.' In our experience,' the use of stoi- 
chiometric amounts of SiO, and WF, leads to the formation of some 
[H,O]+[WOF,]- and [H,O]+[W,O,F,]- as by-products that are difficult to sep- 
arate from WOF,. This problem can, however, be minimized by the use of an 
excess of WF,. Tungsten tetrafluoride oxide is a starting material for the syntheses 
of numerous WOF,- salts. 

*Rocketdyne, A Division of Rockwell International Corp., Canoga Park, CA 91304. 
tCentre d'Etudes NuclCaires de Saclay, 91 191 Gif sur Yvette, France. 
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Procedure 

Caution. Anhydrous HF causes severe burns. Protective clothing and 
safety glasses should be worn when working with liquid HF.  
Quartz wool [Preiser Scientific] (1.048 g, 17.44 mmol) is placed into a Y4-in. 
0.d. Teflon FEP (fluoroethylene propylene copolymer) ampule [Zeus] equipped 
with a Teflon-coated magnetic stirring bar and a stainless steel valve. The ampule 
is connected to a metal-Teflon vacuum system' and evacuated, and dry' HF 
[Matheson] (19 g) and WF6 [Alfa] (22.102 g, 74.21 mmol) are condensed into 
the ampule at - 196". The contents of the ampule are allowed to warm to room 
temperature and are kept at this temperature for 15 hr with stirring. All material 
volatile at room temperature is pumped off torr) for 12 hr, leaving behind 
9.723 g of a white solid (weight calcd. for 34.89 mmol WOF, is 9.624 g). This 
crude product usually still contains [H,O]'[W,O,F,] - (IR spectrum of the solid 
pressed as a AgCl disk: 3340, 3100, 1625, 1040, 1030, 908 cm-') and can be 
purified by vacuum (lo-, torr) sublimation in an ice water-cooled Pyrex sub- 
limator at 55', resulting in 4.245 g of sublimate. The purity of the sublimate is 
verified by vibrational spectroscopy of the solid (IR spectrum as a AgCl disk: 
1054 (vs), 733 (s), 666 (vs), and 550 (vs) cm-'. Raman: 1058 (lo), 740 (1.9), 
727 (6.3), 704 ( O + ) ,  668 ( O + ) ,  661 (0.9), 559 (O+), 518 (0.7), 325 (sh), 315 
(sh), 311 (9, 260 ( O + ) ,  238 (0.7), 212 (0.5), 185 ( O + )  em-'.)'' 

Anal. Calcd. for WOF,: W, 66.65; F, 27.55. Found: W, 66.5; F, 27.7. 

Properties 

Tungsten tetrafluoride oxide is a white hygroscopic solid (mp 104.7 at 25 torr, 
bp 185.9') which can be sublimed readily. It is soluble in HF and in propylene 
carbonate. The 'T NMR spectrum in propylene carbonate solution consists of 
a singlet at 65.2 ppm downfield from external CFCl,, with two satellites with 
Jw = 69 Hz." 
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13. TETRAFLUOROAMMONIUM SALTS 

Submitted by KARL 0. CHRISTE,* WILLIAM W. WILSON,* CARL J. SCHACK,* 
and RICHARD D. WILSON* 
Checked by R. BOUGONT 

Since [NF,] + is a coordinatively saturated complex fluoro cation, the syntheses 
of its salts are generally difficult.’ A limited number of salts can be prepared 
directly from NF,, and these salts can then be converted by indirect methods 
into other [NF,]+ salts that are important for solid propellant NF3-F, gas gen- 
erators or reagents for the electrophilic fluorination of aromatic compounds. 

The two direct methods for the syntheses of [NF,]+ salts are based on the 
reaction of NF, with either [KrF]+ salts’ 

NF, + [KrF][AsF,I +D [NF,][AsF,] + Kr 

or F2 and a strong Lewis acid in the presence of an activation energy source E . ,  

For the chemist interested in synthesis, the second method3 is clearly superior, 
due to its high yields, relative simplicity, and scalability. 

Four different activation energy sources have been used for the direct synthesis 
of [NF4]+ salts: 

1. Heate7: [NF4][BiF6], [NF,][SbF,], [NF,][AsF,], [NF,],[TiF,.nTiF,] 
2. Glow di~charge~.~:  [NF,][AsF,I, [NF,][BF,] 
3. w photolysislo.’l: [NF,][SbF,], [NF4][ASF6], p4][PF,], [NF,][CkFJ, 

“F,I[BF,I 
4. Bremsstrahlung”: [NF,][BF,] 

Of these, the thermal synthesis of [NF,][SbF,]”’ is most convenient (Synthesis 
A) and provides the starting material required for the synthesis of other [NF,]’ 
salts by indirect methods. For the synthesis of pure [NF,]’ salts on a small scale, 
low-temperature UV photolysis is preferred (Synthesis B).” 

The following indirect methods for the interconversion of [NF,]+ salts are 
known: 

*Rocketdyne, A Division of Rockwell International Corp., Canoga Park, CA 91304. 
?Centre d’Etudes NuclCaires de Saclay, 91 191 Gif sur Yvette, France. 
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1. Metathesis reaction: 

salvcnt 

n[NF41[XF61 + [Csln[MFrn+nI + [NF41n[MFm+nI + n[Csl[XF61 
soluble soluble soluble insoluble 

where typically X = Sb and the solvent is anhydrous HF or BrF,. This method 
is limited to anions that are stable in the given solvent and results in an impure 
product. Typical compounds prepared in this manner include [NF,J[BF,],6*’3*’4 
[NF,I[HF,I (Synthesis C),” [NF4][S0,F],’6 [NF,I[C10,1 ,I5 and [NF,],[MF,] (M 
= Sn,” Ti,” Ni,19 Mn2’) (Synthesis D). 

Reaction of solid [NF,][HF,]*xHF with a weak Lewis acid: When the 
MF,;, anion is unstable in a solvent, such as HF, and the Lewis acid MF,,, is 
volatile, the equilibrium 

2. 

n[NF,][HF,].xHF + MF, @ [NF,],[MF,+.] + n(x+ l)HF 

can be shifted to the right by the use of an excess of MF, and continuous removal 
of HF with the excess of MF,. Typical salts prepared in this manner include 
[NF4]2[SiF6]21 (Synthesis E) and [NF,][MF,] (M = U, W,” XeZ3). 

Reaction of [NF,][HF,] with a nonvolatile polymeric Lewis acid: When, 
in the metathesis (l),  all the materials except [NF,][XF,] are insoluble, product 
separation becomes impossible. This problem is avoided by digesting the Lewis 
acid in a large excess of [NF,][HF,] in HF solution, followed by thermal decom- 
position of the excess [NF,][HF,] at room temperature. 

3.  

Salts prepared in this manner include [NF,][MOF,] (M = U,’, WZ) (Synthesis 
F), [NF,][AlF,],26 and [NF41[Be,F,I.Z6 

Displacement reaction: Displacement of a weaker Lewis acid by a stronger 
Lewis acid can be carried out easily, as demonstrated for [NF,][PF,].” 

4. 

5 .  Rearrangement reaction: When [NF,][GeF,] is treated with anhydrous 
HF, the following equilibrium is observed: 

+ H F  

2[NF41[GeF,l @ [NF,],[GeF,l + GeF, 
+ GeF4 
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This equilibrium can be shifted to the right by repeated treatments of [NF,][GeF,] 
with HF and GeF, removal, and to the left by treatment of [NF,],[GeF,] with 
GeF,. ' ' 

A. TETRAFLUOROAMMONIUM 
HEXAFLUOROANTIMONATE(V) 

250" 

NF3 + 2Fz + SbF, + [NF,][SbFJ 
70 aim 

Procedure 

Caution. High-pressure jluorine reactions should be carried out only 
behind barricades or in a high-pressure bay using appropriately pressure-tem- 
perature-rated nickel or Monel reactors that have been well passivated with 
several atmospheres of F2 at the described reaction temperature. Stainless steel 
reactors should be avoided owing to the potential of metal jires. All [NF,]' 
salts are moisture-sensitive and must be handled in a dry atmosphere. They are 
strong oxidizers-contact with organic materials and fuels must be avoided. 
A prepassivated (with CIF,), single-ended 95-mL Monel cylinder [Hoke, rated 
for 5000 psi working pressure], equipped with a Monel valve [Hoke 3232 M4M 
or equivalent], is loaded in the dry nitrogen atmosphere of a glove box with 
SbF, [Ozark-Mahoning] (3 1 mmol). The cylinder is connected to a metal vacuum 
system,27 evacuated, vacuum leak tested, and charged with NF, [Air Products 
and Chemicals] (65 mmol) and F2 [Air Products and Chemicals] (98 mmol) by 
condensation at - 196". The barricaded cylinder is heated for 5 days to 250". 
The cylinder is allowed to cool by itself to ambient temperature and is then 
cooled to - 196". The unreacted F2 and NF, are pumped off at - 196" (the pump 
must be protected by a fluorine scrubbe?'); during the subsequent warm-up of 
the cylinder to ambient temperature, [NF,][SbF,] (10.1 g, 31 mmol, 100% yield 
based on SbF,) is left behind as a solid residue. The product is either scraped 
out of the cylinder in the dry box or, more conveniently, dissolved in anhydrous 
HF that has been dried over BiF,.', Small amounts of Ni[SbF& and Cu[SbF,],, 
formed as impurities in the attack of the Monel reactor by F, and SbF,, are only 
sparingly soluble in HF and are removed from the [NF,][SbF,] solution by 
filtration using a porous Teflon filter [Pallflex]. If desired, the SbF, starting 
material can be replaced by SbF, [Ozark-Mahoning] without changing the remain- 
ing procedure. 

Anal.29 Calcd. for [NF,][SbF,]: NF,, 21.80; Sb, 37.38. Found: NF,, 21.73; 
Sb, 37.41. 
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Properties 

Tetrafluoroammonium hexafluoroantimonate(V) is a hygroscopic, white crys- 
talline solid that is stable to about 270".4.5.30 It is highly soluble in anhydrous 
HF (259 mg per g of HF at -78O)I3 and moderately soluble in BrF,. Its I9F 
NMR spectrum4 in anhydrous HF solution consists of a triplet of equal intensity 
at 214.7 ppm downfield from CFCI, (JNP = 231 Hz) for [NF4]+. The vibrational 
spectra' of the solid exhibit the following major bands: IR (pressed AgCl disk): 
1227 (mw), 1162 (vs), 675 (vs), 665 (vs), 609 (m) cm-'. Raman 1160(0.6), 
1150(0.2), 843(7.0), 665(1), 648(10), 604(3.9), 569(0.9), 437(1.5), and 275(3.8) 
cm-' 

B. TETRAFLUOROAMMONIUM TETRAFLUOROBORATE(II1) 

hu 
NF, + F2 + BF, 4 [NF4][BF,] 

- 196" 

Procedure 

Caution. Ultraviolet goggles should be worn for eye protection when 
working with higher power UV tamps, and the work should be carried out in a 
fume hood. [NF4][BF4] is a strong oxidizer; contact with organic materials, 
fuels, and moisture must be avoided. 
The low-temperature UV photolysis reaction is carried out in a quartz reactor 
with a pan-shaped bottom and a flat top consisting of a 7.5-cm diameter optical 
grade quartz window (Fig. 1). The vessel has a side arm connected by a Teflon 
O-ring joint to a Fischer-Porter Teflon valve to facilitate removal of solid reaction 
products. The depth of the reactor is about 4 cm, and its volume is about 140 
mL. The UV source consists of a 900-W, air-cooled, high-pressure mercury arc 
(General Electric Model B-H6) positioned 4 cm above the flat reactor surface. 
The bottom of the reactor is kept cold by immersion in liquid N2. Dry, gaseous 
N2 is used as a purge gas to prevent condensation of atmospheric moisture on 
the flat top of the reactor. As a heat shield, a 6-mm-thick quartz plate is positioned 
between the UV source and the top of the reactor. 

Premixed NF, [Air Products] and BF, [Matheson] (27 mmol of each) are 
condensed into the cold bottom of the quartz reactor. Fluorine [Air Products] (9 
mmol) is added, and the mixture is photolyzed at - 196" for 1 hr. After ter- 
mination of the photolysis, volatile material is pumped out of the reactor (through 
a scrubbe?8) during its warm-up to room temperature. The nonvolatile white 
solid residue (1.0 g) is pure [NF4][BF4]. Instead of the pan-shaped reactor, a 
simple round quartz bulb can be used with a [NF4][BF4] yield of about 0.3 g/ 
hr. 
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GAS INLET AND 
VACUUM 

UV LAMP 

/ d - k \  QUARTZ PLATE I /  
/-\ G-N* I 

--- 
I .  

LIQUID NITROGEN 
DEWAR 

Fig.  1 .  Apparatus f o r  synthesis of [NF4][BF4]. 

Anal.29 Calcd. for [NF,][BF,]: NF,, 40.16; B, 6.11. Found: NF,, 40.28; B, 
6.1. 

Properties 

Tetrafluoroammonium tetrafluoroborate(II1) is a hygroscopic white crystalline 
solid that is stable up to about 150°.9.".12.30 It is highly soluble in anhydrous HF 
and moderately soluble in BrF,. Its I9F NMR spectrum in anhydrous HF solution 
consists of a sharp triplet of equal intensity at + 220 ppm downfield from CFCI, 
(.INF = 230 Hz) for [NF,]' and an exchange broadened singlet at + - 158 ppm 
upfield from CFCI, for [BF,]-. The vibrational spectra of the solid exhibit the 
following major bands: IR (pressed AgCl disk): 1298 (ms), 1222 (mw), 1162 
(vs), 1057 (vs), 609 (s), and 522 (s) cm-'. Raman: 1179(0.6), 1148(0.6), 
1130(0+), 1055(0.2), 884(0+), 844(10), 772(3.2), 609(6.3), 524(0.4), 443(2.6), 
and 350(0.9) cm-' 

C. TETRAFLUOROAMMONIUM (HYDROGEN DIFLUORIDE) 

HF 

[NF,][SbF,] + CsF + Cs[SbF,] .1 + [NF,][HF,] 
- 78" 
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Procedure 

Caution. Anhydrous HF causes severe burns. Protective clothing should 
be worn when working with this material, The HF solutions of [NF,]+ salts are 
strongly oxidizing: contact with fuels must be avoided. 
A mixture of dry CsF [Kawecki Berylco] (2.361 g, 15.54 mmol) and [NF,][SbF,] 
(5.096 g, 15.64 mmol) is placed inside the dry box into trap I of the leak-checked 
and passivated (with ClF, and dry HFI3) Teflon FEP Monel metathesis apparatus 
shown in Fig. 2. The CsF is dried by fusion in a platinum crucible, immediately 
transferred to the dry box, cooled, and finely ground. The apparatus is attached 
to a metal Teflon vacuum system2' by two flexible cormgated Teflon tubes 
[Penntube Plastics], and the connections are vacuum leak-checked and passi- 
vated. The system is repeatedly exposed to anhydrous HF [Matheson], until the 
HF is colorless when frozen out at - 196" in a Teflon U-trap of the vacuum 
system to avoid contamination of the product with any chlorine fluorides that 
may be adsorbed onto the walls of the metal vacuum system. Anhydrous HFI3 
(16.2 g, 810 mmol) is added to trap I, and the mixture is stirred magnetically 
for 1 hr at room temperature. The metathesis apparatus is cooled with powdered 
Dry Ice to -78" for 1 hr and then inverted. The HF solution that contains the 

J VALVE 
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MONEL UNION 

TO 
VACUUM 
THROUGH CORRUGATED 
TEFLON FLEXLINE 

TRAP I 

Fig. 2 .  Apparatus for syntheses of [NFJIHFJ, [NF.J,[MnFJ,, [NFJ,[SiFJ, 
[NFJIWOFJ.  
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Fig. 2 .  Apparatus for syntheses of [NFJIHFJ, [NF.J,[MnFJ,, [NFJ,[SiFJ, and 
[NFJIWOFJ.  

and 
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[NF,][HF,] is separated from the Cs[SbF,] precipitate by filtration. To facilitate 
the filtration step, trap I is pressurized with 2 atm of dry N, after inversion. A 
pressure drop in trap I indicates the completion of the filtration step. If desired, 
repressurization of trap I may be repeated to minimize the amount of mother 
liquor held up in the filter cake. The desired HF solution of [NH4][HF,] is 
collected in trap 11. It contains about 94% of the original [NF,]+ values, with 
the remainder being adsorbed on the Cs[SbF,] filter cake. The [NF,][HF,] solution 
has a purity of about 97 mole % and contains small amounts of Cs[SbF,] (sol- 
ubility of Cs[SbF,] in HF at - 78" is 1.8 mg/g HF)I3 and [NF,][SbF,] (if a slight 
excess of [NF,][SbF,] has been used in the reaction to suppress, by the common 
ion effect, the amount of dissolved Cs[SbF,]). 

An unstable solid having the composition [NF,](HF,]-nHF (n = 2-10) can 
be prepared by pumping off as much HF as possible below 0". 

Properties 
Tetrafluoroammonium (hydrogen difluoride) is stable in HF solution at room 
temperature but decomposes to NF,, FZ, and HF on complete removal of the 
solvent.15 The I9F NMR spectrum of the solution shows a triplet of equal intensity 
of 4 216.2 ppm downfield from CFCI, with .INF = 230 Hz. The Raman spectrum 
of the HF solution has bands at 1170 (w), 854 (vs), 612 (m), and 448 (mw) 
cm-'. 

D. BIS(TETRAFLUOROAMM0NIUM) 
HEXAFLUOROMANGANATE(1V) 

HF 

Procedure 
Caution. Anhydrous HF can cause severe burns; protective clothing 

should be worn when working with this solvent. [NF,],[MnF J is a strong oxi- 
dizer; contact with water andfuels must be avoided. 
The same apparatus is used as for synthesis C. In the dry N2 atmosphere of a 
glove box, a mixture of [NF,][SbF,] (37.29 mmol) and CS , [M~F, ]~~  (18.53 
mmol) is placed in the bottom of a prepassivated (with ClF,) Teflon FEP (flu- 
oroethylene propylene copolymer) double U-tube metathesis apparatus. Dry HF13 
(20 mL, of liquid) is added at -78" on the vacuum line," and the mixture is 
warmed to 25" for 30 min with stirring. The mixture is cooled to -78" and 
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pressure-filtered at this temperature. The HF solvent is pumped off at 30" for 
12 hr, resulting in 14 g of a white filter cake (mainly Cs[SbF,]) and 6.1 g of a 
yellow filtrate residue having the approximate composition (weight %): 
[NF,],[MnF,], 92; [NF,][SbF,], 4; Cs[SbF,], 4. Yield of [NF,],[MnF,] is 87% 
based on Cs,[MnF,]. 

Properties 

Bis(tetrafluoroammonium) hexafluoromanganate(1V) is a yellow crystalline solid 
that is stable at 65" but slowly decomposes at 100" to NF,, F,, and MnF,.20 It 
is highly soluble in anhydrous HF and reacts violently with water. Its I9F NMR 
spectrum in anhydrous HF solution shows a broad resonance at + 2 18 ppm below 
CFCl, due to [NF,]+. The vibrational spectra of the solid show the following 
major bands: IR (pressed AgCl disk): 1221 (mw), 1160 (vs), 620 (vs), and 338 
(s) cm-'. Raman: 855 (m), 593 (vs), 505 (m), 450 (w), and 304 (s) cm-' 

E. BIS(TETRAFLUOROAMM0NIUM) 
HEXAFLUOROSILICATE(1V) 

2[NF,][HF,].nHF + SiF, + [NF,],[SiF,] + 2(n + l)HF 

Procedure 

Caution. Anhydrous HF can cause severe burns, and protective clothing 
should be worn when working with liquid H F .  All [NF,]+ salts are strong 
oxidizers, and contact with fuels and water must be avoided. 
A solution of [NF,][HF,] (27 mmol) in anhydrous HFi3 is prepared at - 78" by 
synthesis C. Most of the HF solvent is pumped off during warm-up toward 0" 
until the first signs of decomposition of [NF,][HF,] are noted from the onset of 
gas evolution. The resulting residue is cooled to - 196", and SiF, [Matheson] 
(33 mmol) is added. The mixture is allowed to warm to ambient temperature 
while providing a volume of about 1 L in the vacuum line for expansion. During 
warm-up of the apparatus, the SiF, evaporates first and, upon melting of the 
[NF,][HF,].nHF phase, a significant reduction in the SiF, pressure is noted, 
resulting in a final pressure of about 400 torr. A clear, colorless solution is 
obtained without any sign of solid formation. The material volatile at 0" is pumped 
off and separated by fractional condensation through traps at - 126 and - 196". 
The SiF, portion (about 22 mmol), trapped at - 196", is condensed back into 
the reactor, which contains a white fluffy solid. After this mixture has been kept 
at 25" for 24 hr, all volatile material is pumped off at 25" and the SiF, is separated 
again from the HF. The solid residue is treated again with the unreacted SiF, at 
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25" for 14 hr. The materials volatile at 25" are pumped off again. They contain 
less than 1 mmol of HF at this point. The solid residue is heated in a dynamic 
vacuum to 50" for 28 hr or until no further HF evolution is noticeable. The white 
solid residue (about 3.8 g, 80% yield) has the approximate composition (weight 
a): [NF,],[SiF,] 95.0, Cs[SbF,] 2.2, [NF,][SbF,] 2.3. 

Properties 

Bis(tetrafluoroammonium) hexafluorosilicate(1V) is a white crystalline solid that 
is stable at 25" but slowly decomposes at 90" to NF,, F,, and SiF,." The 
vibrational spectra of the solid show the following major bands: IR (pressed 
AgCl disk): 1223 (mw), 1165 (vs), 735 (vs,br), 614 (m), 609 (mw), 478 (s), 
and 448 (w) cm-'. Raman: 1164 (1.5), 895 ( O + ) ,  885 ( O + ) ,  859 (lo),  649 
(3.2), 611 ( 5 . 8 ) ,  447,441 (3.8), and 398 (1) cm-'. 

F. TETRAFLUOROAMMONIUM 
PENTAFLUOROOXOTUNGSTATE( VI) 

HF 

[NF,][HF,] + WOF,+ [NFJWOF,] + HF 
25" 

Procedure 

W Caution. Anhydrous HF can cause severe burns. Protective clothing 
should be worn when working with liquid HF. All [NF,]+ salts are strong 
oxidizers, and contact with fuels and water should be avoided. 
A solution of 20 mmol of [NF,][HF,] in 16 mL of dry HF', is prepared at - 78" 
by synthesis C and pressure-filtered into the second half of the metathesis double 
U-tube containing 14.6 mmol of WOF,." The mixture is stirred with a magnetic 
stirring bar for 30 min at 25". The volatile material is pumped off at 25" for 12 
hr. The solid residue (about 5 g, 86% yield based on WOF,) has the approximate 
composition (weight %): [NF,][WOF,] 96, Cs[SbF,] 2, [NF,][SbF,] 2. 

Properties 

Tetrafluoroammonium pentafluorooxotungstate(V1) is a white crystalline solid 
that is stable at 55" but slowly decomposes at 85" to yield NF3, OF2, WF,, and 
[NF,][W,O,F,] .25 The vibrational spectra of the solid show the following major 
bands: IR (pressed AgCl disk): 1221 (mw), 1160 (vs), 991 (vs), 688 (vs), 620 
(vs,br), and 515 (vs) cm-'. Raman: 1165 (0.7), 996 (lo), 852 (8.4), 690 (5.4), 
613 (4.9), 446 (1.6), 329 (6.8), and 285 (0.5) cm-'. 
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14. CESIUM HEXAFLUOROMANGANATE(1V) 

2CsF + MnCl, + 7F2 + CsJMnF,] + 2C1F5 

Submitted by WILLIAM W. WILSON* and KARL 0. CHRISTE* 
Checked by ROLAND BOUGONt 
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Several methods have been described in the literature for the syntheses of alkali 
metal hexafluoromanganates(1V). The reactions of K,[MnO,],' MnO,, and KF 
mixtures, or KMnO, and 30% H,0; with aqueous HF produce K,[MnF6]. How- 
ever, the yields and product purities are low. Pure alkali metal hexafluoroman- 
ganates(1V) are obtained in high yield by fluorination with F, in a flow system 
of either MnCI, + 2MC1 at 375 to 400°,3*4 MnF, + 2KF in a rotating A1,0, 
tube at 600°,5 or MnCI, + 2KC1 at 280°,6 or by the fluorination of a KMnOd 
KCl mixture with BrF,.' The method described below is based on the fluorination 
of a stoichiometric mixture of CsF and MnCl, in a static system at 400°.8 
Hexafluoromanganate(1V) salts have interesting spectroscopic proper tie^,'^'^ and 
Cs,[MnF6] is a starting material for the metathetical synthesis of (NF4),[MnF6].' ' 

Procedure 

Caution. Safety barricades must be used for carrying out high-pressure 
fluorination reactions. The C1F5-C1F, by-products are strong oxidizers. Contact 
with fuel, water, or reducing agents must be avoided. 
Commercially available MnC1,.4H2O [Alfa] is dehydrated by heating in a Pyrex 
flask to 255" under vacuum torr) for 24 hr. The completeness of the 
dehydration step is verified by recording the infrared spectrum, which should 
not show any water bands. Commercially available CsF [Kawecki Berylco] is 
dried by fusion in a platinum crucible and is immediately transferred to the dry 
box. 

A mixture of finely ground dry CsF (7.717 g, 50.80 mmol) and MnCl, (3.150 
g, 25.40 mmol) is placed inside the dry box into a prepassivated (with ClF,) 
95-mL high-pressure Monel cylinder (Hoke Model 4HSM, rated for 5000 psi 
working pressure) equipped with a Monel valve (Hoke, Model 3212M4M). The 
cylinder is attached to a metal-Teflon vacuum system,I2 evacuated, and cooled 
to - 196" with liquid N,. Fluorine* (262 mmol) is condensed into the cylinder. 
The cylinder is disconnected from the vacuum line, heated in an oven to 400" 
for 36 hr, and then cooled again to - 196" on the vacuum line. Unreacted F, 
is pumped off at -196" through a fluorine scrubber,', and the CIF,-CIF, 
byproducts are pumped off during the warm-up of the cylinder toward 
room temperature. The yellow solid residue (11.045 g, 100% yield) is pure 

Anal. Calcd. for Cs,[MnF,]: Cs, 61.14; Mn, 12.63. Found: Cs, 61.2; Mn, 
CS,[MnF6]. 

12.5. 

*[Air Products and Chemicals] Prior to use, the fluorine should be passed through a NaF scrubber 
to remove any HF present, which would promote attack of the Monel reactor as evidenced by the 
formation of some Cs,NiF,. 
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Properties 

Cesium hexafluoromanganate(1V) is a stable yellow solid that decomposes only 
slowly in moist air. The IR spectrum of the solid as a dry powder pressed 
between AgCl plates shows the following major absorptions: 620 (vs) (antisym- 
metric stretch) and 338 (s) (antisymmetric deformation) cm-'. The Raman spec- 
trum of the solid shows bands at 590 (vs) (symmetric in-phase stretch), 502 (m) 
(symmetric out-of-phase stretch), and 304 (s) (symmetric deformation) cm-'.8 
The compound Cs,[MnF,] crystallizes at room temperature in the cubic K,[RCl,] 
system with a = 8.92 A." 
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15. AMMONIUM PENTAFLUOROMANGANATE(II1) 
AND POTASSIUM PENTAFLUOROMANGANATE(II1) 

HYDRATE 

KMnO, + 4(CH,CO),CH, + 4AHF, + A,[MnF,I + 2AF + KF + 4H,O -t 

2[(CH,CO),CH], (A = NH,, K) 

Submitted by MANABENDRA N. BHAlTACHARJEE* and MIHIR K. CHANDHURI* 
Checked by HELEN M. MARSDENT 

Although ammonium pentafluoromanganatef III), (NH,),[MnF,] , and potassium 
pentafluoromanganate(II1) monohydrate, K,[MnF,]-H,O, have been known for 
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quite some time, there has been no easy and direct general method for their 
syntheses. The usual general method involves the reaction between MnF, in 
hydrofluoric acid and an alkali metal fluoride.’ However, MnF, is difficult to 
prepare and is unstable. A general method has been developed for the synthesis 
of the title compounds’ directly from KMnO, that does not require MnF, or the 
use of HF. The synthesis involves the reduction of a concentrated solution of 
KMnO, with 2,4-pentanedione in the presence of AHF, (A = NH, or K), which 
acts as a fluorinating agent. The method is fast and can be scaled up to larger 
quantities if desired. 

Ammonium (hydrogen dijluoride), NH,[HFJ,  and potassium 
(hydrogen dijluoride), KHF,, are highly hygroscopic and hydrolyze to give HF. 
Care should be taken in handling them so that they do not come in contact with 
the skin. 

Caution. 

A. AMMONIUM PENTAFLUOROMANGANATE(III), 
(NH,)z[MnF,I 

Procedure 

A 2.0g (12.67-mmol) sample of potassium permanganate and 6.5 g (113.75 
mmol) of ammonium (hydrogen difl~oride)~ are mixed by powdering together 
in an agate mortar. The finely mixed powder is dissolved in a minimum volume 
of water, and the mixture is filtered. The filtrate is collected in a 150-mL poly- 
thene beaker, and 15.4 mL (154 mmol) of 2,4-pentanedione is added to the 
solution with constant stirring. An exothermic reaction occurs to give rose-pink 
microcrystalline (NH,),[MnF,] .4s5 The mother liquor becomes virtually colorless 
or slightly yellow. The compound is separated by centrifuging in a polythene 
centrifuge tube and is washed 2 or 3 times with heptane and then twice with 
alcohol. It is dried under vacuum. The yield of (NH4)JMnF5I2 is 2.2 g (93.6%).* 

Anal. Calcd. for H,F,N,Mn: N, 15.06; Mn, 29.53; F, 51.06. Found: N, 
15.16; Mn, 29.66; F, 51.12. The IR spectrum shows bands at 614 (v,) aud 564 
(s) (v,) Mn-F; 3040 (s) (vl), 3157 (m) (v,) and 1400 (s) (v,) N-H. The peff 
at 302 K is 3.19 BM. 

B. POTASSIUM PENTAFLUOROMANGANATE(II1) 
HYDRATE, K,[MnF,].H,O 

Procedure 

Potassium pentafluoromanganate(II1) m~nohydra te ,~’~  K,[MnF,] .H,O is syntbe- 
sized in a manner analogous to that described for the ammonium salt. In a typical 

*Checker obtained 1.15 g (48%). 
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reaction of 2.0 g (12.6 mmol) of KMnO,, 6.0 g (76.8 mmol) of K[HF,],3 and 
15.4 mL (154 mmol) of 2,4-pentanedione, carried out in a 150-mL polythene 
beaker, a yield of 3.08 g (99%)t of potassium pentafluoromanganate(II1) hydrate, 
K,[MnF,].H,O, is obtained. 

AML. Calcd. for H2F5K,MnO: K, 31.77; Mn, 22.32; F, 38.60. Found: K, 
31.81; Mn, 22.41; F, 38.70. The IR spectrum shows bands at 616 (m) (ug) and 
565 (s) (u4) Mn-F; 3460 (s) (uOH) and 1635 (m) (&OH) H20. The peR at 302 
K is 3.30 BM. 

Properties 

Both (NH4),[MnF,] and K2[MnF5].H20 are rose-pink compounds that are un- 
stable in water and attack glass slowly in the presence of moist air. However, 
the compounds can be stored for prolonged periods in sealed polythene bags and 
checked periodically by estimation of manganese. They are insoluble in common 
organic solvents. 
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16. BIS(TRIFLUOR0METHYL)MERCURY 

Hg(CF,COO), -+ Hg(CF,), + 2C02 
I Z& 180" 

Submitted by REINT EUJEN* 
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The syntheses of trifluoromethylated organometallics require special methods 
since Grignard-type reagents CF3MgX or CF3Li are not readily available because 
of fluoride elimination. 
Bis(trifluoromethy1)mercury is useful in the preparation of numerous CF, 

derivatives, especially of group IV elements.' It was first prepared in 1949 by 
irradiation of CF31 and Hg in the presence of Cd.2 Alternative routes include 
radiofrequency discharge methods, for example, reaction of CF, radicals with 
HgX, or elemental mercury.3 Preparative scale quantities are best obtained by 
decarboxylation of mercury trifluoroacetate in the presence of  arbo on ate.^ 

Procedure 

Caution. Mercury compounds are highly poisonous. Contact of either 
the solids or the solution with the skin should be avoided. The entire procedure 
should be carried out in a well-ventilated hood. Protective gloves and a face 
shield should be worn. Trijluoroacetic acid is a corrosive strong acid. Contact 
with skin or mucous membranes should be prevented. Disposal of residues must 
meet the safety requirements for toxic heavy metal derivatives. 
In a 2-L round-bottomed flask equipped with a magnetic stirrer, 433 g (2 moles) 
of red HgO [Alfa] is dissolved in 320 mL of trifluoroacetic acid [PCR]. Enough 
water (-50 mL) is added to prevent crystallization of the white Hg(CF3C00)2. 
Excess acid and water are removed by means of a rotary evaporator. The solid 
residue is finely powdered in a dry atmosphere (glove bag), dried under vacuum 

tom) at 120", carefully mixed with 500 g of K2C03 (dried at 200" under 
vacuum), and placed in a 120 x 7-cm i.d. glass tube equipped with a 100-mm 
flange at the open end (Fig. I ) .  The reaction tube is attached to an oil pump via 
a by-passed silicon-oil bubbler and a COJacetone slush bath. The pressure in 
the system may be adjusted by means of a leak valve that is open to the air. 
The reaction mixture is heated to 100" at torr (open by-pass) for another 

7cm 

-78'C Slush 

Fig.  I .  Setup for the synthesis of Hg(CF,),. 
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24 hr. After closing the by-pass valve the pressure is increased to -25 torr, and 
the temperature is raised to 120", at which point evolution of CO, begins. The 
furnace temperature is increased to 180" over a period of 3 days, the temperature 
being adjusted to maintain a constant evolution of CO,. The Hg(CF,)* that is 
formed condenses as white crystals on the cooler part of the reaction tube. The 
end of the reaction is indicated by reduction of the rate of liberation of CO, and 
increasing formation of elemental mercury. After cooling, the tube is opened to 
the air, and the product is loosened from the wall with a heat gun, transferred 
to a sublimation apparatus, and sublimed under vacuum at 30". Separation from 
larger amounts of elemental mercury may be achieved by dissolving in diethyl 
ether prior to sublimation. A typical yield is 370 g of Hg(CF,), (55%); for small- 
scale preparations, yields up to 90% may be obtained.* 

Properties 

Bis(trifluoromethy1)mercury forms colorless, volatile crystals of pungent odor 
that melt at 163". The crystals contain linear F,C-Hg-CF, units with inter- 
molecular F-Hg contacts.' They are soluble in organic solvents, such as alco- 
hols, ethers, halocarbons, and hydrocarbons, and also in water with slow 
decomposition. The 19F NMR spectrum of a solution in CH,CN consists of a 
singlet at - 37.8 ppm (upfield from CFCI,) with '%g satellites (*.IHgF 1300 Hz); 
major IR bands are at 1145 (vs), 1070 (vs), 713 (m), and 272 (s) cm-'.' 
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17. BIS(TRIFLUOR0METHYL)CADMIUM. 1,2- 
DIMETHOXYETHANE 

&me 

(CH,),Cd + excess (CF,),Hg + (CF,),Cd.glyme 

Submitted by C. D. ONTIVEROS* and J. A. MORRISON* 
Cheeked by R. HANIt and R. A. GEANANGEL? 

The incorporation of fluoroalkyl groups into organic or inorganic substrates 
frequently results in materials that have mechanical, chemical, or biological 
properties that are much more desirable for a given application than those of the 
parent compound. I For example, the (5-trifluoromethyl) pyrimidine nucleosides 
are known to inhibit tumor growth significantly.2 These species are readily 
synthesized by the reaction of the appropriate halouracil derivative with the 
organometallic compound (CFJCu. 

As has been shown recently, the trifluoromethyl derivatives of the group 
12 (IIB) elements seem to be particularly suitable reagents for the syntheses of 
organometallic compounds containing perfluoroalkyl ligands.”’ The mercurial 
(CF,),Hg, for example, reacts with the halides of several main group elements 
to form compounds such as (CFJSnBr, and (CF,),GeBr.e Ligand exchange 
reactions using the mercurial, however, typically require elevated temperatures 
(>100”) and long reaction times (several days). Under these relatively harsh 
conditions, products that are more fully substituted with CF, groups are often 
thermally unstable, and decomposition is frequently observed.- 

The cadmium analog (CF,),Cd.glyme, in which (CF,),Cd is lightly stabilized 
as the Lewis base adduct, has been found to be a much more powerful ligand 
exchange reagent than the For example, the reaction of SnBr, with 
(CF,),Cd.glyme occurs at ambient temperature and affords the fully substituted 
tin derivative (CF,),Sn in 66% yield.’ Similarly, GeI,, SnI,, Br,Pd(PEt,),, and 
Co(CO)CpI, react with (CF,),Cd.glyme to yield (CF,),Ge, (CF,),Sn, 
(CF,),Pd(PEt,),, and (CF,),Co(CO)Cp, respectively.’-’” 

Although early I9F NMR studies appeared to indicate that (CF,),Hg and 
(CH,),Cd undergo ligand exchange reactions in basic solvents like pyridine, no 
products from the reaction had been isolated. The procedure that follows 
depends upon the observation that the methyl, trifluoromethyl, and mixed methyl- 

*Department of Chemistry, University of Illinois at Chicago, Chicago, IL 60680. 
?Department of Chemistry, University of Houston-University Park, Houston, TX 77004. 
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trifluoromethyl species are all present in an equilibrium mixture that is formed 
when (CF,),Hg and Cd(CH,), react in basic solvents. The compound 
(CF,),Cd.glyme is the only presently known Lewis base adduct that does not 
undergo dissociation under vacuum; thus, the isolation and purification of 
(CF,),Cd.glyme is readily accomplished. 

Procedure 

Caution. The substance (CF,)Jlg is a white crystalline and sublimable 
solid that should be handled in an efficient hood. Its toxicity is unknown, but 
upon prolonged exposure (CF,),Hg can cause eye irritation as well as irritation 
to the nasal membranes. 
Initially, (CF,),Hg is purified by sublimation at ambient temperature and lo-, 
torr, allowing the sublimate to condense onto a surface cooled to - 10" (ice/ 
salt). In order to ensure the successful synthesis of (CF,),Cd-glyme, (CF,),Hg, 
as obtained from the thermal decarboxylation of (CF3COO),Hg,I3 should be 
sublimed at least twice prior to use. Glyme (1 ,Zdimethoxyethane) is dried over 
sodium benzophenone ketyl and degassed by using at least two freeze-pump- 
thaw cycles.* Dimethylcadmium can be prepared from the reaction of the methyl 
Grignard reagent with cadmium(I1) bromide or can be obtained commercially 
[Alfa]. 

W Caution. Dimethylcadmium is a noxious smelling, toxic liquid that should 
be handled with care in an efficient hood. 
FreshIy sublimed (CF,),Hg (4.20 g) is placed in a clean, dry, 50-mL round- 
bottomed flask (24/40 joint), along with a magnetic stirring bar. The flask is 
fitted with a vacuum stopcock to one end of which a 24/40 joint is affixed; an 
18/9 ball joint is sealed to the other end of the stopcock. The flask is attached 
to a standard vacuum lineI4 by means of a ball-and-socket connection. Approx- 
imately 10 mL of purified glyme is vacuum-distilled into the reaction vessel. As 
the contents of the flask are allowed to warm from - 196", they should be stirred 
magnetically for several minutes to ensure complete dissolution of the (CF,),Hg . 
After the (CF,),Hg has dissolved, 1.44 g of (CH,),Cd is vacuum-distilled into 
the reaction vessel, and the solution is stirred for 2.3 hr at ambient temperature. 
During this time, the solution turns cloudy slowly as the (CF,),Cd.glyme begins 
to form. Upon completion of the reaction, all volatile material is removed under 
vacuum (which requires about 12 hr), leaving behind a snow white free-flowing 
powder, part of which adheres to the walls of the flask. 

The vessel is then removed from the vacuum line and placed in a glove box 
or polyethylene glove bag, and the product is scraped out by means of a long- 

*The checkers report that sodium benzophenone ketyl does not always remove peroxide. They 
feel that solvents such as glyme and tetrahydrofuran should be pretreated with CuCI. 
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handled metal spatula. If the solid seems slightly damp or is gray at this point, 
the reaction vessel should be returned to the vacuum line and treated with an 
additional small portion of dried glyme (<5 mL). The contents of the vessel are 
then pumped on until the solid is thoroughly dry and the product is treated as 
described above. Yield 1.97 g (57%). 

(CF,),Cd*glyme, if not throughly dry and pure, may spon- 
taneously ignite in air. It is recommended that (CF,),Cd.glyme be handled under 
inert conditions at all times. 
Other Lewis base adducts of (CF,),Cd can be synthesized easily by either of 
two methods. In the first method, a procedure analogous to that presented above 
but utilizing THF (tetrahydrofuran), py (pyridine), or diglyme [ 1, l  '-oxybis(2- 
methoxyethane)] as solvent and reagent yields the Lewis base adducts 
(CF3),Cd.2THF, (CF3),Cd*2py, or (CF,),Cd.diglyme in yields of approximately 
50, 70, and 70%, respectively. The only significant variable is the time required 
for the reaction to proceed. Using THF as solvent, equilibrium is attained after 
-19 hr, while the reactions involving the more basic pyridine and diglyme 
proceed in less than 15 min. The alternative and simpler method involves direct 
Lewis base exchange. Bis(trifluoromethyl)cadmium*glyme, for example, dis- 
solved in excess pyridine gives (CF3),Cd*2py in 96% yield. 

Caution. 

Properties 

Bis(trifluoromethy1)cadmium. 1 ,Zdimethoxyethane is a white air- and moisture- 
sensitive powder, mp 81" (dec.). Fluorine NMR spectra of a pure sample dis- 
solved in CH2CI, contain a single sharp resonance 42.2 ppm deshielded from 
external TFA, with "'Cd and '13Cd satellites: ' J , - I I I ~ ~  = 461 Hz, 2 J F - l 1 3 c d  = 
493 Hz. I9F NMR data for other Lewis base adducts are given in Table I. The 
'H NMR spectra contain resonances due to complexed glyme at 6 4.18 (CH,) 
and 8 4.00 (CH,) ppm. Infrared absorption bands occur at 2958 (s), 2922 (s), 
2865 (m), 1405 (m), 1398 (m), 1393 (m), 1262 (m), 1130 (s), 1122 (s), 1112 
(s), 1020 (s), 805 (s), 755 (m), 695 (m), 680 (m), and 670 (m) cm-'. With the 

TABLE I 'v NMR Data for Lewis Base Adducts 

Chemical 'JF -cI(Hz) 
Shift" "'Cd, "'Cd 
(PPm) 

(CF,)2Cd.diglyme 44.1 448, 411 
( C F ~ ) , C ~ . ~ P Y  46.1 354, 314 
(CF&Cd.2THF 44.5 457, 476 

"Relative to trifluoroacetic acid (ext.) 
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mass spectrometer operating at ambient temperature, the mass spectrum of 
(CF,),Cd-glyme contains the following mle, ion (ion abundance): 273, CF,Cd.g+ 
(65%); 223, CdF-g' (70%); 204, Cd.g+ (10%); 202, CF,CdF' (7%); 183, 
CF,Cd' (25%); 129, CdCH,' (20%); 114, Cd' (100%) (where g is glyme). 

The compound (CF,),Cd-glyme is soluble in ethers and haloalkanes, sparingly 
soluble in arenes, and insoluble in alkanes. The product is best stored under N, 
or Ar at low temperatures, since thermal decomposition, -5%/day, occurs at 
ambient temperature. 
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18. TRIFLUOROMETHYL HYPOCHLORITE AND 
PERFLUORO-tert-BUTYL HYPOCHLORITE 

HYPOCHLORITE) 
(2,2 ,2-TRIFLUORO-l , 1 -BIS(TRIFLUOROMETHYL)ETHYL 
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Hypochlorites are useful reagents for the introduction of fluorinated alkoxy groups 
and/or chlorine into a variety of inorganic and organic molecules.' Trifluoro- 
methyl hypochlorite has been prepared by the reaction of dichlorine oxide or 
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chlorine monofluoride with carbonyl fluoride. Perfluoro-tert-butyl hypochlorite 
is obtained by the reaction of peduoro-tert-butyl alcohol with chlorine mono- 
fluoride. 

In the following procedures, chlorine monofluoride is used as the source of 
positive chlorine to convert carbonyl fluoride in the presence of cesium fluoride 
as well as perfluoro-terr-butyl alcohol into the corresponding hypochlorites, because 
it is much more convenient to handle than the unstable chlorine monoxide. 

Gases are transferred in a standard Pyrex glass vacuum line equipped with 
high-vacuum stopcocks (lubricated with a fluorocarbon grease [Halocarbon]) to 
which is attached a four-trap system used for low-temperature trap-to-trap dis- 
tillation (Fig. 1). Because of the reactivity of the compounds, a Heise-Bourdon 
tube gauge [Dresser Ind.], is used for PVT measurements. 

Extreme care should be exercised in handling chlorine mono- 
fluoride, carbonyl juoride, and the hypochlorite products because of their very 
high reactivities and hazardous properties. Safety shielding and leather gloves 

Caution. 

To 
vacuum 
pump 
c 

Fig. I .  Standard Pyrex glass vacuum line: a ,  thermocouple gauge [Fredericks]; b, Heise- 
Bourdon tube gauge [Dresser]; c. reservoir, 500 mL; d ,  removable cold trap; e ,  removable 
U-trap; f, 1819 ball-and-socket joint; g, 2-mm Pyrex high-vacuum stopcock [Kontes]; h, 
three-way high-vacuum stopcock; i ,  Pyrex glass manifold, 1CL12-mm diam; j ,  Pyrex 
glass traps to fit into a standard Dewar flask; k, 10/30 outer joint. 
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should be used. All apparatus should be clean and free of organic materials. 
Liquid nitrogen should be used for condensing reagents. 

A. TRIFLUOROMETHYL HYPOCHLORITE 

CsF 

OCF, + CIF + CF30CI 
- I %  10 25" 

Procedure 

A 75-mL spun stainless steel Hoke vessel (test pressure 1300 psi) that is fitted 
with a stainless steel needle valve [Hoke] is charged with 20 mmol(3.1 g) cesium 
fluoride that has been dried in an oven at 150-200" for several hours. The cesium 
fluoride should be ground repeatedly until it remains a finely divided powder at 
this temperature. The transfer is made within the drying oven itself into the metal 
vessel, which has been dried for several hours at 150" and is still very hot (use 
fiber glass gloves), or the cesium fluoride may be dried and placed in an inert 
atmosphere box, where it may be transferred to the metal vessel. The valve 
should be screwed into place immediately and the vessel attached to the vacuum 
line via a Pyrex glass 10/30 inner standard taper joint attached to the valve by 
means of a standard Gyrolok fitting [Hoke] with Teflon ferrules. The vessel is 
evacuated at once to torr. It is then cooled to - 196" (liquid nitrogen), and 
5 mmol of chlorine monofluoride (measured by expanding the CIF [Ozark- 
Mahoning] from the cylinder into a known volume to a predetermined pressure, 
assuming ideal gas behavior) are added. The CIF is used in order to passivate 
the reactor walls and to assure the completely anhydrous nature of the CsF. The 
vessel is removed from the vacuum line and is kept at 150" for 24 hr. It is then 
allowed to cool and is reattached to the vacuum line, where all of the volatile 
materials are removed. These should be destroyed by passing them through a 
soda-lime trap. This passivating process needs to be carried out only once and 
is not necessary again until the metal vessel is cleaned. The cesium fluoride may 
be used repeatedly with little change in its catalytic role, with the exception that 
its efficiency may improve with use (probably due to change in available surface 
area). 

The vessel is then cooled to - 196", and 20 mmol of carbonyl fluoride [PCR, 
Inc.] is condensed into the vessel. 

W Caution. Carbonyl$uoride is a highly poisonous gas. 
To this is added 2 1 mmol (1 mmol excess) of chlorine monofluoride by con- 
densing the premeasured gas into the metal vessel. The reaction valve is closed, 
and the vessel is removed from the vacuum line and placed behind a shield. The 
vessel is allowed to warm slowly to and to remain at 25" for 12 hr. 
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The product is purified by trap-to-trap distillation using traps at - 137" and 
- 196". The nearly pure CF,OCl condenses in the trap at - 137" (30"/60" petro- 
leum ethedliquid N2 slush) while any unreacted ClF or COF, passes into the 
trap at - 196". The yield is 19.8 mmol (99%). The product contains traces of 
chlorine, which is an impurity in the commercially available chlorine monofluoride. 

Properties 

Tnfluoromethyl hypochlorite is a pale yellow liquid at - 137" and a colorless 
gas at 25". The vapor pressure curve is given by the equation log P,, = - 10231 
T + 7.413, and the normal boiling point is -47°.2 The I9F NMR spectrum 
shows a singlet at + - 72 ppm relative to an internal CCI,F reference. The gas- 
phase IR spectrum measured by using a Pyrex glass cell with NaCl windows 
consists of the following absorption bands at 1262 (s), 1220 (sh), 1205 (s), 925 
(mw), and 650 (mw), cm-'. The compound can be stored without degradation 
for extended periods at 25" in a passivated stainless steel vessel equipped with 
a stainless steel valve. 

B. PERFLUORO-tert-BUTY L HYPOCHLORITE 

(CF,),COH + ClF-, (CF,),COCl + HF 

Caution. The toxicological properties of perj7uoro-tert-butyl alcohol 
[PCR] are not fully known. The material should be handled only in a well- 
ventilated hood, using gloves. Chlorine monojluoride is strongly oxidizing, and 
all organic materials should be absent. Hydrogen fluoride is a dangerous reagent 
which upon contact produces slow-healing burns. Hands, arms, and face should 
be protected with gloves, lab coat, and safety shield. 

Procedure 

A spun stainless steel Hoke vessel (test pressure 1300 psi) that is fitted with a 
stainless steel needle valve [Hoke] is passivated by condensing into it 2 mmol 
of chlorine monofluoride and then heating the vessel in an oven at 150" for 24 
hr. Any residual gas that remains in the vessel is removed by passing the gas. 
slowly through a tube containing soda lime. Twenty millimoles (4.72 g) of '  
(CF,),COH, which is weighed into a vessel that can be attached to the vacuum 
line, is transferred into the evacuated metal vessel, which is then cooled to , 
- 196". Then 21 mmol (1 mmol excess) of chlorine monofluoride is condensed 
into the vessel at - 196". The valve is closed, and the vessel is placed behind 
a shield. where it is allowed to warm to and remain at 0" for 12 hr. All of the 
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volatile materials are transferred via the vacuum line to a second Hoke vessel, 
which contains 40 mmol of powdered anhydrous CsF maintained at - 196". The 
vessel and contents are allowed to warm to 0" while being shaken vigorously 
with a mechanical shaker. After 40 min, all of the HF will have been taken up 
by the CsF. The remaining volatile materials are then separated by trap-to-trap 
distillation by using traps cooled to -78" (Dry Ice/ethanol) and - 196" (liquid 
N2). While any unchanged chlorine monofluoride passes into the trap at - 196", 
pure perlluoro-tert-butyl hypochlorite is retained at - 78". The yield is - 100%. 
If any unchanged alcohol remains, it will also be found in the trap at -78". 
These compounds are very difficult to separate. Therefore, the mixture should 
be returned to the Hoke vessel, chlorine monofluoride added ( -5 mmol), and 
the reaction process repeated. 

Anal. Calcd. for (CF,),COCI: C, 17.74; F, 63.22; CI, 13.12. Found: C, 
17.40; F, 64.91; CI, 13.84. 

Properties 

Perlluoro-tert-butyl hypochlorite is a pale yellow liquid at 25". The I9F NMR 
spectrum shows a singlet at c$ - 70.1 ppm, using CCI,F as an internal reference. 
The IR spectrum shows the following absorption bands at 1282 (vs), 1232 (ms), 
1190 (mw), 1108 (s), 1003 (s), 983 (s), 788 (w), 758 (m), and 732 (s) cm-'. 
The compound slowly decomposes at 25" to (CF,),CO and CF,CI. Thus, it should 
be stored at -78", where it is stable for long periods. 
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Carbonyl fluoride is a gentle and versatile fluorinating reagent.' It behaves as 
an oxidative fluorinating agent toward phosphorus(II1)- and arsenic(II1)-contain- 
ing compounds to form the respective phosphorusfv) and arsenic(V) materials. 
In addition, when COF, is used, fluorine displaces hydrogen from C-H, N-H, 
B-H, and P-H bonds. These reactions occur under mild conditions without 
need for special apparatus. To demonstrate the wide general applicability of this 
method for introducing fluorine into compounds, we have selected a few rep- 
resentative examples that illustrate the syntheses of useful compounds. 

A. OXIDATIVE FLUORINATION 

The same method is used for the preparation of difluorotris(2,2,2-trifluoro- 
ethoxy)phosphorane, (CF,CH,O),PF,, and difluorotriphenylphosphorane, 
(C,H,),PF,. The reaction vessel is a 50- or 100-mL Pyrex glass, round-bottomed 
flask that is equipped with a Teflon-coated magnetic stirring bar and an inner 
14/20 standard taper joint. The flask is fitted with a 2-mm Kontes Teflon stopcock 
to which are attached outer 14/20 and inner 10/30 standard taper joints. The 
reactions are carried out at less than 1 atm pressure. 

Carbonyl Jluoride is a poisonous gas. Carbon monoxide, which 
is highly poisonous, is a product of the reaction. Phosphorus-containing com- 
pounds are evil-smelling and harmful. These reactions should be carried out in 
a well-ventilated fume hood using safety shields. Skin should be protected from 
contact with reactants or products. 

Caution. 

1. Difluorotris(2,2,2-trifluoroethoxy)phosphorane 

(CF3CH20),P + COF, + (CF,CH,O),PF, + CO 

Procedure 

Using vacuum transfer techniques,' 0.227 g (0.69 mmol) of (CF,CH,O),P [Ald- 
rich] and 0.046 g (0.69 mmol) of carbonyl fluoride, COF;, [PCR] are placed 
in the Pyrex glass flask. The stopcock is closed, the vessel is warmed to ambient 
temperature, and the mixture is stirred overnight. Fractionation through traps at 
- 15, - 116, and - 196" under dynamic vacuum gives (CF,CH,0)3PF, in the 
trap at - 15". 

Carbon monoxide does not remain in the trap at - 196" under 
dynamic vacuum. The vacuum pump should be vented into a well-ventilatedfume 
hood. 
The yield of (CF,CH,O),PF, (mp 21.2-22.1") is 0.252 g (0.69 mmol; 

Caution. 
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The compound is confirmed by stoichiometric gain in weight, 19F, IH, and "P 
NMR and mass spectral measurements. 

Anal.4 Calcd. for C6H6;,,0,P: C, 19.68; H, 1.65; F, 57.08; P, 8.46. Found: 
C, 19.50; H, 1.73; F, 56.82; P, 8.33. 

Properties 

The colorless compound is stable at room temperature under anhydrous condi- 
tions for extended periods. The mass spectrum obtained at 17 eV contains peaks 
at m/e 347 [FP(OCH,CF,),] + and at m/e 267 [F,P(OCH,CF,),] + . The "P (H3P04) 
and "F (CC1,F) NMR spectra obtained in CDCI, have peaks at 6 -78.4 (tr, 
JPpF = 749 Hz) and + -77.4 (CF3, tr, JH-F = 7.8 Hz) and + -58.9 (PF2, 
d), respectively. The IR spectrum of (CF,CH,O),PF, contains bands at 1287, 
1172 ( u , = - ~ ) ,  1120 ( u ~ - ~ - ~ ) ,  960 ( IJ~- ,=~ , ) ,  905, 858, and 827 ( I ) ~ - ~ )  cm-'. 

2. trans-Difluorotriphenylphosphorane 

Procedure 

Into the Pyrex glass flask are placed 0.27 g (1 mmol) of (C&),P [Aldrich] and 
10 mL of dry CH,Cl,. 

Triphenylphosphine is an irritant. It should be handled in a 
well-ventilated area, and gloves should be worn. 
Using vacuum transfer techniques,' 0.06 g (1 mmol) of COF; [PCR] is added, 
the stopcock is closed, and the reaction mixture is stirred for 12 hr at 25". The 
volatile materials (CO and CH,CI,) are removed under dynamic vacuum. 

Carbon monoxide does not remain in a trap at - 196" under 
dynamic vacuum. The vacuum pump should be vented into a well-ventilatedfume 
hood. 
Remaining is a white solid residue, which is purified by bulb-to-bulb distillation 
at 100"/1 ton to give 0.24 g (0.8 mmol; 80% yield) of (C,H,),PF,.s Nuclear 
magnetic resonance and mass spectral measurements are used to confirm the 
formation of (C,J4,),PF2. 

Anal. Calcd. for C,,H,,F2P: C, 71.99; H, 5.04; F, 12.65; P, 10.32. Found: 
C, 73.21; H, 5.32; F, 12.25; P, 10.74. 

8 Caution. 

8 Caution. 

Properties 

The hygroscopic white solid (C,H,),PF, melts at 159-160°C. It is stable for 
extended periods under anhydrous conditions. The mass spectrum at 17 eV shows 
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a molecular ion at m/e 300. The IR spectrum has a characteristic band at 620 
cm-' ( z ) ~ - ~ ) .  The "P (H,PO,) and I9F (CCI,F) NMR spectra recorded in CDCI, 
confirm the synthesis of trans-difluorotriphenylphosphorane. ,'P: 8 - 54.14 (tr, 
JP-F = 666 Hz); I9F: d, - 37.3 (d). This compound is highly soluble in benzene, 
dichloromethane, and acetonitrile. 

B. DISPLACEMENT OF HYDROGEN FROM P-H, C-H, 
AND N-H BONDS BY FLUORINE 

The same method is used for the preparation of diethyl phosphorofluoridqte, 
fluorotriphenylmethane, and N-fluorodimethylamine. The reaction vessel is a 50- 
mL Pyrex glass, round-bottomed flask that is equipped with a magnetic stirring 
bar and an inner 14/20 standard taper joint. The flask is fitted with a 2-mm 
Kontes Teflon stopcock to which are attached outer 14/20 and inner 10/30 stan- 
dard taper joints. The reactions are carried out at less than 1 atm pressure. 

Carbonyl juoride is a poisonous gas. Carbon monoxide, which 
is highly poisonous, is a product of the reaction. The triethylammunium puoride 
that is formed in the reaction should be placed in the solid waste container. The 
phosphorus compounds and amines are evil-smelling and harmful. These reac- 
tions should be carried out in a well-ventilated fume hood using safety shields. 
Gloves and other protective clothing should be worn. 

Caution. 

1. Diethyl Phosphorofluoridate 

(CH,CH,O),P(O)H + COF, 
CH2C12 

+ Et,N + (CH,CH,O),P(O)F + CO + Et,N.HF 

In an anhydrous atmosphere, a solution of 0.28 g (2 mmol) of (CH,CH,O),P(O)H 
[Aldrich], 25 mL of anhydrous reagent grade dichloromethane, and 0.2 g (2 
mmol) of triethylamine is prepared in the Pyrex glass flask. By using vacuum 
transfer techniques,, 0.12 g (2 mmol) COF: [PCR] is added. The mixture is 
stirred at room temperature for 12 hr. The volatile materials are transferred into 
a trap at - 196" under dynamic vacuum. Prolonged pumping at 25" will result 
in loss of product. 

Caution. Carbon monoxide does not remain in the trap at - 196" under 
dynamic vacuum. The vacuum pump should be vented into a well-ventilated fume 
hood. 
Remaining in the flask is a solid residue (Et,N-HF) and a nonvolatile liquid. 
The colorless liquid that is obtained after bulb-to-bulb distillation at 35'11 torr is 
(CH,CH,O),P(O)F (0.2 g; 1.2 mmol; 65%).6 

Anal. Calcd. for C,H,,O,FP: F, 12.17. Found: F, 12.2. 
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Properties 

Diethyl phosphoroff uoridate is a colorless liquid that can be readily distilled 
under reduced pressure. It is very soluble in benzene, hexane, and diethyl ether. 
It is stable for long periods under anhydrous conditions. The mass spectrum 
gives a molecular ion at m/e 155. "P NMR (H,PO,): 6 -9.52 (d, Jp-F = 964 
Hz); I9F NMR (CC1,F): 4 -81.46 (d). 

2. Fluorotriphenylmethane 

CH2CI2 

(C,H,),CH + COF, + Et,N + (C,H,),CF + C o  + Et3N*HF 

To the Pyrex glass flask are added 0.49 g (2 mmol) of (C,H,),CH [Aldrich], 
20.0 mL of anhydrous reagent grade CH2CI,, and 0.20 g (2 mmol) of triethy- 
lamine. By using vacuum transfer techniques,, 0.12 g (2 mmol) of COF,-' [PCR] 
is added to the thoroughly stirred mixture, and stirring is continued at room 
temperature for 12 hr. The color of the solution changes from colorless to yellow. 
The solvent and other volatile materials are transferred under dynamic vacuum 
into a trap cooled to - 196". 

Carbon monoxide does not remain in the trap at - 196" under 
dynamic vacuum. The vacuum pump should be vented into a well-ventilated fume 
hood. 
The (C,H,),CF and triethylammonium fluoride remain in the flask. The latter is 
removed by bulb-to-bulb distillation at 50"/1 torr. The residue, which is crude 
(C,H,),CF,' is purified by recrystallizing from benzene to give 0.32 g (1.25 
mmol; 60%). 

Caution. 

Properties 

Fluorotriphenylmethane is a white solid that decomposes slowly, gradually 
becoming brown. It melts at 103-104" with decomposition. 19F NMR (CC1,F): 
4 - 126.5. 

3. N-Fluorodimethylamine 

CHzCI, 

(CH,),NH + COF, + Et,N + (CH,),NF + CO + Et3N-HF 

In the Pyrex glass flask are mixed 0.09 g (2 mmol) of dimethylamine, 0.20 g 
(2 mmol) of triethylamine, and 20.0 mL of anhydrous reagent grade dichloro- 
methane. Using standard vacuum transfer techniques,, 0.12 g (2 mmol) of COF; 
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[PCR] is added. The mixture is stirred for 12 hr at room temperature. The 
volume of the solvent is reduced to 4 mL, and bulb-to-bulb distillation is per- 
formed at room temperature to leave the solid Et,N.HF in the reaction flask. 
Final purification is accomplished by trap-to-trap distillation, which separates 
CH2C12 (trap at - 98") from (CH,),NF (trap at - 126"). Fluorodimethylamine 
is obtained as a colorless liquid (0.056 g, 0.89 mmol, 45%). 

Anal. Calcd. for C2H,NF8: C, 38.1; H, 9.6; N, 22.2. Found: C, 37.9; H, 
9.5; N,  21.9. 

Properties 

N-Fluorodimethylamine is a colorless volatile liquid that melts at - 113" and is 
not stable at ambient temperature. At O", it has a vapor pressure of 221 .O torr.' 
The mass spectrum gives a molecular ion at mle 63; 19F NMR (CCI,F) 4 - 24.5. 
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20. CHROMIUM DIFLUORIDE DIOXIDE (CHROMYL 
FLUORIDE) 

185" 

CrO, + COF2 --* CrOzFz + C02 

Submitted by GARY L. GARD* 
Checked by STANLEY M. WILLIAMSONt 

*Department of Chemistry, Portland State University, Portland, OR 97207. 
?Department of Chemistry, University of California at Santa CNZ, Santa Cruz, CA 95064. 
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Although the literature describes a number of methods for preparing C Q F , ,  the 
above reaction represents a convenient, quantitative, and facile synthesis.' Chro- 
my1 fluoride converts hydrocarbons to ketones and organic acids and is unique 
in providing easy routes to other chromyl compounds; for example, chromyl 
nitrate is easily prepared from CrO,F, and NaNO,.' Previously, it was necessary 
to prepare and handle N,O, in order to prepare chromyl nitrate., 

Procedure 

Caution. Carbonyl fluoride is a water-sensitive and highly poisonous 
gas. I t  should be handled in a well-ventilated hood and in a well-constructed 
vacuum line. Chromium diyuoride dioxide is a strong oxidizer. Organic materials 
must be absent. 
Chromium(V1) oxide [American Scientific] (0.90 g,  9 mmol) that has been dried 
at 110" for 24 hr is added to a 100-mL Hoke stainless steel vessel in a dry box. 
The vessel is fitted with a Hoke stainless steel needle-nose valve, attached to a 
standard Pyrex glass vacuum line, and evacuated. Carbonyl fluoride4 [PCR] 
(1.58 g, 24 mmol) is measured by means of PVT techniques and transferred 
into the Hoke vessel cooled to - 196". After the vessel is heated at 185" for 12 
hr, it is cooled to -78", and any materials that are volatile at that temperature 
(CO,, COF,) are removed under dynamic vacuum. 

The violet-red solid remaining in the vessel is transferred under vacuum into 
another Hoke stainless steel vessel. It is pure CrO,F, (1.90 g, >99%). 

Anal. Calcd. for CrO,F,: Cr, 42.62. Found: Cr, 42.71. 

Properties 

Chromium difluoride dioxide is a violet-red crystalline solid that at 29.6" has a 
vapor pressure of 760 mm. It melts to an orange-red liquid at 31.6", and its 
vapor pressure at the triple point is 885 mm.' Although the fluoride is thermally 
stable,6 care should be exercised in its handling because it is water-sensitive and 
is also a very strong oxidizing agent. 

The IR spectrum of Cr02F2 has very strong absorption bands at 1016, 1006, 
789, and 727 cm-'; strong bands also appear at 304 and 274 cm-I.' The gas- 
phase Raman spectrum* contains the symmetric stretching vibrations at 1007 
and 728 cm-'; these are found at 995 and 708 cm-' in the liquid state.' In the 
solid state, the symmetric terminal Cr-F stretch at 708 cm-' is replaced by a 
new peak at 540 cm-', which is assigned to a bridging fluorine stretching mode 
(Cr-l=-Cr).9 The positive and negative ion mass spectra for Cr02F2 have been 
determined; singly charged positive ions found were: CrO,F,', CrOF,+, CrF,' , 
Cr02Ff,  CrOF+, CrF' , CrO,' , CrO' , and Cr' . l o  More recently, the molecular 
structure of chromyl fluoride has been reinvestigated by electron diffraction of 
the gas. I '  
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21. NITRYL HEXAFLUOROARSENATE 

2N0, + F, + 2AsF, -+ 2[NO,][AsF,] 

Submitted by MICHAEL J. MORAN,* JOANN MILLIKEN,? and RONALD A. DE MARCOt 
Checked by SCOTT A. KINKEADS 

The recent interest in nitryl hexafluoroarsenate, [NO,][AsF,], as an oxidizing 
agent has emphasized the need for a simple, one-step, high-yield synthesis of 
this compound. Previous syntheses have involved the initial preparation of NO,F'.' 
and subsequent reaction with AsF,; the use of HF334 with HNO,, CIN02, or 
nitrate esters; the reaction of NO,, BrF,, and As,O;; the use of FNO:; or 
metathetical reactions' from other [AsF,] - salts. These reactions generally are 
conducted in metal cylinders or quartz vessels. The method reported here involves 
the direct reaction of NO,, F,, and AsF, in a Pyrex vessel and provides a pure 
product. 

Procedure 

Caution. Although this reaction has been conducted repeatedly without 
incident, extreme care should be exercised at all times, and adequate shielding, 
and protective clothing must be used. Attempts to conduct this reaction at a 
scale larger than 6 mmol have not been made. Fluorine is highly oxidizing and 

*West Chester State College, West Chester, PA 19380. 
FNaval Research Laboratory, Washington, DC 20375. 
$Department of Chemistry, University of Idaho, Moscow, ID 83843 
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very reactive. Easily oxidized materials and all organic compounds should be 
absent. Nitrogen oxides and arsenic pentafluoride are highly poisonous. The 
reaction should be conducted in a well-ventilated fume hood. 
Fluorine [Matheson] is pretreated to remove HF and SiF, impurities and is 
handled in a passivated copper vacuum line designed for fluorine use. Approx- 
imately 1 g of NaF and four stainless steel balls are placed in a 200-mL high- 
pressure stainless steel Hoke cylinder [Koch Associates] and a high-pressure 
stainless steel needle valve [Koch Associates] is attached to the cylinder. The 
cylinder is evacuated on the copper line and cooled to - 196". A total of 50 
mmol of fluorine is carefully condensed into the cylinder. The cylinder valve is 
closed. The cylinder is allowed to warm slowly to ambient temperature in an 
empty, precooled Dewar flask ( -  196"). It is removed from the vacuum line, 
shaken to loosen and spread the NaF, placed on its side for 2 days, and shaken 
periodically. The cylinder is reattached to the vacuum line, and the space between 
the valves (interspace) is evacuated. A stainless steel infrared cell (8.0 cm) with 
AgCl windows is attached to the vacuum line and evacuated. A high-pressure 
infrared spectrum (2 atm) indicates that traces of CF, are present, but HF and 
SiF, are absent.* 

The arsenic pentafluoride [Ozark-Mahoning] and NO, [Matheson] must be 
carefully purified by trap-to-trap fractional condensation on a standard Pyrex 
vacuum line torr) equipped with Teflonlglass valves. To purify the AsF,, 
the less volatile impurities (HF and AsF,) are condensed at - 95" (toluene/liquid 
nitrogen), the AsF, is condensed at - 126" (methylcyclohexane/liquid nitrogen), 
and the more volatile SiF, is condensed at - 196O.t The NO, is purified by 
collecting the NO, in a bath at -78" (acetoneiDry Ice) and passing the more 
volatile NO into a bath at - 196". The trap-to-trap distillations are repeated at 
least three times in each case. The removal of all traces of NO is important. We 
believe that traces of NO form side products, most likely NOF, that contaminate 
the product.$ 

A Pyrex reaction vessel with a volume of approximately 390 mL is constructed 
from a 350-mL round-bottomed Pyrex flask with a 29/42 standard taper male 
joint connected to the neck, and a Teflodglass stopcock that has a 29/42 standard 
taper outer joint. The standard taper joints are lubricated with Fluorolube grease 

*The checker reports that F2 is sufficiently purified by passing the F2 through a NaF scrubber. 
+The checker reports that HF and SiF, are removed from the AsF, by exposing the AsF5 to NaF 

for approximately 5 min. The AsF, is removed by distilling the AsF, through a bath at -98" 
(methanol/liquid nitrogen). 

$The checker also reports that NO2 is purified in a modified method. The NO2 is expanded into 
the vacuum line, then condensed into a trap and isolated. Pure O2 is admitted into the vacuum line 
and the NOz allowed to warm up and mix with the 02. The NOL is recondensed into the trap and 
the O2 is pumped from the line. The process is repeated until the blue N203 color is no longer visible 
in the condensed NO2. 
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[Fisher Scientific]. The vessel is attached to the glass vacuum line with Swagelok 
connectors [Potomac Valve & Fitting], evacuated under high vacuum, and dried 
under dynamic vacuum by heating with a flame from a torch. Care should be 
exercised during the heating to prevent the glass from collapsing. When the 
vessel cools, the valve is closed and the reactor is transferred to the copper line 
and connected with Swagelok connectors. The interspace is evacuated, and 
approximately 100 torr of F, is added to the vessel to passivate the surface. Then 
the stopcock is closed. The vessel is removed from the vacuum line and placed 
in the sunlight for approximately 1 hr. The vessel is reattached to the copper 
vacuum line, and the interspace is evacuated. The F, is removed and passed 
through a soda lime trap, and the stopcock is closed. 

The reactor is taken from the copper line and attached to the glass vacuum 
line with Swagelok connectors. The interspace is evacuated, and the base of the 
reactor is cooled to - 196". The stopcock valve is opened, and the NO, and 
AsF, are added in layers. First, the NO, (5.84 mmol) is slowly condensed onto 
the bottom of the flask, followed by the AsF, (5.84 mmol). The reactor stopcock 
is closed, and the flask, while being maintained at - 196", is removed from the 
glass line and reconnected to the copper line. The interspace is evacuated, and 
the entire bulb of the reactor is cooled to - 196". Excess F2 (6.0 mmol) is slowly 
and carefully distilled into the vessel. With the temperature of the vessel main- 
tained at - 196", the stopcock on the vessel is closed and the vessel is removed 
from the copper line. The liquid nitrogen coolant is discarded, and the cold 
Dewar flask placed around the reaction vessel. The Dewar flask and the vessel 
are then placed behind a shield and allowed to warm slowly to ambient tem- 
perature by placing towels around the neck of the Dewar flask to reduce the rate 
of warming. As the flask warms to room temperature (-2 hr), a copious amount 
of white solid forms. The vessel is attached to the copper line, and the interspace 
is evacuated. The excess F2 is removed at - 196" and passed through a soda- 
lime trap, and any unreacted AsF, and NO, are removed under dynamic vacuum, 
condensed in a waste trap, and hydrolyzed. After pumping for approximately 
15 rnin, the stopcock valve is closed, and the vessel is disconnected from tbe 
vacuum line and transferred into a dry box. The stopcock on the vessel is opened, 
the standard taper joints are disconnected, and the grease is removed from the 
standard taper joint. Approximately 1.01 g (75% yield) of product is scraped 
into a tared Kel-F vessel equipped with a stainless steel Swagelok cap and Teflon 
ferrules. 

Properties 

Nitryl hexafluoroarsenate is a white crystalline solid that is stable at room tem- 
perature and sensitive to moisture. The product is identified and its purity estab- 
lished (extraneous peaks are not observed) by infrared spectrass9 (Nujol and 
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Fluorolube mulls) 395 (vs), 605 (m), 700 (vs), and 2380 (m) cm-'; a Raman 
spectrum' 373 (vw), 385 (m), 586 (w), 696 (vs), and 1406 (s) cm-'; and Debye- 
Schemer X-ray powder pattern (d, A) 5.05 (s), 4.96 (vs), 4.55 (vs), 3.90 (w), 
3.55 (vs), 3.40 (vs), 2.92 (m), 2.68 (w), 2.45 (m), 2.38 (m), 2.21 (s), 2.06 
(w), 1.92 (w), 1.85 (w), 1.77 (m,bd), 1.69 (m), 1.64 (w), 1.56 (w), and 1.52 
(w>. 

The salt is soluble in nitmmethane, and, like other nhyl  salts (e.g., [No,][pF6], 
[N0,][SbF6]), it is an excellent nitrating agent for aromatics"." and a good 
oxidizing and intercalating agent for graphitel2-l4 and polyacetylene. Is 
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OCTASULFUR)SILVER( 1 + ) 

HEXAFLUOROARSENATE(1- ) 
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Although charge transfer complexes with &,' metal complexes with ionic sulfur 
moieties,' and several covalent compounds containing homocyclic sulfur rings3 
are well established, the reaction of cyclo-octasulfur with silver hexafluoroar- 
senate in liquid sulfur dioxide provides a new synthetic pathway to a coordination 
compound of a neutral s8 ring.4 Earlier work has shown that metal hexafluo- 
roarsenates form complexes with very weak 0, N, and S donors, using liquid 
sulfur dioxide as solvent.' 

General Procedure 

Caution. Arsenic pentajuoride and its derivatives are highly toxic. Liq- 
uid sulfur dioxide can generate up to 3 atm of pressure at  room temperature. 
The handling of such solutions requires reinforced glass equipment, suitable 
shields, and heavy gloves. The reaction should be carried out in a well-ventilated 
hood. Sulfur dioxide should not be cooled below - 78" because solid SO, (mp 
- 78") may cause glass vessels to crack on warming up. 
Solids are transferred into or out of the reaction vessel, a modified Schlenk 
apparatus shown in Fig. 1 ,6 in a nitrogen-purged glove box. Solids and a magnetic 

B 
I< ZOO mm -4 

Fig. I .  Modijied Schlenk appamtus. 
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stirring bar are filled into part A of the vessel, and the whole apparatus is carefully 
evacuated on a suitable vacuum line with a crude manometer ranging from 0 to 
lo00 torr. Anhydrous sulfur dioxide is dried by storing it over phosphorus 
pentoxide in a metal or reinforced glass cylinder with Teflon valve. The approx- 
imate amount of SO, is condensed into the flask at -78" (Dry Ice/acetone) by 
closing the vacuum line to the pump and opening the storage tank. The total 
pressure should not exceed 300 tom. 

A. SILVER HEXAFLUOROARSENATE 

Procedure 

The use and handling of arsenic fluorides and liquid SO, have been de~cribed.~ 
Powdered silver metal (5.4 g, 50 mmol) is filled into part A of the flask, and 
about 25 mL of SO, is condensed as described above. Similarly, arsenic pen- 
tafluoride (13.6 g, 80 mmol, 5.4 mL) is condensed from the storage tank into 
a small metered trap at -78" (d-790 = 2.47 g/mL) and then retransferred into 
the reaction vessel. The system is closed and then slowly warmed with stimng. 
The reaction is maintained at room temperature until the silver is totally dissolved 
(about 2 hr).* The solution is filtered through frit F into part B, and most of the 
volatile materials are recondensed by cooling to 0" into part A. After a short 
period, white crystals of Ag[AsF,] begin to precipitate and the volatile materials 
are pumped away under vacuum. The salt is formed in quantitative yield and 
can be used without further purification. 

Properties 

Silver hexafluoroarsenate is a white crystalline solid, sensitive to moisture and 
light. Therefore, it should be stored in a dark sealed tube. It is very soluble in 
SO,, insoluble in nonpolar solvents such as dichloromethane, and soluble in 
complexing solvents such as acetonitrile and dioxane with complex formation. 
Contact with such solvents should be avoided, since the solvent complexes are 
very stable and the salt is no longer useful for complexation. 

B. BIS(CyCZO-OCTASULFVR)SILVER(l+ ) 
HEXAFLUOROARSENATE(1- ) 

Procedure 

Commercially available sublimed sulfur is dried under vacuum. Because the 
product is sensitive to daylight, the reaction is carried out with the flask wrapped 
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in aluminum foil. A mixture of 1.1 1 g (3.7 mmol) of freshly prepared Ag[AsF,]* 
and 1.92 g (7.5 mmol) of S, is filled into part A of the Schlenk apparatus. After 
evacuation, 20 mL of sulfur dioxide is condensed as described above. After 
warming up, the solution is stirred at room temperature for 2.5 hr. The solution 
is filtered into part B of the flask, and the solid residue is extracted carefully 
several times by condensing SO, from part B into part A and pouring it back 
into part B of the vessel. After removal of SO, through one of the stopcocks 
and drying under vacuum, [Ag(S,),][AsF,], mp 155" (dec.), is obtained in pure 
form in 90% yield.? 

Properties 

Bis(cyclo-octasulfur)silver( 1 + ) hexafluoroarsenate( 1 - ) is a moisture-sensitive 
pale yellow crystalline solid that decomposes in the daylight to yield black Ag,S.4 
It can be stored indefinitely in a dark sealed tube under nitrogen. The compound 
is soluble only in SO,, insoluble in nondonor solvents, and decomposes in donor 
solvents, yielding the solvent complex and elemental sulfur. 

An IR spectrum (Nujol mull) with absorption bands at 712 (s), 696 (s), 676 
(s), and 395 (s) cm-I, and a Raman spectrum with bands at 675 (w), 470 (m), 
465 (m), 437 (w), 263 (w), 223 (s), 162 (m), and 155 (s) cm-l have been 
recorded. The structure has been established by X-ray diffraction. The unit cell 
consists of four ion pairs in the space group C2/c. The silver atom is distorted 
Ccoordinate with 1,3 linkage of the two sulfur rings, which exhibit only a slight 
change in their geometry compared to free cyclo-octasulfur. 
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23. TRIBROMOSULFUR(1V) 
HEXAF'LUOROARSENATE(V) 

so2 
S, + 12Br2 + 12AsF, + 8[SBr,][AsF,] + 4AsF, 

Submitted by MIKE MURCHIE* and JACK PASSMORE* 
Checked by ROBERT C. THOMPsONt 

Based on the extrapolation of the properties of SF, (stable) and SCI, (dissociates 
at -31"), sulfur tetrabromide, if it can be prepared, is likely to be very unstable. 
However, the tribromosulfur(1V) cation' can be prepared quantitatively as the 
salt of the very weakly basic [AsF,]- and [SbF,]- anions. The advantage of 
[AsF,]- as the anion is that AsF, and the solvent SO, are readily removed to 
give the desired [SBr,][AsF,] as the sole solid product. The disadvantage is that 
[SBr,][AsF,] is less stable to decomposition than is [SBr,][SbF,], but synthesis 
of the latter results in the formation of antimony(III)/antimony(V) fluoride corn- 
plex salts, and [Sb,F,,]- anions if excess SbF, is added. Although only the 
synthesis of [SBr,][ASF,] is described here, [SBr,][SbF,] is synthesized in essen- 
tially the same manner. 

Procedure 

Caution. All reagents should be used in a very efJicient fume hood with 
appropriate precautions, especially AsF,. 2.3 Arsenic pentajluoride is very poi- 
sonous and hydrolyzes readily to form HF. Sulfur dioxide is poisonous and boils 
at - 10". Well constructed glass vessels or metal systems must be employed to 

*Department of Chemistry, University of New Brunswick, Fredericton, New Brunswick, Canada 

tDepartment of Chemistry, University of British Columbia, Vancouver, British Columbia, Can- 
E3B 6E2. 

ada V6T 1.1'6. 
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I 

2 - 1 - 
Fig. I .  Two-bulbed glass reaction vessel. (a )  Teflon-stemmed Pyrex valve [Kontes]; 
(b) %-in. 0.d. glass tubing joined to the manifold via a Hoke or Whitey (1KS4) [Whitey 
Tool] metal valve and Swagelok Teflon compression fittings [Crawford Fitting]; ( c )  thick- 
walled glass bulbs (8-15 mL); and (d) coarse sintered glass frit. 

prevent pressure bursts. Bromine is corrosive and is harmful to skin and mucous 
membranes. Gloves must be worn. The [SBr,]' salts react very readily with 
moisture and should be manipulated in a rigorously moisture-free environment. 
Sulfur (0.24 g, 0.9 mmol) is loaded into bulb 1 of the reaction vessel by removing 
the Teflon valve stem (Fig. 1). The assembled vessel is connected to the vacuum 
line (Fig. 2) and evacuated for at least an hour while the bulb is heated gently 
with a Bunsen flame or hot air gun. Prior to use, the metal line is evacuated 
with gentle heating to remove traces of water and is prefluorinated with elemental 
fluorine [Matheson], sulfur tetrafluoride [Matheson], or arsenic pentafluoride 
[Ozark-Mahoning]. Sulfur dioxide (3.66 g, 57.1 mmol) is condensed onto the 
sulfur with a slow rate of transfer in order to prevent bumping of the liquid SO, 
in the reservoir. The liquid sulfur dioxide is stored over CaH,. Arsenic penta- 
fluoride [Ozark-Mahoning] (2.09 g, 12.3 mmol) is transferred onto the mixture 
in aliquots from a premeasured volume at a known pre~sure .~ .~  On warming to 
raom temperature the solution becomes red-brown and, after 5 min, dark blue, 
which indicates the formation of [S,][AsF,],. 

The pressure in the reaction vessel will be greater than I atm. 
Face shield, heavy gloves, and safety shields should be used. 
Bromine (1.86 g, 11.6 mmol), which is stored in a glass vessel over P,O,,, is 
condensed onto the mixture at -78". After it is warmed to room temperature 
and agitated for 5 min, a yellow-brown solution over bright yellow crystals is 
obtained. The solution is transferred through the sintered glass frit into bulb 2. 
The SO, is condensed onto the solid by cooling bulb 1 at -78". On warming 
to 22", some of the solid dissolves in the liquid SO,, and the solution is again 

Caution. 
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T 

( j )  
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Fig. 2 .  Metal vacuum line. ( a )  %-in. Monel tubing silver soldered to %-in. Monel 
tubing to form the manifold; ( b )  stainless steel Hoke or Whitey (1KS4) valve joined to 
the manifold by Swagelok Teflon compression fittings [Crawford Fitting]; (c) stainless 
steel gauge (30 in. Hg vacuum to 60 psi) [Dresser Industries]; (d) copper soda lime trap; 
(e) Pyrex glass cold trap ( -  196°C); (f) Teflon-stemmed Pyrex valves [Kontes]; (g) metal 
lecture bottle of AsF,; (h) SO, reservoir; ( i )  Br, reservoir; and 0') reaction vessel. Note: 
All glass-to-metal seals (round-bottomed flasks to Hoke or Whitey (lKS4) valves) are 
formed by %-in. 0.d. glass tubing attached to the Hoke or Whitey (1KS4) valve by Teflon 
compression fittings [Whitey Tool]. 

poured through the frit into bulb 2. This process is repeated until all soluble 
material has been transferred to bulb 2. Highly crystalline material is obtained 
by condensing the volatile SO, and AsF, into bulb 1 by cooling it with tap water 
(-1 1") while bulb 2, which contains the solventholute mixture, is held at room 
temperature overnight. The volatile materials are then removed under vacuum 
(-0.5 - 1.5 hr). 

Calcd. weight of [SBr,][AsF,] based on sulfur taken: 3.46 g. Found: 3.47 g. 
If less highly crystalline material is satisfactory, the reaction vessel (Fig. 1) 

can be replaced by a single thick-walled tube and the volatile materials removed 
immediately after the reaction is complete. 

Properties 

Solid [SBr,][AsF,]' decomposes slowly at room temperature in a sealed glass 
tube under an atmosphere of dry nitrogen. The decomposition is not sufficiently 
rapid to prevent spectroscopic investigation and handling over a time period of 
hours. Samples have been stored at -20" for periods of 6 months without 
noticeable signs of decomposition. The compound [SBr,][AsF,] is best identified 
by its Raman spectrum: 685 (sh), 674 (m), 573 (w), 562 (w), 429 (mw)?, 414 
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(m)?, 391 (w), 375 (vvs)t, 367.5 (sh), 175 (w)?, and 128 (w)? cm-'  (t identifies 
vibrations due to [SBr,]'). 
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24. OSMIUM(V1) FLUORIDE 

0 s  + 3F2 -+ OsF, 

Submitted by ROBERT C. BURNS* and THOMAS A. O'DONNELL* 
Checked by ROLAND BOUGONt 

In earlier reports of its formation, osmium(V1) fluoride was prepared in a flow 
system by passing fluorine gas over hot osmium metal. The volatile OsF, was 
collected in a cooled trap. ' However, it is more convenient to prepare OsF, and 
similar higher fluorides in a closed system.* This approach is now used routinely 
for a wide range of penta-, hexa-, and heptafluorides, for example, VF,, MoF,, 
WF,, UF6, ReF,, w 6 ,  and ReF,, that are stable at 25". Osmium(V1) fluoride is 
a useful precursor to OsC1, by using a halogen exchange reaction with BC1, at 
2Y.' 

There are several potentially hazardous aspects to this syn- 
thesis. Fluorine is a highly oxidizing gas. Contact with any combustible material, 
such as, hydrocarbon grease, causes a local hot spot, and metal components 
normally resistant because of formation of a passive layer of jluoride can then 
burn uncontrollably. All metal components, especially valves, must be thoroughly 
degreased before use with fluorine. All organic materials must be absent. Skin 
and clothing should be protected with gloves and a lab coat. All hydrolyzable 
fluorides, including OsF,, form hydrogen fluoride on contact with moisture or 
tissue. Hydrogen fluoride causes severe, slowly healing burns. Oxidative hydrol- 
ysis of OsF, can form OsO,, which is very volatile and very toxic. Contact with 
eyes must be avoided. 

Caution. 

*Department of Inorganic Chemistry, University of Melbourne, Parkville, Victoria, 3052, Australia. 
?Centre d'Etudes NuclCaires de Saclay, 91191 Gif sur Yvette, C6dex. France. 
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Information is available on safe handling of fluorine and volatile fluorides and 
on the treatment in the event of personal exposure to these  material^.^ 

Procedure 

A metal (stainless steel, nickel or Monel) vacuum line is constructed in a well- 
ventilated h ~ o d . ~ . ~  This line is equipped with a Bourdon tube gauge [Dresser 
Industries] with a range of at least 0-1500 torr. A small cylinder (0.5 Ib) of 
fluorine [Matheson] is stored behind a suitable barricade [Matheson]. The cyl- 
inder is equipped with a standard two-stage regulator [Matheson] and then con- 
nected to the metal line via %-in. copper, nickel, or Monel tubing. 

H Caution. The vacuum forepump is protectedfrom the corrosive, reactive 
fluorine gas by pumping all gasesfrom the line through a trap containing granules 
of activated alumina or soda lime. 
The fluorination of osmium can be carried out in a reaction vessel welded from 
nickel, Monel, or stainless steel tubing with end plates and flanges of similar 
metal, A typical vessel is a cylinder 20 cm in height, 6 cm in diameter, and of 
wall thickness 3 mm or greater. It has an upper flange (12 mm thick) welded to 
it, and this is bolted to a top plate (12 mm thick) into which is welded 15 cm 
of Y4-in. 0.d. tubing to which is fitted a Whitey valve (SS-IKS4) [Seattle Valve 
and Fitting]. All dimensions are approximate except the outside diameter of the 
connecting tube, which must match Swagelok connections [Seattle Valve and 
Fitting]. The top plate and %-in. tube are fitted with a metal jacket through 
which cooling water circulates to protect the gasket and the valve from thermal 
damage. An essential feature of the vessel is the shear seal gasket used to seal 
the top plate to the reactor flange. This type of seal can be constructed from 
annealed copper or nickel and is particularly useful in the preparation of metal 
 fluoride^.^ 

Metallic osmium (10 mmol, 1.9 g) is loaded into the metal vessel, and the 
top plate is bolted into place. The vessel is attached to the vacuum line and 
evacuated. An excess of fluorine (-32 mmol) is metered into the vessel. This 
can be done assuming ideal gas behavior; for example, in a vessel such as the 
one described, where the volume is -565 mL, a pressure of 975 torr in the 
evacuated vessel will assure the addition of -32 mmol of F,. The valve is closed. 
The line is evacuated slowly through the soda lime or alumina trap. 

The reaction between fluorine and soda lime or alumina is 
very exothermic; therefore, the fluorine must be removed slowly. 
The vessel is maintained at 350-400" for about 3 hr. The reactor is reattached 
to the vacuum line and cooled to -78" (Dry Ice/acetone slush). The excess 
fluorine is removed by way of the soda lime or alumina trap. Then the reaction 
vessel is allowed to warm to room temperature and the volatile OsF, is transferred 

Caution. 
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into a smaller metal vessel for storage. This vessel should contain a small amount 
of NaF to act as a “getter” for any HF that may be present. The yield of OsF, 
is -3 g (9.9 mmol; -100%). 

Anal., Calcd. for OsF,: Os, 62.5; F, 37.5. Found: Os, 62.7; F, 38.2. 
Larger scale preparations are possible. Higher pressures of fluorine gas are 

required. 

Properties 

Osmium(V1) fluoride is a water-sensitive yellow solid that melts at 32.1’. The 
gas-phase IR spectrum recorded in a nickel cell with AgCl windows has bands’ 
at 1453 (m), 1352 (w), 969 (w), and 720 (vs) cm-’. 
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Chapter Two 

MAIN GROUP COMPOUNDS 

25. ETHYLBORONIC ACID AND 
TETRAETHY LDIBOROXANE/TRIETHY LBOROXIN (3: 1) 

Submitted by ROLAND KOSTER* and PETER IDELMA"* 
Checked by GARY M. EDVENSONt and DONALD F. GAINESt 

A. ETHYLBORONIC ACID (ETHYLDIHYDROXYBORANE) 

Ethylboronic acid, C,H,B(OH),, is a colorless crystalline product that can be 
used for the preparation of various 0-substituted ethylboron compounds, such 
as triethylboroxin and 2-ethyl- 1,3 ,bdioxaborolanes or -borinanes: 

HO 0 
C,H,B(OH), + )(CH,), -+ C,H,B( )(CH,), n = 2,3 

0 - 2HzO HO 

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

?Department of Chemistry, University of Wisconsin-Madison, Madison, WI 53706. 
Ruhr, West Germany. 
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The 3: 1 reagent mixture of tetraethyldiboroxane and triethylboroxin is important 
for preparative purposes and is prepared from ethylboronic acid. Ethylboronic 
acid influences the reaction course of carbohydrates. 

Ethylboronic acid can be prepared from chloroethylphenylborane,2 diethyl 
ethylb~ronate,~ or triethylb~roxin.~ Very impure products resulted from the 
hydrolysis of the products obtained when trimethyl borate was reacted with 
brornoethylmagne~ium.~~~ Ethylboronic acid is best prepared by the reaction of 
triethylboroxin with water. Triethylboroxin is easily obtained from diboron triox- 
ide with triethylb~rane'.~ or from tetraethyldiboroxane either thermally or by 
>BH cata~ysis.~ 

Triethylboroxin' may be prepared as follows. Ethyldiboranes(6). [- 0.05 g; 
10.1% H- = 0.05 mmol >BH]" are added to 6 g (39 mmol) of 
tetraethyldiboroxane" at -O", and the stirred mixture is heated to 130-140" (bath 
temperature) for 30 min, during which time triethylborane distills off. The solu- 
tion is then cooled to room temperature and concentrated under vacuum (1 2 torr) 
to remove the last traces of triethylborane. Triethylboroxin is obtained as a 
colorless liquid residue (2.2 g; 100%). 

Procedure 

A 50-mL three-necked flask is fitted with a stirrer, a 25-mL dropping funnel, 
and an argon bubbler. The apparatus is evacuated while being heated with a gas 
flame and is then filled with N, or Ar. To a solution of 5 g (29.8 mmol) of 
triethylboroxin in hexane (30 mL) at -20", 1.5 g (83.3 mmol) of water is added 
dropwise with stirring over a period of about 20 min. The temperature rises to 
-30", and a voluminous precipitate forms. The residual water is flushed from 
the dropping funnel into the reaction mixture with a small amount of hexane. 
The mixture is then stirred for -3 hr at -20", filtered (D-3 glassfrit), and washed 
four times with cold pentane (-5-mL portions) to remove excess triethylboroxin. 
Air is strictly excluded. The product is dried (mu. 5 min!) under vacuum (lo-' 
torr and bath temperature -30") to avoid loss due to sublimation. Colorless 
crystalline ethylboronic acid (6.2 g; 100%)* with mp 90" is obtained. 

Anal. Calcd. for C,H,BO,: C, 32.51; H, 9.55; B, 14.63; H', 2.73. Found: 
C, 32.59; H, 9.61; B, 14.48; H', 2.70. 

With activated triethylb~rane,'"'~ the compound gives 2 equivalents of ethane 
[volumetric determination of the purity by the ethane number (EZ)15*16 = 21. 

Properties 

Ethylboronic acid has been reported several times since 1862.3 The previously 
described melting points (e.g., 166-16705; 161-166&) are those of impure boric 

*Checkers obtained 32% when using 8 mmole of triethylboroxin. 
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acid [mp 169"" (dehydration)], which forms from ethylboronic acid by moist 
air oxidation. The oxidation of an aqueous solution of ethylboronic acid in air 
gives boric acid and ethanol: 

2CzH,B(OH)z + 0 2  + 2H2O + 2B(OH)3 + 2CzHsOH 

Above its melting point ethylboronic acid decomposes to give water and 
triethylboroxin: 

0 
/ \  rZH5 >90' 

3CzH,B(OH), -+ 
- 3 H 2 0  \ /  

B 

ZH5 

With strict exclusion of air, the very water-soluble ethylboronic acid is stable. 
Spectral data include the following: Infrared (KBr): uOH = 3400 cm-I; uB0 = 
1390 cm-I. Mass (70 eV): rnle 74 (M+ , 4%), 57 (M -OH, 3%), 45 (M - Et, 
100%). 'H NMR [60 MHz, di(methy1-d,) sulfoxide]: 6 7.04 ppm (broad, OH), 
0.9 ppm (m, >BEt) in the ratio 2 5 .  "B NMR [32.1 MHz, di(methy1-d3) sulf- 
oxide]: 6 32.5 ppm (Hwb = 525 Hz). "0 NMR (27.1 MHz, tetrahydrofuran- 
d8): 6 94.5 ppm (Hwb - 270 Hz). 

B. TETRAETHYLDIBOROXANE/TRIETHYLBOROXIN (3: 1) 

Mixtures of tetraethyldiboroxane and triethylboroxin are suited for the combined 
introduction of 0-diethylboryl and 0-ethyl boranediyl groups into various hydroxy 
types. With the help of boroxidboroxane mixtures, carbohydrates can be trans- 
formed to 0-substituted ethylboron derivatives. Tetraethyldiboroxane/triethyl- 
boroxin mixtures can also be used as modifying reagents for the determination 
of characteristic numbers of oligo- and polyhydroxy compounds with different 
organoboron reagents. 

All sorts of tetraethyldiboroxane/triethylboroxine mixtures can be obtained 
by mixing the components. Without using tetraethyldiboroxane, a defined 3: 1 
mixture of tetraethyldiboroxane and triethylboroxin with a constant boiling point 
can be prepared from triethylboroxin and triethylborane. The first step is the 
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reaction of triethylboroxin with water. In a second step the ethylboronic acid 
is reacted with activated triethylborane [- 1 mole % [(2,2-dimethylpro- 
panoyl)oxy]diethylborane's is added]. After separation from excess triethyl- 
borane, the distillable 3: 1 mixture with constant composition (bp,,, 152") is 
obtained. The expected bis[(diethylboryl)oxy]ethylborane (pentaethyltribora- 
dioxane) cannot be isolated. The decomposition of this compound to 3 parts 
tetraethyldiboroxane and 1 part triethylboroxin occurs during its formation. 

Procedure 

A 500-mL three-necked flask is fitted with a stirrer, a 25-mL dropping funnel, 
and a reflux condenser capped with an argon bubbler. Water (13.3 g; 732.7 
mmol) is added quickly with stimng -20" to 41.8 g (249.4 mmol) of triethyl- 
boroxin' in 200 mL of hexane. A voluminous precipitate forms, and the flask 
temperature rises to -30". After 4 hr at -20", 162.9 g (1.662 moles) of triethyl- 
borane that contains 300 mg of [(2,2-dimethylpropanoyl)oxy]diethylborane~~ is 
added dropwise with stimng over -8 hr. Ethane (31.2 L, -95%) is evolved in 
an exothermic reaction (tmm -70"). The distillation through a 60-cm fractionating 
column filled with 0.4-crn glass Raschig rings (bath temperature 120-170") gives, 
after hexane (bp,,, 69") and triethylborane (bp,,, 94-95"), 142.9 g (93%)* of a 
colorless 3: 1 mixture of tetraethyldiboroxane and triethylboroxin (bp,,, 152"). 
A yellow liquid residue (20 g) [boroxane/boroxine mixture including [(2,2-di- 
methylpropanoyl)oxy]diethylborane] remains. After addition of tetraethyldi- 
boroxane to the 3: 1 mixture, the excess boroxane (bp,,, 143") can be quantitatively 
distilled out of the mixture. Excess triethylboroxin (bp,,, 154") cannot be removed 
by distillation because of the small boiling point difference. 

Properties 

The 3: 1 tetraethyldiboroxanekiethylboroxin mixture has a constant boiling point 
at atmospheric pressure; bp,,, 152"; ng = 1.4015 [tetraethyldiboroxane: n: = 

1.4032; triethylboroxin: n: = 1.39651. Spectral data are as follows: Infrared 
(neat): vBo 1400 cm-'; vco 1100 cm-'; mass (70 eV): mle 168 (M+ from 
triethylboroxin, 13%); 139 (M+ - Et; 18%); 125 (M+ - Et from tetraethyl- 
diboroxane; 100%); IlB NMR (32.1 MHz, neat); S 52.8 ppm (tetraethyldibor- 
oxane) and 33.5 ppm (triethylboroxin) in the ratio 2:l (Hwb 125 and 180 Hz). 
I7O NMR (27.1 MHz, toluene-d,): 6 224 ppm (tetraethyldiboroxane) and 145 
ppm (triethylboroxin) in the ratio 1 : 1. 

*Checkers obtain a yield of 57% when using 10 mmol of triethylboroxin. This synthesis does 
not adapt well to a small-scale preparation due to the difficulty of performing the small-scale final 
distillation. 
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26. INDIUM(II1) IODIDE 

EfZO 

2In + 31, + 21111, 

Submitted by J. P. KOPASZ,* R. B. HALLOCK,* and 0. T. BEACHLEY, JR.* 
Checked by W. RODGER NUTTt 

Indium(II1) iodide is an important starting material for the preparation of a great 
variety of organoindium compounds. The synthesis described herein is a mod- 
ification of a published procedure.' Since the title compound is hygroscopic, a 
combination of Schlenk and high vacuum techniques is employed .' 

Procedure 

A 6.0033 (52.3-mmol) sample of indium foil cut into small strips and 20.0 g 
(78.8 mmol) of iodine are placed in a 250-mL flask equipped with a magnetic 

*Department of Chemistry, State University of New York, Buffalo, NY 14214. 
tDepartment of Chemistry, Davidson College, Davidson, NC 28036. 
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stirring bar and an efficient reflux condenser. The flask is attached to the vacuum 
line2 by a Teflon valve [Kontes] and standard taper adapter connected at the top 
of the condenser, the apparatus is evacuated, and 100 mL, of dry diethyl ether, 
distilled from Naknzophenone ketyl, is vacuum-distilled into the flask at - 1%". 
The flask, with the Teflon valve closed, is warmed to room temperature, and 
the contents are stirred. As the contents of the flask warm, the reaction becomes 
more vigorous. The last amount of indium is slow to react, so the solution is 
stirred at room temperature for 12 hr. The resulting solution without further 
purification can be used for the syntheses of organoindium compounds3 such as 
In(CH,SiMe,),. If indium(II1) iodide is to be isolated, the condenser is replaced 
with a bent sintered-glass filter stick with attached flask (Fig. 1) under an inert 
(argon or nitrogen) atmosphere, and the reaction mixture is filtered. The diethyl 
ether is completely removed by vacuum distillation to yield yellow crystalline 
indium(II1) iodide. The last traces of any excess iodine can be removed by 
washing the product three times with 20 ml of cold benzene to yield 24 g (95%) 
of InI,. Further purification can be achieved by vacuum sublimation at 120- 
130". 

Properties 

Indium(II1) iodide is a yellow hygroscopic crystalline solid, mp 210". The com- 
pound exists in the solid state as iodine bridged dimers4 (I2InI21nI2) and is readily 
soluble in organic solvents such as benzene, chloroform, and diethyl ether. The 
vibrational spectrum has been rep~r ted ,~  but the observed infrared and Raman 
frequencies occur in the far-infrared region, below 250 cm- I .  

to 
vacuum 

line 

Fig.  I .  Bent filter-stick filtration apparatus. 
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27. TRIS[(TRIMETHYLSILYL)METHYL]INDIUM 

E1,O 

11-11, + 3[(Me,Si)CH2]MgCI -+ In[CH,(SiMe,)], + 3 MgClI 

Submitted by J. P. KOPASZ,* R. B. HALLOCK,* and 0. T. BEACHLEY, JR.* 
Checked by R. A. ANDERSENT 

Tris[(trimethylsilyl)methyl]indium’ and its gallium2 analog are readily prepared 
from an appropriate metal halide [Alfa Products] and the (trimethylsi1yl)methyl 
Grignard reagent in diethyl ether. The apparent steric bulk of the three (tri- 
methylsi1yl)methyl groups reduces the Lewis acidity of the alkyl indium and 
gallium sufficiently to enable the diethyl ether to be readily removed at room 
temperature by vacuum distillation. The combination of the ease of preparation 
of the Grignard reagent and removal of the diethyl ether from the product made 
the following procedure preferable to one using the lithium alkyl in a hydrocarbon 
solvent. The air and moisture sensitivities of the compounds involved in this 
preparation require the use of inert-atmosphere (argon or nitrogen) and dry-box 
techniques. 

W Caution. The compound In[CH,(SiMe,)], burns spontaneously in air, 
and indium compounds are toxic. The reaction should be carried out in a good 
hood, and adequate protection should be employed. 
The following procedure can be readily adapted for the preparation of 
Ga[CH,(SiMe,)], from GaCl, and [(Me,Si)CH,]MgCI in diethyl ether.* 

Procedure 

Diethyl ether should be dried over Ndbenzophenone ketyl and distilled under 
an inert atmosphere prior to use. The Grignard reagent is prepared from 4.83 g 

*Department of Chemistry, State University of New York at Buffalo, Buffalo, NY 14214. 
?Department of Chemistry, University of California, Berkeley, CA 94720. 
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(0.199 mole) of Mg and 23.6 g (0.193 mole) of (Me,Si)CH,CI [PCR] in diethyl 
ether (total volume of 125 mL) in a 250-mL three-necked round-bottomed flask 
by means of standard  procedure^.^ If the magnesium does not react with the 
(Me3Si)CH2Cl, a few crystals of iodine should be added to the magnesium, 
without stirring. After the iodine color has disappeared, the reaction should begin, 
as evidenced by bubbling in the solution. The diethyl ether solution of 
(Me,Si)CH,Cl should be added at a rate that maintains a slow but steady reflux. 
When the reaction is complete and the solution has cooled to room temperature, 
the solution of Grignard reagent can be transferred to an addition funnel under 
argon flush and cover. 

A diethyl ether solution of InI, (25 g, 50 mmol, 100 mL Et,O) is contained 
in a 500-mL flask equipped with a magnetic stirring bar, reflux condenser, and 
a 150-mL pressure-equalizing addition funnel and is purged with argon gas. The 
Grignard reagent solution is transferred to the addition funnel under argon by 
using either a syringe or a pipette. The Grignard reagent is then added dropwise 
to the InI,/diethyl ether solution over a period of 1 hr. A precipitate of magnesium 
halide forms but redissolves as more Grignard reagent is added. After the addition 
is complete, the reaction mixture is stirred for about 8 hr at room temperature. 
The reflux condenser, stirrer, and dropping funnel are replaced with stoppers 
and a standard taper Teflon valve adapter. The diethyl ether is then removed by 
vacuum distillation. 

At this stage, the reaction flask contains the alkyl indium 
compound which burns spontaneously in air and reacts violently with water. 

Caution. 

To vacuum line 

Liquid N2- t -  I 
Dewor 

Fig. I .  Apparatus for isolation of alkyl metal compound by distillation. 
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In the dry box, the reaction vessel is fitted with a purged bent tube connected 
to a 100-mL two-necked flask equipped with a vacuum adapter (Fig. 1). The 
apparatus is now attached to a vacuum line through the vacuum adapter on the 
small flask. Using an oil bath at 1 lo", the volatile components are distilled into 
the small flask, which is cooled to - 196". After about 4 hr, the distillation is 
usually complete and heating is discontinued. The receiving flask is warmed to 
room temperature, and small amounts of diethyl ether are removed by pumping 
off the components that are volatile at room temperature into a trap at - 196". 
In order to ensure that all traces of diethyl ether are removed, the apparatus is 
usually pumped on for 8-12 hr at room temperature to yield 18.1 g (91.8%) of 
In[CH,(SiMe,)],. * 

Anal.' Calcd. for C,,H,,Si,In: In, 30.5. Found: 30.4. 
A 'H NMR spectrum of the product with a small quantity of benzene as a 

reference can be used to identify the product and ensure the complete removal 
of diethyl ether. 

Properties 

At room temperature In[CH,(SiMe,)], is a colorless pyrophoric liquid. The 'H 
NMR spectrum of the compound in benzene (reference 6 7.13) consists of two 
lines in area ratio 9:2, with the larger methyl line at 6 + 0.13 and the smaller 
methylene line at 6 -0.05.t The IR spectrum' of the neat liquid has bands at 
2935 (vs), 2885 (s,sh), 1440 (w), 1400 (w), 1350 (w), 1291 (w,sh), 1244 (vs), 
920 (s), 825 (vs), 757 (vs), 720 (vs), 692 (s,sh), 580 (m), and 490 (m) cm-'. 
The compound can be used to prepare [(trimethylsilyl)methyllindium halogen 
compounds by appropriate stoichiometric exchange reactions' with InCl,, InBr,, 
and InI,. Properties of many of these organoindium halogen compounds have 
been reported.' The experimental procedure is related to that described for 
A1(CH,SiMe,),Br,4 except that solvents are used for the reactions. 
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?The checker reports that the 'H NMR spectrum in C6D6 at 28" shows two resonances at 6 0.42 
and 6 -0.89 in area ratio 9:2, respectively. The I3C NMR spectrum consists of a triplet centered 
at 6 12.0 ('JCH = 118 Hz) and a quartet centered at 6 2.98 ('J,-- = 118 Hz). 
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28. TRIS[(TRIMETHYLSILYL)METHYL]ALUMINUM 

Heranc 

3Li[CH2(SiMe,)] + AIBr, -+ Al[CH,(SiMe,)], + 3LiBr 

Submitted by CLAIRE TESSIER-YOUNGS* and 0. T. BEACHLEY, JR.* 
Checked by JOHN P. OLIVERt and KATHALEEN BUTCHER? 

The title compound, a very useful precursor to many organoaluminum com- 
pounds,'4 was first prepared from the reaction of the dialkylmercury compound 
and aluminum metal in refluxing t01uene.~ The toxicity of the organomercury 
reagent prompted us to attempt the synthesis of AI[CH,(SiMe,)], using the 
alkyllithium reagent. ' The present synthesis is a modification of this latter work. 
The air and moisture sensitivities of the reagents and products involved in this 
preparation require the use of inert atmosphere and dry-box techniques and/or 
the use of high vacuum.6 

Caution. The compounds Li[CH,(SiMe,)] and Al[CH,(SiMe,)], burn 
spontaneously in air and react violently with water. The reaction should be 
carried out in a good hood, and adequate protection should be employed. 

Procedure 

In the dry box, 6.74 g (71.7 mmol) of diethyl ether-free Li[CH,(SiMe,)]' and 
70 mL of dry hexane are combined in a 100-mL pressure-equalizing funnel 
equipped with a high-vacuum Teflon valve [Ace Glass] and a stimng bar. Also 
in the dry box, a 250-mL three-necked flask equipped with a stimng bar and a 
standard taper Teflon valve vacuum adapter is loaded with 6.39 g (23.9 mmol) 
of AIBr, (previously sublimed at 60°C) and 100 mL of hexane. A reflux condenser 
and the addition funnel are placed on the flask under an argon flow. The complete 
dissolution of the Li[CH,(SiMe,)] in the addition funnel is ensured by agitation 
with the stimng bar and gentle heating with a hot air gun. The Li[CH,(SiMe,)] 
solution is added slowly to the stirred AlBr, suspension. An exothermic reaction 
takes place immediately, and LiBr precipitates. After the Li[CH,(SiMe,)] addi- 
tion is complete (about 1 hr), the reaction mixture is heated at reflux for 12 hr. 
The reflux period is necessary to avoid the isolation of products that contain 
bromine. Heating is stopped, and the reaction vessel is cooled under argon flow. 
The addition funnel and reflux condenser are replaced by glass stoppers, and the 

*Department of Chemistry, State University of New York at Buffalo, Buffalo, NY 14214. 
tkpar tment  of Chemistry, Wayne State University, Detroit, MI 48202. 
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hexane is removed by vacuum distillation. The reaction vessel is then transferred 
to the dry box, and a stopper is replaced by a U-tube connected to a 50- or 100- 
mL two-necked flask with a standard taper Teflon valve vacuum adapter. The 
apparatus* is now attached to a vacuum line through the vacuum adapter on the 
small flask and, by using an oil bath at 70°, 5.9 g (85%)* of Al[CH2(SiMe,)], 
is distilled from the reaction vessel under high vacuum. The product is pure at 
this stage. Redistillation under high vacuum using a microdistillation apparatus 
[Kontes] modified by the addition of a Teflon valve gives one fraction boiling 
at 48-49' (0.01 torr) ( lk5  bp 51'/0.08 torr). 

W Caution. The compound Al[CH2(SiMe3)], is pyrophoric. All manipu- 
lations of Al[CH,(SiMe,)], are best performed in the dry box. 

Properties 

The compound Al[CH2(SiMe,)], is a colorless pyrophoric liquid at room tem- 
perature, and it reacts violently with water. The 'H NMR spectrum of the 
compound in CH,Cl, exhibits two lines in area ratio 9:2, with the larger methyl 
line at 6 0.07 and the smaller methylene line at 6 -0.24. The IR spectrum of 
a Nujol solution has bands at 1265 (m,sh), 1253 (vs), 958 (s), 925 (s), 860 (vs), 
832 (vs), 764 (vs), 736 (s), 690 (m), 662 (m), 590 (m) cm-'. The compound 
exists in benzene solution as a monomer-dimer equilibrium m i ~ t u r e . ~  
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29. BROMOBIS[(TRIMETHYLSILYL)METHYL]ALUMINUM 

2AI[CH,(SiMe,)], + AIBr,+ 3Al[CH,(SiMe,)J,Br 

Submitted by CLAIRE TESSIER-YOUNGS* and 0. T. BEACHLEY, JR.* 
Checked by JOHN P. OLIVER? and KATHALEEN BUTCHER? 

The title compound is obtained by a stoichiometric exchange reaction between 
2 moles of the trialkylaluminum compound and 1 mole of AIBr,. This procedure 
is based on the original preparation' and can be easily adapted to the synthesis 
of AIEt,Br (bp 54"/0.01 torr). In general, the synthesis of bromo-substituted 
organoaluminum compounds by exchange reactions is easier than that for the 
corresponding chloro derivatives. The higher lattice energy of AlCI, requires 
higher reaction temperatures, and the use of sealed tubes is frequently necessary. 
The compound chlorobis[(trimethylsilyl)methyl]aluminum has been synthesized' 
from AICI, and 2 moles of AI[CH,(SiMe,)],. The air and moisture sensitivity 
of the reagents and products involved in this preparation require the use of inert 
atmosphere and dry-box techniques or the use of high v a c ~ u m . ~  

W Caution. The compounds Al[CH,(SiMe,)], and Al[CH,(SiMe,)]& bum 
spontaneously in air and react violently with water. Adequate protection should 
be used. 

Procedure 

In the dry box, 1.75 mL (1.40 g, 4.87 mmol) of AI[CH,(SiMe,)],4 and 0.650 
g (2.43 mmol) of freshly sublimed AlBr, are combined in a 10-mL flask. Alu- 
minum(II1) bromide sublimes at 60" under high vacuum. Heat is evolved rapidly 
and a colorless liquid is produced. (B Caution. rfthe reaction quantifies are 
increased, the reagents should be combined slowly to prevent excessive hearing.) 
The flask is attached to a microdistillation apparatus [Kontes] modified by the 
addition of a Teflon valve using a minimum of Dow Coming silicone grease or, 
preferably, Halocarbon grease 25-58 [VWR Scientific] (Apiezon L or N greases 
are unsatisfactory for the distillation). The title compound reacts with all greases 
tested. At 60-62" (0.01 torr), AI[CH,(SiMe,)],Br (1.926 g, 94%) distills as a 
colorless pyrophoric liquid. 

Anal. Calcd. for AIBrC,H,,Si,: Al, 9.59; Br, 28.41; SiMe,, 2.00 mole/mole. 
Found: Al, 9.45; Br, 27.73, SiMe,, 1.98 mole/mole. 

*Department of Chemistry, State University of New York at Buffalo, Buffalo, NY 14214. 
Department of Chemistry, Wayne State University, Detroit, MI 48202. 
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Properties 

The compound AI[CH,(SiMe,)],Br exists as an equilibrium mixture of mono- 
meric and dimeric species in benzene solution. The 'H NMR spectrum of a 
benzene solution (reference 6 7.13) of the compound exhibits two lines in area 
ratio 9:2, with the larger methyl line at 6 0.13 and the smaller methylene line 
at 6 -0.30. The IR spectrum of a Nujol solution has bands at 1259 (s), 975 
(s,b), 946 (m), 858 (vs,b), 763 (s), 734 (s), 698 (m), 668 (m), 636 (vs), 577 
(s), and 315 (w) cm-I. 
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30. [(TRIMETHY LSILY L)METHY LILITHIUM 

2Li + (Me,Si)CH,Cl + Li[CH,(SiMe,)] + LiCl 

Submitted by CLAIRE TESSIER-YOUNGS* and 0. T. BEACHLEY, JR.* 
Checked by JOHN P. OLIVER? and KATHALEEN BUTCHER? 

Organolithium compounds are excellent alkylating reagents for the formation of 
organometallic compounds in hydrocarbon solvents, specifically in the absence 
of ethers. The syntheses of Li[CH,(SiMe,)] described herein are modifications 
of published procedures. The preparation in diethyl ether is reproducible, but 
care must be taken to remove all the diethyl ether from the product if it is to be 
used in the synthesis of Al[CH,(SiMe,)],. The preparative method in hexane is 
highly dependent on the purity of the lithium dispersion and the alkyl halide. 
For this reason it is advised that the lithium dispersion be purchased in small 
quantities or be repackaged in ampules in an argon-filled dry box. The air and 
moisture sensitivity of the reagents and products involved in this preparation 
require the use of inert atmosphere (argon) and dry-box techniques or the use 
of high v a c ~ u m . ~  

*Department of Chemistry, State University of New York at Buffalo, Buffalo, NY 14214. 
?Department of Chemistry, Wayne State University, Detroit, MI 48202. 



96 Main Group Compounds 

Caution. Lithium dispersion is very reactive with air and water. The 
compound Li[CH2(SiMe,)] burns spontaneously in air, but solutions are less 
reactive. The reaction should be carried out in a good hood, and adequate 
protection should be provided. 

Procedure in Diethyl Ether 

Oil is removed from commercially available lithium dispersion [Aldrich Chem- 
ical] in paraffin oil by washing with hexane under vacuum. In an argon-filled 
dry box, a three-necked 250-mL flask equipped with a stimng bar is loaded with 
3.0 g (0.43 mole) of lithium dispersion. Dry diethyl ether from Ndbenzophenone 
ketyl is vacuum-distilled into the flask. Under argon flush, a 100-mL pressure- 
equalizing addition funnel equipped with a high-vacuum Teflon valve [Ace Glass] 
and a very efficient reflux condenser$ are attached to the flask. Then (Me,Si)CH,Cl 
[PCR] (17 mL, 15 g, 0.12 mole) is placed in the funnel. The alkyl halide is 
added slowly to the stirred lithium suspension. A vigorous exothermic reaction 
occurs, precipitating LiCl, and the reaction mixture takes on a reddish hue due 
to by-products. The reaction mixture is stirred for 12 hr and then is filtered under 
vacuum. The apparatus for filtering is set up by replacing the reflux condenser 
and funnel with a stopper and a bent coarse 30-mm fritted filter stick attached 
to a two- or three-necked 250-mL flask.4 A bent filter stick is much easier to 
use than the commercially available straight filter sticks, because a portion of 
the reaction mixture can be decanted, resulting in less clogging of the frit and 
thereby speeding the filtration process. After the filtration is complete, the filter 
stick is disconnected under an argon flush, and the solvent is removed by vacuum 
distillation. The resultant light brown sticky material contains appreciable quan- 
tities of diethyl ether. Under an argon flush, the flask is fitted with a sublimation 
cold finger. It is then evacuated and is heated with an oil bath. Although it would 
appear preferable to fit the flask with a sublimation cold finger in the dry box, 
the vapor pressure of the diethyl ether makes it difficult to subject the flask to 
a pump-down cycle for entering the dry box without securely fastening all 
standard taper joints. Diethyl ether is completely removed by heating the flask 
to about 50". At 90", 9.0 g (78%) of colorless Li[CH,(SiMe,)] is collected (mp 
106-108", lit mp' 112" from hexane; 'H NMR: CSHIO, S - 1.88). Toward the 
end of the sublimation, the red-brown viscous residue is stirred to avoid splashing 
it onto the sublimed Li[CH,(SiMe,)]. Frequently, a second sublimation is required 
for complete separation of pure Li[CH,(SiMe,)] from the red residue. 

Procedure in Hexane 

The following procedure is useful for the preparation of small quantities of 
Li[CH,(SiMe,)] in the absence of diethyl ether. As in the previous procedure, 

$Catalog No. 07-7368, 300 mm jacket length AIlihu condenser [Fisher Scientific]. 
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1.83 g (0.264 mole) of lithium dispersion from a freshly opened container is 
placed in a three-necked flask equipped with a stirring bar. Hexane is vacuum- 
distilled into the flask at - 196". Under argon flush, while the hexane is still 
frozen, the flask is equipped with an eficient reflux condenser. When the hexane 
is partially melted, 11.9 mL (10.5 g, 0.0860 mole) of (Me,Si)CH,Cl (purified 
by distillation) is added by syringe, and stimng is initiated. A vigorous reaction 
takes place while the mixture is still slightly below room temperature. After 
being stirred for 12 hr, the reaction mixture is worked up as in the previous 
procedure. The yield of Li[CH,(SiMe,)] is 7.3 g (90%). 

The reaction is very dependent on the purity of the lithium dispersion surface. 
As the lithium dispersion (which is being stored in the dry box) ages, the lithtum 
has to be activated by adding 50 mL of diethyl ether, and later the reaction has 
to be initiated by using a warm water bath. These steps cause a decrease in the 
yield of Li[CH,(SiMe,)] and complicate the sublimation of pure Li[CH,(SiMe,)] 
because larger amounts of the red by-products are obtained. 

This preparative procedure in hexane should not be used for 
the preparation of larger quantities of Li[CH,(SiMe,)], because the reaction 
might be too vigorous to control. 

W Caution. 
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31. CYCLOPENTADIENYLTHALLIUM (THALLIUM 
CYCLOPENTADIENIDE) 

Tl,SO, + 2NaOH -+ 2T10H + Na,SO, 
2T10H + 2C,H, -+ 2TlC,H, + 2H,O 

Submitted by A. J. NIELSON,* C. E. F. RICKARD,* and J. M. SMITH* 
Checked by BRUCE N. DIELt 

Reagents used for introducing the cyclopentadienyl ligand (Cp) into metal 
complexes' often give low yields of product or suffer from difficulties in handling. 

*Department of Chemistry, University of Auckland, Private Bag, Auckland, New Zealand. 
tkpartment of Chemistry, University of Idaho, Moscow, ID 83843. 
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The frequently used and easily prepared NaCp in tetrahydrofuran solution2 is 
extremely sensitive to traces of oxygen and does not store well. Product yields 
are usually lower with CpMgBs or C P , M ~ , ~  both of which are air-sensitive, 
with the latter involving a tedious preparation. Dicycl~pentadienylmercury~ has 
low thermal stability and does not store well. 

Cyclopentadienylthallium6 is a superior reagent for many syntheses. It is easily 
prepared and stored, it may be handled in air, and the insolubility of thallium 
halide leads to high yields of product that may be filtered easily and worked up. 
The reagent has been used for preparing a variety of actinide,' lanthanide,' and 
transition metal' cyclopentadiene complexes. 

Thallium compounds are extremely toxic. Avoid inhalation of 
dust and contact with skin. All operations should be carried out in a fume hood 
with the use of neoprene gloves. Wastes should be stored in bottles or disposed 
of by thoroughly mixing with a large amount of sand and burying the mixture 
in a safe, open area. 

Caution. 

Procedure 

Thallium(1) sulfate (25 g, 0.0495 mole) and sodium hydroxide (8 g, 0.2 mole) 
are dissolved in 250 mL of water in a 500-mL round-bottomed flask. Freshly 
cracked cyclopentadiene*." (8.2 mL) is added, the flask is stoppered, and the 
solution is stirred magnetically for 12 hr. The brown precipitate is removed by 
filtering, washed with 50 mL of water followed by 50 mL of methanol, and 
dried under vacuum for 2 hr. The solid is transferred to a water-cooled subli- 
mation apparatus. A plug of glass wool is placed on top, and the TlCp is sublimed 
at 90-100" at lop3  torr. The sublimation should be continued until no further 
product sublimes onto the cold finger after the bulk of the TlCp has been scraped 
away. A brown powdery residue remains after the sublimation is completed. 
Yield: 24.4 g, (91%*). 

Anal. Calcd. for C,H,Tl: C, 22.3; H, 1.9. Found: C, 22.5; H, 2.2. 

Properties 

Cyclopentadienylthallium is a light yellow solid that decomposes at 230°.6 It is 
stable for several months if stored under N, in a Schlenk flask kept in the dark. 
Slow decomposition takes place in the air and light, whereupon the solid turns 
brown, but pure product may be sublimed away from this material. The IR 
spectrum shows absorption bands at 3022, 1584, 995, and 725 cm-'. Cyclo- 
pentadienylthallium is soluble in most organic solvents. It may be handled in 

*Checker obtained 94.4% yield. 
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air, and it is normally heated at reflux in THF solution with the substrate for 
about 2 hr under an inert gas atmosphere. When allowed to react with metal 
halides, the insoluble thallium halide produced may be filtered from the reaction 
solution. Most cyclopentadienyl complexes are air- and moisture-sensitive and 
should be handled with appropriate techniques. I '  
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32. TETRAISOCYANATOSILANE 

liq.S02 

SiC1, + 4KOCN -+ Si(NCO), + 4KC1 
- 10" 

Submitted by JOSEPH S. THRASHER* 
Checked by DIETER LENTZt 

Even though the preparation of tetraisocyanatosilane has been previously described 
in Inorganic Syntheses, I there exists a less time-consuming and far less expensive 
patented procedure' that has been largely overlooked. This procedure involves 
the reaction of silicon tetrachloride with sodium or potassium cyanate in place 
of the silver or lead salt, which first must be freshly prepared. The use of liquid 
sulfur dioxide as the solvent, instead of benzene, offers no real increase in 
handling problems. The details of this alternate method adapted to a laboratory 

*Department of Chemistry, The University of Alabama, University, AL 35486. 
tlnstitut fir Anorganische und Analytische Chernie, Freie Universitit Berlin, Fabeckstrase, 34- 

36, D-1000 Berlin 33. 
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scale are given below. It should be added that compounds such as R,Si(NCO),-,, 
where R = CH,, OCH,, or OC6H5, can also be easily prepared by this method.2 

Tetraisocyanatosilane has been found to be a useful starting material in the 
field of sulfur-nitrogen-fluorine chemistry as shown, for example, in the prep- 
aration of (fluorocarbony1)imidosulfurous difluoride, FC(0)N=SF2.3 

Procedure 

Caution. Sulfur dioxide is a poisonous gas; therefore, this reaction must 
be carried out in an eflcientfume hood. 
Anhydrous powdered potassium cyanate (405 g, 5.0 moles) is placed in a 2-L 
four-necked, round-bottomed Pyrex flask fitted with a low-temperature ther- 
mometer, a gas inlet valve, a sealed mechanical stirrer, and a Dry Ice-cooled 
condenser topped by a drying tube. The flask is flushed with dry argon or nitrogen 
and cooled to - 70" (Dry Ice/2-propanol) before approximately 500 mL of sulfur 
dioxide is introduced through the gas inlet valve. Stirring is begun, and the 
temperature of the mixture is raised to -30" by warming the cooling bath by 
the addition of 2-propanol. The gas inlet valve is then replaced with a pressure- 
equalizing addition funnel containing silicon tetrachloride (1 15 mL, 1 mole). 
Over the next hour the silicon tetrachloride is added very slowly. The reaction 
temperature must not exceed - lo", and the initial reaction is strongly exother- 
mic. The temperature is maintained between - 30 and - 10" by adding incre- 
ments of Dry Ice to the cooling bath as needed. After completing the addition 
of the silicon tetrachloride, the reaction mixture is allowed to stir at - 10" for 
an additional 4 hr. 

At this time, the sulfur dioxide is stripped into another trap cooled by Dry 
Ice by allowing the reaction mixture and reflux condenser to warm to room 
temperature. This trap is then disconnected and maintained at -78" until the 
sulfur dioxide can be transferred to an appropriate storage vessel for reuse in 
this procedure. To carry out this transfer, the trap is chilled to liquid nitrogen 
temperature and attached to a standard vacuum line where the noncondensible 
materials are removed by pumping. It is often necessary to complete several 
freeze-thaw cycles to totally degas the sulfur dioxide, which is then transferred 
in the vacuum system with careful warming to the storage vessel held at - 196". 
The pressure in the system must be monitored throughout this transfer. 

Meanwhile, the thermometer and stirrer of the reaction flask are replaced with 
stoppers and the condenser with a drying tube while the system is purged with 
argon or nitrogen. The reaction flask is then filled with 400 mL of dry diethyl 
ether and shaken to wash the product from the potassium salts. In order to filter 
the resulting solution, the drying tube is replaced with a fritted funnel (50-mm 
diameter coarse glass frit, porosity 3), which is connected to a vertical vacuum 
adapter topped by a 1-L two-necked flask. The apparatus is then inverted as the 
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flow of argon is replaced with vacuum aspiration to aid in the filtration. The 
potassium salts are washed with several 50-100-mL quantities of diethyl ether. 
After the diethyl ether is distilled off, the product is collected as the fraction 
boiling between 185 and 190". The product can also be distilled at reduced 
pressure after first removing the diethyl ether. The yield of tetraisocyanatosilane 
by this method is generally 75-80%. This reaction has also been carried out on 
a one-quarter scale with similar results. 

Properties 

Tetraisocyanatosilane is a moisture-sensitive, white crystalline solid, mp 
26.0?0.5", bp 185.6?0.3°.4 It dissolves not only in diethyl ether but also in 
benzene, chloroform, carbon tetrachloride, acetone, and petroleum naphtha.' Its 
reaction with most primary and secondary amines followed by hydrolysis is 
convenient for syntheses of substituted ureas.' 
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33. DIALKYL [(N,N- 
DIETHY LC ARBAMOY L)METHY LIPHOSPHON ATES 

Submitted by S. M. BOWEN* and R. T. PANE* 
Checked by LOUIS KAPLAN? 

Several bifunctional organophosphorus ligands have been found to be efficient 
liquid-liquid extractants for lanthanide and actinide ions present in highly acidic 
aqueous nuclear waste solutions. The (carbarnoylmethyl)phosphonates, (RO),P(O) 
CH,C(O)NRI, and in particular dihexyl [(N,N-diethylcarbamoyl)methyl] phos- 
phonate (DHDECMP) have attracted the most attention because of the low 
aqueous-phase solubilities and superior radiolytic stabilities of the ligands. '-lo 

*Department of Chemistry, University of New Mexico, Albuquerque, NM 87131. 
?Chemistry Division, Argonne National Laboratory, Argonne, 1L 60439. 
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Syntheses for (carbamoylmethy1)phosphonates based ' upon the Arbusov and 
Michaelis reactions have been described briefly by Siddall. " DHDECMP (-60% 
purity) is available from a commercial source [Wateree Chemical]. The ligands 
are obtained typically with acidic phosphonate impurities, which have a dele- 
terious effect on extraction selectivity. In order to overcome this problem, McIsaac 
and coworkers designed a purification procedure for DHDECMP that provides 
samples with 98-99% purity. " 

The increasing interest in (carbamoylmethyl)phosphonates, the fact that only 
one of these ligands is commercially available, the lack of adequate detail for 
their syntheses, and the relative inaccessibility of the purification scheme require 
descriptions of general procedures for the syntheses and purification of .the ligands. 
The procedures are outlined here for R = R' = Et. However, the same prep- 
arations have been used for R = Me, i-Pr, Bu, Hex with R' = Et. 

Procedure 

Although the (carbamoylmethy1)phosphonates are not particularly air-sensitive, 
it is found that the purities of the products are enhanced by performing the 
following reactions under dry nitrogen. 

1. Arbusov Reaction 

150" 

(RO),P + CICH,C(O)N(C,HJz + (RO),P(O)CHzC(O)N(CzH,), + RCI 

R = CH3, CZH5, i-C3H7, n-C,H,, n-C&, 

The reaction apparatus consists of a l-L three-necked round-bottomed flask 
equipped with a magnetic stirring bar, a water-cooled condenser, a nitrogen gas 
inlet tube, and a Y-tube. The open end of the condenser (top) is attached to a 
Hg-filled pressure relief bubbler. One arm of the Y-tube is fitted with a sliding 
O-ring seal thermometer adapter and thermometer [Kontes Glass], and the second 
arm is fitted with a 250-mL pressure-equalizing dropping funnel. The thermom- 
eter is inserted through the sliding O-ring seal so that the thermometer bulb is 
immersed in the stirred reaction mixture. The entire apparatus is purged with dry 
nitrogen, and 220 g (1.32 moles) of triethyl phosphite (99%) [Aldrich Chemical] 
is added to the 1 -L flask. 2-Chloro-N,N-diethylacetamide [Fairfield Chemical] 
189 g (1.26 moles) is added to the dropping funnel under steady nitrogen purge 
or in a nitrogen-filled glove bag. The phosphite is then heated with stirring to 
150" under nitrogen purge. The temperature of the phosphite is measured directly 
by the thermometer held in place in the Y-tube. At 150", the acetamide is slowly 
dripped into the phosphite. (B Caution. The addition should be slow due to 
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the exothermic nature of the reaction.) Chloroethane is evolved rapidly and is 
swept from the reaction vessel by the nitrogen stream. After addition of the 
acetamide is complete (-2 hr), the temperature of the reaction pot is maintained 
at 150" for another hour. The resulting yellow mixture is vacuum-distilled, and 
the (C,HsO),P(0)CH,C(O)N(C~H5), is collected at 122-130" (< 1 torr). The yield 
is about 60%, and the purity is better than 95%. Similar yields and purity levels 
are obtained for (CH,O),P(0)CH,C(O)N(C~H5), (86-120"/< 1 torr) and ( i -  
C,H,0),P(0)CH,C(O)N(C2H5)2 (1 12-1 28"/< 1 torr). Similar yields are obtained 
for (C,H9O),P(0)CH,C(O)N(C~H5), (1  1 2 - 1 3 0 " ~  1 torr) and 
(C,H,,0),P(0)CH,C(O)N(CzH5)~ (105-125"~ 1 torr), but there are several 
impurities that cannot be removed by simple distillation.* 

2. Michaelis Reaction 

THF 

(RO),P(O)H + NaH + [(RO),P(O)INa + H, 
Et,O 

[(RO),P(O)]Na + CICH,C(O)N(C,H,), + 

(RO),P(O)CH,C(O)N(C,H,), + NaCl 

R = C2H5, n-CdH9, n-C,H,, 

Diethyl phosphonate (98%) [Aldrich Chemical], 215 g (1.55 moles), is added 
to a 250-mL addition funnel under dry nitrogen. A slight excess of NaH [Aldrich 
Chemical], 37.5 g (1.56 moles), is placed in a nitrogen-filled I-L three-necked 
flask containing a stimng bar. (H Caution. Sodium hydride is extremely pyr- 
uphoric.) The flask is evacuated, and approximately 200 mL of dry tetrahydro- 
furan (THF) (distilled from sodium-benzophenone ketal) is vacuum-transferred 
from a storage vessel into the flask at - 196", using standard Schlenk tech- 
niques.13 The contents of the flask are warmed to room temperature, the flask 
is back-filled with dry nitrogen, and the flask is fitted with a water-cooled 
condenser, a dropping funnel that contains the diethyl phosphonate, and a nitro- 
gen gas inlet tube. The diethyl phosphonate is added slowly over 1 hr to the 
stirred slurry of NaWTHF. A vigorous evolution of hydrogen occurs, and this 
gas is swept out of the vessel with the nitrogen stream. Vacuum evaporation of 

*The same procedure, with minor modifications, was used by the checker to prepare the (car- 
bamoylmethy1)phosphonate compounds with R = n-hexyl, R' = isobutyl and R = 2-ethylbutyl, 
R' = ethyl. Running the reactions at somewhat reduced pressure (-90 torr) facilitates the removal 
of these higher-boiling alkyl halides, minimizing by-products from their participation in the Arbusov 
reactions. CNde yields of -95% pure material are almost quantitative; yields of >99% pure material 
obtained by mercury purification are 8 5 4 0 % .  
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all the volatile components leaves a gummy white solid, [(C,H,O),P(O)]Na. 
Yield 209 g (85%). The yields for the other salts are similar. 

Sodium diethyl phosphonate, 255 g (1.6 moles), is loaded into a 2-L three- 
necked flask under dry nitrogen. The flask is evacuated, and about 1 L of 
anhydrous diethyl ether is vacuum-transferred into the flask. 2-Chloro-NJV-die- 
thylacetamide [Fairfield Chemical], 201 g (1.3 moles), is added to a 500-mL 
dropping funnel under nitrogen. The flask containing the frozen NaP(O)(OC,H,),/ 
Et,O solution is back-filled with nitrogen, and a water-cooled condenser, a Hg 
bubbler, a dropping funnel that contains the ClCH,C(O)N(C,H,),, and a nitrogen 
gas inlet tube are put in place. While the diethyl ether is still frozen, the 
CICH,C(O)N(C,H,), is added slowly. The entire contents are them allowed to 
warm to 25". Heat is evolved, and a fine precipitate of NaCl forms. The mixture 
is heated at reflux for 1 hr. The condenser and dropping funnel are then removed, 
and the ether is evaporated under vacuum. Benzene (500 mL, dried over Na) is 
transferred under nitrogen to the flask, and this mixture is stirred for 1 hr. The 
benzene, containing the (carbamoylmethyl)phosphonate, is filtered in air several 
times through a medium-porosity fritted funnel to remove NaCl. Vacuum evap- 
oration of the benzene produces (C,H,O),P(O)CH,C(O)N(C~H,), in about 65% 
yield. For R = n-C4H9 and n-C,H,,, the extraction is more efficient with hexane. 
The crude products are purified by distillation as described in Section l .* 

3. Purification 

*The same procedure was used by the checker to prepare the (carbamoylmethy1)phosphonate 
compound with R = isopropyl, R' = ethyl in a yield of 72% of distilled product with purity >W%. 
Some simplification is achieved by adding the tetrahydrofuran [Aldrich, 99.5 + % Gold Label] to 
the NaH [Aldrich] through the dropping funnel instead of distilling from sodium benzophenone, and 
by adding anhydrous ether through the funnel to the sodium salt of the dialkyl phosphite (without 
pumping off the THF) in the same vessel in which the latter is prepared (using a flask of appropriate 
size for the scale of reaction). The 2-chloro-N,N-dialkylacetamide is then added through the funnel 
so as to maintain spontaneous reflux. 
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The (carbamoylmethyl)phosphonates, with R = CH,, CzH5, and i-C,H,, are 
typically obtained with 95% or better purity after one distillation. If higher purities 
are required, the following purification procedure can be used, but there is 
significant loss of the desired ligands to the aqueous phase. The ligands with 
R = n-C,H, and n-C,H,, are typically obtained with 6680% purity after one 
distillation. Subsequent distillations result in significant product degradation. On 
the other hand, these two ligands can be easily purified using the following 
scheme given for R = n-C,H,. 

In a 1 -L polyethylene bottle, crude dibutyl [(N,N-diethylcarba- 
moyl)methyl]phosphonate (56 g, 0.18 mole) is diluted with hexane to give a 
20% (v/v) solution of the ligand. To this solution is added 400 mL of a 1 M 
HNO, solution that is also 1 M in Hg(NO,),. (I Caution. Mercury salts are 
toxic.) The two-phase mixture is agitated for 24 hr on a shaker. A white precipitate 
forms at the interface. The solid is collected by filtration and washed with three 
50-mL portions of water and three 50-mL portions of hexane. The complex has 
been shown to be {Hg[(BuO),P(0)CHC(O)N(C,H5)~lN0,),. I 4 t  

The ligand is reclaimed by dissolving the mercury complex (85 g, 0.15 mole) 
in 1 L of water containing 130 g (2 moles) of KCN and 53 g (0.5 mole) of 
Na,CO,, and combining this solution with 200 mL of hexane. (I Cau- 
tion. Cyanides are very poisonous.) If the complexes containing ligands with 
R = Me, Et, or i-F'r are being used, benzene is the preferred solvent. The mixture 
is shaken for 1 hr. The phases are separated, and the ligand is recovered from 
the organic phase by vacuum evaporation of the solvent. The ligand is recovered 
with greater than 99% purity. The success of the above extraction can be checked 
by removing a small aliquot of hexane from the organic phase and adding a 
copper bead and a few milliliters of 1 M HNO, to the aliquot. If mercury deposits 
on the copper bead, an additional KCN/Na,CO, extraction is required. The 
aqueous solution containing the Hg(CN), is evaporated slowly at 25" in an 
efficient fume hood, and the solid residue can then be reclaimed or safely disposed. 

Properties ' 
The (carbamoylmethy1)phosphonates are colorless to slightly yellow viscous 
liquids that are stable to water and air. It is advised that for long-term storage 
the ligands be contained in a vessel with a dry nitrogen atmosphere. The dihexyl 
(R = C,H,,) and dibutyl (R = C,H,) derivatives are soluble in hexane, tetra- 
hydrofuran, benzene, and diethyl ether. They are only very slightly soluble in 
water. The dimethyl (R = CH,), diethyl (R = C,H5), and diisopropyl (R = i- 
C,H,) derivatives are soluble in THF, diethyl ether, and benzene and moderately 

tThe mercury purification was used by the checker to purify commercial DHDECMP as well 
as the dihexyl N,N-diisobutyl and bis(2-ethylhexyl) N,N-diethyl compounds referred to in Section 1. 
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soluble in water. They are not appreciably soluble in hexane. The principal 
infrared bands of a thin film appear in the following regions: vc. 1648-1638, 
urn 1262-1250, and vpoc 980 cm-'. The following NMR spectral  resonance^'^ 
are useful in identifying the products: (CH,Cl, solvent) 'H 6 (PCH,C) 2.98-2.86 
ppm (doublet JPH = 22 Hz); 13C 6 (PCH,C) 34.81-32.65 ppm (doublet, JK = 
133.6131.6 Hz); 31P 6 24.53-22.00ppm. 
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34. TRIPHENYL(TRICHLOR0METHYL)PHOSPHONIUM 
CHLORIDE AND 

(DICHLOR0METHYLENE)TRIPHENYLPHOSPHORANE 

Submitted by ROLF APPEL* 
Checked by FRITZ HASPEL-HENTRICHt 

Triphenyl(trichloromethy1)phosphonium chloride and (dichloromethy1ene)tri- 
phenylphosphorane are important intermediates in the reaction system triphenyl- 
phosphinekarbon tetrachloride.’ Solutions of (dichloromethy1ene)triphenyl- 
phosphorane, which is a convenient Wittig reagent, were first prepared by the 
addition of dichlorocarbene to triphenylphosphine in chloroform.2s3 However, 
the ylide could not be separated without degradation caused by the reaction 
medium. 

The method of preparation described here is based on the dechlorination of 
triphenyl(trich1oromethyl)phosphonium chloride in benzene, which makes the 
isolation of the (dichloromethy1ene)triphenylphosphorane possible without 
decomposition ., 

A. TRIPHENYL(TRICHLOR0METHYL)PHOSPHONIUM 
CHLORIDE 

Ph,P + CC1, + [Ph3P-CCl3]C1 

Caution. Carbon tetrachloride and benzene are suspected carcinogens. 
The reaction should be carried out in a well-ventilated hood, and gloves should 
be worn at all times. The reaction should be protected from moisture at all 
times. 

Procedure 

A 1000-mL round-bottomed flask equipped with a side-arm gas inlet and a large 
magnetic stimng bar is flushed with nitrogen. Triphenylphosphine [Aldrich] 
(105 g, 0.4 mole), anhydrous carbon tetrachloride (400 mL), and dry acetonitrile 
(200 mL) are placed in the flask. Carbon tetrachloride and acetonitrile are dried 

*Anorganisch-Chemisches Institut der Universitat Bonn, Gerhard-Domagk-Strasse, 53 Bonn 1, 

+Department of Chemistry, University of Idaho, Moscow, ID 83843. 
West Germany. 
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by stimng with P40,0 and are distilled before use. The vessel is sealed with a 
mercury valve, and the suspension is stirred for 1 hr at room temperature. 
Approximately one-third of the solvent mixture is removed under vacuum. The 
vacuum pump is protected with a trap cooled with Dry Ice/ethanol and the 
solvents are retained in a similarly cooled trap. (m Caution. Do not use a 
water aspirator!) The reaction flask is flushed with nitrogen, and 28.8 g (30 
mL, 0.4 mole) of 1,2-epoxybutane [Aldrich] is added to destroy the reaction 
by-product, dichloro(tripheny1)phosphorane. 

After stirring for an additional hour, the solid is collected by filtration through 
a Schlenk filter tube,5 washed with 50 mL of dry benzene and 50 mL of dry 
diethyl ether, and dried under vacuum. Benzene and diethyl ether should be 
heated at reflux over sodium metal. The yield of crude [Ph3P-CCl,]CI is approx- 
imately 40 g. The product must be recrystallized before it is used as a starting 
material for Part B. 

For recrystallization, the water-sensitive compound is transferred under anhy- 
drous conditions into a IOOO-mL round-bottomed flask and is dissolved in approx- 
imately 100 mL of dry dichloromethane. Dichloromethane is dried by stimng 
with P,O,, and distilling before use. Dry diethyl ether, which is contained in a 
pressure-equalizing dropping funnel, is added in small portions until the product 
starts to separate. After 3 hr under an inert atmosphere, recrystallization is 
complete and the white solid material is separated by filtration through a Schlenk 
filter tube and dried under vacuum. Yield: 29 g (17.4%); mp: 171-180" (dec.). 

Anal. Calcd. for C,,H,,Cl,P: C, 54.84; H, 3.63; P, 7.44; C1, 34.1. Found: 
C, 54.95; H, 3.67; P, 7.53; C1, 33.5. 

The IR spectrum (KBr disk) has bands at 3020 (vw), 1582 (vw), 1480 (w), 
1435 (m), 11 17 (m), 1060 (vw), 992 (w), 755 (m), 720 (m), 688 (m), 536 (m), 
and 518 (m) cm-'. 31P {'H} NMR (CD2CI,): 6 47.5 (s) relative to H,P04. 

B. (DICHLOR0METHYLENE)TRIPHENYLPHOSPHORANE 

Procedure 

Caution. Benzene, hexamethylphosphorous triamide, and dichloro- 
phosphoranetriyltris[dimethylamine] are suspected carcinogens. The reaction 
should be conducted in a well-ventilated hood, and gloves should be worn at 
all times. The synthesis must be carried out in the absence of any moisture. 
Airless Schlenk ware and two-ended filters with side-arm gas inlets for filtration 
are recommended.' Solvents should be dried rigorously. 
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After flushing with nitrogen, 500 mL of dry benzene (heated at reflux over 
sodium) and 20.8 g (50 mmol) of triphenyl(trichloromethy1)phosphonium chlo- 
ride (Part A) are added through a Schlenk tube to a 1000-mL round-bottomed 
flask equipped with a side-arm gas inlet and a magnetic stirring bar. The sus- 
pension is treated with 8.15 g (8.2 mL, 50 mmol) of hexamethylphosphorous 
triamide6 [Aldrich] and is stirred for 4 hr at room temperature. The intensely 
colored yellow-orange solution is separated from the pale brown precipitate, 
dichlorophosphoranetriyltris[dimethylamine], by filtration through a Schlenk fil- 
ter tube. The product separates when the filtrate is evaporated under vacuum to 
a volume of about 50 mL. The vacuum pump is protected by a Dry Ice/ethanol- 
cooled trap, and the solvent is collected in a trap cooled similarly. (m Cau- 
tion. A water aspirator must not be used!) The yellow solid is collected by 
filtration through a Schlenk filter tube, washed with 5 mL of benzene and 5 mL 
diethyl ether, and dried under vacuum. Yield: 14.1 g (82%). 

Anal. Calcd. for C,,H,,Cl,P: C, 66.1 1; H, 4.38; C1, 20.54; P, 8.97. Found: 
C, 67.23; H, 4.48; C1, 19.22; P, 9.03. 

Properties 

(Dichloromethylene)triphenylphosphorane, Ph,P----CCI,, is a water-sensitive, 
bright-yellow crystalline solid that melts at 112" with decomposition. The IR 
spectrum (KBr disks) has bands at 3055 (w), 1590 (w), 1485 (w), 1440 (s), 
1310 (vw), 1190 (s), 1120 (s), 1090 (m), 1072 (w), 1028 (vw), 994 (m), 923 
(vw), 860 (vw), 765 (ms), 721 (s), 697 (s), 540 (s), 520 (m), 507 (m), 465 (w), 
and 292 (w) cm-'. 31P {'H} NMR (C,D6): 6 18.6 (s) relative to H,PO,. 
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35. [PHENYL(TRIMETHYLslLYL)METHYLENE]- 
PHOSPHINOUS CHLORIDE [CHLORO- 

[pHENYL(TRIMETHnSlLY)~T~E~]PHOSPHINl 

Submitted by ROLF APPEL* 
Checked by LI-BEI-LIT and ROBERT H. NEILSONT 

[Phenyl(trimethylsilyl)methylene]phosphinous chloride is a compound that is of 
high value for the syntheses of other phosphaalkenes. ' Because of its sensitivity 
toward moisture and oxygen, all reactions are carried out under argon and with 
dry solvents. 

A. N,N,N',N'-TETRAMETHYL-P-[PHENYL- 
(TRIMETHYLS1LYL)METHYL JPHOSPHONOUS DIAMIDE 

TMEDA 

PhCH,Si(CH,), + nBuLi + PhCH(Li)Si(CH,),*TMEDA + nBuH 

PhCH(Li)Si(CH,),.TMEDA + [(CH,),N],PCl+ 
PhCH[Si(CH3)3]P[N(CH3)3]2 + LiCVTMEDA 

TMEDA = [(CH3)2NCH2]2 

Procedure 

A solution of 100 g (0.61 mole) of trimethyl(phenylmethyl)silane2 [Pfalz and 
Bauer] and 87.5 mL (0.61 mole) of N,N,Nr,N'-tetramethyl-1,2-ethanediamine 
(TMEDA) [Aldrich] dissolved in 150 mL of diethyl ether is placed in a 1-L 
three-necked flask provided with a dropping funnel, a mercury relief valve, and 
a magnetic stirrer. This solution is cooled to -2O", and 364.3 mL (0.61 mole) 
of a 1.6 M solution of butyllithium in hexane is added over a 90-min period. 
After being warmed to room temperature, the reaction mixture is stirred for at 
least 6.5 hr while the orange-yellow lithium complex salt precipitates. The 
mixture is cooled to - 20", and a solution of 92.7 g (0.61 mole) of N , N , N ' , N ' -  
tetramethylphosphorodiamidous chloride3 [Alfa Products] in 80 mL of diethyl 
ether is added over a period of 90 min. This mixture is allowed to warm to 
ambient temperature and is stirred for 1 hr. Then the LiCl is filtered and washed 

*Anorganisch-Chemisches lnstitut der Universit;it, Gerhard-Domagk-Strasse 1, 53 Bonn 1, West 

tDepartment of Chemistry, Texas Christian University, Fort Worth, TX 76129. 
Germany. 
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three times with 50-mL portions of anhydrous diethyl ether. The solvent and 
washings are distilled off, and the product is fractionated through a 30-cm 
Vigreux column. During distillation, only mild cooling (18-25") is used because 
the product may crystallize in the condenser. Yield: 118-127 g (70-75%) bp 
103-107" at 0.3 torr. The "P {'H} NMR shows a singlet at 6 96.2 ppm. 

Anal. Calcd. for C,,H,,N2PSi: C, 39.38; H, 9.56; N, 9.92; P, 10.97; Si, 
9.95. Found: C, 39.52; H, 9.51; N, 9.71; P, 10.98; Si, 9.71. 

PhCH[Si(CH3),]P[N(CH,),1, + 4HC1 -+ 

PhCH[Si(CH,),]PCl, + 2(CH,),NH*HCl 

PhCH[Si(CH,),]PCl, + DBO -+ Ph[Si(CH,),]C=PCl + DBO-HCI 

DBO = N(CH,CH,),N 

Procedure 

In a 2-L three-necked flask, provided with a mechanical stirrer and a mercury 
relief valve, 120 g (0.425 mole) of N,N,N',N'-tetramethy1-P- 
[phenyl(trimethylsilyl)methyl]phosphonous diamide is dissolved in 1-1.5 L of 
pentane. With vigorous stirring at 0", hydrogen chloride is passed into the reaction 
mixture at a rate such that a small escape of gas through the relief-valve takes 
place.4 (m Caution. The reaction must be carried out in a we'll-ventilated 
fume hood.) The hydrogen chloride is dried by passing through a 70-cm drying 
tube filled with P,O,,. The reaction is completed when the amine hydrochloride 
separates at the bottom of the flask. Then the mixture is filtered into a 4-L three- 
necked flask, and the amine hydrochloride is washed three times with 50-mL 
portions of pentane. The solvent and washings are removed under vacuum at 
ambient temperature. The yield of PhCH[Si(CH,),]PCl, is 101-107 g (90-95%); 
,'P {'H} NMR: 6 189.2 ppm (s). This crude product can be used without further 
purification. 

To a stirred solution of 105 g (0.396 mole) of [phenyl(tri- 
methylsilyl)methyl]phosphonous dichloride in 2-2.5 L of diethyl ether in a 4-L 
flask, 178 g (1.584 moles) of 1,4-diazabicycl0[2.2.2]octane (DBO) is added. 
The mixture is stirred overnight at ambient temperature and then filtered. The 
solid is washed three times with 100-mL portions of pentane. The collected 
filtrates are concentrated to 1.5 L at ambient temperature under reduced pressure, 
and the base and its hydrochloride are separated by filtration. The solid is washed 
three times with 50-mL portions of pentane. This procedure (concentration and 
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filtration of the precipitate) is repeated twice. After that, all of the solvent is 
removed, and the resulting red oil is treated with 150 mL of pentane. This 
solution is cooled to -30” for 12 hr. After the precipitate is filtered and the 
solid is washed three times with 20-mL portions of pentane, the solvent and 
washings are removed under reduced pressure. The resulting dark red oil still 
contains DBO and polymers. The yield of the crude product is 74.6 g (82.4%). 
The distillation is carried out with maximum amounts of 35 g of crude product 
in a short-path, large-diameter distillation apparatus as shown in Fig. 1. After 
evacuation with a mercury diffusion pump, the crude product is stirred for 1 hr 

29/42 

Product 
outlet 

Product 
outlet 

& s r  j 

+ vacuum 

50 mL flask L,hT.( .. .. ( or smaller 

Magnetic 
stirrer 

I 

I 
Fig. I .  Short-path distillation apparatus. 
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at room temperature without cooling the condenser in order to sublime the 
dissolved DBO into the cooling trap, which is between the distillation apparatus 
and the vacuum pump. During the distillation, the bath temperature is raised to 
50" before the condenser is cooled, and then to 64". The product distills at 46" 
as a slightly yellow oil. Overheating results in decomposition of the compound. 
Yield: 18.5 g (53% relative to 35 g crude Ph[Si(CH,),]C=PCI; 42.9% relative 
to PhCH[Si(CH,),]PCI,). 

Anal. Calcd. for C,,H,,CIPSi: C, 52.53, H, 6.12, C1, 15.50, P, 13.54, Si, 
12.28. Found, C, 52.86, H, 6.28, C1, 15.76, P, 12.98, Si, 12.84. 

Properties 

Phenyl[(trimethylsilyl)methylene]phosphinous chloride is a yellow oil that solid- 
ifies at - - 10" and boils at 46" ( lo-, ton-). The proton-decoupled phosphorus 
NMR spectrum shows a singlet at 273.4 ppm. 

In analogy to the chlorophosphines, chloro(methy1ene)phosphine undergoes 
substitution reactions via HCl elimination that result in P-N, P-0,  P-S, and P- 
P linkages.' Additionally, a scrambling reaction takes place with aminophos- 
phines similar to the scrambling reactions of the chlorophosphines in which the 
phosphorus has coordination number 3.3.5 
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36. METHANETETRAYLBIS(PHOSPH0RANES) 
(C ARBODIPHOSPHORANES) 

Submitted by ROLF APPELI 
Checked by JOSEPH G .  MORSE? 

Twenty years after the discovery of the methanetetraylbis(phosph0ranes) (car- 
bodiphosphoranes),' preparative chemists have an interest in this class of com- 
pounds because of its potential as a precursor to other materials.' The first of 

*Anorganisch-Chemisches Institut der UniversiGt, Gerhard-Domagk-Strasse 1, 53 Bonn, West 

tDepartment of Chemistry and Biochemistry, Utah State University, Logan, UT 84322. 
Germany. 
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these was the hexaphenyl compound,' for which we have developed a simpler 
synthesis., Methanetetraylbis(tripheny1phosphorane) shows typical phosphorus- 
ylide reactions with organic corn pound^.^ The ambident ligand properties of this 
ylide make it a valuable reagent for complex f~rmat ion .~ '  

A. P,P'-METHANETETRAYLBIS[N,N,N',N',iV",N"- 
HEXAMETHY LPHOSPHORANETRIAMINE] 
[HEXAKIS(DIMETHYLAMINO)C ARBODIPHOSPHORANE] 

[(CH3)2N]2PCH,P[N(CH3),], + 2CCI4 + 3(CH,),NH 4 
[(CH3),N],P=CHP[N(CH3)~]3+C1- + 2CHC1, + [(CH,),NH,] 'Cl- 

[(CH3),N],P=cHP[N(CH,),1,+C1- + NaH + 

[(CH3),N13P=C=P~N(CH3),13 + H, T + NaCl 

This molecule, in contrast to other carbodiphosphoranes for which X-ray struc- 
tural measurements have been made, has a PCP angle of exactly 180°."12 

Procedure 

Caution. Carbon tetrachloride is a suspected carcinogen. All reactions 
should be carried out in a well-ventilated hood, and because of the sensitivity 
of the reactants and products to oxygen and moisture, they should be protected 
with anhydrous argon or nitrogen. 
To a 250-mL two-necked round-bottomed flask equipped with an argon inlet, a 
magnetic stirring bar, and a mercury relief valve that contains a solution of 4.5 g 
(17.9 mmol) of P,P'-methylenebis[N,N,N',N'-tetramethylphosphonous diam- 
idell, ([(CH,),N],PCH,P[N(CH,),],) in 100 mL of tetrahydrofuran (THF) at 0" 
is added 2.4 g (53.7 mmol) of dimethylamine and 5.5 g (35.6 mmol) of carbon 
tetrachloride. After stirring for 12 hr at 0", the reaction mixture is allowed to 
warm to ambient temperature over several hours. The mixture is filtered to remove 
[(CH,),NH,]+CI-. The volume of solvent is reduced under vacuum until a 
precipitate forms. This solid is filtered and dried at 40" (0.3 torr). The yield of 
tris(dimethy lamino)[ [ tris(dimethylamino)phosphoranylidene]methyl]phosphon- 
ium chloride after recrystallization from THF is 3.9 g (58%),$ mp177"; "P {'H} 
NMR (CDCl,): 6 54.2. 

Anal. Calcd. for C,,H,,ClN,P,: C, 41.65; H, 9.95; C1, 9.46; N, 22.42; P, 
16.52. Found: C, 41.59; H, 9.91; C1, 9.76; N, 22.27; P, 16.8. 

$The checker reports that an oil separates as the solvent is evaporated. Upon chilling overnight, 
crystals form; these are filtered and recrystallized from tetrahydrofuradhexme. 
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To a solution of 8.2 g (22 mmol) of the phosphonium salt dissolved in 100 
mL of THF contained in a 250-mL flask equipped as above is added 2.4 g (100 
mmol) of sodium hydride. 

Sodium hydride is very reactive with easily reducible sub- 
stances. Hydrogen is a product of the reaction, and a well-ventilated hood must 
be used. Flames should be kept away. 

The mixture is stirred at ambient temperature until the generation of hydrogen 
can no longer be observed (-2 days). The sodium chloride and unreacted sodium 
hydride are removed by filtration, the solvent is removed under vacuum, and 
the residue is distilled under high vacuum using the short-path distillation 
apparatus described in this volume. The yield of P,P'-methanetetrdylbis 
[N, N, N' , N' ,N",N"-hexamethylphosphoranetriamine] [ [ (CH,),N],P=C=P 
[N(CH,),],] is 6.4 g (86%),* bp 87" (5 X lo-, torr). It is a colorless liquid that 
crystallizes to a solid that melts at 51"; 31P {'H} NMR (d-THF): 6 27.7. 

Anal. Calcd. for C,,H,,N,P,: C, 46.14; H, 10.72; N, 24.83; P, 18.31. Found: 
C, 45.81; H, 10.67; N, 24.62; P, 18.3. 

W Caution. 

Properties 

P,P'-Methanetetraylbis[N,N,N' ,N' ,N",N"-hexamethylphosphoranetriamine] is a 
colorless water-sensitive solid. In the mass spectrum, a molecular ion at 338 
and peaks at 294 [M-N(CH,),]+ and 250 [M-2N(CH3),]' are observed. 

B. METHANETETRAYLBIS[TRIPHENYLPHOSPHORANE] 

3Ph,P + CCI, -+ [Ph,P==C(Cl)PPh,]+Cl- + Ph,PCl, 

[Ph,P=€(CI)PPh,] 'CI- + P[N(CH,),I, + 

Ph,P----CPPh, + [(CH,),N],PCI, 

Procedure 

W Caution. Carbon tetrachloride is a known carcinogen. The reactions 
should be carried out in a well-ventilated hood. Because of the sensitivity of the 
compounds toward moisture and oxygen, all reactants must be protected by 
nitrogen or argon, and all solvents must be anhydrous. 
Into a 500-mL three-necked round-bottomed flask equipped with an argon inlet, 
a magnetic stirring bar, a thermometer, and a mercury relief valve is placed 

i 

7 

*The checker finds that upon distillation the product crystallizes directly on the cold finger 
condenser (sublimation apparatus) and can be removed by scraping under anhydrous conditions. 
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78.6 g (0.3 mole) of Ph,P [Strem Chemical] dissolved in 150 mL of CH,Cl,. 
Carbon tetrachloride (31.0 g; 0.2 mole) is added, and the mixture is stirred at 
ambient temperature. After a few minutes, the solution becomes yellow-brown; 
after 60 min it is warm and dark brown. Crystalline Ph3PC12 precipitates after 
4 hr of stimng. When the mixture has been stirred for an additional 2 hr (7 hr 
total), 15.0 g (0.2 mole) of 1 ,Zepoxybutane [Aldrich Chemical] is added slowly 
while the temperature is not allowed to exceed 40". (m Caution. 1,2-Epox- 
ybutane is a moisture-sensitive, jiammable liquid and must be handled in an 
inert atmosphere.) Approximately 80 mL of diethyl ether is added dropwise 
until a slight turbidity appears. After stirring for another 20 min, the precipitation 
is complete. Then the mixture is filtered. The solid residue is washed again with 
CH,CI,/Et,O. The white solid is dried under vacuum at 80-100". The yield of 
[chloro(triphenylphosphoranylidene)methyl]triphenylphosphonium chloride, 
[Ph,P=C(Cl)PPh,)+Cl-, is 45 g (74%)*; mp 258-260".15 

Anal. Calcd. for C,,H,,CI,P,: C, 73.15; H, 4.94; P, 10.21; C1-, 5.85; total 
C1, 11.70. Found: C, 73.30; H, 4.87; P, 10.27; C1-, 5.88; total C1, 11.77. 

To 150 mL of benzene in which 40.0 g (0.066 mole of [Ph,P=C(Cl)PPh,]+Cl- 
is suspended is added 10.8 g (0.066 mole) of hexamethylphosphorous triamide 
[Aldrich]. After 24 hr the mixture is heated to boiling as rapidly as possible in 
a preheated oil bath (-100") and is then immediately filtered through a glass 
frit. The filtrate is cooled to 25", and the precipitate that forms on cooling is 
separated by filtration. The solid is washed twice with 10-mL portions of diethyl 
ether. The methanetetraylbis[triphenylphosphorane], Ph,P=C=PPh,, is dried 
at 25" under reduced pressure (0.3 torr). The yield is 21.8 g (61%),? mp 213- 
215". 

Anal. Calcd. for C3,H30P2: C, 82.8; H, 5.6; P, 11.5. Found: C, 83.3; H, 
5.8; P, 11.6. 

Properties 

Methanetetraylbis[tphenylphosphorane] is a yellow crystalline solid that is sta- 
ble for long periods in an anhydrous environment at 25". In the IR spectrum 
(Nujol mull), a strong band at 1315 cm-' with a shoulder at 1282 cm-' is a 
most characteristic feature. In cyclohexane it absorbs in the 275-379-mp. region 
with A,,, 325 mp  (E 0.7 X lo4), also at A,, 258 m p  (E 0.6 X lo4) and A- 
225mp (E 3 X lo4).' 

*The checker used approximately 1/10 the quantity of reactants and found that turbidity appeared 
only when the diethyl ether/CH2CI2 ratio was -3:4. Crystallization required refrigeration overnight 
with 85% yield being obtained. 

tThe checker obtained a 20% yield, which may arise from the smaller scale reaction. In a second 
attempt, he preheated the filter before filtering the hot solution, but only a small improvement in 
yield was noted. 
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37. BIS[BIS(TRailETHYLSILYL)METHYLENE]- 
CHLOROPHOSPHORANE 

Submitted by ROLF APPEL* 
Checked by ROBERT T. PAINEt 

The interaction of phosphorus trichloride with LiCCl[Si(CH,),], yields 
[(CH,),Si],C=PC(CI)[Si(CH,),],, which rearranges by thermal chlorine migra- 
tion to the title compound. Bis[bis(trimethylsilyl)methylene]chlorophosphorane, 
when decomposed at high temperature, is a useful precursor to a longer lived 
phosphoalkyne, =Si(CH,), ( t , , ,  = 50 min). 

*Anorganisch-Chemisches Institut der Universitat, Gerhard-Domagk-Strasse I ,  53 Bonn, West 

tDepartment of Chemistry, University of New Mexico, Albuquerque, NM 87131. 
Germany. 
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A. (DICHLOROMETHYLENE)BIS[TRIMETHYLSILANE] 

2BuLi 

CH2C12 + 2(CH,),SiCI + CI2C[Si(CH3),l2 + 2LiCI + 2C,H,, 

Procedure 

Caution. Butyllithium reacts violently with water. It should be handled 
under an atmosphere of nitrogen or argon, and all solvents should be rigorously 
anhydrous. 
A rigorously dried 2-L three-necked round-bottomed flask equipped with a 
mechanical stirrer, a thermometer, and a 1 -L jacketed pressure-equalizing addi- 
tion funnel is charged with 51 g (0.6 mole, 38.5 mL) of dichloromethane, 800 
mL of tetrahydrofuran, 80 mL of pentane, 80 mL of diethyl ether, and 160 g 
(1.47 moles, 187 mL) of freshly distilled chlorotrimethylsilane [Aldrich Chem- 
ical]. The vessel is immersed in an ethanol/liquid nitrogen slush bath ( - 1 18"). 
After the vessel is flushed with nitrogen or argon, 1.2 moles of butyllithium 
dissolved in 750 mL of hexane is transferred to the addition funnel, the apparatus 
is closed with a mercury relief valve, and the butyllithium solution is cooled 
with a cryostat to -70". It is then added dropwise to the reaction vessel with 
vigorous stining while the temperature inside the vessel is maintained at < - 105". 
This procedure requires -4.5 hr. When addition is complete, the reaction mixture 
is allowed to warm to 25" overnight and the addition funnel is replaced by a 
distillation bridge. Solvents and excess chlorotrimethylsilane are removed by 
distillation until the temperature reaches 70". The lithium chloride is removed 
by filtration through a fritted filter funnel. The filtrate is collected in a 250-mL 
round-bottomed flask. Distillation of the remaining liquid by means of a 30-cm 
Vigreux column yields 80 g (58%) of C12C[Si(CH,),]2, bp 204" (62-65"/0.1 

Anal. Calcd. for C,H,,C12Si2: C, 36.7; H, 7.9; Si, 24.5. Found: C, 37.0; H, 
tOK). 

8.2; Si, 24.6. 

Properties 

(Dichloromethylene)bis[trimethylsilane] is a colorless water-sensitive liquid. 'H 
NMR (CCI,): 6 0.29 and IR spectrum (neat): 1266 (s), 878 (s), 851 (s), 810 (s), 
768, 747, 703 (s), 649, and 632 cm-'. 
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Cl,C[Si(CH,),], + BuLi + LiC(Cl)[Si(CH,),], + BuCl 

3LiC(CI)[Si(CH,),], + PCl, [(CH,),Si],C=PC(CI)[Si(CH,),], 
+ 3LiCl + Cl,C[Si(CH,),I, 

Procedure 

Caution. Butyllithium reacts violently with water. All manipulations 
should be carried out under anhydrous argon or nitrogen and with anhydrous 
solvents. 
Into a 1 -L three-necked flask equipped with a pressure-equalizing dropping fun- 
nel, a mechanical stirrer, a thermometer, and a mercury relief valve are placed 
500 mL of tetrahydrofuran, 50 mL of pentane, 50 mL of diethyl ether, and 40 g 
(0.175 mole) of Cl,C[Si(CH,),],. While being flushed with dry nitrogen or argon, 
the flask and its contents are cooled to and maintained at - 105" (ethanolAiquid 
nitrogen slush). Over a period of 1 hr, 1 10 mL (0.175 mole) of 1.6 M solution 
of n-BuLi in hexane [Aldrich] is added from the dropping funnel. After being 
stirred at - 105" for 4.5 hr, a solution of 9 g (0.065 mole, 10% excess) of PCl, 
dissolved in 25 mL of ether is added over a period of 10 min. (m Caution. The 
internal temperature must not exceed - 9P.) The course of the reaction can be 
followed by the change in color of the solution from yellow to dark green. After 
warming to 25" overnight, the solvent and the excess PCl, are removed under 
vacuum. The residue is mixed with 50 mL of pentane, and the LiCl is removed 
by filtering through a fritted funnel. The pentane is removed under vacuum, and 
the product is distilled through a short-path distillation apparatus.' The distillation 
must be carried out at <120", above which rearrangement and decomposition 
begin to occur. The yield of [(CH,),Si],C=PC(Cl)[Si(CH,),l~ is 12 g (54% 
based on PCl,). ' 

Properties 

[Bis(trimethylsilyl)methylene][chlorobis(trimethylsilyl)methyl]phosphine is a 
yellow oil (bp 86"/10-, torr) that crystallizes to a yellow solid (mp 48-50"). ,'P 
{'H} NMR 6 173.6 (s). 
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C. BIS[BIS(TRIMETHYLSILYL)METHYLENE]- 
CHLOROPHOSPHORANE 

Procedure 

The thermolysis is carried out under anhydrous conditions. The yellow solid 
[(CH,),Si]2C=PC(CI)[Si(CH,)3], (12 g, 0.031 mole) is heated under reflux in 
0-xylol for 1 hr or neat for 5 hr. The temperature must not exceed 135", because 
at higher temperatures dimerization occurs by elimination of chlorosilane. The 
brown-red product is distilled through a short-path distillation apparatus.2 The 
yield of [(CH,),Si],C=P(CI)=C[Si(CH,),I, is 7 g (58%). I 

Properties 

Bis[bis(trimethylsilyl)methylene]chlorophosphorane is an orange-red oil (bp 56'1 
low3 ton) that crystallizes to a solid of the same color (mp 58"). 31P {'H} NMR: 
6 136.6. I3C {'H) NMR: 6 83.3 (d, J- = 38.6 Hz). 
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38. N,N'-DIMETHYL-N,N'- 
BIS(TRIMETHYLS1LYL)UREA 

MeN(SiMe,), + MeNCO --* [Me,SiN(Me)],CO 

Submitted by H. W. ROESKY' and J. LUCAS* 
Checked by ARLAN D. NORMAN? 

N,N'-Dimethyl-N,N'-bis(trimethy1silyl)urea' is a useful precursor for synthes- 
izing heterocyclic compounds containing the -(Me)NC(O)N(Me)- moiety. 
The reaction of the disilylated urea with S,N,Cl, results in a bicyclic SN 

*Institut fir Anorganische Chemie der Universitit Gottingen, Tammannstrasse 4, D-3400 Got- 

tkpar tment  of Chemistry, University of Colorado, Boulder, CO 80309. 
tingen, West Germany. 
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compound that contains a carbon atom in the ring skeleton.2 With aisenic trich- 
loride, an eight-membered ring containing As, N, and C atoms is formed.' These 
two examples give an idea of the scope of this reagent and the easy cleavage of 
the nitrogen-silicon bond. 

Procedure 

Methyl isocyanate is malodorous and toxic. Avoid skin contact 
and inhalation. All procedures should be carried out in a well-ventilated hood. 
Due to the moisture sensitivity of the starting materials and the product, all 
substance transfers must be carried out under an atmosphere of nitrogen. 
The reaction is carried out in a 100-mL two-necked flask equipped with a mag- 
netic stirring bar and a reflux condenser topped with a nitrogen bypass. The 
apparatus is purged with nitrogen. Twenty grams (1 14 mmol) of heptamethyl- 
disilazane4 and 6.5 g (1 14 mmol) of freshly distilled methyl isocyanate [Aldrich] 
are transferred to the flask with a syringe. The reaction mixture is stirred for 24 
hr at 35". Distillation of the moderately viscous colorless liquid at 55-58" (0.1 
torr) yields 18.6 g (70%) of [Me,SiN(Me)],CO. The pure product solidifies 
easily in the condenser, so that occasional warming is necessary. 

Anal. Calcd. for C,H,,N,OSi,: C, 46.5; H, 10.4; N, 12.0. Found: C, 46.6; 
H, 10.4; N, 12.0. 

Caution. 

Properties 

The silyl-substituted urea is a colorless crystalline solid (mp 22-23", n g  1.4523). 
It is moisture-sensitive. At -30" it can be stored in a sealed flask for several 
months. 'H NMR (CH,Cl,): 6 2.75 (NCH,) and 6 0.21 (SiCH,). IR vc0: 1625 
(s) cm-' (Nujol mull). 
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39. 1,3,5,7-TETRAMETHYL- 
W , S H - [  1,4,2,3]DIAZADIPHOSPHOLO- 

[2,3-b][1,4,2,3]DIAZADIPHOSPHOLE-2,6(3H,7H)-DIONE 
AND A MOLYBDENUM COMPLEX 

Submitted by H. W. ROESKY* and J. LUCAS* 
Checked by ARLAN D. NORMAN? 

Although the syntheses of compounds containing phosphorus-phosphorus bonds 
are well established,' the incorporation of this diatomic unit into polycyclic 
molecules is not easy to accomplish. The method presented here is a single-step 
reaction starting with silyl-substituted urea and phosphorus trichloride.' Variation 
of the urea substituents and the use of RPCl, instead of PCl, demonstrate the 
scope of this reaction, which leads to bicyclic A3P-A5P as well as spirobicyclic 
A3P-AsP molecules. 3.4 Reactions of the title compound with metal carbonyls 
do not result in an oxidative cleavage of the phosphorus-phosphorus bond, since 
the diphosphane acts as a monodentate and as a bridging 1iga11d.~ 

A. 1,3,5,7-TETRAMETHYL- 
lZl,5H-[1,4,2,3]DIAZADIPHOSPHOL0[2,3-b]- 
[ 1,4,2,3]DIAZADIPHOSPHOLE-2,6(3H,7H)-DIONE 

[Me,SiN(Me)],CO 
CHzC12 

+ 2PC1, + 
0 

+ 4Me3SiC1 + solid6 

*Institut fur Anorganische Chemie der Universitat Gottingen, Tammannstrasse 4, D-3400 Got- 

tDepartment of Chemistry, University of Colorado, Boulder, CO 80309. 
tingen, West Germany. 
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Procedure 

Caution. Phosphorus trichloride is a highly corrosive and easily hydro- 
lyzed compound. It should be handled in a dry nitrogen atmosphere. Gloves 
should be worn. 
The silyl-substituted urea [Me,SiN(Me)],CO is prepared according to the liter- 
a tu~e .”~  Because of the moisture sensitivity of the starting materials and the 
product, all compound transfers are carried out in an inert-atmosphere glove 
box.’ Solvents are carefully dried. Dichloromethane and CCl, are distilled from 
P40,0, and tetrahydrofuran (THF) is distilled before use from sodium benzo- 
phenone ketyl solution. The reaction is carried out in a 250-mL two-necked flask, 
equipped with a reflux condenser, a dropping funnel, and a nitrogen-inlet bubbler. 
While a slow stream of nitrogen is passed through the apparatus, a solution of 
17.2 g (74 mmol) of [Me,SiN(Me)],CO in 60 mL of CH,Cl, is added dropwise 
to a stirred solution of 10.1 g (74 mmol) of freshly distilled PC13, in 30 mL of 
CH,Cl,. To maintain a constant reaction temperature, the flask is immersed in 
an ambient temperature water bath during the reaction. After completion of the 
addition, the solvent Me,SiCl and other volatile substances are evaporated and 
trapped at liquid nitrogen temperature by applying oil-pump vacuum and heating 
the flask at 40”. The sticky white residue is stirred in 50 mL of CCl,, filtered, 
and washed three times with 5-mL portions of CCl,. Heating this residue at 1 10” 
(0.01 torr) traps an oily product (bp 95’10.2 torr), which has been shown to be 
a six-membered P,N,C heterocyclic compound.6 

Me 
I //O 

/N-c\ 

“4’ 
I No 

N-Me Cl-P 

Me 

At 140-150” (0.01 tom) the title compound sublimes. Further purification by 
resublimation at 180-190” (760 torr) results in 2.3 g (13%) of pure 
P,[MeNC(O)NMe] ,. 

Anal. Calcd. forC6H,,N40,P,: C, 30.78; H, 5.16; N, 23.93; P, 26.46. Found: 
C, 30.7; H, 5.1; N, 23.9; P, 26.4. 

Properties 

The colorless crystalline compound is soluble in CH,CI, and tetrahydrofuran 
(THF) and only slightly soluble in aliphatic hydrocarbons. The moisture- and 
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air-sensitive diphosphane can be stored for several weeks in a carefully sealed 
flask under an atmosphere of dry nitrogen. mp 174-176"; IR: uco at 1685 (s) 
and 1660 (s) cm-' (Nujol mull); 'H NMR (CH,Cl,, 200 MHz): SNCH, 3.40 (JPNCH 
= 5 Hz); 31P NMR (85% H3P0,, CH,Cl,, 36.43 MHz) 6 27.3. The mass 
spectrum (70 eV) exhibits a molecular ion (mle 234, 30% relative intensity) and 
peaks corresponding to M - NCH,CO (177, 30%), P,NCH,CONCH, (148, 
lo%), PNCH3C0 (88, 20%), and PNCH, (60, 100%). The X-ray structure 
exhibits an "open-book" arrangement of two five-membered P,N,C rings joined 
along the P-P bond. Two molecules form centrosymmetric pairs around the 
four phosphorus atoms with short internuclear Pa .P' distances. 

B. HEXACARBONYLTRIS[p-1,3,5,7-TETRAMETHYL- 
lH,5H-[l,4,2,3]DIAZADIPHOSPHOLO[2,3-b]- 
[ 1,4,2,3]DIAZADIPHOSPHOLE-2,6(3H,7H)- 
DIONEI-DIMOLYBDENUM 

THF 

2Mo(C,H,)(CO), + 3P,[MeNC(O)NMe], + 

Mo,(CO),{P,[MeNC(O)NMe],}, + 2C,H, 

Procedure 

Caution. Metal carbonyls are extremely hazardous and should be han- 
dled in a well-ventilated hood. 
In addition to the previously mentioned precautions, the solvents are carefully 
deoxygenated by refluxing in a stream of nitrogen for - 1 hr. A solution of 1.1 
g (4.1 mmol) of MO(C,H,)(CO),'~*" in 20 mL of freshly distilled tetrahydrofuran 
(THF) is added slowly to 1.15 g (4.9 mmol) of P2[MeNC(0)NMe], in 30 mL 
of THF and is heated to 50" for 2 hr. The light yellow precipitate is filtered off 
and washed with I0 mL of THF. Recrystallization from CH,Cl, results in 0.5 
g of Mo,(CO),{P,[MeNC(O)NMe]~}, (28%). 

Anal. Calcd. for C,,H,,Mo,N,,O,,P,: C, 27.14; H, 3.39; N, 15.83; P, 17.5. 
Found: C, 27.7; H, 3.3; N, 16.2; P, 17.7. 

Properties 

The air- and moisture-sensitive compound can be stored for several weeks in a 
carefully sealed flask under an atmosphere of dry nitrogen. mp 289"; IR: uco at 
1980, 1940, 1690 cm-' (Nujol mull); 'H NMR (CH,CI,, 60 MHz) 6,,, 3.0, 
"P NMR (85% H,PO,, CH,CI,, 36.43 MHz) S 69.5. The X-ray structure deter- 
mination indicates that two (CO),Mo fragments are bridged by three diphosphane 
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ligands in such a way that the molecule is of approximate D, symmetry along 
the Mo...Mo axis. The Mo-,.Mo distance of 509.7(1) pm is too long for any 
bonding interaction. 
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40. SULFUR DICYANIDE 

CL2S 

SC12 + 2(CH,),SiCN -+ S(CN), + 2(CH,)3SiCl 
I hr 

Submitted by RAMESH C. KUMAR* and JEAN'NE M. SHREEVE* 
Checked by JERRY FOROPOULOS, JR.? 

Sulfur dicyanide, S(CN)*, was first synthesized in 1919.' It has since been studied 
vigorously. It is usually prepared by the reaction of silver cyanide dispersed in 
warm carbon disulfide with sulfur dichloride. However, the yield of S(CN), 
when this method is employed has not been reported.* The compound is useful 
as a precursor to thiols. 

The following procedure is a convenient and relatively inexpensive route to 
sulfur dicyanide by the reaction of sulfur dichloride and trimethylsilyl cyanide. 
No solvent is required, and thus recovery of S(CN), in high yield is very 
straightforward. 

*Department of Chemistry, University of Idaho, Moscow, ID 83843. 
?Chemistry Division, Argonne National Laboratory, 9700 S. Cass Ave., Argonne, IL 60439. 
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Procedure 

Caution. Sulfur dichloride is an evil-smelling, volatile material that 
should be handled with gloves and only in well-ventilated areas. Trimethylsilyl 
cyanide is readily hydrolyzed to form HCN. It should be kept free of moisture 
and handled only in a fume hood or vacuum line. 
Freshly distilled sulfur dichloride (0.612 g, 6 mmol) and trimethylsilyl cyanide 
[Aldrich] (1.19 g, 12 mmol) are condensed at - 196" into a 50-mL Pyrex round- 
bottomed flask that is equipped with a Kontes Teflon stopcock to which is attached 
a 10/30 inner standard taper joint. A Teflon-coated stirring bar is placed in the 
vessel. The reaction vessel is connected to the vacuum line by a 10/30 outer 
joint. The vacuum system is equipped with a Heise Bourdon tube gauge [Dresser 
Industries] and a Televac thermocouple gauge4 [Fredericks]. The quantities of 
SCI, and (CH,),SiCN are measured in the vacuum line by means of PVT tech- 
niques, assuming ideal gas behavior. 

The reactor is warmed to 0" while the mixture is stirred. Warming should 
continue so that over a 1-hr period the reaction mixture reaches 25". The vessel 
is then cooled to -23" (50/50 ethanol water, v/v, and liquid N,), and all sub- 
stances that are volatile at this temperature should be transferred out under 
dynamic vacuum into a U-trap that can be removed subsequently to the fume 
hood. The contents of the U-trap are destroyed by hydrolysis in aqueous base. 
An off-white crystalline solid, S(CN),, remains in the reaction vessel. The pure 
white crystalline sulfur dicyanide is obtained by subliming under vacuum (1- 
5 x lo-, torr) (0.42 g, 8045% yield). Sulfur dicyanide is stored in a glass 
vessel equipped with a Teflon stopcock at 0-10". 

Anal. Calcd. for C,N,S: C, 28.57, S, 38.90. Found: C, 28.80, S, 38.90. 

Properties 

Sulfur dicyanide is a white crystalline solid that sublimes under vacuum at 25". 
It is hygroscopic but can be stored under anhydrous conditions at 0" for long 
periods. It is not markedly stable at 25". On standing at this temperature in the 
absence of air, it slowly forms a yellow material of unknown composition. It is 
moderately soluble in water, very soluble in ether, and soluble in warm carbon 
disulfide. The Raman spectrum of S(CN), suggests a bent structure. The IR 
spectrum of the compound in a Nujol mull has absorption bands at 2190 (m) 
( e N )  and 1090 (w) (S-C) cm-'. 
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41. DISILYL SELENIDE (DISILASELENANE) 

Li(AIH,] + 4H,Se +. Li[Al(SeH),]* + 4H2 

Li[Al(SeH),] + 4H3SiI + 2(H,Si),Se + 2H2Se + LiI + AII, 

Submitted by JOHN E. DRAKEt and BORIS M. GLAVINCEVSKIT 
Checked by E. A. V. EBSWORTHS and S. G. HENDERSON# 

Disilyl selenide was first prepared in 1955 by the reaction of iodosilane and 
silver selenide. ’ More recent methods have involved the exchange of bromosilane 
with dilithium selenide2 and the interaction of trisilylphosphine’ or -amhe: or 
of SiH: with H2Se. The former methods require initial syntheses of Ag2Se and 
Li,Se and not only are less convenient but also give lower yields than the 
interaction of iodosilane with Li[Al(SeH),] described herein. This route is suitable 
for the preparation of the remaining hydromethyl-disilyl or -digermyl selenides 
and sulfides.6 

Apparatus 

The manipulation of all volatile material is carried out in a Pyrex glass vacuum 
system of conventional design.’ The authors’ system consists of two manifolds 
interconnected by four U-traps and a central manifold, which leads to two liquid 
nitrogen backing traps and mercury diffusion and rotary oil pumps. The vacuum 
in the system is monitored by a Pirani-type gauge fitted to the central manifold. 
Pressure readings in excess of about 1 torr are registered by mercury manometers. 
High-vacuum Teflon-in-glass valves and a silicone-type grease for ground glass 
joints are preferred because of the marked solubilities of the materials in hydro- 
carbon grease. 

Starting Materials 

Iodosilane§ is readily prepared by the reaction of phenylsilane [Petrach Systems] 
with hydrogen i ~ d i d e ~ . ~  or by the reaction of silane [Matheson Gas Products] 
with hydrogen iodide in the presence of a catalytic amount of aluminum 
triiodide.’.’’ Hydrogen selenide is conveniently prepared by the hydrolysis of 

*Authors do not know exact nature of this species. 
thpartment  of Chemistry, University of Windsor, Windsor, Ontario. Canada N9B 3P4. 
$Department of Chemistry, University of Edinburgh, United Kingdom EH9 3JJ. 
§The checkers have prepared iodosilane by the reaction of trisilylarnine with hydrogen iodide. 
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A12Se,. ' I  Lithium tetrahydridoaluminate [Alfa Organics] Li[AlH,] , and dimethyl 
ether [Matheson] are used as supplied. 

The selenium compounds in this preparation are toxic and 
vile-smelling. The nauseating smell usually results from their dissolution in 
stopcock lubricants. To minimize this, manipulations should be performed under 
vacuum conditions using greaseless high-vacuum Tefon-in-glass valves and a 
minimum of silicone-type grease. f Rapid decomposition of disilyl selenide will 
occur on exposure to air or moisture. 

Caution. 

Procedure 

The reaction vessel is a bulb (-60 mL) the neck of which is extended into a 
tube (-6 cm long and -10 mm 0.d.) terminating in a high-vacuum Teflon-in- 
glass valve and standard taper 18/9 glass joint for attachment to the vacuum line. 
The vessel is purged with dry nitrogen before the addition of fresh Li[AlH,] 
(0.05 g, 1.32 mmol). The connector is packed with glass wool to prevent con- 
tamination of the vacuum line, and the system is thoroughly evacuated. Dimethyl 
ether (-10 mL) is then condensed in at - 196" (liquid nitrogen), followed by 
an excess of hydrogen selenide, H,Se (6.80 mmol). The reactants are allowed 
to react with cautious warming while the pressure of the volatile species is 
monitored.* A vigorous effervescence, with evolution of hydrogen, is apparent 
as soon as the two phases mix. 

Caution. It is advisable to incorporate a bubbler manometer into the 
vacuum line to offset any diflculties arisingfrom sudden expansion of the volatile 
material. 
When the gas pressure increases too close to atmospheric, the vessel is cooled 
to - 196", the stopcock is closed, and the noncondensable gas, H2, is pumped 
off from the manifold and manometer. After thorough evacuation, the stopcock 
to the pumping system is closed, the stopcock of the vessel is reopened, and the 
bath at - 196" is removed, again allowing the volatile material to expand against 
the mercury manometer, with quenching as necessary. To slow the reaction, a 
- 78" bath (Dry Ice/methanol slush) is more convenient than one at - 196". The 
entire process is repeated until no more hydrogen is liberated. In this manner, 
over a relatively short reaction time (-30 min), 5.22 mmol of hydrogen is 
evolved.$ Iodosilane, H3SiI (2.39 mmol) is then condensed at - 196" into the 
reaction vessel and allowed to react with the excess selenoaluminate at -45" 

?The checkers used conventionally greased fittings on a vacuum l i e  and encountered no difficulties. 
*The checkers advocate that the reaction between hydrogen selenide and lithium tetrahydri- 

doaluminate in dimethyl ether is very rapid and care should be taken to avoid evolution of H1 at 
too great a rate. 

$The checkers found that in a - 78" bath this part took about 40 min. 
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(chlorobenzene/liquid nitrogen slush) for - 3 4  hr with occasional shaking. After 
this time the volatile material is fractionated through U-traps held at -78" and 
- 196". Pure (H,Si),Se (0.15 g, 1.09 mmol, 91%)* is retained in the former 
trap while Me,O with traces of H,SiSeH (identified by its 'H NMR parameters'2) 
is collected in the latter. 

The selenium residue in the reaction vessel should be handled 
in an efficient fume hood. Smell contamination may be considerably reduced by 
treatment of the residues with a strong bleach solution followed by an acid wash. 
These solutions should be disposed of in the normal way prescribed for toxic 
wastes. 

Caution. 

Properties 

Disilyl selenide (mp 68.0 2 0.2", bp 85.2 k 1") is a colorless volatile liquid.' 
Its vapor pressure relationship is given in the range -43 to +74.5" by: log,, 
P = 7.894 - 1796/T, which leads to a Affvap of 8219 cal mole- ' and a Trouton 
constant of 22.9.' The density at 20" is 1.36.' The 'H NMR spectrum of disilyl 
selenide recorded in cyclohexane consists of a singlet (asiH) at 4.12 ppm downfield 
of tetramethylsilane (JHH, 0.63 Hz, Jz9s,H 225 1 1 Hz).~." The IR ~pectrurn'~ 
shows prominent bands at 2185 (vs), 1872 (w), 1210 (w), 10oO (ms sh), 932 
(vs) [895, 889, 884 (vs) A], 635 (wsh), 597 (ms) C, and 530 (wsh) cm-'. The 
mass spectrum6 contains a molecular ion at m/e 130-146 (H,Si,Se)+. Disilyl 
selenide appears to be stable if kept in the refrigerator in a break-seal glass 
ampule. However, decomposition may occur after extended periods of time if 
it is left at room temperature. 
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*The checkers report a yield of 85%. 
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42. ORGANIC SUPERCONDUCTING SOLIDS* 

Synthetic metals (synmetals) are of ever-increasing interest because of their novel 
physical properties such as anisotropic, and sometimes metallic, electrical con- 
ductivity. 4,4',5,5'-Tetramethyl-2,2'-bi-1,3-diselenolylidene (tetramethyl- 
tetraselenafulvalene, TMTSF), first synthesized'.2 in 1974, is such a material 
which, although it contains no metals, forms radical-cation derivatives that exhibit 
widely varying electrical properties including insulating [ (TMTSF),[ SiF,]] , sem- 
iconducting [(TMTSF),[BIO,]], and superconducting [(TMTSF),[C lo,]] behav- 
i ~ r . ~  The 2: 1 (TMTSF)*X salts are most prominent because when X .= [SbFJ-, 
[T&,] -, [A#,]-, [PF,]-, and [ReO,] - they become superconducting (sc)  
under modest (-8-12 kbar) pressure. In the case of X = [ClO,]- the SC state 
is achieved at ambient pressure at -1.2 K. Although (TMTSF),[PF,] was the 
first true organic superconductor to be discovered, the [CIO,] - congener remains 
the only known ambient pressure organic superconductor in this class of materials. 

Recently two more detailed but different procedures for synthesizing deuterated4 
and hydrogenated5 TMTSF have become available. Certain steps in these pro- 
cedures are difficult to perform and give low yields. Therefore, we have devel- 
oped a synthesis that combines and elaborates on the two procedures and is 
easily performed with good yields. 

Materials 

The following common laboratory solvents are distilled before use as follows: 
chloroform (over alumina), diethyl ether (over FeSO,), dichloromethane, ben- 
zene, heptane, and 1,1,2-trichloroethane. Methanol and ethyl acetate are used 
as obtained. Distilled water and aqua regia are used as described herein. It should 
be noted that N-(dichloromethy1ene)-N-methyl methanaminium chloride (phos- 
gene iminium chloride) [Aldrich Chemical], trimethyl phosphite [Strem Chem- 
icals] and hydrogen selenide [Scientific Gas Products] are all air- and/or moisture- 
sensitive and can be used only in a dry, inert atmosphere. 

*Work performed under the auspices of the Office of Basic Energy Sciences, Division of Materials 
Sciences, of the U.S. Department of Energy under contract W-31-109-ENG-38. 
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A. SYNTHESIS OF 4,4‘,5,5’-TETRAMETHYL- 
2,2’-BI-1,3-DISELENOLYLIDENE 
(TETRAMETHYLTETRASELENAFULVALENE, TMTSF) 

E t a  + H,Se + Et,NH+HSe- 

N zE13N \N’ + 3Et3NH+C1- 
CH,\ + /CH, CH, CH, 

11 c1- + 
2Et,NH+HSe- + 

Se 

0 0 
II I 1  CH3 

CH, 

+ CH,CCHBrCH, + (CH,),NCSeCHCCH, + Et,NH+Br- 
\N*/Se 

Se-Et,NH+ $k dH, 
/ \  

(1) 

CH3\C/Se, 

7\ Se / 
(11) + H,Se 70g30H II C=Se + (CH,),NH,’ PF,- 

CH, 

(IV) TMTSF 
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Submitted by JULIE M. BRAAM,* CLARK D. CARJ,SON,* DENNIS A. STEPHENS,* 
ANN E. REHAN,* STEVE J. COMPTON,* AM) JACK M. WILLIAMS? 

Checked by C. F. SIELICKIS and F. S. WAGNERS 

Procedure 

8 Caution. Hydrogen selenide is a highly toxic gas. Its odor deadens 
olfactory nerves, which makes it dificult to detect. I t  can also be absorbed 
through the skin. Extreme care should be exercised in using H2Se and other 
selenium compounds. This synthesis should be done only in a well-ventilated 
hood, gloves should always be worn, and any excess HJe should be trapped 
in aqueous KOH-H,O,. 

1. 1-Methyl-2-oxopropyl dimethylcarbamodiselenoate 

Until product is extracted with diethyl ether, the procedure 
is carried out with total exclusion of oxygen under argon or nitrogen.6 
Initially, 5 mL (35.9 mmol) of triethylamine [Baker Chemical] distilled just prior 
to use, is added to 150 mL of chloroform (distilled over alumina) in a 250-mL 
three-necked round-bottom flask. Complete exclusion of the ambient atmosphere 
is required throughout step 1. This solution is degassed with argon or nitrogen 
(fine-frit gas dispersion tube) for 30-45 min and then maintained at - 10” (ice/ 
acetone bath). Under a flow of argon, hydrogen selenide [Scientific Gas Products] 
(99.9%) is then bubbled through the solution using a gas dispersion tube (fine 
frit) for approximately 3 0 4 0  sec, until the reaction is complete as observed by 
the detection of excess H2Se by the formation of a red solid in a trap of aqueous 
KOH-H20,. The solution is purged with argon for 30-45 min to remove any 
excess H,Se, catching any excess in the KOH-H202 trap. It is essential that the 
solution be purged completely of H,Se. A simple test is to insert a microliter 
syringe filled with triethylamine. A drop on the end of the needle should not 
“smoke” when held above the reaction m i x t ~ r e . ~  

An additional 5 mL of triethylamine is then added by means of a syringe 
(stainless steel needle). A tube-shaped flask containing 2.9 g (18 mmol) of N- 
(dichlommethy1ene)-N-methyl methanaminium chloride [Aldrich] , which is loaded 
in a dry box, is attached to the reaction flask under a flow of argon, and the 
solid is added slowly to the solution over a period of 10-15 min. The reaction 

8 Caution. 

*Research participants sponsored by the Argonne Division of Educational Programs: Julie M. 
Braam, St. Mary’s College, Winona, MN; Clark D.  Carlson, University of Minnesota, Moms, MN; 
Dennis A. Stephens, St. Xavier College, Chicago, IL; Ann E. Rehan, Carroll College, Helena, MT; 
and Steve J .  Compton, Dartmouth College, Hanover, NH. 

tComspondent, Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
SStrem Chemicals, Inc., 7 Mulliken Way, Newburyport, MA 01950. 
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flask is allowed to warm from - 10" to room temperature and the solution is 
stirred for 2 hr, over which time the color changes from orange to very dark 
brick red. The solution is then cooled to 0" and 1.9 mL (1 8 mmol) of 3-bromo- 
2-butanone [Kodak] (prac. grade) is added dropwise (5 min) using a syringe 
equipped with a stainless steel needle. The mixture is allowed to warm to room 
temperature and is then stirred for another 2 hr. The solvent is removed under 
vacuum, and the resulting solid is extracted with six 50-mL aliquots of dry 
diethyl ether. After the extracts are combined, the solvent is again removed under 
vacuum to give 3.7-4.4 g (72-86%) of a yellow oil or oily solid of 1-methyl- 
2-oxopropyl carbamodiselenoate (I) that is used without further purification in 
the next step of the synthesis. Spectroscopic data (IR, NMR, mass spec.) for 
(I) are p~bl ished.~ 

2. N-(4,5-Dimethyl-l,3-diselenol-2-ylidene)-N- 

In a 50-mL three-necked flask, under a flow of argon to ensure a dry atmosphere, 
10 mL of H,SO, (conc.) containing a few drops of acetic anhydride to assure 
dryness, is cooled to - 10". Then, 3.4 g (12 mmol) of 1-methyl-2-oxopropyl 
carbamodiselenoate (I) dissolved in 2-3 mL of acetic anhydride is added dropwise 
by means of a glass pipet with stirring. The reaction mixture is heated slowly 
to 58" (internal temperature) and is stirred for 5 min at that temperature. It is 
cooled in an ice bath, poured onto 25 g of ice (from distilled water), and filtered 
immediately through a coarse-frit, a medium-frit, and then a fine-frit glass funnel. 
Next, the filtrate is treated with a filtered solution of 3 g of Na[PF,] dissolved 
in 10 mL of distilled water, causing immediate formation of a tan-colored pre- 
cipitate. The precipitate is separated by filtration and is washed with three 25- 
mL aliquots of distilled water. The precipitate is then dissolved in 100 mL of 
dichloromethane, and the solution is dried with MgSO,. It is filtered, and the 
solvent is removed by vacuum at 25" to give 2.4 g (48%) of the tan-colored 
salt, N-(4,5-dimethyl-l,3-diselenol-2-ylidene)-N-methylmethanaminium hexaf- 
luorophosphate (11). Infrared and UV spectroscopic data for (11) are published., 

methylmethanaminium hexafluorophosphate 

3. 4,5-Dimethyl-l,3-diselenole-2-selone 

In a 250-mL three-necked flask, 2.4 g (5.8 mmol) of (11) is suspended in 100 
mL of 70% aqueous MeOH, and the solution is degassed with argon and then 
cooled to - 30" (xylene/liquid N, slush bath). Under a flow of argon, to exclude 
any outside air, H,Se is bubbled through the solution, again using a gas dispersion 
tube (fine frit), for approximately 15-20 sec (until excess is detected in the KOW 
H,O, trap) until the suspension turns bright orange. The mixture is warmed to 
room temperature and stirred for 2 hr with a continuous flow of argon over the 
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solution to remove any excess H,Se, again trapping it in a KOWH,O, mixture. 
During this time the color of the mixture changes from orange to bright red. 
Argon is bubbled through the solution for 20 min to remove any remaining H,Se. 
The product is removed by filtering, washed with 50 mL of distilled water, 
dissolved in 75 mL of dichloromethane-benzene (3:l by volume), and dried with 
MgS04, after which the solvent is removed. The red-orange crystals are har- 
vested, the container is washed with dichloromethane, and the wash is concen- 
trated by vacuum to dryness and combined with the red-orange crystals of selone 
to give 1.5 g (83%) of the selone4 (111). The selone, for which IR and UV 
spectroscopic data are p~bl ished,~ is purified by recrystallization in heptane. 

4. 4,4' ,5,5'-Tetramethyl-2,2'-bi-1,3-diselenolylidene 

Initially, in a 100-mL 3-necked flask equipped with a reflux condenser, 1.4 g 
(4.6 mmol) of the selone (111) is suspended in 5 mL of benzene and refluxed 
under argon. Then 0.75 mL (6 mmol) of freshly distilled trimethyl phosphite is 
added with a syringe, and the mixture is refluxed for 90 min. Freshly distilled 
trimethyl phosphite is crucial to obtaining good yields of TMTSF. The mixture 
is cooled in an ice bath and then suction filtered. The resulting violet crystals 
are washed with cold diethyl ether. The mother liquor is concentrated by evap- 
oration under vacuum to give additional product. The products are combined to 
give 1.8 g (87%) of needle-shaped violet crystals of TMTSF (IV).* The product 
can be further purified by vacuum gradient sublimation onto Teflon (temperature 
at sample 165" at lo-' t~r r ) . , '~  The vacuum gradient sublimation is accomplished 
by lining a glass chamber with a Teflon sheet to avoid possible reaction of 
TMTSF with glass (at 165"). Gradient sublimation of recrystallized TMTSF 
results in yields of -50% based on the initial amount of TMTSF used. 

Anal. Calcd. for C,J-I,,Se,: C, 26.81; H, 2.70. Found: C, 26.72; H, 2.68. 

(TMTSF) 

Properties 

4,4',5,5'-Tetramethyl-2,2'-bi- 1,3-diselenolylidene crystallizes as violet needles 
that decompose at 250". The 'H W R  spectrum in CDCl, (TMS) is a singlet at 
8 1.98. The UV/vis spectrum in CH,Cl, is: X max, 508 2 5 nm, 299 & 1 nm.' 
The IR spectrum obtained by subliming TMTSF onto a NaCl plate exhibits bands 
at 2970 (m), 2902 (s), 2840 (m), 1617 (m), 1434 (vs), 1145 (m), 1062 (s), and 
655 (s) ~ m - ' . ~  TMTSF will oxidize slowly if exposed to light and air, but it 
can be kept many months if it is stored under argon in a laboratory freezer ( - 15") 
in a light-free environment. 

*We wish to thank Prof. D. 0. Cowan for many helpful suggestions. 
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B. TETRABUTYLAMMONIUM PERCHLORATE AND 
BIS(4,4' ,5,5'-TETRAMETHYL-2,2'-BI-1,3- 
DISELENOLYLIDENE) RADICAL ION (1 + ) PERCHLORATE 

" 2 0  

[CH3(CHAIJ'JHS04 + H[CIO4I + tCH4CHJ,I4~[ClOJ + HzSO4 
4.5p.A 

[CH,(CH,),14N[CI04] + 2TMTSF -+ (TMTSF),[CIO,] 

I 

Submitted by DENNIS A. STEPHENS,* ANN E. REHAN,* STEVE J. COMPTON,* 
ROBERT A. BARKHAU,* and JACK M. WILLIAMS? 

Checked by MARSHA M. LEE$ 

8 Caution. Perchlorates are potentially shock-sensitive. Appropriate face 
shields, gloves, and reaction shields should be used at all times. Easily oxidized 
organic materials must be absent. 

1. Tetrabutylammonium Perchlorate 

Procedure 

Initially, 5 mL (34.9 mmol) of 70% perchloric acid is added dropwise, with 
stirring, to a solution of 9.91 g (29.2 mmol) of tetrabutylammonium hydrogen 
sulfate [Fluka] in 120 mL of distilled water. A white precipitate, 
[CH3(CHZ),],N[CIO4], forms immediately. The solution is allowed to stir for 5 
min and is then cooled at 0" for 40 min and filtered. The solid is washed with 
distilled water until the pH of wash is 7 and is dried under vacuum. The mother 
liquor is concentrated under vacuum (25") to give additional product. The. prod- 
ucts are combined and recrystallized three times from ethyl acetate; the resulting 
solid is washed each time with distilled water. The crystals are dried in a vacuum 
desiccator. This yields 7.95 g (79.7%) of white crystals of tetrabutylammonium 
perchlorate (mp 208-210"). 

*Research participants sponsored by the Argonne Division of Educational programs: Dennis A. 
Stephens, St. Xavier College, Chicago, IL; Ann E. Rehan, Carroll College, Helena, MT; Steven 
J .  Compton, Dartmouth College, Hanover, NH; Robert A. Barkhau, Carthage College, Kenosha, 
WI. 

?Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
$Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218 (electrolytic 

synthesis only). 
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Anal. Calcd. for [CH,(CH,),].,N[ClO,J: C, 56.20; H, 10.61; N, 4.10; C1, 
10.37; 0, 18.72. Found: C, 56.01; H, 10.37; N, 4.16; C1, 10.59; 0, 18.91. 

2. Bis(4,4',5,5'-tetramethyl-2,2'-bi-l,Idiselenolylidene) Radical 

The crystal-growing apparatus consists of a glass H-cell (1 5 mL capacity) with 
a fine-porosity glass frit and two platinum wire electrodes (0.367 cm2) as shown 
in Fig. 1.' The power supply consists of a variable dc constant-current source 
with a range of 0-5 PA. The crystal-growing apparatus is covered with aluminum 
foil to keep out light during crystal growth. Solutions of TMTSF in the organic 
solvents described herein have very low electrical conductivity. Therefore, the 
tetrabutylammonium cation and a correspondingly monovalent anion are added, 
both to increase solubility and conductivity and to promote crystal growth of the 
desired anionic derivative by electrolytic oxidation at the anode. 

The cell is cleaned and thoroughly dried before use as follows: Fresh aqua 
regia is drawn through the frit three times in each direction, using a water aspirator 

Ion (1 + ) Perchlorate 

NYLON eusntra 

MERCURY 

PLATINUM WIRE 

COPPER WIRE 

TEFLON PLUG 

Fig. I .  Electrochemical cell and inset. Reference 7 
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and changing the acid each time. Tap water, followed by distilled water, is then 
drawn through the frit in exactly the same manner. Finally, the cell is rinsed 
three times with anhydrous methanol and then dried in an oven at 125”. 

In order to prepare the cell for crystal growth, 10 mL of a 0.15 M tetrabu- 
tylammonium perchlorate salt solution [0.513 g, 1.5 mmol in 10 mL of dry 
1,1,2-trichloroethane (TCE)] in TCE and 5 mL of a 1.2 x M TMTSF 
solution (0.027 g, 0.06 mmol in 5 mL of dry TCE) in TCE are needed to produce 
final concentrations of 0.1 and 4 X 10-3M, respectively. The 1,1,2-trichloro- 
ethane should be distilled and dried using an alumina column prior to use. First 
5 mL of the TMTSF solution is added to the anode compartment, and theq 5 
mL of the tetrabutylammonium salt solution is added to the cathode compartment. 
The remaining 5 mL of the tetrabutylammonium salt solution is added in equal 
amounts to the anode and cathode compartments to produce equal solution heights 
on both sides. The solution in each compartment (cathode compartment first) is 
purged for 30 sec with argon. The precleaned and dried platinum electrodes are 
placed in their respective compartments and adjusted in height so that they are 
immersed in the solutions but are not touching the cell bottom. The cell pressure 
vents are covered with parafilm. The anode and cathode leads from the constant- 
current regulator are connected and the current is adjusted to the desired setting 
(-0.5-5 PA). The cell is covered with aluminum foil to exclude light that may 
cause premature oxidation of the TMTSF, which is indicated by the formation 
of an orange or green color in the solution. 

The crystals are harvested at the desired stage of crystal growth by carefully 
lifting the anode from the solution and then lightly brushing the crystals from 
the platinum electrode into a suction filter. After the cathode has been removed, 
the remaining contents of the anode cell are also poured into the filter. The cell 
is rinsed several times with TCE to remove any remaining crystals. Finally, the 
crystals are washed with 10 mL of TCE, dried for 10 min on the suction filter, 
and stored in a glass sample vial. If crystals are harvested when the TMTSF 
solution has lost its pink color, a yield of nearly loo%, or -30 mg, of metallic 
black crystals of bis(4,4’,5,5’-tetramethyL2,2’-bi- 1,3-diselenolylidenej per- 
chlorate (TMTSF),[CIO,] is obtained. Crystals of the highest quality are obtained, 
as required for X-ray diffraction and electrical conductivity studies, if the crystal 
growth is accomplished using low applied currents and is halted at -50% con- 
version. Properties are recorded in Table I. 

Anal. Calcd. for (TMTSF),[CIO,]: C, 24.13; H, 2.43. Found: C, 24.12; I-b, 
2.41. 
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C. TETRABUTYLAMMONIUM HEXAF'LUOROARSENATE 
AND BIS(4,4',5,5'-TETRAMETHYL-2,2'-BI-1,3- 
DISELENOLYLIDENE) RADICAL ION (1 + ) 
HEXAF'LUOROARSENATE 

" 2 0  

[CH3(CH2)314N[11 + K[AsF6i ---* [CH3(CH2)314N[AsF61 + K1 
4.0 PA 

[CH,(CH,),],N[AsF,] + 2 TMTSF + (TMTSF),[AsF,] 

Submitted by STEVE COMPTON,* HAU H. WANG,t and JACK M. WILLIAMSt 
Checked by MARSHA M. LEES 

1. Tetrabutylammonium Hexafluoroarsenate 

Procedure 

Initially, 3.97 g of potassium hexafluoroarsenate (17.4 mmol) in 36 mL of 
distilled water is added slowly to 140 mL of an aqueous solution that contains 
6.42 g of tetrabutylammonium iodide [Alfa Inorganics] (17.4 mmol) at 60'. A 
pale yellow precipitate of tetrabutylammonium hexafluoroarsenate forms imme- 
diately. The mixture is stirred for 10 min and then allowed to cool to mom 
temperature. The precipitate is removed by filtration and is washed with five 10- 
mL portions of distilled water. The crude product is recrystallized twice from 
hot methanol. The yield is 5.77 g of white needles of [CH,(CH2),14N[AsF61 
(13.4 mmol, 80%) (mp 245-248'). 

Anal. Calcd. for [CH,(CH,),],N[AsF,]: C, 44.55; H, 8.41; N, 3.25; F. 26.42. 
Found C, 44.42; H, 8.41; N, 3.01; F. 26.21. 

2. Bis(4,4',5,5'-tetramethyl-2,2'-bi-1,3-dise~enolylidene) 
Radical Ion (1 + ) Hexafiuoroarsenate 

Procedure 

For details of the electrolysis, see Section B. The solutions needed for the cell 
consist of 0.647 g (1.5 mmol) of [CH,(CH,),14N[AsF,] in 10 mL of dry TCE 

*Research participant sponsored by the Argonne Division of Educational Programs from Dart- 

Whemistry Division, Argonne National Laboratory, Argonne, 1L 60439. 
$Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218 (electrolytic 

mouth College, Hanover. NH. 

synthesis only). 



42. Organic Superconducting Solids 139 

and 0.027 g (0.06 mmol) of TMTSF in 5 mL of dry TCE. After 3-5 days at 
4.0 PA, the crystals are harvested when the anode solution loses its pink color. 
The yield is 20.82 mg (64.0%) of metallic black needles of bis(4,4’,5,5’-tetra- 
methyl-2,2’-bi- 1,3-diselenolylidene) hexafluoroarsenate (TMTSF),[AsF,]. Prop- 
erties are given in Table I. 

Anal. Calcd. for (TMTSF),[AsF,]: C, 22.14; H, 2.23. Found: C, 22.22; H, 
2.46. 

D. TETRABUTYLAMMONIUM TETRAFLUOROBORATE AND 
BIS(4,4’,5,5’-TETRAMETHYL-2,2’-BI-1,3- 
DISELENOLYLIDENE) RADICAL ION (1 + ) 
TETRAFLUOROBORATE 

[CHdCH2)314NOH + HWF4I + [CHdCH2),I.“F.J + HzO 
5 FA 

[CH,(CH,),],N[BF,] + 2 TMTSF + (TMTSF),[BF4] 

Submitted by ANN E. REHAN,* ROBERT A. BARKHAU,* and JACK M. WILLIAMS? 
Checked by MARSHA M. LEES 

1. Tetrabutylammonium Tetrafluoroborate 

Procedure 

W Caution. Hydrogen tetrafluoroborate reacts with glass. Polyethylene 
equipment and a well-ventilated hood must be used. 
Initially, 1.67 mL of hydrogen tetrafluoroborate (48 wt % in H 2 0 )  [Aldrich] in 
10 mL of distilled water is added dropwise (plastic syringe) with stimng (Teflon 
stir bar) to 22.78 mL of tetrabutylammonium hydroxide (40 wt % in I&O) 
[Aldrich] in a polyethylene beaker. A white precipitate, tetrabutylammonium 
tetrafluoroborate, forms immediately. The mixture is allowed to stir for 15 min 
and then cooled to 0” for 1 hr. The product is removed by filtering (polyethylene 
funnel and filter flask) and is dried in a desiccator (plastic) over CaSO, for 12 
hr. The filtrate is concentrated under vacuum to give additional product. The 

*Research participants sponsored by the Argonne Division of Educational Programs: Ann E. 
t 

Whemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
$Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218 (electrolytic 

Rehan, Carroll College, Helena, MT, and Robert A. Barkhau, Carthage College, Kenosha, WI. 

synthesis only). 
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products are combined, recrystallized from hot ethyl acetate, and washed with 
two 10-mL aliquots of ice-cold distilled water to give 2.02 g (67.3%) of white 
crystals of tetrabutylammonium tetrafluoroborate. 

Anal. Calcd. for [CH,(CH,),],N[BF,]: C, 58.36; H, 11.02; N, 4.25, Found: 
C, 58.20; H, 11.00; N, 4.20. 

2. Bis(4,4’,5,5’-tetramethyl-2,2’-bi-1,3-diselenolylidene) 
Radical Ion (1 + ) Tetrafluoroborate 

Procedure 

For details of the electrolysis, see Section B. The solutions needed for the cell 
consist of 0.494 g (1.5 mmol) of [CH,(CH,),],N[BF,] in 10 mL of dry TCE and 
0.027 g (0.06 mmol) of TMTSF in 5 mL of dry TCE. The crystals are grown 
for approximately six days (5 FA), after which time they are harvested to give 
22.15 mg (75.0%) of metallic black needles of bis(4,4’,5,5‘-tetramethyl-2,2’- 
bi- 1,3-diselenolylidene) tetrafluoroborate, (TMTSF),[BF,]. Properties are given 
in Table I. 

Anal. Calcd. for (TMTSF),[BF,]: C, 24.44; H, 2.86. Found: C, 24.81; H, 
2.74. 
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E. TETRABUTYLAMMONIUM HEXAFLUOROPHOSPHATE 
AND BIS(4,4',5,5'-TETRAMETHYL-2,2'-BI-l,3-DISELENOLY- 
LIDENE) RADICAL ION (1 +) HEXAFLUOROPHOSPHATE 

Submitted by DENNIS A. STEPHENS* and JACK M. WILLIAMSt 
Checked by MARSHA M. LEES 

1. Tetrabutylammonium Hexafluorophosphate 

Procedure 

Caution. Hydrogen hexajluorophosphate reacts with glass to produce 
H,SiF,. Polyethylene equipment and a well-ventilated hood must be used. 
In a polyethylene beaker, 18.0 g (53.0 mmol) of tetrabutylammonium hydrogen 
sulfate [Aldrich] is dissolved in 150 mL of distilled water by stirring with a 
Teflon stirring bar. Next, a solution of 10 mL (41.1 mmol) of hydrogen 
hexafluorophosphate [Alpha Products] (60 wt % in H,O) in 25 mL of distilled 
water (polyethylene beaker) is added to the [CH,(CH,),],NHSO, solution. The 
mixture is stirred for 5 min and is then placed in an ice bath for 45 min. The 
resulting precipitate is removed by filtering and rinsed with 10-mL aliquots of 
ice-cold distilled water until the pH of the final rinse is 7. The white crystals 
are dried in a vacuum desiccator over CaSO, for 2-3 hr and recrystallized twice 
from hot ethyl acetate. Before final drying under vacuum, the crystals are rinsed 
with five 10-mL aliquots of distilled water. This process yields 15.0 g (94.3%) 
of white crystals of tetrabutylammonium hexafluorophosphate. 

Anal. Calcd. for [CH,(CH,),],N[PF,]: C, 49.60; H, 9.36; N, 3.62; P, 8.00; 
F, 29.42. Found: C, 49.78; H, 8.92; N, 3.60; P, 7.92; F, 29.51. 

*Research participant sponsored by the Argonne Division of Educational programs from St. 

tchemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
$Department of Chemistry, The Johns Hopkins University, Baltimore, MD 21218 (electrolytic 

Xavier College, Chicago, IL. 

synthesis only). 
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2. Bis(4,4’,5,5’-Tetramethyl-2,2’-bi-l,3-diselenolylidene) 
Radical Ion (1 + ) Hexaffuorophosphate 

Procedure 

For details of the electrolysis, see Section B. The solutions needed for the cell 
consist of 0.581 g (1.5 mmol) of [CH,(CH,),],N[PF,] in 10 mL of dry TCE and 
0.027 g (0.06 mmol) of TMTSF in 5 mL of dry TCE. After electrolysis for 3- 
5 days at 5 FA, the crystals are harvested when the TMTSF solution begins to 
lose its pink color. This procedure yields 25 mg (80.0%) of metallic black crystals 
of bis(4,4’ ,5,5 ’-tetramethyl-2,2‘-bi- 1,3-diselenolylidene) hexafluorophosphate, 
(TMTSF),[PF,I. 

Anal. Calcd. for (TMTSF),[PF,]: C, 23.07; H, 2.32. Found: C,  23.64: H, 
2.44. 

All of the synthetic metals discussed herein are isostructural and triclinic 
(space group Pi). The identifying crystal lattice parameters are given in Table I. 

Properties (Summary) 

The unusual electrical properties of the 2:l TMTSF salts are summarized and 
discussed e l s e ~ h e r e . ~ ’ ~ ’ ~  For additional characterization purposes beyond chem- 
ical analyses, the crystallographic lattice constants for the isostructural (triclinic, 
space group Pi) TMTSF derivatives discussed here are given in Table I. 

TABLE I. Crystallographic Lattice Constants for TMTSF Derivatives. 

Crystal Lattice Constants 
(A) 

Compound a b C 

(TMTSF)2[CIOJ 7.266 7.678 13.275 
(TMTSF),[AsFJ 7.277 7.71 I 13.651 
(TMTSF)2[BFJ 7.255 7.647 13.218 
(TMTSF)2[PF,] 7.297 7.71 1 13.522 

Angles (deg) 
V,,, 298 K 

o! B Y (A’) 

84.58 86.73 70.43 694.3 
83.16 86.00 71.27 719.9 
82.23 87.15 70.36 688.1 
83.39 86.27 71.01 714.3 
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43. METHYLMERCURY@) NITRATE AND 
METHYLMERCURY (II) TRIFLUOROACETATE 

Submitted by ROBERT D. BACH* and HARSHA B. VARDHAN* 
Checked by DONALD W. GOEBEL, JR.,* and JOHN P. OLIVER* 

Methylmercury(I1) nitrate and methylmercury(I1) trifluoroacetate have been uti- 
lized in the study of the interaction of [MeHg(II)] species with biological sub- 
strates such as nucleosides.'** We now report improved isolation procedures and 
reproducible syntheses'.' for these compounds that give excellent yields. 

Caution. All methylmercury compounds are extremely toxic. Contact 
of either the solid or concentrated solution of [MeHgINO, or [MeHg]OCOCF, 
with the skin causes painful blisters. The entire procedure should be carried out 
in a well-ventilated hood, and all samples should be kept tightly sealed. All 
wastes (such as precipitates, filter papers, and wash solutions) should be col- 
lected in sealed containers and disposed of properly. The glassware used is 
detoxified by rinsing with alkaline Na[BH4](-0.25 M) followed by liberal rinsing 
with water. Proper toxic chemical handling procedures (such as the use of latex 
gloves and laboratory coat) must be followed. 

A. PREPARATION OF METHYLMERCURY(II) IODIDE 

mzo 
CHJ + Mg + HgI, + CH,HgI + MgI, 

Both [MeHgINO, and [MeHgIOCOCF, are prepared from methylmercury(I1) 
iodide. 

Procedure 

Iodomethylmagnesium is prepared by the addition of a solution of Me1 (125 
mL, 2.0 moles) in dry diethyl ether (250 mL) to a well-stirred suspension of 

*Department of Chemistry, Wayne State University, Detroit, MI 48202. 
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Mg (51.0 g, 2.1 g-atom) in dry diethyl ether (750 mL). The reaction is carried 
out in a 2-L three-necked round-bottomed flask equipped with a mechanical 
stirrer, a reflux condenser, and an argon inlet. The flask is flame-dried and then 
cooled in a slow stream of argon prior to the addition of reactants. The entire 
synthesis of methylmercury(I1) iodide is carried out under a positive pressure of 
argon (or nitrogen). The rate of addition of Me1 is adjusted to keep the reaction 
mixture at a slow and steady reflux. After the addition is completed (-6 hr), 
the reaction mixture is stirred for an additional hour. The second step of the 
synthesis is carried out in a 5-L three-necked round-bottomed flask equipped 
with a mechanical stirrer, a reflux condenser, and an argon inlet. The flask is 
flame-dried and cooled in a slow stream of argon. The Grignard reagent is filtered 
through a plug of glass wool (under argon) into a pressure-equalizing addition 
funnel. The solution is added slowly to a vigorously stirred slurry of red HgI, 
(900 g, 1.98 moles) in dry diethyl ether (2.5 L). A positive pressure of argon 
is maintained during the reaction. After the addition of the Grignard reagent is 
complete (-7 hr), the reaction mixture is heated gently at reflux for 0.5 hr (until 
the red color is completely discharged). An off-white precipitate is formed. The 
reaction mixture is cooled to 0" and quenched by very slow addition of ice cold 
water (200 mL). The supernatant solution is decanted from the precipitate, and 
the diethyl ether is removed under vacuum to obtain a slurry. The precipitate 
and the slurry are combined and washed with a solution of glacial acetic acid 
(100 mL) in water (1 L). The pale yellow crystalline solid is filtered, washed 
with water (1.5 L), and dried. Yield: 518 g (76%). The MeHgI obtained is used 
without further purification. 

Properties 

Methylmercury(I1) iodide is a pale yellow crystalline solid, mp 148-149" (lit 
144°).4 'H NMR (CDCl,) 6 1.24 ppm, J199,,,H = 185 Hz. IR (KBr): 3000 (w), 
2920 (w), 2780 (w), 2300 (w), 770 (s), and 520 (m) cm-'. 

B. PREPARATION OF METHYLMERCURY(I1) NITRATE 

MeHgI + AgNO, 4 [MeHgINO, + AgI 

Procedure 

To a solution of 8.5 g (50 mmol) of AgNO, in 100 mL of absolute ethanol in 
a 500-mL flask is added 17.5 g (51 mmol) of MeHgI, and the suspension is 
stirred for 4 hr. Water (100 mL) is added, and the precipitated AgI is filtered 
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and washed with water (50 mL). The combined filtrate and washings are carefully 
concentrated to dryness under reduced pressure with gentle heating, using a 
rotary evaporator equipped with a Dry Ice/acetone trap. The flask containing the 
solution should not be overheated, to avoid loss of material during concentration. 
The resulting crude off-white solid is transferred to an all-glass sublimator and 
slowly sublimed (48 hr) at 50"/0.15 torr, yielding 13.1 g (94%) of fine white 
crystals. 

Properties 

Methylmercury(I1) nitrate is a hygroscopic white crystalline solid, mp 59-60". 
Its IR spectrum (KBr) exhibits a strong absorption at 1385 cm-'; 'H NMR 
(CDCl,) 6 1.35 ppm, J1WHg-IH = 236 Hz. 

I 

C. PREPARATION OF METHYLMERCURY(I1) 
TRIFLUOROACETATE 

MeHgI + AgOCOCF, 4 [MeHgIOCOCF, + AgI 

Procedure 

To a solution of 1 1.2 g (5 1 mmol) of AgOCOCF, [Aldrich] in 100 mL of absolute 
ethanol in a 500 mL-flask is added 17.13 g (50 mmol) of MeHgI, and the 
suspension is stirred for 4 hr. Water (100 mL) is added, and the precipitated 
AgI is filtered and washed with water (50 mL). The combined filtrate and 
washings are concentrated to dryness in a rotary evaporator, taking care not to 
overheat the solution during concentration. The off-white crude product is trans- 
ferred to a glass sublimator and slowly sublimed at 50"/0. 15 torr to give 13.3 1 g 
(81%) of fine white crystals. 

Properties 

Methylmercury(I1) trifluoroacetate is a hygroscopic white crystalline solid, mp 
81-82°C (lit 81-82").5 'H NMR (CDCl,) 6 1.33 ppm, J,99w1H = 226 Hz. .IR 
(KBr): 1675 (s), 1570 (w), 1435 (w), 1200 (m), 835 (m), 800 (m), and 720 (m) 
cm- ' . Crude methylmercury(I1) acetate prepared similarly from MeHgI and 
AgOCOCH, can not be purified satisfactorily by direct sublimation. It is best 
purified by initial recrystallization from absolute ethanol. It may then be sublimed 
if desired. 
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Chapter Three 

TRANSITION METAL ORGANOMETALLIC 
COMPOUNDS 

44. DICARBONYLBIS(q'-CYCLOPENTADIENYL) 
COMPLEXES OF TITANIUM, ZIRCONIUM, 

AND HAFNIUM 

Submitted by DAVID J. SIKORA,* KEVIN J. MORIARTY,* and MARVIN D. RAUSCH* 
Checked by A. RAY BULLS,? JOHN E. BERCAW,?, VIKRAM D. PATEL,$ and 

ARTHUR J. CARTYS 

Dicarbonylbis(q5-cyclopentadienyl)titanium, Ti(C0)2(q5-C,H,)2, was first syn- 
thesized in 1959. It was the first carbonyl complex of a Group 4 metal.'.' Since 
the original synthesis, several preparations of Ti(C0)2(q5-C5H5)2 have been 
reported. 3-9 The corresponding zirconium and hafnium analogs of Ti(C0)2(q5- 
C5H5)' were not described until 1976. The preparation of Zr(C0)2(q5-C5H,)2 was 
reported independently by three different research groups, each employing dif- 
ferent  method^."^^'^ One of these groups also described the only known procedure 
for the synthesis of Hf(C0)2(q5-C5H5)2.7 

Because of our interest in the structure and reactivity of M(C0),(q5-C,H,), 
(M = Zr, Hf),"*'* we sought a more convenient method of preparation for these 

*Department of Chemistry, University of Massachusetts, Amherst, MA 01003. 
tDepartment of Chemistry, California Institute of Technology, Pasadena, CA 91 125. 
$Department of Chemistry, University of Waterloo, Waterloo, Ontario, Canada N2L 3GI. 

I47 
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compounds, since existing syntheses were of low yield and/or required severe 
reaction c o n d i t i ~ n s . ~ * ~ . ' ~  We have subsequently developed facile routes to the 
syntheses of M(CO),(q5-C5H,), (M = Ti, Zr, Hf) utilizing the reductive car- 
bonylation of MC12(qs-C5H5)2. The synthesis of Ti(CO),(q'-C,H,), described 
here is a modification of the convenient procedure reported originally by 
Demerseman et aL6 Our procedure involves magnesium metal activated in situ 
by mercury(1i) chloride. The advantages of this method are as follows: ( I )  no 
high-pressure apparatus is required, since the reaction occurs readily at 1 atm 
CO pressures.lo; (2) the reaction does not involve large amounts of elemental 
mercury or sodium amalgam'; (3) each synthesis is a one-step procedure that 
avoids the preparation of intermediates'; (4) the yields are reproducible and give 
ample amounts of product for further studies7; and (5) the starting metallocene 
dichlorides are commercially available. 

Due to the current interest in the structure and chemistry of the corresponding 
pentamethylcyclopentadienyl analogs M(CO),(q5-C5Me5), (M = Ti, Zr, Hf),'> 

we have extended our procedure to the syntheses of Ti(CO)z(q5-C5Me,)2,'6*'7 
Zr(CO),(q5-C5Me5),, Is and the heretofore unknown Hf(C0),(q5-C5Me,).* Dich- 
lorobis(q5-pentamethylcyclopentadienyl)titanium and -zirconium are readily 
reduced with activated magnesium powder. The hafnium analog HK312(q5-C5Me5),, 
however, is resistant to reduction under these conditions. A more reactive form, 
Rieke magnesium2' activated with mercury(I1) chloride, is therefore utilized. A 
main advantage of these procedures for the preparation of M(CO),(qS-C5Me,), 
(M = Ti, Zr, Hf) is that MCl2(qS-C5Me,), is used directly in the synthesis 
without the necessity of preparing reaction intermediates. I 6 . I 8  A detailed method 
for the synthesis of HfCl,(q5-C5Me5)2 is included. A higher yield preparation of 
the latter compound has been reported.21 

All procedures are performed using standard Schlenk tube techniquesz2 under 
an atmosphere of dry oxygen-free argon. All glassware is oven-dried and then 
flame-dried under vacuum and allowed to cool to room temperature while under 
argon. The tetrahydrofuran (THF) and 1 ,Zdimethoxyethane (DMEi) are predried 
over potassium hydroxide flakes, further dried over sodium wire, and finally 
distilled under argon from the sodium ketyl of benzophenone. Hexane is dried 
over calcium hydride and freshly distilled under argon prior to use. CAMAG 
neutral grade alumina [Alfa Products] is heated by means of a heat gun on a 
rotary evaporator operating at lop2 torr (vacuum pump) for 2 hr and then allowed 
to cool under an argon atmosphere to room temperature. Five percent by weight 
of degassed water is added to the alumina, the mixture is shaken until thoroughly 
mixed, and the alumina is stored under argon. Water is purged with argon for 
15 min, heated at reflux under argon for 12 hr, and then allowed to cool under 
argon. 

15 

*Hf(CO),(qS-C,Me,), has recently been reported spectroscopically; see Reference 19. 
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Caution. Because of the known toxicio of carbon monoxide and metal 
carbonyls, all preparations must be carried out in an eficiently operating fume 
hood. The residual material contained in the reaction vessel afer the initial 
filtration includes activated magnesium and metallic mercury. The magnesium 
metal may be decomposed by the careful addition of water (100 mL) (except for 
Rieke magnesium, which should be decomposed with 2-propanol). Although this 
reaction vigorously evolves hydrogen, at no time has ignition been observed. 
The metallic mercury should be disposed of properly.” 

A. DICARBONYLBIS(~5-CYCLOPENTADIENYL)TITANIUM 

TiCl2(q5-C5HJZ + Mg + 2CO + Ti(CO),(q5-C,H5), + MgCI, 

Procedure 

Dichlorobis(q5-cyclopentadienyl)titanium [Alfa Products] (5.00 g, 20.1 mmol), 
magnesium turnings* (1.62 g, 66.6 mmol) and 100 mL of THF are placed into 
a 250-mL Schlenk tube and stirred magnetically. Recrystallization of the titanium 
compound from xylene is recommended. The tube is flushed with carbon mon- 
oxide for 5 min. Mercury(I1) chloride (3.60 g, 13.3 m o l )  is then added while 
carbon monoxide is allowed to flow slowly over the solution through the side- 
arm stopcock and out to a mercury overpressure valve. A small amount of heat 
is generated during the amalgamation of the magnesium. Although this does not 
seem to have any detrimental effects on the reduction, it is recommended that 
the Schlenk tube be cooled (water bath) during the addition of mercury(I1) 
chloride and subsequent amalgamation. After 5 min of stirring, the bath may be 
removed and the reaction run at room temperature. The reaction mixture is stirred 
in the carbon monoxide atmosphere for 12 hr at room temperature, during which 
time the color changes from bright red to dark green and finally to dark red. 
The reaction vessel is then flushed with argon, and the solution is poured into 
a fritted funnel” containing a plug (12 x 4 cm) of 5 %  deactivated alumina 
covered with 1.5 cm of sea sand. The reaction mixture is allowed to pass through 
the plug in order to remove the magnesium chloride formed in the reaction. 
Hexane is subsequently used to elute the remaining material until the eluate is 
colorless. The THF/hexane solution is concentrated to dryness under reduced 
pressure, leaving the crude dark red Ti(C0)2(q5-C5Hs)Z. The product is puhied 
by dissolving it in - 100 mL of hexane and passing this solution through another 
plug (8 x 4 cm) of deactivated alumina. The plug is eluted with fresh heFane 
until the solution emerging from the fritted funnel is colorless. The solvent is 

*Fisher Brand magnesium turnings-for Grignard reaction [Fisher Scientific] 
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then removed under reduced pressure, leaving 4.1 g (87%) of Ti(CO)z(q5-C5H5)z. 
The purity of this material is satisfactory for further reactions. However, the 
product can be conveniently recrystallized from hexane at - 20". 

Properties 

Dicarbonylbis(qs-cyclopentadienyl)titanium is a maroon red air-sensitive solid 
that is soluble in both aliphatic and aromatic solvents. The 'H NMR spectrum 
(CJI,) exhibits a singlet at 6 4.62 ppm (external Th4S). The IR spectrum shows 
two metal carbonyl stretching vibrations at 1977 and 1899 cm-' in hexane, or 
at 1965 and 1883 cm-' in THF. 

B. DICARBONYLBIS(q'-CYCLOPENTAD1ENYL)ZIRCONIUM 

ZrCl,(q5-C5H5)z + Mg + 2CO + Zr(C0)2(q5-C5H5), + MgCI, 

Procedure 

Dichlorobis(qs-cyclopentadienyl)zirconium [Alfa Products] (2.00 g, 6.84 mmol) 
together with magnesium turnings [Fisher] (0.83 g, 34.2 mmol) and 50 mL of 
THF are placed in a 100-mL Schlenk tube and magnetically stirred. On disso- 
lution of the ZrClz(q5-C5H5)z, mercury(I1) chloride (1.85 g, 6.81 mmol) is added 
to the mixture, at which time carbon monoxide is allowed to flow slowly over 
the solution through the side-arm stopcock and out to a mercury overpressure 
valve. The solution is stirred in the carbon monoxide atmosphere for 24 hr at 
room temperature, during which time the solution changes from colorless to dark 
green and finally to dark red. The reaction vessel is flushed with argon, and the 
solution is poured into a fritted funnel" containing a plug (10 X 3 cm) of 5% 
deactivated alumina covered with 1.5 cm of sea sand. The reaction mixture is 
allowed to pass through the plug in order to remove the magnesium chloride 
formed in the reaction. The plug is then eluted with hexane until the eluate is 
colorless. The dark red reaction solution appears green when passing through 
the plug and dark reddish-green on exiting, depending on how the solution is 
viewed. The THFhexane solution is then concentrated to dryness, leaving a 
dark solid. The Zr(C0)2(q5-C5H5), is purified by dissolving it in -75 mL of 
hexane and passing the solution through another plug (5  X 3 cm) of 5% deac- 
tivated alumina. The plug is eluted with fresh hexane until the solution emerging 
from the fritted funnel is colorless. The hexane is then concentrated under vacuum 
until black needle-like crystals begin to form. At this point the solution is cooled 
to - 20", resulting in further crystal formation. The hexane is decanted from the 
crystals into another Schlenk tube and further concentrated and cooled. The 
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resulting black crystal crops are dried under vacuum and combined, yielding 
1.00 g (53%) of Zr(C0)2(q5-C5H5)2.* 

Properties 

Dicarbonylbis(q5-cyclopentadienyl)zirconium is a black air-sensitive solid that 
upon dissolution in aliphatic or aromatic solvents yields dark reddish-green solu- 
tions. The 'H NMR spectrum (C,D,) exhibits a singlet at 8 4.95 ppm (external 
TMS). The IR spectrum displays two metal carbonyl stretching vibrations at 
1975 and 1885 cm-' in hexane, or at 1967 and 1872 cm-' in THF. 

I 

C. DICARBONYLBIS(~S-CYCLOPENTADIENYL)HAFNIUM 

HfCl2(q5-C,H5), + Mg + 2CO + Hf(CO)2(q5-C&)2 + MgCl2 

Procedure 

Dichlorobis(q'-cyclopentadieny1)hafnium [Alfa Products] (2.00 g, 5.27 mmol), 
magnesium powder [RMC-50/ 100-UM (-50-100 mesh), Reade Manufactur- 
ing] (0.50 g, 20.6 mmol), and 50 mL of THF are placed into a 100-mL Schlenk 
tube and stirred magnetically. The use of magnesium powder for this preparation 
as opposed to magnesium turnings is critical to the success of the reaction. The 
use of magnesium powder for the preparation of Zr(CO)2(q5-C5H5)2, however, 
was found to result in lower yields of product. When the solution is stirred, a 
deep narrow vortex is desirable. This can be accomplished with a small stirring 
bar. On dissolution of the HfCl2(qS-C5H,),, mercury(I1) chloride (1.00 g, 3.68 
mmol) is added to the mixture, at which time carbon monoxide is allowed to 
flow slowly over the solution through the side-arm stopcock and out to a mercury 
overpressure valve. The solution is stirred in the carbon monoxide atmosphere 
for 24 hr, during which time the color changes from colorless to dark green and 
finally to dark red. The reaction vessel is flushed with argon, and the solution 
is poured into a fritted containing a plug (10 x 3 cm) of 5% deactivated 
alumina covered with 1.5 cm of sea sand. The reaction mixture is allowed to 
pass through the plug in order to remove the magnesium chloride formed in the 
reaction. Hexane is then used to elute the remaining material until the eluateiis 
colorless. The THF/hexane solution is concentrated to dryness, leaving a purple 
solid. The Hf(CO),(q5-C,H,), is purified by dissolving it in -75 mL of hexane 
and passing this solution through another plug (5 X 3 cm) of 5% deactivated 

*The checkers report that the same percentage yield is obtained when tb- amounts of the starting 
materials are doubled. 
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alumina. This plug is eluted with fresh hexane until the solution emerging from 
the fritted funnel is colorless. The hexane is concentrated under vacuum until 
purple needle-like crystals begin to form. The solution is then cooled to - 20", 
resulting in further crystal formation. The hexane is decanted from the crystals 
into another Schlenk tube and further concentrated and cooled. The resulting 
crystal crops are dried under vacuum and combined, yielding 0.58 g (30%) of 
Hf(CO)Aq'-CsHs)z. 

Properties 

Dicarbonylbis(qs-cyclopentadieny1)hafnium is a purple air-sensitive solid that is 
soluble in both aliphatic and aromatic solvents. The 'H NMR spectrum (c6D6) 
exhibits a singlet at 6 4.81 ppm (external TMS). The IR spectrum displays two 
metal carbonyl stretching vibrations at 1969 and 1878 cm-' in hexane, or at 
1960 and 1861 cm-' in THF. 

D. DICARBONYLBIS(q'- 
PENTAMETHYLCY CLOPENTAD1ENYL)TITANIUM 

TiCl,(q5-C,Me,)z + Mg + 2CO + Ti(C0),(q5-C,Me,), + MgCl, 

Procedure 

Dichlorobis(qs-pentamethylcyclopentadienyl)titanium'6 [Strem Chemicals] (2.00 
g, 5.14 mmol), magnesium powder [RMC-50/1OO-UM(-50-100 mesh), Reade] 
(0.62 g, 25.5 mmol), and 50 mL of THF are placed in a 100-mL Schlenk tube 
and stirred magnetically. On dissolution of the TiCl,(q'-C,Me,),, mercury(I1) 
chloride (1.39 g, 5.12 mmol) is added to the mixture, at which time carbon 
monoxide is allowed to flow slowly over the solution through the side-arm 
stopcock and out to a mercury overpressure valve. The solution is stirred under 
a carbon monoxide atmosphere for 24 hr at room temperature, during which 
time the color changes from red to green and finally to red. The THF is removed 
under reduced pressure, leaving a red residue. The residue is extracted with 
hexane until the extracts are colorless. The hexane solution is poured into a 
fritted funnel2, containing a plug (5 X 3 cm) of 5% deactivated alumina covered 
with 1.5 cm of sea sand. The plug is eluted with hexane until the eluate is 
colorless. The resulting red solution is then concentrated under reduced pressure 
to approximately one-fourth of its original volume and cooled to -20". Upon 
crystal formation, the hexane is decanted into another Schlenk tube and further 
concentrated and cooled. The resulting crystal crops are dried under vacuum and 
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combined, yielding 1.25 g (65%) of Ti(CO),(q5-C,Me,), as lustrous brick-red 
needles. 

Properties 

Dicarbonylbis(q5-pentamethylcyclopentadienyl)titanium is moderately stable in 
air, but it is best handled and stored under an inert atmosphere. It is extremely 
soluble in both aliphatic and aromatic solvents. The 'H NMR spectrum (C,D,) 
exhibits a singlet at 6 1.67 ppm (external TMS). The IR spectrum displays two 
metal carbonyl stretching vibrations at 1940 and 1858 cm-' (hexane). The mass 
spectrum shows a parent ion at mle 374. 

E. DICARBONYLBIS- 
($-PENTAMETHYLCY CLOPENTAD1ENYL)ZIRCONIUM 

ZrClz(q5-C,Me,), + Mg + 2CO +- Zr(CO)z(q5-C,Me5)2 + MgCl, 

Procedure 

Dichlorobis(q5-pentamethylcyclopentadienyl)zirconiumz3 [Strem Chemicals] 
(0.80 g, 1.85 mmol), magnesium powder [RMC-50/100-UM(-50-100 mesh), 
Reade] (0.22 g, 9.05 mmol), and 20 mL of THF are placed in a 50-mL Schlenk 
tube and stirred magnetically such that a deep narrow vortex is formed. On 
dissolution of the ZrCl,(q5-C,Me,),, mercury(I1) chloride (0.50 g, 1.84 mmol) 
is added to the mixture, at which time carbon monoxide is allowed to flow slowly 
over the solution through the side-arm stopcock and out to a mercury overpressure 
valve. The solution is stirred under a carbon monoxide atmosphere for 24 hr at 
room temperature, during which time the color changes from pale yellow to dark 
reddish green. The THF is removed under reduced pressure, leaving a dark- 
colored solid. This solid is extracted with hexane until the extracts are colorless. 
The hexane solution is poured into a fritted funnelZZ containing a plug (5 X 3 
cm) of 5% deactivated alumina covered with 1.5 cm of sea sand. The plug is 
eluted with hexane until the eluate is colorless. The resulting dark reddish-green 
solution is then concentrated under reduced pressure to approximately one-fourth 
of its original volume and cooled to -20". Upon crystal formation, the hexane 
is decanted into another Schlenk tube and further concentrated and cooled. The 
resulting crystal crops are dried under vacuum and combined, yielding 0.62 g 
(80%) of Zr(CO),(q5-C,Me,), as lustrous black needles. 



154 Transition Meral Organomerallic Compounds 

Properties 

Dicarbonylbis(q5-pentamethylcyclopentadienyl)zirconium, unlike its titanium 
analog, is highly air-sensitive. It is easily soluble in both aliphatic and aromatic 
solvents. The 'H NMR spectrum (C6D6) exhibits a singlet at 6 1.73 ppm (external 
"MS), and the IR spectrum displays two metal carbonyl stretching vibrations at 
1945 and 1852 cm-' (hexane). The mass spectrum shows a parent ion at mle 
416. 

F. DICHLOROBIS- 
($-PENT AMETHYLCY CLOPENTAD1ENYL)HAFNIUM 

2C5Me,Li + HfCl, --* HfCl,(q5-C,Me,), + 2LiCl 

Procedure 

(Pentamethylcyclopentadienyl)lithium24 (6.00 g, 42.2 mmol) and 125 mL of 1,2- 
dimethoxyethane (DME) are placed in a 250-mL three-necked round-bottomed 
flask that is fitted with a gas inlet and a condenser attached to a mercury over- 
pressure valve. The slurry is cooled to -78", and freshly sublimed hafnium 
tetrachloride [Research Organic*] (6.73 g, 21 .O mmol) is added. The reaction 
mixture is allowed to warm to room temperature and is then heated at reflux for 
4 days. The DME is removed under reduced pressure, leaving a yellow solid. 
The use of argon as a protective atmosphere is discontinued at this point. The 
residue is then dissolved in 70 mL of chloroform, and 28 mL of 6 N hydrochloric 
acid is added. The organic layer is washed with 50 mL of water and separated, 
and the aqueous layer is washed with 50 mL of chloroform and separated. The 
organic layers are then combined and dried over anhydrous sodium sulfate. After 
filtration, the yellow solution is concentrated to -5 mL, yielding pale yellow 
crystals of HfCl,(qS-C,Me5), (2.10 g, 19%), which are subsequently collected 
on a Buchner funnel, washed with pentane, and dried. 

Properties 

Dichlorobis(q5-pentamethylcyclopentadienyl)hafnium is a yellow air-stable solid 
that is soluble in both aromatic and chlorinated solvents. The 'H NMR spectrum 
(CDCl,) exhibits a singlet at 6 2.05 ppm. 

*The material had a listed purity of 99.9% (Specw grade) but was further purified by zone 
refinement at 280-2W0/ tom. 
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G. DICARBONYLBIS- 
(qS-PENTAMETHYLCY CLOPENTAD1ENYL)HAFNIUM 

2K + MgC1,- Mg + 2KC1 

HfC12(q5-C5Me5), + Mg + 2CO --j Hf(CO),(q5-C5Me5), + MgCl, 

Procedure 

A 100-mL three-necked round-bottomed flask is fitted with a reflux condenser 
and gas inlet and outlet tubes. Approximately 60 mL of THF is added to the1 
flask together with freshly cut potassium metal (1.11 g, 28.4 mmol), anhydrous 
MgCI, ( 1.90 g, 20.0 mmol), and KI (0.50 g, 3 .O mmol). 

Potassium metal reacts explosively on contact with water and 
may also form potentially dangerous superoxides. Consult reference 25 for proper 
handling procedure. 

The reaction mixture is stirred and slowly heated to reflux, at which point 
the potassium metal melts and the reaction commences. After refluxing for 3 
hr, a very finely divided dark gray suspension of magnesium metal can be 
observed.*' The reaction mixture is then cooled to room temperature and purged 
with carbon monoxide for 5 min. Dichlorobis(q5-pentamethylcyclopenta- 
dieny1)hafnium ( I  S O  g, 2.89 mmol) is added to the magnesium slurry, and the 
mixture is allowed to stir under a carbon monoxide atmosphere for 12 hr, with 
a slow, continuous flow of carbon monoxide through the flask. Mercury(I1) 
chloride (0.50 g, 1.84 mmol) is added, and the mixture is allowed to stir further 
under a stream of carbon monoxide for an additional 12 hr. The dark reaction 
mixture is then filtered through a fritted funnel2, in order to separate it from the 
magnesium. This filtration may be slow, due to the magnesium particles clogging 
the pores of the frit. The use of deoxygenated Celite helps alleviate this problem. 
(Celite was deoxygenated in a manner analogous to the deoxygenation of alumina; 
however, it was not deactivated with water.) The frit is then washed with fresh 
THF, and the dark red filtrate is concentrated to dryness under reduced pressure, 
leaving a solid residue. The residue is extracted with hexane until the extracts 
are colorless. The hexane solution is poured into a fritted funnel2' containing a 
plug (5 X 3 cm) of 5% deactivated alumina covered with 1.5 cm of sea sand. 
The plug is eluted with hexane until the eluate is colorless. The resulting purple 
solution is concentrated to approximately one-fourth of its original volume and' 
cooled to -20". Upon crystal formation, the hexane is decanted into another 
Schlenk tube and is further concentrated and cooled. The resulting crystal crops 
are dried under vacuum and combined, yielding 0.36 g (25%) of Hf(CO)2(-qs-' 
C5Me5), as lustrous purple needles. 

Anal. Calcd. for C,,HJ-if02: C, 52.32; H, 5.99. Found: C, 52.19; H, 5.95. 

Caution. 

I 
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Caution. The residual material contained in the reaction flask andfrit- 
ted funnel includes highly activated magnesium metal and metallic mercury. The 
residual material must not come into contact with water, since the hydrogen 
that is generated would ignite. The magnesium should be decomposed by reaction 
with 2-propanol. The metallic mercury should be disposed of properly.22 

Properties 

Dicarbonylbis(~5-pentamethylcyclopentadienyl)hafnium is a purple air-sensitive 
solid that is very soluble in both aliphatic and aromatic solvents. The 'H NMR 
spectrum (C,D,) exhibits a singlet at 6 1.74 ppm (external TMS) and the IR 
spectrum displays two metal carbonyl stretching vibrations at 1940 and 1844 
cm-' (hexane). The mass spectrum shows a parent ion at mle 506. 

References 

I .  
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 

10. 
11.  

12. 
13. 
14. 

15. 

16. 

17. 
18. 

19. 

20. 
21. 

22. 

J. G. Murray, J. Am. Chem. Soc., 81, 752 (1959). 
J. G. Murray, J. Am. Chem. SOC., 83, 1287 (1961). 
P. C. Wailes, R. S. P. Coutts, and H. Weigold, The Organometallic Chemisrry of Titanium, 
Zirconium, and Hafnium, Academic Press, New York, 1974. 
M. D. Rausch and H. Alt, J .  Am. Chem. Soc., %, 5936 (1974). 
B. Demerseman, G. Bouquet, and M. Bigorgne, J. Organomet. Chem., 93, 199 (1975). 
B. Demerseman, G. Bouquet, and M. Bigorgne, J .  Organornet. Chem.. 101, C24 (1975). 
J. T. Thomas and K. T. Brown, J. Organomet. Chem., 111, 297 (1976). 
G. Fachinetti, G. Fochi, and C.  Floriani, J. Chem. SOC., Chem. Commun., 1976, 230. 
B. Demerseman, G. Bouquet, and M. Bigorgne, J. Organomet. Chem.. 145, 41 (1978). 
B. Demerseman, G. Bouquet, and M. Bigorgne, J. Organomet. Chem., 107, C19 (1976). 
D. J. Sikora, M. D. Rausch, R. D. Rogers, and J. L. Atwood, J. Am. Chem. Soc., 101,5079 
( 1979). 
D. J. Sikora and M. D. Rausch, J. Organomet. Chem.. 276, 21 (1984). 
P. T. Wolczanski and J. E. Bercaw, Acc. Chem. Res., 13, 121 (1980). 
D. J. Sikora, M. D. Rausch, R. D. Rogers, and J. L. Atwood, J .  Am. Chem. Soc.. 103, 982 
( I98 1). 
D. J. Sikora, M. D. Rausch, R. D. Rogers, and J. L. Atwood, J. Am. Chem. SOC., 103, 1265 
(1981). 
J. E. Bercaw, R. H. Marvich, L. G. Bell, and H. H. Brintzinger, J .  Am. Chem. SOC., 94, 
1219 (1972). 
B. Demerseman, G. Bouquet, and M. Bigorgne, J. Organomet. Chem., 132, 223 (1977). 
J. M. Manriquez, D. R. McAlister, R. D. Sanner, and J .  E. Bercaw, J. Am. Chem. SOC., 98, 
6733 (1976). 
J. A. Marsella, C. J .  Curtis, J. E. Bercaw, and K. G. Caulton, J. Am. Chem. SOC., 102, 7244 
( 1980). 
R. E. Rieke and S. E. Bales, J. Am. Chem. Soc.. %, 1775 (1974). 
D. M. Roddick, M. D. Fryzuk, P. F. Seidler, G. L. Hillhouse, and J .  E. Bercaw, Orguno- 
metullics. 4, 97, 1694 (1985). 
D. F. Shriver, The Manipulation of Air-Sensitive Compounds, McGraw-Hill, New York, 1978. 



45. Sodium Carbonyl Ferrates 157 

23. 

24. 
25. 

J .  M. Manriquez, D. R .  McAlister, E. Rosenberg, A. M. Shiller, K.  L. Williamson, S .  1. 
Chan, and J .  E. Bercaw, J .  Am. Chem. SOC., 100, 3078 (1978). 
D. W. Macomber and M. D. Rausch, J .  Am. Chem. Soc., 105, 5325 (1983). 
L. F. Fieser and M. Fieser, Reagentsfor Organic Synthesis. Wiley, New York, 1967, p. 950. 

45. SODIUM CARBONYL FERRATES, Na,[Fe(CO),I, 
Na,[Fe,(CO),], AND Na,[Fe,(CO), ,I .  BIS[ p-NITRIDO- 

BIS(TRIPHENYLPHOSPHORUS)( 1 + )] 
UNDECACARBONYLTRIFERRATE(2 - ), 

[(Ph3P)JI*[Fe3(CO) I I 1  

THF 

Fe(CO), + 2NaC,J8 + Na,[Fe(CO),] + 2C,d-I,, + CO 

2Fe(CO), + 2NaC,,H, + Na,[Fe,(CO),] + 2CloH, + 2CO 

Fe,(CO),, + 2NaCl0H, + Na,[Fe,(CO),,1 + C,J8 + CO 

Na,[Fe,(CO), + 2[(Ph,P),NlCl -+ [(Ph3P)2N12[Fe3(CO)I + 2NaCI 

THF 

THF 

MeOH 

Submitted by HENRY STRONG,* PAUL J. KRUSIC,? and JOSEPH SAN FILIPPO, JR.* 
Checked by SCOTT KEENANf and RICHARD G .  FINKEf 

Carbonylferrates have been the subject of many studies. The well-defined 
mono-, di-, and trinuclear species [Fe(CO)J-, [Fe,(CO),]2-, and [Fe,(CO), ,I2- 
have been obtained by a variety of methods’-3 in varying yields and degrees of 
convenience. The procedures described here provide uniform, convenient, high- 
purity, high-yield syntheses of the sodium salts of these three important reagents. 
In addition, the preparation of the bis[p-nitrido-bis(triphenylphosphoyus)( 1 + )I 
salt of [Fe,(CO), , I2-  by metathesis of [(Ph,P),N]Cl with Na,[Fe,(CO), ,I  is 
presented. 

Procedure 

Caution. The toxic nature of the reagents and products requirelv that 
these reactions be performed in a well-ventilated fume hood. 

*Department of Chemistry, Rutgers University, New Brunswick, NJ 08903. 
tCentral Research and Development Department, E. I .  du Pont de Nemours and Company, 

$Department of Chemistry, University of Oregon, Eugene, OR 97403. 
Wilmington, DE 19898. 
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Caution. The use of Li[AlH,] in purifying THF is dangerous. I t  should 
not be attempted until it is ascertained that the THF is peroxide-free and also 
not grossiy wet.4 
Peroxide-free tetrahydrofuran (THF) is distilled under nitrogen from lithium 
tetrahydroaluminate. Pentane is distilled under nitrogen from P40,,. Iron pen- 
tacarbonyl [Pressure Chemical] is freshly distilled prior to each use.' Commercial 
triiron dodecacarbonyl [Alfa Products] is obtained wet with methanol, which is 
removed by subjecting the sample to vacuum (0.1 torr) overnight. Commercial 
naphthalene (recrystallized quality) is used without further purification. All 
manipulations are carried out in a nitrogen-flushed dry box or in standard Schlenk 
apparatus under a nitrogen atmosphere. 

Disodium tetracarbonylferrate(2-), Na,[Fe(CO),], is prepared in a 1 -L three- 
necked round-bottomed flask, one arm of which is modified to permit the contents 
of the flask to be filtered under an inert atmosphere.' The flask is equipped with 
a Teflon-coated magnetic stirrer bar and a 200-mL addition funnel. All remaining 
inlets are sealed with rubber serum stoppers [Ace Scientific], and the vessel is 
flame-dried.* Under a flush of nitrogen the flask is charged with a weighed 
quantity (3.45 g, 75.0 mmol) of sodium dispersion (20 microns, 50% by weight) 
in paraffin [Alfa Products]. It is then placed in an ice bath, and a solution of 
naphthalene (9.90 g, 77.0 mmol) in tetrahydrofuran (500 mL) is added via a 
stainless steel cannula. The contents of the flask are stirred for 2 hr at 0" and 
the resulting deep-green solution of (naphtha1ene)sodium is chilled at 5 - 70" 
in a Dry Ice/acetone bath. A solution of freshly distilled iron pentacarbonyl(7.02 
g, 36.0 mmol) in tetrahydrofuran (100 mL) is added slowly over a 30-min period, 
attended by vigorous stimng. Failure to use freshly distilled Fe(C0)' leads to 
diminished yields and purity. The deep green color is gradually replaced by a 
persistent beige color. At this point, addition is discontinued, and the resulting 
mixture is stirred an additional hour before being permitted to warm to ambient 
temperature. 

Pentane§ (200 mL) is added by cannula to the reaction mixture, which is then 
stirred for an additional 30 min before the flask is tilted and its contents filtered 
under a positive pressure of nitrogen through a coarse-fnt glass disk filter. The 
collected snow-white precipitate of Na,[Fe(CO),] is rinsed with two 100-mL 
portions of pentane,* and the flask is transferred to the dry box, where the 
contents are dried under vacuum (0.1 torr) for 4 hr to give 7.39 g [96%? based 
on Fe(CO),] of disodium tetracarbonylferrate(2-). $ Approximate elapsed time 

*Checkers dried the flask in an oven at 150" and flushed it immediately with dry nitrogen. 
§Checkers used hexane. 
?Checkers obtained a yield of 83%. They report difficulty in dissolving all of the sodium in 

SNa,[Fe(CO),].I .5 dioxane is available commercially [Aldri~h].~' 
THF. 
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for total synthesis is 12 hr. (m Solid Na,[Fe(CO),] is an exceedingly 
pyrophoric material.) 

Disodium octacarbonyldiferrate(2-), Na,[Fe,(CO)J, is prepared by a pro- 
cedure similar to that described above. Thus, a solution of iron pentacarbonyl 
(14.04 g, 72.0 mmol) in tetrahydrofuran (200 mL) is added over a 30-min period 
with stirring to the previously described solution of (naphtha1ene)sodium. Fol- 
lowing a workup procedure equivalent to that described above, the orange pre- 
cipitate that is obtained is rinsed with three 200-mL portions of pentane. Upon 
drying under vacuum the orange solid yields 13.6 g (99%* based on iron pen- 
tacarbonyl) of bright yellow Na,[Fe,(CO),]. The addition and removal of THF 
causes a reversible color change.2b Elapsed time for the total synthesis is -3 hr. 

8 Caution. Dry Na,[Fe,(CO),} is a pyrophoric substance. 
Disodium undecacarbonyltriferrate(2-), Na,[Fe,(CO),,], is prepared by a 

modification of the above procedure. Thus, in a nitrogen flushed dry box, a 250- 
mL single-necked, round-bottomed flask equipped with a Teflon-coated stirring 
bar is charged with 1.84 g (44 mmol) of sodium dispersion and capped with a 
rubber septum stopper. The flask is removed from the dry box and cooled in an 
ice bath; a solution of naphthalene (6.00 g, 47.0 mmol) in tetrahydrofuran (150 
mL) is introduced by cannula, and the resulting mixture is stirred for 2 hr. 

A modified (see above) 1-L three-necked flask equipped with addition funnel 
and Teflon-coated stirrer bar is charged with 10.07 g (20.0 mmol) of Fe,(CO),,, 
capped with a rubber septum, and flushed with nitrogen before adding THF (125 
mL). The flask is placed in a Dry Ice/acetone bath, and the solution of sodium 
naphthalide is transferred through a cannula into the 200-mL addition funnel. 
This solution is added slowly over a period of 1 hr to the chilled, well-stirred 
solution of Fe,(CO),, in THF. This order of addition is essential; reversal of the 
indicated order leads to substantial contamination of the product by unidentified 
side products. The resulting mixture is stirred for an additional 2 hr before it is 
permitted to warm to ambient temperature. The flask is then transferred to the 
dry box, and the contents are concentrated under vacuum to dryness. The remain- 
ing dark red-brown solid is rinsed with three 200-mL portions of penthe and 
dried under vacuum once again. The isolated yield of Na,[Fe,(CO),,] is 10.2 g 
[98%? based on Fe,(CO),,]. Approximate elapsed time for total synthesis is 4 
hr. 

Caution. 

Caution. Dry Na,fFe,(CO),,] is a pyrophoric substance. 
Bis[ p-nitrido-bis(triphenylphosphorus)( 1 + )] undecacarbonyltriferrate(3 - ) 

is obtained by treating a solution of Na,[Fe,(CO),,] (1.2 g, 2.3 mmol) in 25 mL 
of anhydrous methanol, which is distilled from Mg(OCH,), and is contained in 
a 250-mL single-necked round-bottomed flask with a solution of [(Ph,P),NIC16 

*Checkers obtained a yield of 88% after having initial difJiculties in dissolving sodium. 
?Checkers obtained 57% yield. 
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[Aldrich] (3.0 g, 5.2 mmol) in methanol (25 mL). The dark red-brown solid 
that precipitates is collected by suction filtration on a medium-porosity frit under 
an inert atmosphere. Recrystallization from dichloromethane as previously 
described3 yields 2.9 g (81%)t of crystalline, dark red-brown crystals of 
[(Ph3P)2N12[Fe3(CO)I ,I. 

Properties 

Disodium tetracarbonylferrate(2 - ) is a snow-white solid that is extremely sen- 
sitive to oxygen. It has a reported’ solubility of 7 X M in THF and can 
be stored for moderate periods of time in an inert atmosphere, at room temper- 
ature, if kept in the dark. The IR spectrum, recorded in N,N-dimethylfonnamide 
(DMF), exhibits a stretching frequency at 1730 cm- I ,  consistent with previous 
literature reports.’ The structure of the [Fe(C0),I2- anion has been established 
by X-ray,’ and the utility of this reagent has been discussed.’ 

Disodium octacarbonyldiferrate(2 - ) has been reported previously .2b This 
extremely air-sensitive solid is largely insoluble in most organic solvents, with 
only marginal solubility in THF. Its IR spectrum, recorded in DMF, shows the 
following CO stretching vibrations: 1835 (w), 1860 (s), and 1910 (m) cm-’, 
consistent with previously reported values.2b A single-crystal X-ray structure 
determination of the [Fe2(CO),]2- anion has been carried out.” 

Disodium undecacarbonyltriferrate(2 - ) is a well-known substance that has 
also been characterized structurally.” The IR spectrum of this material, recorded 
in DMF, shows CO stretching bands at 1940 (s), 1915 (m), and 1880 (w) cm-’, 
consistent with values observed previ~usly.~.~’  

References 

1. 
2. 

R. B. King and F. G. A. Stone, Inorg. Synrh.. 7 ,  197 (1963). 
(a) J. P. Collman, R. G. Finke, J .  N. Cawse, and J. 1. Brauman, J. Am. Chem. SOC., 99, 
2515 (1977); (b) J. P. Collman, R. G. Finke, P. L. Matlock, R. Wahren, R. G. Komoto, and 
J. 1. Brauman, ibid., 100, 1 I19 (1978). 
H. A. Hodali and D. F. Shriver, Inorg. Synth.. 20, 222 (1980). 
Anon., Inorg. Synth.. 12, 317 (1970). 
D. F. Shriver, Manipulation of Air-Sensitive Compounds, McGraw-Hill, New York, 1969. 
J .  K. Ruff and W. J .  Schlientz, lnorg. Synth., 15, 84 (1974). 
W. F. Edgell, M. T. Yang, B. 1. Bulkin, R. Bayer, and N. Koizumi, J .  Am. Chem. Soc., 
87, 3080 (1%5). 
R. G. Teller, R. G. Finke, J .  P. Collman, H. B. Chin, and R. Bau, J. Am. Chem. Soc., 99, 
1104 (1977); J. P. Collman, R. G. Finke, P. L. Matlock, and J.  I. Brauman, ibid., 98, 4685 
( 1976). 
J .  P. Coilman, Accounts Chem. Res., 8, 342 (1975). A preparative scale synthesis of  the 

3. 
4. 
5 .  
6. 
7. 

8. 

9. 

tChecLers obtained 71% yield. 



46. Tricarbonyl (~~-cyclopentadieny[)iron(I + ) 161 

solvated complex Na,Fe(CO),.1.5 dioxane was previously reported; see Org. Synrh., 59, 102 
( 1980). 
H. B. Chin, M. B. Smith, R. D. Wilson, and R. Bau, J. Am. Chem. SOC., 96, 5285 (1974). 
F. Y-K. Lo, G. Longoni, P. Chini, L. D. Lower, and L. F. Dahl, J. Am. Chem. Soc., 102, 
7691 (1980). 

10. 
11. 

46. TRICARBONYL (q5- 
CY CLOPENTADIENYL)IRON( 1 + ) 

TRIFLUOROMETHANESULFONATE, 
[CpFe(CO)3I(CF3SOd 

Na[CpFe(CO),] + CIC(0)OMe + CpFe(CO),[C(O)OMe] + NaCl 

CpFe(CO),[C(O)OMe] + HOSO,CF, -+ [CpFe(CO),](CFS03) + MeOH 

Submitted by MONO M. SINGH* and ROBERT J. ANGELICI* 
Checked by COLIN P. HORWITZt 

Earlier methods'-3 of preparing [CpFe(CO),] + (Cp = q5-C5H,) from CpFe(CO),X 
(X = C!, Br, I) used high CO pressures and temperatures and long reaction 
times. In a modified proced~re,~ atmospheric CO pressure was used, but the 
yield of the cation was low. The complex can also be prepared, in low yields, 
from the dicarbonyl cations5., [CpFe(CO),(acetone)] + and [CpFe(CO),(OH,)] + . 
Recently, [CpFe(CO),][BF,] was prepared by reaction of [CpFe(CO),]- with 
CO, at - 80" followed by H[BF,].' The [CpFe(CO),][PF,] salt has been prepared 
by oxidation of Cp,Fe,(CO), with NO[PF,] in the presence of C0.8.9 Herein, 
we describe a reliable method of preparing [CpFe(CO),] + from Cp2Fe2(C0), 
that takes advantage of the known reaction of alkoxycarbony! complexes, 
CpFe(CO),[C(O)OR], with an acid to generate the cation [CpFe(CO),] + . 'LL" 

Procedure 

The starting material Cp,Fe,(CO), may be prepared from Fe(CO), and cyclo- 
pentadiene dimer', or purchased commercially [Strem Chemicals]. Before use 
it may be purified by recrystallization from CH,Cl,/hexane at -20". Unless 
otherwise mentioned, all procedures are carried out under N,. A yellow-browns 
solution of Na[CpFe(CO),] in 250 mL of dry tetrahydrofuran (THF) is prepared 

*Department of Chemistry and Ames Laboratory, U.S.D.O.E., Iowa State University, Ames, 

?Department of Chemistry, Northwestern University, Evanston, IL 60201. 
1A 5OO11. 
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by reducing 10.0 g (28.3 mmol) of Cp,Fe,(CO), with NdHg amalgam for 2 
hr.14 After removing the excess sodium amalgam from the reaction a 
solution of 5 mL (65 mmol) of methyl chloroformate (ethyl chloroformate may 
also be used) in 30 mL of dry THF is added in 3-5-mL portions to the rapidly 
stimng [CpFe(CO),]- mixture. After being stirred for an additional 45 min, the 
contents of the flask are decanted into another round-bottomed flask. From this 
step forward, the procedure may be carried out in air, but this should be done 
as rapidly as possible until the CF,SO,H (triflic acid) is added (see below). The 
solvent is removed from the mixture on a rotary evaporator, the residue is 
extracted with 200 mL of benzene* added in several portions, and the extracts 
are filtered through Celite filter aid. The flask and the precipitates are washed 
with another 50 mL of benzene.* 

Benzene is a suspected carcinogen and should be used only 
in a well-ventilated fume hood, and gloves should be worn at all times. 
The extracts and the washings are collected in a 500-mL conical flask. While 
the mixture is stirred vigorously with a magnetic stirring bar, 5-6 mL of tri- 
fluoromethanesulfonic acid, CF,SO,H (triflic acid), is added. 

Trgic acid is very corrosive andfumes in air. A well-ventilated 
fume hood must be used. Rubber gloves should be worn. 
The mixture is allowed to stand for at least 1 hr at 0" (or better, overnight in a 
refrigerator) and is then filtered. The precipitate is washed with several portions 
of diethyl ether until the washings are colorless. The yellow microcrystalline 
compound is dried in air and purified further by dissolving in a minimum volume 
of warm, dry acetone and adding diethyl ether to the solution dropwise until the 
point of crystallization is reached. Cooling this mixture to -20" gives bright 
yellow crystals of [CpFe(CO),](CF,SO,), which are collected, washed with die- 
thy1 ether, and dried in air. A second crop of crystals may be obtained after 
reducing the volume of the filtrate, adding more diethyl ether, and cooling at 
-20". Total yield: 7.5-11 g (38-55%). 

Anal. Calcd. for C,H,F,FeO,S: C, 30.53; H, 1.42. Found: C, 30.84; H, 
1.38. 

Caution. 

Caution. 

Properties 

The salt [CpFe(CO),](CF,SO,) is stable in air, but it changes from yellow to 
brown slowly if stored in a desiccator over a long period of time. It is soluble 
in acetone and acetonitrile but only slightly soluble in dichloromethane. When 
treated with triphenylphosphine in acetone, [CpFe(CO),] + forms [CpFe(CO), 
(PPh,)]+ .Is The cation reacts with halide ions'6 to form the neutral complexes 
CpFe(CO),X (X = C1, Br, and I). Treatment of [CpFe(CO),]' with aliphatic 

*The checker has suggested that toluene works as well as benzene. 



47. Dicarb0nyI(~~-cyclopentadieny1)(2-methyl-I-propenyI-~C')iron 163 

amines and alkoxides leads to the formation of carbamoyl and alkoxycarbonyl 
derivatives, respectively. 'OV1' Spectral data for [CpFe(CO),](CF3S03) are: IR (in 
CH,CN), vco 2123 (vs), 2078 (vs) cm-I; 'H and I3C NMR (in CD3CN), lHCp 
6 5.80, l3CcO 6 203.16, l3CCp 6 91.10 ppm. 
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47. DICARBONYL(~~-CYCLOPENTADIENYL) 
(~-METHYL-~-PROPENYL-KC')IRON AND 

DICARBONYL(qS-CY CLOPENTADIENYL)(qZ-2-METHYL- 
1-PROPENE)IRON( 1 + ) TETRAFLUOROBORATE 

Submitted by MYRON ROSENBLUM,* WARREN P. GIERING,? and SARI-BETH 

Checked by PAUL J. FACANS 
SAMuELS* 

Cationic olefin complexes of dicarbonyl(q5-cyclopntadienyl) iron have been of 
wide interest in syntheses for a number of years. These complexes, generally 
isolated as their tetrafluoroborate or hexafluorophosphate salts, have been pre- 
pared by the reaction of Fe($-C,H,)(CO),Br with simple olefins in the presenke 

*Department of Chemistry, Brandeis University, Waltham, MA 02254. 
?Department of Chemistry, Boston University, Boston, MA 02215. 
$Union Carbide Corp., Bound Brook, NJ 08805. 
§Central Research and Development Department, E. I. du Pont de Nemours & Co., Wilmington, 

DE 19898. 
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of Lewis acid catalysts,' by protonation of ally1 ligands in Fe(q5- 
C,H,)(Co),[(allyl)~C'] complexes,' or by treatment of these with cationic elec- 
trophile~,~ by hydride abstraction from Fe(q'-C,H,)(CO),(alkyl) complexe~,~ 
through reaction of epoxides with Fe(q5-C,H,)(CO), anion followed by proton- 
ation,' or by thermally induced ligand exchange between [Fe(qs-C,H,)(CO),(qZ- 
2-methyl- 1 -pr~pene)][BF,]~~ or [Fe(q5-C,H,)(CO),(tetrahydrofuran) J[BF,l8 and 
excess olefin. 

The latter two methods are often the most convenient. Dicarbonyl(q5-cyclo- 
pentadienyl)(q2-2-methyl- 1 -propene)iron( 1 + ) tetrafluoroborate is a readily syn- 
thesized crystalline solid that can be stored indefinitely at - 20". When solutions 
of the salt are heated in I ,2-dichloroethane (65-70", 5-10 min) or in dichloro- 
methane (40", 3 4  hr) in the presence of 2-3 M equivalents of an olefin, ligand 
exchange occurs, yielding the derived [Fe(q'-C,H,)(CO),(olefin)][BF,] com- 
~ l e x . ~ . ,  The exchange reaction is limited to the preparation of those complexes 
that are thermodynamically more stable than the 2-methyl- 1 -propene complex 
itself under the conditions of the exchange reaction. These generally include 
terminal, alkyl-substituted olefins, 1,2-dialkyl-substituted olefins, and cycloal- 
kenes. Heteroatoms such as 0, N, and S present in the olefin may interfere with 
formation of the olefin complex through competitive complexation. 

The procedure given here can be completed easily within a day. Although 
specific for the preparation of the 2-methyl- 1 -propene complex it can be adapted 
readily as an alternative method for the preparation of [Fe(q5-C,H,)(CO),(q2- 
olefin)][BF,] complexes through metallation of an ally1 halide or tosylate, fol- 
lowed by protonation of the monohapto-allyliron complex. 

A. DICARBONY L($-CY CLOPENTADIENYL) 
(~-METHYL-I-PROPENYL-KC')IRON 

THF 

[Fe(q5--C,H,)(CO),J, + 2Na(Hg) += 2Na[Fe(CO),(q5-C,Hs)1* + 2Hg 
THF 

Na[Fe(CO),(q5-C,H,)] + C,H,CI + 

Fe(q5-C,H,)(C0),(2-MeC,H,-~C') + NaCl 

Procedure 

Care should be exercised in the preparation of the mercury 
amalgam because the initial reaction is highly exothermic. This and all subse- 
quent operations should be carried out in a well-ventilated fume hood. 

Caution. 

*For smaller scale preparations, KIFe(CO),(qs-CsHs)], available from Alfa Division of Ventron 
Corporation or preparable by reduction of [Fe(qs-CSHs)(C0),]2 with potassium metal: may be used. 
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A 500-mL three-necked flask with a stopcock at the bottom is fitted with a 
nitrogen inlet and a motor-driven mechanical stirrer with a Teflon paddle. The 
flask is flushed thoroughly with nitrogen while being flame-dried, and then 30 
mL of mercury is introduced. A pan may be placed under the flask in case of 
breakage. The mercury is stirred vigorously as 4.5 g (0.196 mole) of sodium 
metal, cut into small pieces, is slowly added to it. The flask is capped with a 
rubber septum. (m Caution. The amalgamation of sodium is highly exother- 
mic. Small pieces of sodium must be added to mercury behind a shield.) After 
the resulting hot amalgam has cooled to room temperature, 200 mL of tetra- 
hydrofuran (THF), which is predried over KOH and then freshly distilled under 
a nitrogen atmosphere from sodium benzophenone ketyl, is added. In general, 
transfer of large volumes of dry solvent or of solutions is best made by a 10 
gauge cannula [Hamilton] inserted through rubber septa capping both delivery 
and receiver vessels. Transfer is made by positive nitrogen pressure applied 
through a hypodermic needle, while a second needle in the receiver is used as 
a vent. Eighteen grams (0.05 I mole) of dicarbonyl(q'-cyc1opentadienyl)iron 
dimer'" [Alfa or Strem] is added at once, and vigorous stirring is continued at 
room temperature for 30-45 min. The progress of the reaction can be monitored 
by following the changes in the carbonyl region of the IR spectrum of the solution, 
employing carefully dried sodium chloride liquid sample cells filled by syringe 
under nitrogen. Carbonyl absorption bands of the dimer [Fe(CO),(q'-C,H,)], at 
1995, 1950, and 1780 cm-'  are replaced by those of the salt, which exhibits 
strong absorption bands at 1877 and 1806 cm- ' due to the tight ion pair as well 
as weaker absorptions at 1862, 1786, and 1770 due to solvent-separated and 
carbonyl-bridged ion pairs.'' The amalgam is drained, and the amber-red solution 
of sodium dicarbonyl (q'-cyclopentadienyl)ferrate( 1 - ) is ready for use without 
further purification. 

The solution is cooled in an ice bath and is stirred rapidly as 9.65 g (0.107 
mole) of 1 -chloro-2-methyl- 1 -propene (isobutenyl chloride) [Aldrich] is added 
over a period of 5 min. The reaction can be followed by observing the changes 
in the IR spectrum of the solution. The carbonyl absorption bands characteristic 
of the anion are replaced by those typical of the product at 1998 and 1950 cm- '. 
Upon completion of the addition of 1 -chloro-2-methyl- 1 -propene, stirring at 0" 
is continued for 1 hr to ensure completion of the reaction. The resulting solution 
of dicarbonyl (q5-cyclopentadienyl)(2-methyl- I-propenyl-KC')iron may be used 
directly without purification. Alternatively, the product can be isolated and pur- 
ified by removing solvent under reduced pressure, followed by chromatograpfiy 
of the residue on 300 g of neutral activity 111 alumina. The column is made up 
in anhydrous diethyl ether, and after dissolving the crude product  in^ petroleum 
ether, elution under N, is carried out with this solvent. The product may be 
further purified by short-path distillation at pressures less than mm (pot 
temperature less than 40"). It is then sufficiently pure to be stored at - 20" for 
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prolonged periods without decomposition. The yield of dark amber oil is typically 

Anal. Calcd. for C,,H,,FeO,: C, 56.93; H, 5.21. Found: C, 57.19; H, 5.35. 
The IR spectrum of the complex in dichloromethane solution is characterized 

by two strong bands in the carbonyl region, at 2003 and 1945 cm-I. A 'H NMR 
spectrum of the complex in chloroform-d exhibits the following resonances; 6 
4.63 (s, 5, Cp), 6 4.47 (m, 2, CH,=), 6 2.11 (s, 2, CH,), and 6 1.77 (s, 3, 
CH,). 

19-20 g (80-90%). 

B. DICARBONYL(q5-CYCLOPENTADIENYL)(qz-2-METHYL-1- 
PROPENE)IRON(l + ) TETRAFLUOROBORATE 

The above product is placed in a dry 1-L single-necked round-bottomed flask 
with a side arm. The flask is flushed with nitrogen and fitted with a magnetic 
stirring bar and a rubber septum. Anhydrous diethyl ether (300 mL) is degassed 
by purging for several minutes with a stream of dry nitrogen, using a gas 
dispersion tube, and is then transferred to the I-L flask by cannula. The solution 
is cooled to 0" in an ice bath. Then 17 mL of 48% aqueous hydrogen tetrafluo- 
roborate( 1 - ) [Ozark-Mahoning] (0.12 mole) is added slowly by syringe while 
the solution is stirred vigorously. Manual shaking may be necessary at the end 
to ensure mixing of the reactants. A yellow-orange precipitate forms immedi- 
ately. The septum is removed, and the mixture is transferred by a 2.5-mm cannula 
to a Schlenk tube'' fitted with a coarse-porosity sintered glass filter. The product 
is washed with anhydrous diethyl ether until the washings are colorless and is 
then dried by passing a stream of dry nitrogen through the Schlenk tube. 

The crude product may be purified as follows. The Schlenk tube receiver is 
replaced by a 500-mL round-bottomed flask with a magnetic stirring bar. The 
Schlenk tube outlet stopcock is closed, and the crude salt is taken up in 30 mL 
of dichloromethane that was previously dried over 4A molecular sieves and then 
deoxygenated by nitrogen purge. The stopcock is then opened, and the resulting 
cherry red solution is vacuum-filtered into the round-bottomed flask. The process 
is repeated several times with smaller portions of dichloromethane until the 
washings are colorless. The Schlenk tube is then replaced by a rubber septum, 
and the dichloromethane solution is cooled in an ice bath and stirred vigorously 
as 250 mL of anhydrous diethyl ether is added over a period of 5 min. The 
resulting golden yellow solid is transferred as before to a Schlenk tube with a 
medium-porosity filter. The filter cake is washed several times with small portions 
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of diethyl ether, dried under nitrogen in the Schlenk tube, and finally dried under 
vacuum. The yield of yellow crystalline dicarbonyl(q'-cyclopentadienyl)(q'-2- 
methyl- 1 -propene)iron( 1 + ) tetrafluoroborate is 25-28 g (78-88%). 

Anal. Calcd. for C,,H,,BF,FeO,: C, 41.30; H, 4.10. Found: C, 41.19; H, 
3.78. IR (CH,NO,) uco 2030, 2070 cm-'. NMR (CD,NO,): 6 5.64 (s, 5, Cp), 
3.91 (s, 2, CH,=), 1.96 (s, 6, CH,). 

The product may be stored indefinitely under nitrogen at - 20" without decom- 
position. It is soluble in dichloromethane, acetone, and nitromethane but insol- 
uble in hydrocarbons and in diethyl ether. 
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48. TETRAETHYLAMMONIUM F-CARBONYL-IKC:~KC- 
DEC AC ARBONY L- 1 K3C,2K3C,3K4C- p H Y  DRIDO- 1 K: 2K- 

triangulo-TRIRUTHENATE( 1 - ) 
THF 

~RU,(CO) ,~  + 2Na[BH,] -+ 2Na[HRu,(CO),,] + 2CO + B& 

Na[HRu,(CO), , I  + EtdNBr --j Et,N[HRu,(CO),,] + NaBr 
MeOH 

Submitted by GEORG SUSS-FINK* 
Checked by NANCY JONES,t HERBERT D. KAESZ,t and JOSEPH W. KOLISS 

There are several literature reports'-7 on the formation of the trinuclear cluster 
anion [HRu,(CO),,]-, all of which involve reactions of Ru,(CO),, with basic 
reagents. Of synthetic value are the reactions with Na[BH,],' (Et,N)[BH,],3 and 
KH., The standard preparation, sodium tetrahydroborate reduction of Ru,(CO),~,~ 
affords Na[HRu,(CO), ,I in tetrahydrofuran (THF) solution almost quantitatively 
within 30 min. The anionic product can be isolated as the tetraethylammonium 
salt by crystallization from methanol, giving yields up to 85%. Alternatively, 
the isolation as the bis(triphenylphosphorany1idene)ammonium salt is also pos- 
sible.2 The cluster anion [HRu,(CO),,]- acts as a homogeneous catalyst in 
hydrof~rmylation,~.~ hydrogenation,' hydrosilylation,'.'" and silacarbonyla- 
t i ~ n , ~ . "  in the water-gas shift r ea~ t ion ,~ . " .~~  and in syn-gas reacti~ns.'~.'' 

Procedure 

The reaction can be conducted with standard Schlenk techniques." All manip- 
ulations must be canied out under purified nitrogen, and all solvents must be 
distilled over drying agents and saturated with nitrogen prior to use.I6 In a 250- 
mL Schlenk tube, 640 mg (1 mmol) of Ru,(CO),,'~ [Alfa] and 160 mg (4 mmol) 
of Na[BH,] are dissolved in 100 mL of tetrahydrofuran. The solution, which 
turns dark red, is stirred at 25" for 30 min. The reaction mixture i s  filtered 
through a 2-cm layer of filter pulp, using a 250-mL Schlenk frit, and the filtrate 
is evaporated to dryness. The residue is dissolved in methanol (30 mL), and 
after addition of Et4NBr (250 mg, 1.2 mmol) in methanol (10 mL), the solution 
is concentrated to 10 mL. The product is allowed to crystallize at room tem- 
perature for 6 hr; then the solution is cooled to - 78". After 15 hr, the crystalline 

*Laboratonurn fur Anorganische Chemie der Universitat Bayreuth, Postfach 3008, D-8580 Bay- 

?Department of Chemistry, University of California, Los Angeles, CA 90024. 
$Department of Chemistry, Northwestern University, Evanston, 1L 60201. 

reuth, F.R.G. 
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precipitate of analytically pure (Et4N)[HRu,(CO), ,3 is isolated, washed three 
times with methanol (2 mL) at -78", and dried under vacuum (lo-' tom). A 
typical yield is 600 mg (81%). 

Anal. Calcd. for C,,H,,NO,,Ru,: C, 30.73; H, 2.86; N, 1.89. Found: C, 
31.00; H, 3.00; N, 1.98. 

Properties 

The title compound, (Et4N)[HRu,(CO), , I ,  is a deep red, almost black, crystalline 
material. The crystals are only slightly air-sensitive and decompose rather indis- 
tinctly over the range 325-330'. They dissolve in polar solvents such as THF, 
N,N-dimethylfonnamide, CH,CI,, CH,CN, or CH,OH. The blood-red solutions 
that result are much more sensitive to oxygen than the solid. The IR spectrum 
of (Et,N)[HRu,(CO), , I  (in CH,CI, solution) displays characteristic absorptions 
at 2074 (w), 2017 (vs), 1988 (s), 1955 (m), and 1696 (w) cm-' 
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49. BROMO(q’-CYCL0PENTADIENYL)- 
[ 1,2-ETHANEDIYLBIS(DIPHENYLPHOSPHINE)]IRON AND 

BROMO(q’-CYCLOPENTAD1ENYL)- 
[ 1 ,ZETHANEDIY LBIS(D1PHENY LPHOSPH1NE)I- 

BIS(TETRAHY DROFURAN)IRONMAGNESIUM(Fe-Mg) 

Submitted by S. C. DAVIFS,* H. FELKIN,* and 0. WATTS* 
Checked by S. J. SIMPSONt 

MBr.2thf 

thf = tetrahydrofuran 

The preparation of bromo(~5-cyclopentadienyl)[ 1,2- ethanediylbis(dipheny1- 
phosphine)]iron described here (up to 63% yield) is an improvement of the 
original literature reaction (41% yield).’ This compound is also formed when 
cyclopentadienylthallium(1) is reacted with Fe(Ph,PCH,CH,PPh,)Br,. * It readily 
undergoes one-electron oxidation3 and reacts with a variety of nucleophiles, with 
replacement of b r ~ m i d e . ~  

The use of activated magnesium powder’ for the preparation of bromo(q’- 
cyclopentadienyl)[ 1 ,Zethanedi ylbis( diphenylphosphine)]bis(tetrahydrofuran) 
ironmagnesium(Fe-Mg) leads to more reproducible, and consistently higher, 
yields than magnesium turnings. The crystal structure and reactions of 
Fe[MgBr(thf),] (q’-C5H,)(Ph,PCH,CH,PPh,) (thf = tetrahydrofuran) have been 
described e l~ewhere .~‘~  This iron-magnesium complex is one of the few examples 
of an inorgano-Grignard that contains a transition metal-magnesium bond’ rather 
than having the magnesium bonded to a CO ligand.’ The iron-magnesium Grig- 
nard reagent is a valuable source of electron-rich iron complexes due to its 
nucleophilicity . 

*Institut de Chimie des Substances Naturelles, C.N.R.S., 91 190 Gif-sur-Yvette, France. 
?Department of Chemistry, University of Salford, Salford, England M5 4WT. 
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A. BROMO(q5-CYCLOPENTADIENYL)[1,2- 
ETHANEDIYLBIS(D1PHENY LPH0SPHINE)IIRON 

Procedure 

All manipulations are carried out under a nitrogen (or argon where stated) atmos- 
phere using conventional Schlenk tube techniques.' All the solvents used are 
deoxygenated (saturated with nitrogen). To achieve this, the solvent is boiled 
briefly at room temperature under reduced pressure and then shaken briefly with 
nitrogen at atmospheric pressure. This procedure is repeated twice (three times 
in all). 

The compounds Fe(-q5-C,H5)(CO),Brl0 (1.54 g, 6.0 mmol) and 1,2-ethane- 
diylbis(dipheny1phosphine) (2.46 g, 6.2 mmol) are dissolved in anhydrous ben- 
zene (200 mL distilled from CaH,) and transferred into a standard quartz, water- 
cooled, deoxygenated photochemical vessel fitted with a magnetic stirrer. The 
concentration of Fe(q5-C,H,)(CO),Br must be 6 0.03 M. 

Benzene is a suspected carcinogen. It should be handled in a 
well-ventilated fume hood, and gloves should be worn at all times. 
During irradiation of the stirred red solution with a medium-pressure Hanovia 
450-W UV lamp (no. 679A) for 18 hr, argon is introduced through a frit at the 
bottom of the reaction vessel. Its purpose is to remove the carbon monoxide that 
forms in the photolysis. The resultant violet solution is filtered through Celite 
(3 cm). This filtration removes a pale green precipitate (-20% yield) consisting 
of a mixture of [CpFe(diphos)(CO),]Br and [CpFe(diphos)CO]Br. The former 
compound can be converted into the latter by treatment with Me,NO. The filtrate 
is evaporated under reduced pressure (0.1 torr) to yield a violet gum. This gum 
is dissolved in dichloromethane (20 mL), and pentane (100 mL) is added. Black 
crystals form slowly (about 12 hr at room temperature) and are separated by 
filtration. The supernatant is evaporated to a violet gum and crystallized from 
the same solvent mixture. Both crops of crystals are washed quickly with cold 
(< - lo") acetone (2 x 5 mL) in order to remove a small amount of an uni- 
dentified fluffy off-white precipitate. They are recrystallized from dichloro- 
methane (15 mL) by addition of pentane (130 mL) and cooling to -30" for 14 
hr. Filtration and drying under vacuum gives 2.15-2.26 g (6043%) of Fe(qS- 
C,H,)(Ph,PCH,CH,PPh,)Br; mp 208-21 1 ". 

Anal. Calcd. for [C,,H,BrFeP,]: C, 62.1; H, 4.9; P, 10.3; Br, 13.3. Fqund: 
C, 61.9; H, 4.9; P, 10.3; Br, 13.5. 

I 

Caution. 

Properties 

Bromo(q5-cyclopentadienyl)[ 1,2ethanediylbis(diphenylphosphine)]iron is an air- 
sensitive black crystalline solid that is soluble in many organic solvents (benzene, 
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dichloromethane, diethyl ether, tetrahydrofuran, carbon disulfide, and chloro- 
form). The 'H NMR spectrum (60 MHz, CS,) shows a triplet at 6 3.92 (J = 2 
Hz, 5H, C5H5), multiplets at 6 7-8 (20H, aryl-H), and a multiplet at 6 2.1-2.55 
(4H). 

B. BROMO(q5-CYCLOPENTANEDIENYL)[1,2-ETHANEDIYL- 
BIS(D1PHENY LPHOSPHINE)]- 
BIS(TETRAHY DROFURAN)IRONMAGNESIUM(Fe-Mg) 

Procedure 

All reactions and manipulations are carried out under a nitrogen atmosphere (dry 
and oxygen-free) using conventional Schlenk tube  technique^.^ Tetrahydrofuran 
(THF) is distilled under nitrogen from sodium-benzophenone ketyl. The glass- 
ware is flamed under vacuum, and the filter paper and magnesium turnings are 
oven-dried ( 100°). Filtration is carried out using a dry polyethylene or steel tube 
fitted with a double layer of dry filter paper. 

1,2-Dibromoethane (0.38 mL, 4.6 mmol) is added to a magnetically stirred 
suspension of magnesium turnings (140 mg, 5.8 mg-atom) in anhydrous THF 
(50 mL). Ethylene is given off. (W This reaction can be quite 
vigorous.) The mixture is then heated under reflux for 20 min. The hot MgBr, 
solution is filtered onto good quality potassium metal5 (328 mg, 8.4 mg-atom) 
and is refluxed for 2 hr. The solvent is removed from the resulting fine black 
magnesium powder by filtration, as above. (m Caution. Magnesium powder 
is pyrophoric in air.) The powder must not be washed with THF, as a small 
amount of MgBr, is essential for the following reaction. To the magnesium 
powder is added Fe(q5-C,H,)(Ph,PCH,CH,PPh,)Br (5do mg, 0.8 mmol) in anhy- 
drous THF (15 mL). The mixture is stirred magnetically for 16 hr at 20". During 
this time the color of the solution changes from violet to deep red. Filtration, 
which can be slow, gives a solution of Fe[MgBr(thf),](q5-C5H5) 
(Ph,PCH,CH,PPh,) suitable for most pu~poses .~ .~  On cooling ( - 30°), red crys- 
tals of Fe[MgBr(thf),](qs-C,H,)(Ph,PCH,CH,PPh,) which contain two THF mol- 
ecules of crystallization are obtained (280420 mg, 4040%). 

Caution. 

Properties 

Bromo(q5-cyclopentadienyl)[ 1,2-ethanediylbis(diphenyIphosphine)]bis(tetra- 
hydrofuran)ironmagnesium(Fe-Mg) is extremely sensitive to oxygen and mois- 
ture. It is soluble in THF and benzene. The 'H NMR spectrum of the THF 
adduct (60 MHz, CbD6) shows 6 1.3 (16H, multiplet), 6 3.42 (12H, multiplet, 
- - C H , U , T H F ) ,  6 4.23 (5H, broad, C5H5), and 6 7.0-8.0 (20H, multiplet, 
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aryl-H). Reaction of the solution of Fe[MgBr(thf),](qS-C,H,)(Ph,PCH,CH,PPh,) 
with EtOH at -78" followed by evaporation gave Fe(qs- 
C,H,)(Ph,PCH,CH,PPh,)H (38 1 mg, 88%) after chromatography (neutral alu- 
mina, pentane-diethyl ether 1: 1). 

References 

1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 

10. 

R. B. King, L. W. Houk, and K. H. Pannell, Inorg. Chem., 8, 1042 (1969). 
R. D. A d a m ,  A. Davison, and J. P. Selegue, J. Am. Chem. Soc., 101, 7232 (1979). 
P. M. Treichel, K. P. Wagner, and H. J. Mueh, J. Orgunometul. Chem., 86, C13 (1975). 
H. Felkin, P. J. Knowles, and B. Meunier, J. Orgunomerul. Chem.. 146, 151 (1978). 
R. D. Rieke, Arc. Chem. Res., 10, 301 (1977). 
H. Felkin, P. J. Knowles, B. Meunier, A. Mitschler, L. Ricard, and R. Weiss, J .  Chem. 
SOC..  Chem. Commun., 1974, 44; H. Felkin, B. Meunier, C. Pascard, and T. Prangi, J .  
Organometul. Chem., 135, 361 (1977). H. Felkin and B. Meunier, NouveuuJ. Chim.. 1, 281 
(1977). 
S .  G. Davies and M. L. H. Green, J .  Chem. Soc., Dalton Trans., 1978, 1510. 
G .  B. McVicker, Inorg. Synth., 16, 56 (1975). 
D. F. Shriver, The Munipulution ofAirSensirive Compounds, McGraw-Hill, New York, 1969. 
B. F. Hallam and P. L. Pauson, J. Chem. Sor., 1956, 3030. 

I 

50. (I~~-~,~-CYCLOOCTADIENE)(PYRIDINE)- 
(TRICY CLOHEXY LPHOSPHINE)IRIDIUM(I) 

HEXAFLUOROPHOSPHATE 

Submitted by ROBERT H. CRABTREE* and SHEILA M. MOREHOUSE? 
Checked by JENNIFER M. QUIRKS 

Homogeneous hydrogenation catalysts that selectively reduce unhindered C = C  
bonds are well known. ' Some catalysts' also reduce tetrasubstituted C=C bonds 
if there are activating substituents (-NHAc,-CO,Me) present. Only one catalyst3 
has been reported to reduce hindered olefins whether or not activating 'groups 
are present: [Ir(cod)(py>(tcyp)][PF,I (cod = 1,5-~yclooctadiene, py = pyridine, 
tcyp = tricyclohexylphosphine). The catalyst is also highly selective, preferen- 
tially reducing less hindered C=C groups before more hindered g ~ o u p s , ~  and, 
in certain cases, causing hydrogen addition to one face only of a chiral mole- 
c ~ l e . ~ . ,  Certain groups, especially - O H ,  on one face of a substrate can direct 
the attack on a nearby C = C  group of the catalyst from that face by prior 

*Department of Chemistry, Yale University, 225 Prospect Street, New Haven, CT 06520: 
tDepartment of Chemistry, Manhattanville College, Purchase, NY 10577. 
$Union Carbide, Tanytown, NY 10591. 
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coordination to indium. Selectivities of 1OOO:l have been observed in such 
cases.' Hydroxyl groups also appear to direct attack on nearby C = C  groups 
rather than distant ones. Neither Pd/C nor classical homogeneous catalysts such 
as RhCI(PPh,), behave in this way. The catalyst is also insensitive to oxidizing 
functionality, such as carbon-halogen bonds or 02, but is poisoned by - C 0 2 H ,  
- C N ,  -NHz, and to some extent --OH, but not by -COzR,  -NHAc, --OSiR,, 
keto, or cyclopropyl groups. 

An important feature of preparation A is the use of the highly ionizing solvent 
Me,CO/H,O. No other solvent mixture tried gives such good results. In partic- 
ular, other solvents lead to contamination of the product with [IrCl(cod)(py)]." 

A. (~4-1,5-CYCLOOCTADIENE)BIS(PYRIDINE)IRIDIUM(I) 
HEXAFLUOROPHOSPHATE 

Procedure 

Twenty milliliters of deoxygenated acetone/water (1: 1) and 0.7 mL of pyridine 
are placed in a 100-mL Schlenk tube equipped for magnetic stirring under nitro- 
gen. The reagent-grade solvents and reagents in this and the subsequent step do 
not need to be specially pure or dry. To this solution, 0.42 g (0.62 mmol) of 
di-pchloro-bis(q4- 1,5-cyclooctadiene)diixidi~m(I)~ [Strem Chemical] and 0.34 g 
(1.9 mmol) of K[PF,] are added. The mixture is allowed to stir under nitrogen 
for approximately 3 hr at mom temperatwe (20°), or until the red solid [Ir(cod)C1], 
has dissolved and the color of the mixture appears distinctly yellow. The mixture 
should not be heated. Care is needed to exclude air.' 

The more volatile acetone is then largely removed by evaporating the solution 
gently at room temperature on a vacuum line for 10 min or until the volume of 
the mixture falls to about 10 mL. The yellow solid [Ir(cod)py,][PF,] precipitates 
during this process and can be isolated by filtration through a frit under nitrogen. 
The solid is washed with three portions of 5 mL of degassed water, and dried 
under vacuum. Yield: 0.73 g (97%). 

Anal. Calcd. forC,,H,,N,PF,Ir: C, 35.83; H, 3.68; N, 4.64. Found: C, 35.89; 
H, 3.76; N, 4.52. 

Properties 

The complex is slightly air-sensitive even in the solid state and should be kept 
under nitrogen or used immediately for the following preparation. The product 
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[Ir(cod)py,] [PF,] can be recrystallized from dichloromethane/diethyl ether and 
is identified by its 'H NMR spectrum. The cyclooctadiene vinylic protons appear 
at 6 3.83, with the complex aromatic proton resonances occuring at 6 7.1-7.7 
and 6 8.6-8.8 (CDCI,, 25", shifts in ppm relative to internal TMS). 

B. (q4-1,5-CYCLOOCTADIENE)(PYRIDINE)- 
(TRICY CLOHEXYLPHOSPHINE)IRIDIUM(I) 
HEXAFLUOROPHOSPHATE 

Procedure 

In a 100-mL Schlenk tube equipped with a stirring bar, 0.30 g (0.5 mmol) of 
(q4- 1,5-cyclooctadiene)bis(pyridine)iridium(I) hexafluorophosphate is dissolved 
in 20 mL of deoxygenated methanol under nitrogen.8 To this solution is added 
0.17 g (0.6 mmol) of tricyclohexylphosphine (tcyp) [Strem Chemical]. The orange 
solution is stirred for 15 min at room temperature, during which time the product 
begins to crystallize from the solution. The mixture must not be heated. The 
methanol is removed under reduced pressure at room temperature until about 5 
mL remains. Diethyl ether (10 mL) is added, and the reaction mixture is cooled 
in an ice bath for 30 min. The orange crystalline product is isolated by filtration, 
washed three times with 5-mL portions of diethyl ether, and dried under vacuum. 
Yield: 0.39 g (97%). 

Anal. Calcd. for C,,H5,,NP2F6Ir: C, 46.27; H, 6.26; N, 1.74. Found C, 45.72; 
H, 6.23; N, 1.63. 

Properties 

This complex is air-stable both in the solid state and in solution. It is soluble in 
CHZCI2, CHCI,, and Me,CO but insoluble in alcohols, water, benzene, diethyl 
ether, and hexane. The compound [Ir(cod)(tCyp)(py)] [PF,] can be recrystallixd 
from dichloromethane/diethyl ether and identified by its 'H NMR spectrum. The 
cyclooctadiene vinyl protons appear at 6 4.02 in the NMR. Other resonances 
are observed for cyclohexylphosphine (6 0.8-2.5 complex), and for the asyl 
groups(6 7.6-7.9 and 6 8.7-8.8 complex) (CDCl,, 25"). The details for the use 
of the complex in hydrogenation are described e l ~ e w h e r e . ~ ~  
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51. TETRACARBONYL(T'-METHYL 
ACRYLATE)RUTHENIUM 

hv(h 2 370 nm) 

R u ~ ( C O ) ~ ~  + 3CH2=CH-C02CH3 -+ 
1 5  15" 

3Ru(q2-CH2=CH C02CH3)(CO), 

Submitted by F.-W. GREVELS,' J. G. A. REUVERS,* and J. TAKATSt 
Checked by B. F. G .  JOHNSONS 

Although various synthetic routes have become available for the syntheses of 
tetracarbonyl(q*-olefin) complexes of iron, I a general high-yield procedure for 
the preparation of the analogous ruthenium compounds has long been lacking. 
Photolysis of Ru,(CO),, in the presence of excess olefin has been reported to 
yield Ru(q*-olefin)(CO), complexes of ethylene,2 1 -~en tene ,~  ethyl a~ry la te ,~  
and diethyl f~mara te .~  However, in no case were analytically pure materials 
obtained, decomposition often occurring while the excess olefin was being removed 
from the reaction mixture. A simple method \for the photochemical preparation 

*Max-Planck-lnstitut fur Strahlenchemie, Stiftstrasse 34-36, D-4330 Miilheim a.d. Ruhr, FRG. 
?Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada T6G 2G2. 
$University Chemical Laboratory, Lensfield Road, Cambridge, CE2 IEW, U.K. 
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of tetracarbonyl(q’-methyl acry1ate)ruthenium is described here. A similar pro- 
cedure affords the corresponding (q2-dimethyl fumarate) and ($-dimethyl maleate) 
complexes in nearly quantitative yield.’ 

Procedure 

Caution. Ruthenium carbonyl complexes must be handled as toxic com- 
pounds in a well-ventilated fume hood. In particular, any kind of bodily con- 
tamination, orally or via skin contact, must be strictly avoided. Gloves should 
be worn. 
All operations are carried out under an atmosphere of argon. Dodecacarbonyl- 
triruthenium can be purchased [Strem Chemicals] or it can be prepared from 
RUC~,*~H,O.~.’ Methyl acrylate (synthetic grade, 99%) [Aldrich] is used as 
received. Hexane (95%) [Aldrich] is distilled under argon before use. 

Dodecacarbonyltriruthenium (3.20 g, 5.0 mmol), methyl acrylate (8.6 g, 100 
mmol), and hexane (250 mL) are placed in a 300-mL photochemical reaction 
vessel (Fig. 1). The light source, a high-pressure mercury lamp Philips HPK 
125 W, is located inside the reactor and is surrounded by a GWV cutoff filter 

I 

b 

NS 14.5 123 

A- 

- - - GW V Filter! 

a 

ass 

Fig.  I .  Irradiation apparatus. A, water cooling; B, Ar inlet; C ,  septum (rubber) fof 
withdrawing IR samples; L = high-pressure mercury lamp (Philips HPK, 125-W), used 
in connection with a Philips VGIIHP 125-W power supply converter unit. Dimensions 
(in mm): a = 400, b = 240, d = 70, e =44,  f = 28, g = 6, h = 10, i = 10. 
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Ar inlet - 
B 

D 

+Ar inlet 

Fig. 2 .  Inverse filtration at low temperature. A, cooling bath, Dry Icejacetone; B, 
argon pressure maintained at 10-20 torr above atmospheric pressure; C ,  three-way 
stopcock; D, rubber cap; E, polyethylene tube, 3 mm, widened to 10 mm at one end; F, 
filter wad, cotton or glass wool. 

tube,* A 2 370 nm. Argon is bubbled through the solution, via inlet B ,  before 
the light source is turned on. As the reaction proceeds, upon irradiation at 10- 
15", the solid Ru,(CO),, gradually dissolves. Irradiation is continued until the 
orange-yellow color of RU,(CO)~~ has disappeared (5-8 hr). The reaction can 
also be monitored conveniently by means of IR spectroscopy, which shows the 
exclusive formation of Ru(q2-methyl acrylate)(CO), (as well as the disappearance 
of the vco bands at 2061 (vs); 2031 (s), 2017 (w), and 2011 (m) cm-' due to 
Ru,(CO),,) with vco bands at 2121 (w), 2049.5 (s), 2035 (s), and 2008.5 (s) 
cm-' 

The solution is filtered if necessary, cooled to -78", and allowed to remain 
at this temperature for several days. The complex precipitates as colorless crys- 
tals. The supernatant solution is removed by inverse filtration (Fig. 2) and the 
crystals are dried under vacuum at -30". Yield: 3.50 g of Ru(q2-methyl 
acrylate)(CO), (78%).t A second crop can be obtained from the mother liquor 
by concentrating it to one-fourth of its original volume and cooling to - 78" for 
several days. As described above, the colorless crystals are isolated and dried 
under vacuum at -30" (0.81 g; 18%). Ru(qz-methyl acrylate)(CO), may be 

*Glaswerk Wertheim, Emst-Abbe-Strasse 1, D-6980 WertheidMain, FRG. The Max-Planck- 
Institut fur Strahlenchemie will pass on tube material at cost. 

?The checkers found that isolation of the product is difficult largely because of its instability 
above -30". However, since its use is that of a precursor to other materials, it can be used in situ 
without having been isolated. 
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recrystallized from hexane (precooled, I - 30") to which 0.5% methyl acrylate 
is added. 

Anal. Calcd. for C,H60,Ru: C, 32.11; H, 2.02. Found: C, 32.16; H, 1.88. 

Properties 

Tetracarbonyl(q2-methyl acry1ate)ruthenium is obtained as a colorless solid that 
is stable indefinitely at temperatures below -30" under argon. The complex is 
soluble in organic solvents but decomposes unless free methyl acrylate is added 
to the solvent. It appears that an equilibrium is established (Eq. l), invplving 
the complex, methyl acrylate, and the species [Ru(CO),]. Excess free methyl 
acrylate shifts the equilibrium to the left, thereby preventing decomposition of 
the complex and facilitating the workup of the reaction mixture. This moderate 
stability of Ru(q2-methyl acrylate)(CO), at room temperature establishes it as a 
useful source of the moiety [Ru(CO),] under mild conditions. For example, 
addition of a cooled ( - 30") hexane solution of a suitable ligand L to a similar 
solution of (I), followed by the slow warming up of the reaction mixture to 
ambient temperature, leads to the mononuclear complex LRu(CO), (Eq. 1, 
L = dimethyl fumarate, fumaronitrile, maleic anhydride, trimethyl phosphite, 
triphenylphosphine). *.' In addition to these ligand exchange reactions, compound 
(I) reacts at ambient temperature (20") with methyl sorbate and diethyl 2,4- 
hexadienedioate, respectively, to yield Xu(q4-diene)(CO), complexes, or with 
diethyl2,4-hexadienedioate at slightly lower temperature, to a novel triruthenium 
cluster: undecacarbonyl k3-( 1-q':2,3-q2:4-q'-diethyl) (2,Chexadienedioate) tri- 
ruthenium.' Dimethyl acetylenedicarboxylate is trimerized by (I) to hexamethyl 
benzenehexacarboxylate, c6(co,cH3)6, at T 5 25°.8 

The use of a cutoff filter with A 2 370 nm is recommended in order to prevent 
secondary photoreactions, such as the substitution of carbon monoxide for an 
olefin ligand to give Ru(q2-methyl acrylate),(CO),? The colorless Ru(q2-methyl 
acrylate)(CO), (I) is transparent at A 5 370 nm, that is, in the region of the 
long-wavelength absorption maximum of the starting material Ru,(CO),, at 390 
nm. The absorption curve of (I) increases almost monotonically from about 370 
nm to a maximum at 268 nm (E = 7000, in hexane that contains 0.5% methyl 
acrylate; the same solution is used in the reference cell). The IR spectrum of I 
exhibits four bands in the metal carbonyl region at 2121 (w), 2049.5 (s), 2035 
(s), and 2008.5 (s) cm-' and an ester carbonyl band at 1715 cm-'. This is 
consistent with a trigonal-bipyramidal geometry in which the olefin occupies an * 
equatorial position (C2" local symmetry). 'H NMR data: 6 1.74 (dd, 3 Hz, 8.1 
Hz), HI; 2.47 (dd, 3 Hz, 11.1 Hz), H2; 2.81 (dd, 8.1 Hz, 11.1 Hz), H3i3.29 
s, H4; in toluene-d, at -40". I3C NMR data: 6 35.5 [d, 159 Hz, C(l)]; 23.9 [t, 
161 Hz, C(2)]; 51.1 [q, 148 Hz, C(4)I; 176.3 [s, C(3)I; and 193.6, 194.8, 195.5, 
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T +l 

R u ( ~ ~ - C H Z = C H - C O ~ C H ~ ) ( C O ) ,  CH,=CH-C02CH, + [ R u ( C O ) ~ ]  (1) 

I ( I  1 

'13 Ru-J(CO),~ 

+ other decomposition 
RU(II'-CH,=CH-CO,CH,),(CO)~ products 

and 197.6 (CO); in toluene-$ at - 50" (Bruker WH 270; 270 and 67.89 MHz, 
respectively) (Fig. 3). 

H' ,HZ 
'CZ 

P' \ c3ozc4~ 

( ( _ _ _ _ _  RU CCO), 
C' 

Fig. 3 .  Tetracarbonyl (q2-rnethyl acry1ate)rutheniurn. 

The experimental procedure described here for the preparation of Ru(q2- 
methyl acrylate)(CO), is applicable to a variety of other olefins as manifested 
by the syntheses of Ru(q2-olefin)(CO), complexes of, for example, dimethyl 
fumarate, dimethyl maleate, ally1 acrylate, methyl vinyl ketone (3-butene-2- 
one), and a~rylonitrile.~ 
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Chapter Four 

TRANSITION METAL COMPOUNDS AND 
COMPLEXES 

52. TITANIUM(I1) CHLORIDE 

Me,SiSiMe, + TiCl, -+ 2Me3SiC1 + TiCl, 

Submitted by SURAJ P. NARULA' and HEMANT K. SHARMA' 
Checked by OM DUTT GUPTAt 

Titanium(I1) chloride has been prepared by the thermal decomposition of tita- 
nium(II1) chloride'.2 and also by the reduction of titanium(1V) chloride with 

This compound can be obtained in relatively high purity by the direct 
reaction of titanium(1V) chloride and hexamethyldisilane.6 The procedure described 
below is superior to the previously reported methods because simpler equipment 
is used and large quantities can be processed with a resultant saving in time. 

Procedure 

A 50-mL three-necked round-bottomed flask is equipped with a reflux condenser 
having a calcium chloride moisture-guard tube, a nitrogen inlet, and a dropping 

*Department of Chemistry, Panjab University, Chandigarh-160014, India. 
?Department of Chemistry, University of Idaho, Moscow, ID 83843. 
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funnel. The flask is flame dried, and dry, oxygen-free nitrogen gas is admitted 
for 1 hr to expel the last traces of moisture.$ Titanium tetrachloride, 2.68 g (14 
mmol), is added to the flask, and the flow of nitrogen gas is slowed. Hexame- 
thyldisilane [Aldrich], 2.15 g (14 mmol), is added dropwise and with continuous 
shaking. The reaction mixture becomes yellow, and a solid compound appears. 
Since the reaction is exothermic, the reaction flask is kept in an ice bath during 
the course of the addition. The contents of the flask are brought to room tem- 
perature and then heated at reflux at 120" for 4 hr in an oil bath. A dark reddish- 
brown solid is formed. The supernatant liquid is removed, and the solid is washed 
repeatedly with dry carbon tetrachloride using a hypodermic syringe under a dry 
nitrogen atmosphere. The reddish-brown solid is dried under vacuum and weighed. 
Yield: 1.12 g (70%). 

Anal. Calcd. for TiCI,: Ti, 40.33; C1, 59.66. Found: Ti, 40.72; C1, 59.25. 

Properties 

Titanium(I1) chloride is a dark reddish-brown solid. It is a strong reducing agent, 
and it deliquesces in air. It is sensitive to oxygen, and it is decomposed by water. 
Titanium(I1) chloride is insoluble in diethyl ether, chloroform, carbon tetrachlo- 
ride, dichloromethane, benzene, and hexane and soluble in absolute ethanol. 
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$The checker reports that oven-dried glass apparatus is adequate for this reaction. 
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53. TRIS( 2,2,6,6-TETRAMETHY L-33- 
HEPTANEDIONATO)CHROMIUM(III) 

6(CH,),C C CH, C C(CH,), + 2CrC13.6H,0 + 3NH, 

1 1 8  
2(C,,H,,O,),Cr + 6NH,Cl + 3C0, + 9H,O 

Submitted by DALE STILLE' and J. R. DOYLE* 
Checked by JAMES E. FINHOLTt and GRETCHEN E. MCGUIREt 

This procedure is a modification of the method reported previously for the 
preparation of tris(2,2,6,6-tetramethyl-3,5-heptanedionato)chromium(III)' and is 
based on the technique developed for the preparation of tris(2.4- 
pentanedionato)chromium(III) . 

Tris(2,4-pentanedionato)chromium(III) and tris(2,2,6,6-tetramethyl-3,5- 
heptanedionato)chromium(III) have been utilized as so-called shiftless spin-lat- 
tice relaxation reagents.' These reagents are also of value in suppressing unfa- 
vorable nuclear Overhauser effects, in making '% NMR data quantitative, and 
as NMR spin labels to assign spectral lines in "C spectra. 

Procedure 

A solution of 3.0 g (0.011 mole) of chromium(II1) chloride hexahydrate 
(CrC13-6H20) in a mixture of 25 mL of water and 65 mL of absolute ethanol is 
prepared in a 250-mL round-bottomed flask. To this solution is added 20.0 g 
(0.33 mole) of urea, 5.0 g (0.027 mole) of 2,2,6,6-tetramethyl-3,5-heptane- 
dione (dipivaloylmethane) [Aldrich], and a magnetic stimng bar. The flask is 
fitted with a reflux condenser, and the mixture is heated to reflux (-85") with 
stirring for 24 hr. During this time the solution changes from deep green to a 
very dark purple and a dark-colored solid separates from the reaction mixture. 
The solution is cooled to room temperature and diluted with 100 mL of water. 
The product is separated by filtering the mixture and is then washed with three 
50-mL portions of water. The precipitate, 5.4 g, is dried overnight in air at room 

*Department of Chemistry, University of Iowa, Iowa City, IA 52242. 
?Department of Chemistry, Cadeton College, Northfield, MN 55057. 
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temperature and then sublimed under vacuum (180"/0.1 ton-).* Care should be 
exercised during the sublimation to prevent contamination of the dark purple 
product by a light green, slightly less volatile, contaminant. If the sublimation 
temperature is maintained near 180", the light green solid will not sublime at 
the pressure specified. The yield of the sublimed product is about 4.5 g. The 
product can be purified further by dissolving the pulverized sublimate in 150 
mL of boiling ethanol (slow dissolution), filtering, and evaporating the filtrate 
to 75 mL. The product separates upon cooling to room temperature and can be 
recovered by suction filtration. The yield of recrystallized product is 3.6 g. A 
second crop of crystals can be obtained by evaporation of the filtrate to 20 ml 
and cooling. The yield of the second crop is 0.5 g. The combined yield is 4.1 g 
(76%).? 

Anal. Calcd. for C,,CrH,,O,: C, 65.86; H, 9.55. Found: C, 66.39, H, 9.98. 

Properties 

The tris(2,2,6,6-tetramethyl-3,5-heptanedionato)chromium(III) crystals are usu- 
ally purple platelets, but a ruby red needle-shaped polymorph may be formed 
on the slow evaporation of a 95% ethanol solution of the product. Bands in the 
IR spectrum are 2965 (s), 1593 (s), 1540 (s), 1505 (s), 1450 (m), 1387 (s), 
1356 (s), 1300 (vw), 1250 (m), 1227 (m), 1180 (m), 1150 (m), 1025 (w), 965 
(w), 875 (m), 793 (m), 760 (w), 740 (w), 640 (m), and 450-505 (broad m) 
cm- I .  The product is stable in air and readily soluble in both polar and nonpolar 
solvents, except water. 

References 
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*Checkers report that since the crude material is a light, fluffy powder, the sublimation procedure 
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of the sublimation apparatus. Sublimation of 5 g requires about 1.5 hr. 

?Checkers report an overall yield of 65%. Anal. Cr: Calcd.: 8.54. Found: 8.61. 
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54. &BIS( 1,2- 
ETHANEDIAMINE)DIFLUOROCHROMIUM(III) IODIDE 

Submitted by DANNY T. FAGAN,* JOANN S. FRIGERIO,* and JOE W. VAUGHN* 
Checked by AM HYSLOW and JAMES E. FINHOLTt 

The complex cis-[Cr(en),F,JI is a useful starting material for the preparation of 
compounds of the type cis-[Cr(en),FX]I (X = CI-, Br-, NCS-, H,O, and 
NH,). The initial preparation4 of cis-[Cr(en),F,]I involved the reaction of 
anhydrous 1,2-ethanediamine with CrF,.xH,O that was suspended in a dry diethyl 
ether solution of hydrogen fluoride. Workup of the crude product from hydroiodic 
acid gave the desired compound. The present method, which is similar to that 
reported previously,2 utilizes the direct reaction of chromium(II1) fluoride-water 
( ~ 3 . 5 )  with excess dry 1 ,Zethanediamine to yield cis-[Cr(en),F2][Cr(en)F4]~xH,0, 
from which the desired cation can be easily isolated. This method avoids the 
difficulty of preparing easily oxidized Cr(I1) compounds and working in an 
atmosphere of nitrogen. 

A. c~~-BIS(~,~-ETHANEDIAMINE)DIFLUOROCHROMIUM(III) 
(1,2-ETHANEDLAMINE)TETRAFLUOROCHROMATE(III) 

2CrF3-3.5H,O + 3en + [Cr(en),F2][Cr(en)F41.xH,O + (7 -x)H,O 

Procedure 

Powdered chromium(II1) fluoride-water (1/3.5) [Alfa Products], 43.0 g (0.250 
mole), is added to 52.5 g (0.875 mole) of previously dried 1,2-ethanediamine 
contained in a 500-mL polyethylene beaker. The 1 ,Zethanediamine is dried by 
distillation from solid sodium hydroxide pellets. The fraction that boils from 
116-1 18" is collected. 

This and all subsequent steps until after the crude product 
has  been air-dried must be carried out in a hood, and protective gloves must 
be worn. 
The reaction mixture is heated on a steam cone with frequent stirring until the 
reaction starts. It is best if a sturdy metal spatula is used to stir the reaction 

8 Caution. 

*Michael Faraday Laboratories, Department of Chemistry, Northern Illinois University, DeKalb, 

?Department of Chemistry, Carleton College, Northfield, MN 55057. 
IL 601 15. 
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mixture, since the reaction produces a dense, sticky product. The time required 
for the reaction to start depends upon the amounts of CrF3.3.5H,0 and 1,2- 
ethanediamine used as well as the purity of the CrF,.3.5H20. The reaction usually 
starts about 10-30 min after the heating begins. This point is identified by a 
rapid color change to purple and the evolution of considerable heat. Once the 
reaction has started, stirring is continued until the reaction mixture turns to a 
pasty purple solid. The solid is heated for an additional 15 min, after which it 
is placed in a large evaporating dish on a steam cone and heated for 3-4 hr. The 
solid is pulverized as it dries, to speed the removal of the excess amine. It is 
then stirred with 200 mL of acetone at room temperature for 15 min before being 
collected by filtration, washed with 40 mL of fresh acetone, air-dried, and ground 
to a powder. The stirring with acetone is repeated until the dry crude material 
no longer smells of unreacted diamine. The number of acetone extractions can 
be reduced by drying the crude product in an oven at 125" for several hours. 
(a Caution. This should be carried out in a hood.) Yield 50-5 1 g (9698%). 
Although the crude material is suitable for further syntheses, recrystallization is 
necessary to obtain a pure product. 

A 5.0-g sample of crude substance is added slowly to 35-40 mL of water at 
room temperature with constant stirring. The solution is filtered, using a 9.0- 
cm Buchner funnel and medium-porosity filter paper, and the stirred filtrate is 
slowly diluted with 40 mL of 95% ethanol to precipitate the product as a purple 
paste. The precipitate is collected, washed once with 20 mL of acetone, and 
then washed three times with 10-mL portions of diethyl ether. It is air-dried, 
and finally it is dried for 12 hr at 125". Yield: 2.5 g (50%).* 

Calcd. for cis-[Cr(en),F,][Cr(en)F4].0.5H20: Cr, 25.55, C, 17.69; H, 
6.14; N, 20.63; F, 28.01. Found: Cr, 25.49; C, 17.65; H, 5.96; N, 20.92; F, 
27.18. 

Anal. 

B. ( * )-cis-BIS( 1,2- 
ETHANEDIAMINE)DIFLUOROCHROMIUM(IJI) IODIDE 

[Cr(en),F,][Cr(en)F,] + HI - [Cr(en),F,]I + H[Cr(en)F4] 

Procedure 

Thirty grams (0.072 mole) of crude [Cr(en),F,][Cr(en)F,] is added in approxi- 
mately 5-g portions with constant stirring to 1W110  mL of water at room 
temperature. The purple solution is suction-filtered by using a 12.0-cm Buchner 
funnel and coarse filter paper. The stirred purple filtrate is acidified with 40 mL 

*Checkers obtained a yield of 75% for recrystallized material. 
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of 47% hydriodic acid and is then slowly diluted with 450 mL of 95% ethanol 
followed by 300 mL of diethyl ether. The pink solid is collected by filtration, 
washed with three 25-mL portions of 95% ethanol, followed by 50 mL of acetone, 
and air-dried. Yield: 18.5 g (69%). Although the compound obtained at this 
point is suitable for further use in syntheses, recrystallization is necessary to 
obtain the pure material. A filtered solution of 9.2 g (0.027 mole) of crude 
[Cr(en),F,]I in 80 mL of water is diluted with 11 mL of 47% hydroiodic acid. 
This stirred solution is diluted with 190 mL of 95% ethanol and is cooled to 
room temperature in an ice bath. The pink solid is collected by filtration, washed 
three times with 10-mL portions of 95% ethanol, followed by 25 mL of,acetone, 
and air-dried. The yield is 4.8-5.2 g (52-57%).* The compound is dried at 90- 
95" for 3 hr prior to analysis. 

Anal. Calcd. for cis-[Cr(en),F,]I: Cr, 15.43; C, 14.24; H, 4.75; N, 16.62; 
I, 37.68; F, 11.28. Found: Cr, 15.28; C, 14.20; H, 4.66; N, 16.69; I, 37.41; 
F, 11.23. 

Properties 

The electronic spectrum of a cis-[Cr(en),F,][Cr(en)F.,] in aqueous solution is 
characterized by A, 525 nm, E 97.6 M- '  cm-'; A,, 439, E 27.5; and A,, 
382, E 55.2. Since the double salt undergoes rather rapid hydrolysis in aqueous 
solution, the spectrum should be determined at 10" using a freshly prepared 
solution. The electronic spectrum of cis-[Cr(en),F,]I in aqueous solution is char- 
acterized by A,, 515, E 75.5; Ami.430, E 9.8; and A,,, 375, E 39.35 The geometry 
of the cis-[Cr(en),F,]' cation has been confirmed by the resolution of the racemic 
mixture into its A and A forms. 
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55. ORGANIC INTERCALATED IONIC 
FERROMAGNETS OF CHROMIUM(I1): 

BIS(ALKYLAMM0NIUM) 
TETRACHLOROCHROMATE(I1) COMPOUNDS 

EtOH 

Cr,,,, + 4HC1,, +- [CrCI,Iz- + 2H’ + H, 
R f l U X  

EIOH 

[CICI,]~- + 2C,H2,+ ,NH3Cl +- 

(C,H2,+,NH3)z[CrCl,I + 2C1- (n = 1,2, . . . 8) 

Submitted by CARL0 BELLITTO* 
Checked by GARY L. GARD? 

The ferromagnetic properties of layer perovskites (RNH,),[CrX,] , where R is 
an alkyl or aryl group and X = CI or Br, are of considerable interest because 
only a few samples of ferromagnetic insulators are known.’ In addition, they 
are transparent in the visible region, and therefore they are interesting not only 
for academic reasons2 but also because of their potential technological appli- 
cations in optical modulation  device^.^ 

Two different methods of preparation of these compounds are reported in the 
literature.,” The first involves aqueous procedures and subsequent dehydration. 
Therefore, only a microcrystalline product is obtained. Here the second one is 
de~cribed.~ A further improvement in obtaining high quality crystals suitable for 
magneto-optical experiments is reported elsewhere.6 

Caution. All reactions involving noxious reagents (methanamine, 
ethanamine, etc.) or corrosive substances such as gaseous hydrogen chloride 
and must be carried out in a well-ventilated fume hood. 

Procedure 

Alkylammonium chlorides are prepared from the corresponding amines and HCl 
in EtOH. The first two of the series, CH3NH,C1 and CzH,NH3Cl, are commercial 
reagents [Pfalz and Bauer]. They are all recrystallized (EtOH/HCl) prior to use 
and dried under vacuum over P,O,,. All solvents are deoxygenated by purging 
with dry high-purity nitrogen for at least 20 min before use. All the reactions 

*Istituto Teoria, Struttura Elettronica e Comportamento Spettrochimico dei Composti di Coor- 

?Department of Chemistry, Portland State University, Portland, OR 97207. 
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55. Organic Intercalated Ionic Fewornagnets of ChrorniumlIf) 189 

F i g .  I .  
compounds. 

Apparatus for syntheses of bis(alkylammonium)tetrachlorochromate(II) 

are carried out under purified N,, using the apparatus shown in Fig. 1. Oxygen 
and water must be rigorously excluded. A solution of 3.40 g (-50 mmol) of 
CH,NH,Cl in 170 mL of hot absolute ethanol is prepared by simple addition of 
the amine hydrochloride to solvent at 3040". This solution is then tratlsferred 
to a 300-mL pressure-equalizing funnel under a stream of N, gas. 

Finely divided electrolytic chromium metal [Alfa Products] (1.306 g,  25.1 
mmol) is placed in a three-necked 500-mL flask containing a Teflon-coated 
stimng bar with 50 mL of absolute ethanol, and the N, gas is bubbled through 
the solvent for 20 min. The chromium metal is dissolved completely by passing 
anhydrous HCl gas under reflux through the alcohol until a deep-blue solution 
is obtained. The addition of HCl is then stopped while N, gas is bubbled through 
the solution. 

Caution. The N, exhaust containing excess of HCl must be bubBled 
through a water trap in a well-ventilated fume hood. 

The CH,NH,Cl/EtOH or other amine hydrochloride solution, degassed pre- 
viously, is added dropwise to the chromium (11) solution. Immediately a yellow- 
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green compound separates. The complex is then filtered and dried under vacuum 
with a Schlenk filtration apparatus. The yield averages 3.5 g (54%). 

Anal. Calcd. for C,H,,N,CrCl,: C, 9.30; H, 4.65; N, 10.85; Cr, 20.15; C1, 
55.00. Found: C, 9.70; H, 4.70; N, 10.90; Cr, 20.80; C1, 54.10. Good crystals 
are prepared by cooling a hot saturated ethanol solution of the title compound. 

The other members of the series are prepared in a similar manner. Increasing 
the number of carbon atoms in the cation increases the solubility of the corre- 
sponding compound in ethanol. If the solid product does not separate when the 
alkylammonium chloride is added to the blue solution of chromium(II), the excess 
solvent should be removed from the flask by distillation. At the point where the 
crystals begin to appear, the oil bath is lowered and the solution (deep-blue 
color) is allowed to cool slowly. Beautiful shiny platelet crystals separate. An 
alternative procedure is to start with a smaller volume of solvent and saturated 
solutions of alkylammonium chlorides (e.g., in the case of (C,H,NH,),[CrCl,], 
40 mL of EtOH). 

Properties 

The bis(alkylammonium)tetrachlorochromate(II) compounds are yellow-green 
platelets. These compounds are very air-sensitive and absorb water to give hydrated 
Cr(I1) complexes. The visible absorption spectrum is peculiar because it shows 
a pair of sharp, well-resolved bands at 15,800 and 18,760 cm-' and a charge- 
transfer edge starting at 24,000 cm-'. The possible presence of chromium(II1) 
as a contaminant in the compound can be seen in a UV/vis spectrum. Chro- 
mium(II1) in ethanol has a broad band at 21,500 cm-', whereas chromium(I1) 
has no absorption band at this wavelength. Solid samples can be checked for 
Cr(II1) content by dissolving small quantities in deoxygenated spectroscopic 
grade ethanol in a glove bag, sealing in the solution in a 1-cm spectrophotometer 
cell and recording the spectrum. 

References 

1. P. 'Day. Acc. Chem. Res., 12, 236 (1979). 
2. L. J .  DeJongh and A. R. Miederna, Adv. Phys.. 23, 1 (1974). 
3. R.  Wolfe. A. I. Kurtzig, and R.  C. LeCraw, J .  Appl. Phys., 41, 1218, (1970). 
4. C. F. Larkworthy and A. Yavari, Inorg. Chim. Acta, 20, L9 (1976); J .  Chem. Soc., Dalton 

Trans.. 1978, 1236. 
5. C. Bellitto and P. Day, J .  Chem. Soc., Chem. Commun., 1976, 870. J .  Chem. Soc., Dalton 

Trans., 1978, 1207. 
6. C. Bellitto and P. Day, J .  Cryst. Growth. 58, 641 (1982). 



56. Yellow Molybdenum(V1) Oxide Dihydrare 191 

56. YELLOW MOLYBDENUM(V1) OXIDE DIHYDRATE 

Na2Mo0,.2H20(aq) + 2HClO,(aq) + 
Mo03.2H20(s) + 2NaClO,(aq) + H20 

Submitted by J. B. B. HEYNS* and J. J. CRUYWAGEN* 
Checked by SCOTT A. KINKEADT 

The known methods for preparing yellow MoO3.2H,O involve precipitation from 
nitric acid medium'*2 or from hydrochloric acid m e d i ~ m . ~  We have found the 
yield by the former method, as modified by Freedman, to be much lower and 
the crystallization time much longer than that indicated. Moreover, the product 
obtained has been shown to be impure., Although a pure, well-crystallized 
product was obtained from hydrochloric acid,- the procedure is tedious and the 
crystallization time also much longer than that originally 

The facile method described here has been developed empirically by varying 
the concentrations (and concentration ratio) of molybdate and perchloric acid in 
a series of solutions. Conditions were thus established that are favorable for the 
precipitation of Mo03.2H20 in pure form within a reasonably short time, while 
inhibiting the formation of any of the other oxides (or mixtures of oxides) of 
molybdenum. 

Procedure 

Precipitation is effected from a solution that is initially 0.3 M in Na2Mo0, and 
3.0 M in HClO,. Typically, a reaction mixture is prepared by slowly adding, 
with constant stimng, 25 mL of a 0.60 M aqueous solution of Na2Mo0,*2H20 
to 25 mL of a 6.0 M aqueous solution of HClO, contained in a 200-mL poly- 
ethylene beaker. Too rapid mixing causes precipitation of a white oxide. how- 
ever, this redissolves slowly upon stimng. The final clear solution is left to stand 
in a polyethylene beaker (rather than glass, to avoid possible contamination with 
silicates) at ambient temperature for 4 weeks. Crystallization begins sponta- 
neously within 2-3 weeks and is practically complete after 4 weeks. Seeding 
with Mo03*2H20 reduces the time for the onset and completion of precipitatim 
by about 1 week. It will take longer for crystallization to begin if a container 
with a very smooth surface is used. A used polyethylene beaker with some fine 

*Department of Chemisuy, University of Stellenbosch, Stellenbosch 7600, Republic of South 
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scratch marks is recommended. The precipitate is collected in a glass filtering 
crucible (fine porosity), thoroughly washed with water, and air-dried at room 
temperature in a dust-free environment. When using 15-75 mmol of 
Na2Mo0,.2H20, yields of Mo0,*2H20 range from 80 to 84% of the theoretical. 

Anal. Calcd. for MoO3*2H,O: Mo, 53.3; H20, 20.0. Found: Mo, 53.1; H20,  
19.9. 

Properties 

The product obtained by this procedure is a microcrystalline, bright yellow 
powder. The oxide easily loses one molecule of water of crystallization, and for 
this reason it cannot be stored over a desiccant. It can in fact be converted 
quantitatively to the yellow monohydrate, MoO,.H,O, by drying at 100" for 2 
h? (to date, the only route to this monohydrate). The substance is readily char- 
acterized by its X-ray powder diffraction pattern. Some data are given below. 
A complete listing is given in the literature.' 

6.90 100 3.31 45 2.305 12 
3.77 30 3.24 45 I ,968 12 
3.67 30 2.650 15 1.953 14 
3.45 35 2.618 I0 1.838 10 
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57. TRICHLOROTRIS(TETRAHYDR0FURAN)- 
MOLYBDENUM(II1) 

4[MoCl,(C,H,O),] + 4C,H,O + Sn + 4[MoC13(C,H,0),] + SnCl, 

Submitted by JONATHAN R. DILWORTH* and JON ZUBIETAT 
Checked by T. ADRIAN GEORGE* and JOHN SMITH$ 

Complex compounds of molybdenum in oxidation states lower than 4 and frde 
from 0x0 or carbonyl ligands, can be prepared readily from the convenient starting 
material [MoCl,(thf),] (thf = tetrahydrofuran). The complex [MoCl,(thf),] pro- 
vides an excellent starting material for the syntheses both of molybdenum(II1) 
complexes' and of novel mononuclear phosphine and dinitrogen complexes of 
molybdenum(I1) and molybdenum(0).2 However, the reported synthesis3 using 
zinc as reductant for [MoCl,(thf),] is difficult to control, and the product can be 
contaminated with intensely colored by-products. The use of tin powder as 
reducing agent is much more convenient, producing the complex in high yield 
and generally free of colored contaminants. 

Procedure 

All reactions are carried out under nitrogen using dried solvents in conventional 
Schlenk apparatus. The complex [MoCl,(thf),] is prepared by the published 
method.-' 

Tetrachlorobis(tetrahydrofuran)molybdenum(IV), 5 .O g, is suspended in 60 
mL of tetrahydrofuran and stirred with 10 g of coarse tin powder, 20 mesh, at 
room temperature for 20 min. The solution is filtered, and any [MoCl,(thf),] 
product on the sinter is freed from tin by washing through with -20 mL of dry 
dichloromethane. The solution is evaporated at lop2 torr to -30 mL, and the 
complex is removed by filtration as a pale orange crystalline material. Yield: 
3.4 g (62%). The complex is stored under dry argon in a freezer and in the dark. 
Care should be taken, since the product is extremely moisture-sensitive. 

Anal. Calcd. for C,,H,,CI,O,Mo: C, 34.4; H, 5.73. Found: C, 34.1 ; H, 5.79. 

Properties 

The complex [MoCl,(thf),] is crystallized as pale orange needles from dichlo- 
romethanehetrahydrofuran solution. The IR spectrum of the pure complex is free 

*ARC Unit of Nitrogen Fixation, University of Sussex, Brighton BNI 9RQ, U.K. 
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of intense bands in the !lOO-1OOO cm-’ region, which is characteristic of molyb- 
denum 0x0 species. The compound [MoCl,(thf),] reacts readily with certain 1, l -  
dithio acids to yield the tris(dithioacid)molybdenum(III) monomers in high yield 
(-70%).’ Direct reaction with tertiary phosphines in tetrahydrofuran yields com- 
plexes of the type [MoC1,(PR3),(thf),~.]. Reduction of [MoCl,(thf),] by sodium 
amalgam or metallic magnesium in the presence of an excess of the appropriate 
organophosphine in tetrahydrofuran yields complexes of the type [Mo(PRR’,),] 
or [Mo(PRR’,),], depending on the nature of the organo group. Under molecular 
nitrogen, reaction of [MoCl,(thf),] with 1,2-ethanediylbis(diphenylphosphine) 
(diphos) yields truns-[Mo(N,),(diphos),] in high yield.’ 
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58. PHENYLIMIDO COMPLEXES OF TUNGSTEN 
AND RHENIUM 

Submitted by A. J. NIELSON* 
Checked by R. E. McCARLEY,? S. L. LAUGHLIN,? and C. D. CARLSON? 

The chemistry of organoimido compounds is currently of interest in studies of 
transition-metal multiple bonds. As a result of the robust M=NR function, it 
has been possible to prepare imido complexes of a diversity of metals.’ For 
synthetic work with earlier transition metal complexes in high valence states, 
organoimido compounds are less likely to polymerize than species containing 
the terminal 0x0 group. An added advantage is that any polymeric compounds 
formed are likely to be soluble in organic solvents. 

Studies of the chemistry of phenylimido rhenium complexes’ have normally 
employed Re(NPh)Cl,(PPh,), as the starting material because of its easy prep- 
aration from aniline and the readily available compound ReOCl,(PPh,),. , Tung- 
sten imido complexes cannot be prepared similarly. The lack of good preparative 
methods leading to suitable starting materials has limited studies with this metal. 

Detailed below are procedures for preparing phenylimido tetrachloro com- 
plexes of tungsten and rhen ium0 that are useful materials for further synthe~es.~ 

*Department of Chemistry, University of Auckland, Private Bag, Auckland, New Zealand. 
?Department of Chemistry, Iowa State University, Ames, IA 5001 1. 



58. Phenylimido Complexes of Tungsten and Rhenium I95 

Alkylimido compounds can be prepared similarly, but workup may prove difficult 
in some cases. The reaction fails for tert-butylimido compounds. The reactivity 
of the a carbon in alkylimido rhenium complexes can render them less useful 
for general ~yntheses.~ Preparations are given for phenylimido complexes of 
tungsten(V) and -(W) and a high yield of Re(NPh)CI,(PPh,),. The phosphines 
of this complex may be replaced through phosphine interchange  reaction^.^ 

Starting Materials and General Procedure 

The compound WOCl, is prepared by heating WO, in sulfinyl chloride at reflvx,6 
and ReOCl, by heating rhenium(V) chloride in a stream of dry ~ x y g e n . ~  Iso- 
cyanatobenzene [Aldrich] is used without purification. Benzene and toluene are 
distilled from sodium wire and tetrahydrofuran (THF) from sodium benzophen- 
one under dry nitrogen. Trimethylphosphine [Strem Chemicals] is prepared by 
the reaction of MeMgI with P(OPh), in diethyl ether.' The product is stored in 
a Schlenk flask and transferred with a syringe. All manipulations are carried out 
under moisture- and oxygen-free nitrogen by using normal techniques for air- 
sensitive compounds.' When solutions are transferred between flasks, a stainless 
steel transfer tube is used. Each flask is fitted with a gas inlet tap and a serum 
cap through which the transfer tube passes. The nitrogen supply to the receiving 
vessel is turned off, and a vent needle is placed through the septum. With the 
transfer tube placed below the level of liquid, a positive nitrogen pressure is 
used to force the solution into the receiving flask. 

Caution. Benzene is a suspected carcinogen. It  should be used only in 
an efJicient hood. Gloves should be worn. 

A. TETRACHLORO(PHENYLIMID0) COMPLEXES OF 
TUNGSTEN(V1) AND RHENIUM(V1) 

benzene 

[MOCI,], + 2PhNCO --* [MCl,(PhN)], + 2C02 M = W, Re 

Procedure 

Caution. Benzene is a suspected carcinogen. It  should be used in,a 
well-ventilated hood. Gloves should be worn. Isocyanates are poisonous. 

1. Tetrachloro(phenylimido)rhenium(VZ). Tetrachloroo~orhenium~ ( 10 g, 
29 mmol) is placed in a 250-mL two-necked round-bottomed flask fitted with,a 
gas inlet tap and rubber serum cap. Benzene (50 mL) is added with a syringe, 
followed by isocyanatobenzene (3.16 mL, 29 mmol). A reflux condenser and 
nitrogen bubbler are fitted, several boiling chips added, and the mixture is held 
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under strong reflux for 4 hr (a vigorous effervescence of CO, occurs) and then 
more gently for a further 16 hr. After cooling to room temperature, the solution 
is filtered under a nitrogen atmosphere, and the remaining solid is washed with 
several 5-mL portions of benzene. After drying under vacuum, the yield of dark 
brown tetrachloro(phenylimido)rhenium(VI) is between 10 and 11.2 g (82-92%). 

Anal. Calcd. for C,H,Cl,NRe: C, 17.2; H, 1.2; C1, 33.8; N, 3.3. Found; C, 
17.8; H, 1.2; C1, 33.0; N, 3.4. 

2. Tetrachloro(phenylimido)r~ngsten(VZ). Tetrachlorooxotungsten(VI),6 
(30 g, 87 mmol) and isocyanatobenzene (9.5 mL, 87 mmol) are heated at reflux 
in 100 mL of benzene in a manner similar to that in part 1. On cooling, the 
solution is filtered, and the solid is washed with 10-mL portions of benzene until 
a yellow-green color persists in the washings. After the green solid is dried under 
vacuum, the yield of analytically pure tetrachloro(phenylimido)tungsten(VI) is 

Anal. Calcd. for C,H,Cl,NW: C, 17.3; H, 1.2; C1, 34.0; N, 3.4. Found: C, 
31-33.6 g (85-92%). 

17.1; H, 1.2; C1, 34.0; N, 3.38. 

Properties 

The compounds are air- and moisture-sensitive but can be stored under N2 for 
several months without decomposition. They exhibit only slight solubility in 
benzene, dissolve more appreciably in dichloromethane, and form 1 : 1 adducts 
in coordinating solvents such as tetrahydrofuran or propionitrile. Neither com- 
pound forms a satisfactory mull in Nujol, and both react with KBr and CsI. 
They are insufficiently soluble in CDCl, or CD,Cl, to obtain NMR spectra and 
cause acetone-d, to polymerize. In CDCl, the 'H NMR spectrum of the tungsten 
1:l adduct with propionitrile shows resonances at 6 1.46 (t, 3H, CH,); 2.68 (q, 
2H, -CH,-); 6.62 (m, IH, p-aromatic); 6.93 (m, 2H, rn-aromatics); 7.36 (m, 
2H, o-aromatics). 13C NMR spectra: 6 (ppm from TMS) 9.35 (CH,); 11.82 
(-CH2-); 127.23 (C+N); 131.58 (c-meru, C,H5); 132.23 (c-ortho, C,H,); 
134.58 (c-para, C,H,); 148.98 (c-@so, C,H,). 

B. TRICHLORO(PHENYLIMIDO)BIS(PHOSPHINE)TUNGSTEN(V) 
AND RHENIUM(V) 

[MCl,(PhN)], + 4 phosphine + 2[MC13(PhN)(phosphine),l 
M = W, phosphine = PPh,, PMe,Ph, PEt,, PMe, 
M = Re, phosphine, PPh, 
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Procedure 

m Caution. Benzene is  a suspected carcinogen. Phosphines are irritants 
and can be toxic. 

1. Trichloro(phenylimido)bis(n-iphenylphosphi~)tungsten( V).  Benzene (60 
mL) and triphenylphosphine (- 6-7 g) are placed in a 100-mL round-bottomed 
flask equipped with an inert gas inlet tap and a rubber serum cap. The solution 
is added by using a transfer tube to tetrachloro(phenylimido)tungsten(VI) (3 g, 
7.1 mmol) in a 250-mL round-bottomed flask, and the mixture is heated at reflux 
for 16-24 hr, during which time the color turns from yellow to brown. If a 
yellow gum separates on cooling, further phosphine is added and the solution 
is heated at reflux for another 5-10 hr. The solution is cooled and filtered. The 
solvent is removed under vacuum, and the gum is washed several times with 
petroleum ether. The residue is extracted several times with toluene (5 X 10 
mL or until the extracts are no longer yellow-brown). The extracts are combined 
and reduced in volume to approximately 25 mL. The solution is allowed to stand 
at -2O", which gives the complex as brown crystals. The crystals are filtered 
and washed with cold benzene to remove any gummy material. Further crystalline 
material may be obtained by reducing the volume of the filtrate and repeating 
the crystallization process. The complex contains one molecule of toluene. Yield: 

Anal. Calcd. for C,,H,3Cl,NP,W: C, 59.0; H, 4.3; CI, 10.7; N, 1.4. Found: 
4.1-4.9 g (71-85%). 

C, 59.2; H, 4.3; C1, 10.9; N,  1.5. 

Properties 

The brown complexes WCI,(PhN)(P), (P = PPh,, PMe,Ph, PEt,) are air- and 
moisture-sensitive but may be handled very briefly in air. Under N, they are 
stable indefinitely. They are soluble in most solvents except petroleum ether 
fractions, hexane, and diethyl ether. In solution the paramagnetic moments (Evans 
method") are slightly lower than the spin-only value for a d' system (1.73 BM). 
The IR spectra show three bands in the far-IR in the vicinity of 300 cm-' ,  
attributable to ucM+,) in a mer arrangement; for example, WCl,(PhN)(PMe,)2 
shows bands at 315 (m), 304 (s), and 255 (m) cm-' 

2. Trichloro(phenylimido)bis(trimethylphosphine~tungsten(V). Trimethyl- 
phosphine (4.0 mL, 36 mmol) is added with a syringe to the green soluhon 
formed by dissolving tetrachloro(phenylimido)tungsten(VI) ( 5  g, 12 mmol) in 
100 mL of tetrahydrofuran (THF). The mixture is stirred for 15 hr and then 
filtered, and the solvent is removed to give a brown gum, which is washed 
several times with petroleum ether to remove excess phosphine. The residue is 

, 



198 Transition Metal Compounds and Complexes 

extracted with toluene until the solvent is no longer yellow-brown, and the 
extracts are combined. The volume is reduced to -25 mL, and the solution is 
allowed to stand at - 20", whereupon brown crystals of the complex form and 
are filtered. If a yellow gum also separates during crystallization, it may be 
removed by washing the crystals quickly with cold THF ( - 20"). Further crys- 
talline material may be obtained by reducing the volume of the solution and 
repeating the crystallization procedure. Yield: 4 .24 .9  g (65-77%). 

Anal. Calcd. for C12H2,Cl,NP,W: C, 27.0; H, 4.3; N, 2.6. Found: C, 26.8; 
H, 4.5; N, 2.5. 

Properties 

The compound [WCl,(PhN)(PMe,),] is air- and moisture-sensitive, but it can be 
stored for long periods under NZ. THF solutions are very oxygen-sensitive, 
turning green to give the complex WCl,(PhN)(OPMe,),, which crystallizes from 
toluene along with WCl,(PhN)(PMe,),. The former may be removed by washing 
with cold THF. The complex melts between 184 and 186" and has pcff of 1.43 
BM in chloroform-d (Evans method"). In the IR spectrum the M - C I  stretching 
vibrations occur at 315,300, and 254 cm-I, characteristic of mer metal chlorides. 
The crystal structure shows octahedral geometry with trans phosphorus ligands 
and a lengthened W - C l  bond trans to the phenylimido group. I '  

3. Trichloro(phenylimido)bis(triphenylphosphine)rhenium(V). Tetra- 
chloro(phenylimido)rhenium(VI) (5  g, 12 mmol) is dissolved in 50 mL of THF, 
and by using a transfer tube, the green solution is added to a rapidly stirred 50 
mL solution of THF containing triphenylphosphine [Aldrich] (9.5 g, 36 mmol). 
The stirring is continued for up to 5 hr, during which time the complex precipitates 
as green microcrystals. The complex is removed on a filter and washed several 
times with THF or benzene to remove any remaining triphenylphosphine. After 
drying under vacuum, the yield of trichlaro- 
(phenylimido)bis(triphenylphosphine)rhenium(V) is 7.6-8.5 g (7!9-88%). 

Anal. Calcd for C,,H,,Cl,NP,Re: C, 55.5;  H, 3.9; N, 1.5. Found; C, 56.1; 
H, 4.3; N, 1.6. 

Properties 

Trichloro(phenylido)bis(triphenylphosphine)rhenium(V) is an air-stable, green 
solid that is insoluble in organic solvents; mp 215-218"., 

C. PHENYLIMIDO COMPLEXES OF TUNGSTEN(1V) 
NaiHg 

[WCl,(PhN)], + 6L + 2[WCl,(PhN)L,] 
L = PMe,Ph, PMePh,, PEt,, PMe,, Me,CNC, p-MePhNC 
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Procedure 

Dichloro(phenylimido)tris(trimethylphosphine)tungsten(lV). The experimental 
conditions outlined are general for the phosphine and isocyanide ligands. Sodium- 
mercury amalgam is prepared in a 500-mL three-necked flask equipped with a 
gas inlet tap, mechanical stirrer, and a septum cap, by adding 1 g (43 mmol) 
of sodium metal in small pieces (approx. 0.1-0.2 cm3) to 100 g of well-stirred 
mercury. (a Caution. The reaction of sodium with mercury is highly exo- 
thermic.) The addition of each piece of sodium is carried out rapidly, and the 
serum cap is replaced afterwards to prevent loss of components caused by spurt- 
ing. When cold, the amalgam is washed several times with benzene added by 
a syringe and is removed by means of a transfer tube placed through the septum. 
(m Caution. Benzene is a suspected carcinogen. Good hoods and gloves are 
mandatory.) A solution of trimethylphosphine (5.5 mL, 50 mmol) in 100 mL 
of benzene is then added to the amalgam by means of a transfer tube. In a glove 
bag, tetrachloro(phenylimido)tungsten(VI) (5 g, 12 mmol) is ground to small 
particle size and placed in a 250-mL two-necked flask fitted with a gas inlet tap 
and a septum cap. The flask is removed from the glove bag, 100 mL of benzene 
is added, and the suspension is transferred rapidly to the flask containing the 
stirred amalgam, using a transfer tube. The solution is stirred for 5-6 hr, during 
which time it becomes a deep blue. After filtration, the spent amalgam is washed 
with 25 mL of benzene and filtered. The extract is added to the bulk solution. 
The solvent is removed under vacuum to give a gum, which is then washed 
several times with petroleum ether. The residue is extracted with toluene until 
the solvent is no longer colored, and the extracts are combined, filtered, and 
reduced in volume to -25 mL. Allowing the solution to stand at -20" gives 
violet-blue crystals of the complex, which are removed by filtering and washed 
with petroleum ether. Additional complex is obtained by reducing the volume 
of filtrate and repeating the crystallization. The yield is 5.3-5.9 g (77-86%). 

Anal. Calcd. for C,,H,,CI,NP,W: C, 3 1.4; H, 5.6; CI, 12.4; N,  2.4. Found: 
C, 31.6; H, 5.5; C1, 12.4; N, 2.4. 

Properties 

The complexes prepared in this manner are blue or brown and are air- and 
moisture-sensitive. However, they can be stored for several months under N,. 
They are diamagnetic and soluble in most organic solvents except petroleum 
ether and similar hydrocarbons. In the far-IR spectrum, several absorption bands 
occur in the vicinity of 250-300 cm-'. These are assigned to v(~+,-,). The X- 
ray crystal structure of WCI,(PhN)(PMe,), shows a mer arrangement of phos- 
phine and cis chloride ligands, one trans to the phenylimido function.12 
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59. LITHIUM INSERTION COMPOUNDS 

Submitted by D. W. MURPHY* and S. M. ZAHURAK* 
Checked by C. J. CHENt and M. GREENBLATTt 

Many inorganic solids are capable of undergoing insertion reactions with small 
ions such as H+, Li+, and Na+. The host solid in these reactions undergoes 
reduction in order to maintain electroneutrality. Inserted ions may be removed 
by oxidation of the insertion compounds. The structures of the insertion com- 
pounds are closely related to those of the respective hosts, with the inserted 
cation occupying formerly empty sites of the host. 

The examples presented here illustrate a variety of reagents for, the insertion 
or removal of lithium ions from inorganic solids. A variety of reagents exhibiting 
a range of redox potentials allow access to intermediate stoichiometries and 
control of side reactions. Four reagents are used in these syntheses: butyllithium, 
a strongly reducing source of lithium; lithium iodide, a mild reducing source; 
ethanol, a mild oxidant; and iodine, a stronger oxidant. A discussion of the 
redox levels of these and other reagents may be found elsewhere.' 

*AT&T Bell Laboratories, Murray Hill, NJ 07974. 
'Department of Chemistry, Rutgers University, The State University of New Jersey, New Bruns- 

wick, NJ 08903. 
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A. VANADIUM DISULFIDE 

CHjCN 

2LiVS, + I, -+ 2 VS, + 2LiI 

The class of layered transition metal dichalcogenides has been of great interest 
because of their varied electronic properties and chemical reactions. Most com- 
pounds of this class may be prepared by stoichiometric reactions of the elements 
above 500". However, the highest vanadium sulfide that can be made in this 
manner is V,S,. An amorphous VS, has been prepared by the metathetical 
reaction of Li,S and VCl,.' The method presented here allows preparation of 
polycrystalline VS, with the CdI, s t ru~ture .~ 

Procedure 

The LiVS; is prepared from an intimate mixture of V,O, (9.094 g, 0.05 mole) 
and Li,CO, (3.694 g, 0.05 mole). The mixture is placed in a vitreous carbon 
boat inside a quartz tube in a tube furnace. The tube is connected to a two-way 
inlet valve for argon (or another inert gas) and hydrogen sulfide. Gas exits through 
a bubbler filled with oil. An H,S flow of -100 d m i n  is maintained, and the 
furnace is heated to 300", then to 700" at the rate of 100"/hr. (m Cau- 
tion. Hydrogen suljide is a highly poisonous gas. The reaction should be 
carried out in a well-ventilated fume hood.) Water and sulfur are deposited on 
the tube downstream. The reaction is held at 700" for 12 hr. The reaction mixture 
is cooled under H,S and then flushed with argon. The boat is removed into a 
jar filled with argon and placed in a good dry box (a dry atmosphere is sufficient). 
The mixture is reground and refired in H,S at 700" for another 16 hr. The LiVS, 
prepared in this way is actually Lio,-,95VS2. The stoichiometry is adjusted to 
Li,.oVS2 by treatment with a dilute (0.05 N) solution of butyllithium in hexane. 
See the preparation of Li,ReO, below for details of butyllithium reactions. 

A solution of -0.1 M I, is prepared from freshly sublimed I, and acetonitrile 
distilled from P.,O,,. The solution is standardized by titration with a standard 
aqueous thiosulfate solution to the disappearance of the I, color. Addition of 
iodide and/or starch gives no color enhancement in acetonitrile. 

The solid polycrystalline LiVS, (4.670 g, 38.3 mmol) is placed in a 300-mL 
round-bottomed flask under argon. The flask is fitted with a serum cap. A solhion 
of I, in CH,CN (225 mL, 0.091 M, 20.5 mmol of I,) is added to the LiVS, 
using a transfer needle through the serum cap. The iodine color rapidly dissipates 
as solution is added. The heterogeneous reaction mixture is stirred usidg a 
magnetic stirrer. After 16 hr the mixture is filtered in air, and the solid product 
is washed with acetonitrile. The filtrate and washings are titrated with standard 
aqueous thiosulfate to determine the unreacted excess I, (1.35 mmol). 
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The yield is quantitative. 
Combustion anal. Calcd. for VS,: V, 44.3. Found, 44.5. Atomic absorption 

for Li gives 180 ppm. X-ray fluorescence shows no iodine. 

Properties 

The VS, produced in this manner is a shiny metallic gray powder. The compound 
is hexagonal (CdI, type) with a = 3.217 A and c = 5.745 A. Sulfur loss occurs 
in air or inert gas above 300". 

B. LITHIUM DIVANADIUM PENTOXIDE 

CHjCN 

2LiI + 2V,O, 4 2LiVz05 + I, 

Ternary alkali metal vanadium oxide bronzes are well known, including y- 
LiV,0,.5 It was recognized that some other composition or structure was formed 
from the combination of lithium and V,O, at mom temperature through electro- 
chemical or butyllithium reactions.6 It is possible to prepare the low-temperature 
6-LiV20, with b~tyllithium,~*' although irreversible overreduction is difficult to 
avoid. The use of LiI as reductant avoids any overreduction.8 

Procedure 

The divanadium pentoxide is prepared from reagent grade NH,VO, by heating 
in air first at 300" for 3 hr and then at 550" for 16 hr. Anhydrous LiI [Alfa 
Products] is dried under vacuum at 150" prior to use. A solution of - 1.5 M Lil 
in acetonitrile is prepared using acetonitrile freshly distilled from P,O,,. Care is 
taken to exclude moisture and oxygen in the preparation and storage of this 
solution. The V,O, powder (5.005 g, 27.5 mmol) is placed in a flask fitted with 
a serum cap, and an excess of the LiJ solution (25.0 mL of 1.44 M, 36 mmol) 
is added via syringe. The supernatant rapidly develops a dark yellow-brown color 
characteristic of iodine. The reaction mixture is stirred at room temperature for 
-24 hr, using a magnetic stirrer. The color of the solid changes from yellow to 
green to blue-black over several hours. The product is isolated by filtration in 
air and is washed with acetonitrile. Titration of the filtrate and washings with 
standard aqueous thiosulfate determines that 13.59 mmol of I, is formed in the 
reaction. 
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Properties 

The LiV,O, formed in this way is dark blue and is stable in air for moderate 
lengths of time. Long-term storage in a desiccator is satisfactory. The compound 
is orthorhombi~'.~ with a = 11.272 A, b = 4.971 A, and c = 3.389 A. A 
reversible first-order structural transformation occurs at 125" to r-LiV,O, ,' which 
is also orthorhombic with a = 11.335 A, b = 4.683 A, and c = 3.589 A. 
Above 300" the structure changes irreversibly to that of the thermally stable y- 
LiV,O, . 

C. LITHIUM RHENIUM TRIOXIDES: LiJeO, (x I 0.2) 

ReO, + 2BuLi + Li,ReO, + octane 

2Li,ReO, + 2EtOH --* 2LiRe0, + 2LiOEt + H, 

ReO, + excess LiI --* Li,,,ReO, + LiI + I, 
Rhenium trioxide has one of the simplest extended structures. Octahedral [ReO,] 
units share oxygen atoms between units such that R-Re bonds are linear. 
The symmetry is cubic, and each cell contains one Re and one empty cubeoc- 
tahedral cavity. This lattice serves as a starting point for the generation of a 
number of other structures including perovskites and shear compounds. Since 
ReO, is the simplest of this large family of compounds, an understanding of its 
behavior with lithium is intrinsic to understanding the class as a whole. 

Three phases have been identified in the LiJteO, system." For x < 0.35 the 
structure remains cubic. A line phase at x = 1 .O is rhombohedral, as is a phase 
at 1.8 I x 5 2.0. 

1. Dilithium Rhenium Trioxide 

Caution. Concentrated butyllithium (n-BuLi) (--2.e3.0 M in hexane) 
is extremely air- and moisture-sensitive and must be handled in an inert atmos- 
phere. Any amount that must be handled in air should be diluted with hexane 
or other inert solvent before exposure. 

Procedure 

Reaction and filtration operations are carried out in a helium-filled glove box. 
However, the procedures are easily adapted to the use of Schlenk techrliques. 
The hexane used should be distilled from sodium, and the concentrated n-BuLi 
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solution [Alfa Products] standardized by total base titration. If the solution is 
cloudy as received, it can be filtered in the glove box. 

To a flame-dried 100-mL round-bottomed flask is added 4.08 g (17.42 mmol) 
of ReO,, along with sufficient hexane (-10.0 mL) to cover the ReO,. A small 
excess of an n-BuLi solution (12.5 mL, 38.24 mmol, 3.059 N) is slowly added 
via a 20.0-mL gastight syringe. The reaction is exothermic, and, depending on 
the particle size of the ReO, and on the n-BuLi concentration, addition of n- 
BuLi may cause boiling of the solvent. The product is purer (by X-ray powder 
diffraction) when boiling is avoided. The flask is capped with a serum stopper 
and stirred with a magnetic stirrer for -24 hr at room temperature. The original 
red-bronze ReO, turns to a dark red-brown color upon completion of the reaction. 

The reaction mixture is filtered in the glove box and the Li,ReO, collected 
on a medium-porosity fritted-glass filter. The product is washed several times 
with hexane to ensure removal of any excess n-BuLi. The yield is quantitative. 
The filtrate and washings are then removed from the glove box after sufficient 
dilution with hexane and titrated for excess n-BuLi. 

The titration consists of addition of a few milliliters of distilled water and an 
excess of standard HCl (0.1 N), followed by back-titration with standard NaOH 
solution (0.1 N). The lithium stoichiometry is calculated on the basis of the 
titration results. It has been shown that this total base titration gives the same 
results as are obtained with active lithium reagent and atomic absorption analysis. 

Complete lithiation to the limiting lithium stoichiometry of Li,,,ReO, may 
require more than one n-BuLi treatment. This can be due in part to dilution of 
n-BuLi as the reaction proceeds. Upon titrating the initial n-BuLi reaction solu- 
tion, 10.491 mmol of Li remains from an original 3.059 N n-BuLi solution 
containing 12.5 mL (38.238 mmol) of n-BuLi in hexane and 4.080 g (17.421 
mmol) of ReO,. This indicates 1.59 mmol of Li per millimole of ReO,. Further 
lithiation and subsequent titration results in Li,, ,ReO,. X-ray powder diffraction 
data indicates the lithium composition, in excess of two Li per ReO,, is due to 
impurities in the ReO,. 

Confirmation of the lithium stoichiometry is determined by an iodine reaction 
that yields the amount of lithlum removed from the structure. A titration (described 
in Section A) performed after reaction of LiJteO, with a standard iodine solution 
affords the stoichiometry Li,.,ReO,. 

Properties 

The compound Li,ReO, is a dark red-brown solid that is reactive with atmospheric 
moisture, forming LiOH and H,. The X-ray powder pattern data give the fol- 
lowing hexagonal crystallographic parameters: a = 4.977 A, c = 14.793 A, 
V = 52.88 X 6 A'.'" 
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Neutron diffraction powder profile analysis establishes a rhombohedra1 struc- 
ture in the space group R3c," a = 4.971 1 ( l ) ,  c = 14.788 (l) ,  Z = 6. Both 
Li and Re atoms occupy type (Ooz) positions, and oxygen atoms the general 
position (x,y,z)  with six formula units per cell. The host lattice, ReO,, undergoes 
a twist that creates two octahedral sites from the cubeoctahedral cavity of ReO,. 
These are the sites occupied by lithium." 

2. Lithium Rhenium Trioxide 

Procedure 

In a 60.0-mL Schlenk filter within a helium glove box is placed 4.1891 g (17.37 
mmol) of Li,,,ReO,. The filter is equipped with a serum cap and stir bar and 
removed from the box. The serum cap is secured with a twist of wire, and -40 
mL of absolute ethanol is transferred into the flask, under argon, using a double- 
edged transfer needle. Evolution of hydrogen is noted upon this addition, and 
the system is kept under argon flow using an oil bubbler. The mixture is stirred 
-24 hr or until gas evolution has ceased, and it is then filtered, using the same 
Schlenk filter along with a 250-mL receiving flask. The product is rinsed three 
times with 5 .O-mL aliquots of absolute ethanol under positive argon pressure 
using a transfer needle. Care must be taken so as not to ovemnse, as more Li 
can be removed from the structure. The dark red product is isolated in quantitative 
yield by filtration and is then vacuum-dried. The filtrate containing lithium 
ethoxide is titrated using a standard acid/base method with phenolphthalein as 
the indicator. 

Reaction of 4.189 g of Li,ReO, together with excess absolute ethanol (-55.0 
mL total) forms 19.45 mmol of lithium ethoxide. Therefore, 1.0 mmol of Li is 
removed from the structure, leaving Li,.,ReO,. Removal of all of the lithium 
using the standard iodine solution technique confirms the lithium stoichiometry . 

Properties 

The compound LiReO, is very similar in appearance and properties to Li,ReO,. 
Both are red-brown hygroscopic solids; however, LiReO, is less moisture-sen- 
sitive and can be exposed to air for brief periods without damage. The %ray 
powder pattern shows that LiReO, is single-phase with hexagonal lattice param- 
eters of a = 5.096 A, c = 13.400 A, and V = 50.23 X 6 A3.''.I1 The structure 
of LiReO,, according to neutron-diffraction powder profile analysis studes, 
shows a = 5.0918 (3), c = 13.403 ( l ) ,  z = 6 in the R3c space group." The 
ReO, skeleton has undergone the same twist as in Li,ReO,. The lithium atoms 
order in half the octahedral sites. The compound is isostructural with LiNbO,. 
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Both LiReO, and Li,ReO, exhibit temperature-independent Pauli paramagnetism 
(0.8 X and 3.3 X lop6 emdg, respectively)." 

3. Lithium(O.2) Rhenium Trioxide 

Procedure 

As in the preparation of Li,ReO,, reaction and filtration operations take place 
in a helium-filled glove box. Rhenium(V1) oxide (10.381 g, 44.33 mmol) together 
with 70.0 mL of a 0.5 M LiI solution in acetonitrile are added to a flame-dried 
100-mL round-bottomed flask equipped with a stirring bar. The flask is stoppered, 
and the reaction is monitored for completeness by periodic sampling of the solid 
using X-ray powder diffraction analysis. A total of three successive treatments 
with 70.0-mL aliquots of LiI in CH3CN, with stirring over 7 days, are needed 
to obtain the homogeneous single-phase Li,,,ReO, (smaller scale reactions" are 
complete with a single treatment). Each treatment is followed by filtration of 
the total solution and two washings with acetonitrile. The filtrates are removed 
from the glove box and titrated for iodine content using standard aqueous Na,S,O, 
solution as the titrant. Reaction of 10.381 g of ReO, with LiI forms 8.87 meq 
of iodine, indicating a final stoichiometry of Lio,,ReO,. Flame emission analysis 
of Li confirms this result. 
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60. DINITROGEN COMPLEXES OF IRON(I1) WITH (1,2- 
ETHANEDIYLDINITRIL0)TETRAACETATE AND trans- 
(1,2-CYCLOHEXANEDIYLDINITRILO)TETRAACETATE 

Submitted by M. GARCIA BASALLOTE,* J. M. LOPEZ ALCALA,* 

Checked by CARRIE WOODCOCK? and DUWARD F. SHRIVERt 
M. C. PUERTA VIZCAINO,* and F. GONZALEZ VILCHEZ* 

Since the initial report on the syntheses of the [Ru(NH,),N,]X, (X = halogen) 
dinitrogen complexes,’ interest in these compounds has been very high, partly 
because of the apparent relationship between these substances and the nitrogen- 
fixation process. Several methods for the preparation of dinitrogen complexes 
were subsequently r ep~r t ed . ‘~  

Recently, Diamantis’ prepared the complexes [(Ru(edta)),NJ4 - and 
[Ru(edta)N,]’- by bubbling N, gas into an aqueous solution of [Ru(Hedta)H,O] 
in the presence of hydrogen and platinum black. No analogous compounds that 
contain Fe(I1) have been reported. As described here, dinitrogen complexes of 
Fe(I1) with (1,2-ethanediyldinitrilo)tetraacetate(edta) and trans-( 1,2-cyclo- 
hexanediyldinitrilo)tetraacetate(cdta) may be prepared by the reaction of 
[Fe(HY)H,O] (Y = edta, cdta) with sodium azide. 

Caution. All azides are potentially explosive and should be handled 
wirh care. 

A. AQUA[[( 1,2-ETHANEDIYLDINITRILO)TETRAACETATO]- 
(3-)]IRON(III) HYDRATE 

H,Y + Fe(OH), --f [Fe(HY)H,O].H,O + H,O (Y = edta, cdta) 

Procedure 

These compounds are prepared from modified published procedures.”’ Twenty 
grams of reagent grade iron(II1) nitrate, Fe(N03),.9H,0, is dissolved in 100 mL 
of water in a 250-mL beaker, and the solution is filtered. A solution of 50 mL 
of concentrated aqueous ammonia (28-30%) and 50 mL of water is added drop 
wise to the solution of iron(II1) nitrate. The Fe(OH), that precipitates is recovered 
by vacuum filtration or centrifugation, using a 10-cm Biichner funnel, and is 

*Department of Inorganic Chemistry, Faculty of Science, University of Cadiz, Cadiz, Spain. 
TDepartment of Chemistry, Northwestern University, Evanston, IL 60201. 
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washed several times with water until NH,+ no longer appears in the washings. 
A 17.5 g sample of H,edta (or 17.1 g of H,cdta) is suspended in 40 mL of 
water, and the Fe(OH), is added along with enough water to bring the total 
volume to 100 mL. The mixture is heated while stirring on a steam cone for 
-2 hr. Any uncomplexed free acid that precipitates when the solution cools to 
room temperature is recovered by filtration. The reaction volume is then reduced 
to 60 mL, and 100 mL of acetone is added slowly. The solid complexes are 
collected and are recrystallized from 20 mL of H,0/100 mL acetone. Yields: 
edta complex 6.5 g; cdta complex 4.0 g. 

B. DISODIUM (DINITROGEN)[[( 1,2-ETHANEDIYLDINITRILO)- 
TETRAACETATO](4-)]FERRATE(II) DIHYDRATE 

[Fe(Hedta)H,O] .H,O + 2NaN3 4 Na,[Fe(edta)N,1*2H2O + 2N2 

Procedure 

A 0.50 g sample of [Fe(Hedta)H,O].H,O is dissolved in 20 mL of N,-degassed 
water in a 50-mL Pyrex flask. To this solution, 0.50 g (7.7 mmol) of NaN, is 
added with stimng. The color changes from yellow to red-orange immediately, 
and the pH increases to 5. The mixture is stirred for 1 hr (not more than 2 hr) 
at 70" while N, gas is bubbled into it (Fig. I ) .  The final pH of the solution 
should be about 7 and the corresponding volume about 10 mL. The solution is 
cooled to room temperature, and then 40-50 mL of ethanol is added to give a 
brown oil. The upper solution is decanted off, and the remaining oil is then 
solidified by the addition of 20 mL of ethanol while the mixture is stirred 
vigorously. An orange-brown powder is recovered. Attempts to recrystallize this 
product lead to regeneration of the starting material.' Yield: 0.40 g (67%). 

Anal. Calcd. for C,,FeH,,N,Na,O,,: C, 26.45; N, 12.34; H, 3.55. Found: 
C, 26.6; N, 11.4; H, 3.6. 

Properties 

The complex forms as an orange-brown powder that decomposes slowly in air. 
A sharp intense band in the IR spectrum at 2040 cm-' (KBr and Nujol) is 
assigned to umN of coordinated nitrogen. The stretching vibrations for carbox- 
ylate groups appear at 1600 (asym) and 1380 (sym) cm-I. The ESR spectrum 
indicates diamagnetic character. The UVlvis spectrum in aqueous solution 'has 
maxima at 5 1 ,OOO, 40,000, and 2 1,275 cm- I .  In a static air or argon atmosphere, 
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Fig. I .  Apparatus for preparation of dinitrogen complexes. 
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the weight loss observed in the TG study and the corresponding endothermic 
effect registered in DTA occur at -220" and can be associated with the elimi- 
nation of coordinated dinitrogen. 

C. DISODIUM [[(1,2-CYCLOHEXANJ3DIYLDINITRILO)- 
TETRAACETATOl(4 - )] (DIMTR0GEN)FERR ATE( 11) 
DIHYDRATE 

[Fe(Hcdta)H,O]-H,O + 2NaN, 3 Na2[Fe(cdta)N,].2H,0 + 2N2 

Procedure 

A 0.50 g (7.7-mmol) sample of solid sodium azide is added to a solution of 
0.50 g of [Fe(Hcdta)H,O].H,O in 20 mL of water in a 50-mL Pyrex flask. The 
mixture is stirred while N, gas is bubbled into it (Fig. 1). The temperature is 
held at 70" for 2 hr. After this time, the brown-orange solution is cooled to room 
temperature. When the first crystals begin to appear, cold acetone is added to 
the solution to give a brown oil. The solution is decanted off the oil. The oil is 
dissolved in 5 mL of water, and 20 mL of acetone is added slowly. This results 
in a yellow-orange powder, which is recovered by filtration. The precipitate is 
washed with 10 mL of cold acetone and dried over P4010. Yield: 0.40 g (68%). 

Anal. Calcd. for C,,FeH2,N4Na20,,: C, 33.09; N, 11.03; H, 4.36. Found: 
C, 33.2; N, 8.5;  H, 4.6. 

Properties 

The complex crystallizes as yellow-orange microcrystals that decompose slowly 
in air. An intense sharp band at 2040 (KBr) or 2050 (Nujol) cm-' in the IR 
spectrum is assigned to v- of the coordinated dinitrogen. The stretching vibra- 
tions for carboxylate groups appear at 1620 (asym) and 1380 (sym) cm-I. The 
ESR spectrum indicates diamagnetic character. The UV/vis spectrum in aqueous 
solution has maxima at 51,000, 37,040, and 21,700 cm-'. In an atmosphere of 
st&c air or argon, weight loss in TG and an endothermic effect in DTA occur 
at -215" due to the elimination of coordinated dinitrogen. 

References 
1. 
2. 

3. 

A. D. Allen and C. V. Senoff, J .  Chem. SOC., Chem. Commun., 1965,621. 
L. A. P. Kane-Maguire., P. S. Sheridan, F. Basolo, and R. G. Pearson, J .  Am. Chem. Soc.. 
92, 5865 (1970). 
J. Chatt, J .  Organomeial. Chem., 100, 17 (1975). 



61. Potassium Tetrakis[dihydrogen diphosphito(2-)]diplatinate(ll) 2 1 I 

4. G. Henrici-Olive and S .  Olive, Coordination and Catalysis (Monographs in Modern Chemistry, 
Vol. 9). Verlag Chernie, New York, NY 1977. 

5.  A. A. Diamantis and J. V. Dubrawsky, Inorg. Chem.. 20, I142 (1981). 
.. V. H. Brintzinger, H. Thiele, and U. Muller, Z. Anorg. Chem., 251, 289 (1943). 
7. J. L. Lambert, C. E. Godsey, and L. M. Seitz, fnorg. Chem.. 2 ,  127 (1963). 
8. G. H. Cohen and J. L. Hoard, J .  Am. Chem. Soc.. 88, 3228 (1966). 
9. J. M. Lopez-Alcala, M. C. Puerta-Vizcaino, F. Gonzalez Vilchez, E. N. Duesler, and R. E. 

Tapscott, Acra Cryst., C40, 939 (1984). 

61. POTASSIUM TETRAKIS[DIHYDROGEN ' 
DIPHOSPHITO( 2 - )]DIPLATIN ATE(I1) 

2K2[PtC14] + 8H3P03 + K4[Pt2(P205H2),]*2H20 + 8HC1 + 2H20 

Submitted by K. A. ALEXANDER,* S. A. BRYAN,* M. K. DICKSON,* D. HEDDEN,? and 

Checked by C.-M. CHE,S L. G. BUTLER,$ and H. B. GRAYS 
D. M. ROUNDHILLt 

Potassium tetrakis[dihydrogen diphosphito(2 -)]diplatinate(II) dihydrate was 
discovered because of its intense emission intensity in aqueous solution at room 
temperature.' The complex has strong absorption maxima at 367 nm (E 33,500 
M-lcm-') and 452 nm (e 120 M-'cm-'), and emissions at 403 and 515 
nm.24 The intense emission has been used as a basis for the quantitative deter- 
mination of p l a t in~m.~  The complex has been used as a source for the synthesis 
of binuclear platinum(III) complexes KJ&(P2OSHJ&,I (X = C1, Br, I): mixed 
valence binuclear complexes [Pt2(P,0sH2)X]4- (X = C1, Br, I),7 and higher 
condensation of oligomers of platinum(II).8 The molecular structure of the com- 
plex shows an intermetallic separation of 2.925(1) A.'.' A normal coordinate 
analysis of the vibrational Raman and IR spectra has shown that there is little 
intermetallic bonding in the ground state," but an excited state Raman spectrum" 
has allowed direct comparison between vRpt in the two states. The preparative 
method described here is based on the previously reported synthesis of 
W'N"05H2)41.2H20. 

*Department of Chemistry, Washington State University, Pullman, WA 99164. 
+Department of Chemistry, Tulane University, New Orleans, LA 70118. 
*Department of Chemistry, California Institute of Technology, Pasadena, CA 91 125. 
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Procedure 

Potassium tetrachloroplatinate(I1) [Johnson Matthey] (0.500 g, 1.2 mmol), and 
phosphorous acid (2.3 g, 28.0 mmol) are dissolved in 10 ml of deionized water, 
and the solution is placed in a petri dish (1 cm deep x 10 cm diameter). If 
impure samples of K,[PtCl,] are used, the yield will be considerably reduced. 
If necessary, the platinum salt can be purified by dissolving in water (-3 mL) 
followed by precipitation by addition of ethanol (-15 mL). The centrifuged 
K,[PtCI,] is washed well with diethyl ether and air-dried prior to use. Crystalline 
samples of phosphorous acid are preferable, but very wet commercial samples 
can be dried over P,O,, in a vacuum desiccator. The petri dish and contents are 
placed on a steam bath at 104" and heated for 3 hr. In order to prevent the 
solution from evaporating to dryness, the water content of the reaction solution 
is replenished at 40-min intervals. Alternatively, the dish can be covered with 
a watch glass, which can reduce the time of heating. During the heating process 
the color of the solution changes from red to brown, then to pale yellow. After 
the 3-hr heating period, the volume of the pale-colored solution is again replen- 
ished to 10 mL with water. The petri dish is then transferred to an oven at 1 lo", 
and the solution is allowed to evaporate to dryness from the open dish (approx- 
imately 4 hr). To the yellow-green residue is added 10 mL of methanol (reagent 
grade), and the resulting suspension is filtered with suction through a glass-frit 
filter (15 mL capacity, medium porosity). The solid is then washed successively 
with methanol (4 X 10 mL) and diethyl ether (2 x 10 mL) and is air-dried to 
give 0.615 g of product as a yellow-green powder. Yield: 88%. 

Anal. Calcd. for H,,K,O,,P,Pt,: Pt, 33.7. Found: Pt, 34.9. 
The purity of the complex can be checked by aqueous solution 31P NMR 

spectroscopy. 
The checkers find that the pale green color is due to traces of oxidized binuclear 

platinum compounds.' In order to obtain ultrahigh-purity crystalline material for 
solid state measurements, further purification by recrystallization is necessary. 
Alternatively, cations other than potassium can be used, since the nature of the 
counterion affects the solid state trace impurities that are occluded. 

Properties 

Potassium tetrakis[dihydrogen diphosphito(2 - )Idiplatinate(II) is a diamagnetic 
yellow-green solid that is air-stable. It is soluble in water but insoluble in common 
organic solvents. Aqueous solutions decompose over a 24-hr period, the stability 
being higher at low pH. The 31P NMR spectrum of the complex in D,O solvent 
shows a resonance at 6 66.5 ppm to high frequency of 85% H,PO,, the peak 
being flanked by satellites due to coupling with '95Pt (33% abundance, ' J ,  = 
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3075 Hz). The complex can be recrystallized with significant loss from a con- 
centrated aqueous solution by addition of methanol. The IR spectrum (Nujol 
mull) shows broad bands in the 1100-900 cm-' region characteristic of v(P0) 
in the dihydrogen diphosphite group. lo 
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62. ETHENE COMPLEXES OF 
BIS(TR1ALKY LPHOSPH1NE)PL ATINUM(0) 

Submitted by R. A. HEAD* 
Checked by D. M. ROUNDHILL? and D. HEDDENt 

A limited number of platinum(0) complexes that contain ethene and organo- 
phosphine ligands are known. The triphenylphosphine complex, [R(C,H,) 
[P(C,H,),],], is readily prepared by the reaction of [Pt[P(C,H,),],O,] with eth- 
ene.' It is an excellent precursor to a range of platinum(0) complexes. Prepa- 
rations of analogous compounds containing trialkylphosphine ligands are less 
convenient and include reaction of the very air-sensitive [Pt(C,H,),] with trialkyl- 

*New Science Group, Imperial Chemical Industries PLC, The Heath, Runcorn, Cheshire, Eng- 

+Department of Chemistry, Tulane University, New Orleans, LA 701 18. 
land WA7 4QE. 
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phosphines’ and the thermal decomposition of [Pt[P(C,H,),],(C,H,),] .3 The syn- 
thesis reported here is both simple and quick and gives stable solutions of these 
complexes, which should make them useful starting materials for new plati- 
num(0) chemistry. Displacement of the coordinated ethene by alkene; aqd lwtcsnes 
that contain electron-withdrawing groups is facile, and monomeric formaldehyde 
effects a slow displacement reaction to give solutions of [Pt(CH,O) [P(C,H,)31,].4 

A. (ETHENE)BIS(TRIETHYLPHOSPHINE)PLATINUM(O) 

Procedure 

Caution. All solvents should be dried thoroughly and air-free before 
use. The reactions must be performed under a rigorously oxygen-free atmos- 
phere. Metallic sodium is exceptionally reactive, especially toward moisture, 
and should be used with utmost care. Excess sodium can be destroyed by careful 
reaction with 2 -propanol. 
Freshly distilled oxygen-free tetrahydrofuran (120 mL) and naphthalene (2.2 g) 
are added to a 250-mL three-necked round-bottomed flask fitted with a nitrogen 
bubbler and containing a magnetic stirring bar. Sodium wire (0.5 g) is then 
added, and the solution is stirred vigorously for 5 hr, during which time the 
sodium dissolves to give an intense green solution of NaC,,H,. The molarity of 
this solution is then determined by removing an accurately known volume (-5 
mL) and quenching into water. Titration of this aqueous solution to neutrality 
with 0.1 N HCl, using phenolphthalein as the indicator, allows the concentration 
of NaC,,,Hs in tetrahydrofuran to be calculated. If the above procedure is observed, 
the concentration of NaC,&I, is approximately 0.11 N. 

To a 250-mL round-bottomed flask fitted with an ethene inlet, a bubbler, 
and a rubber septum and containing a magnetic stirring bar is added 
dichlorobis(triethylphosphine)platinum(II)* (0.62 g, 1.2 mmol) and dry, oxygen- 
free tetrahydrofuran (50 mL). The reaction works equally well with both cis and 
trans isomers of the platinum complex. A tetrahydrofuran solution of NaC,,J8 
(24 mL, 0.1 N) prepared as above is then added over a 15-20-min period to the 
stirred suspension at room temperature by means of a gastight syringe (Fig. 1). 
On mixing the two solutions, the deep green color of NaC,,,Hs is rapidly destroyed, 

*Syntheses of PtC12(PR3)2 complexes are best carried out using the procedure outlined for 
PtCI,(PPr,’), by Yoshida et al. in Reference 5. 
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Syringe 

Tetrahydrofuran 
solution 

t- Ethene 

RCI,(PEt& + 
tetra hydrofuran 

Magnetic stirrer-hot plate 

Apparatus for platinum(0) complexes. Fig.  I .  

and the platinum complex gradually dissolves, eventually giving a slightly cloudy 
solution of (ethene)bis(triethylphosphine)platinum(O). Addition of excess reduc- 
ing agent gives an intense red solution, but this is easily reversed by adding a 
crystal of PtCl,[P(C,H,),],. The yield of product is essentially quantitative, as 
evidenced by "P NMR spectroscopy. A single line is observed at 20.4 ppm, 
relative to 85% H3P04, with IJ,95,+p = 3520 Hz. 

B. (ETHENE)BIS(PHOSPHINE)PLATINUM(O) 

PtC1,(PR3), i- 2NaC,,,H8 + CzH4 + Pt(CzH4)(PR3), + 2NaCl + 2C,,,H8 

Phosphine, PR3* = tns( 1-methy1ethyl)phosphine; diethylphenylphosphine; 
mphen ylphosphine; 
%[ 1,2-ethanediylbis(diphenylphosphine)l 

Procedure 

The method for preparation of the zero valent ethene complexes is identical to 
that described in Section A. For less soluble starting materials the reducing agent 
is best added over a longer period of time (up to 30 min). All complexes are 

*All phosphines are available through Strem Chemicals, Inc., P.O. Box 108, Newburyport, MA 
01950, who also supply certain F't(I1) complexes including PtC12(PPh,)2. 
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stable in solution. They are prepared in nearly quantitative yield as shown by 
P NMR spectroscopy (see Table I). 31 

TABLE I. 31P NMR Data for [Pt(C,HJ(PR,),] Complexes 

PR3 

20.4 
53.4 
23.2 
32.0 
54.5 

3520 
3657 
3574 
3660 
3300 

"Relative to 85% H3P0, 

Properties 

Solutions of the complexes are stable for several hours at room temperature under 
an ethene atmosphere. Decomposition takes place if the compound is heated 
(>-Go). If the solvent is removed under reduced pressure, a red-brown oil of 
uncertain composition is formed. 
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63. NITROSYL HEXACHLOROPLATINATE(1V) 

Pt + 6NOC1 -+ (NO),[PtCl,] + 4N0 f 

Submitted by RICHARD T. MORAVEK* and GEORGE B. KAUFFMANt 
Checked by TARIQ MAHMOODi 

Nitrosyl hexachloroplatinate(1V) was first prepared by the action of excess ,aqua 
' regia on platinum'.2 and has been reported since by several investigators using 
essentially the same method."' It can also be prepared by the action of fuming 
nitric acid on platinum(1V) chloride solution5 or on hexachloroplatinic(1V) acid.6 
The yields obtained by the above methods are quite low, and extreme care is 
necessary in order to isolate the compound. 

In addition to these preparations in aqueous solution, the compound has also 
been prepared in low yield by the action of nitrosyl chloride at 100" on platinum.' 
This low yield is due to incomplete reaction and the difficulty of separating the 
deliquescent powder from the unreacted metal.' It is possible to prepare the 
compound in higher yield by the action of nitrosyl chloride on platinum(I1) or 
platinum(1V) chloride.' Neither platinum(I1) nor platinum(1V) chloride is readily 
obtained commercially. Furthermore, platinum(1V) chloride is quite hygroscopic 
and is difficult both to prepare and to handle. 

The following modification of the literature method* utilizes pure platinum 
metal. The manipulations involved are fairly simple, and the equipment used is 
kept to a minimum. 

Procedure 

Caution. Nitrosyl chloride is a severe respiratory irritant. The opera- 
tions must be pedormed behind a safety shield in a well-ventilated hood. Because 
of the danger of explosion a face shield should be worn at all times. Heavy 
gloves should be worn when handling glass vessels that contain gases at high 
pressure. 

Four grams (0.021 mole) of pure platinum wire (for example, 0.025-in. 
diameter platinum wire, 99.9+%) [Alfa Products] is cut into short lengths 
(-1 mm) with scissors. It is placed in a large ampule made from a 16-in. length 

*Enjay Chemical Co., Baytown, TX 77520. Work performed at Research and Development 

tDepartment of Chemistry, California State University, Fresno, Fresno, CA 93740. 
$Department of Chemistry, University of Idaho, Moscow, ID 83843. 

Division, Humble Oil and Refining Co., Baytown, TX 77520. 
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of %-in. 0.d. Pyrex tubing with heavy walls (at least '/8 in. thick) to withstand 
high pressure. The mouth of the ampule is constricted to fit a length of rubber 
pressure tubing. The vessel is cooled in a liquid nitrogen or Dry Ice/methanol 
bath. 

About 15 mL of nitrosyl chloride (bp -5.5") is then distilled at room tem- 
perature through a length of rubber pressure tubing (only slowly attacked by 
nitrosyl chloride) into the ampule, where it condenses as a yellow-orange solid 
on the platinum. A suitable mark is made on the ampule to show when the 
approximate volume of nitrosyl chloride has been added. The nitrosyl chloride 
can be obtained from a cylinder [Matheson] or may be prepared by the reaction 
of dry hydrogen chloride with nitrosylsulfuric acid' or sodium nitrite." A corrosion- 
resistant nickel pressure regulator should be used to control the flow rate. Contrary 
to the work of previous investigators, no attempt is made to dry the gas, since 
a trace of moisture appears to catalyze the reaction."* 

After the required amount of nitrosyl chloride has been condensed in the 
ampule, which is still retained in the liquid nitrogen trap, the ampule is sealed 
off and carefully annealed with a blowtorch. (m Caution. Strains present in 
the glass may result in explosion of the ampule.) It is removed from the cooling 
bath and allowed to warm to room temperature behind a safety shield in a well- 
ventilated hood. It is then placed upright in a tubular heating device consisting 
of a 1-in. i.d. stainless steel pipe closed at the bottom end, wrapped with electrical 
heating tape, and insulated with Fiberglas tape. The heater should be of such a 
height (15% in.) that the sealed tip of the ampule is just visible over the top. 
The temperature is controlled with a Powerstat variable transformer and can be 
measured with a thermocouple. 

The temperature is slowly raised to -100" over a period of 1 week and is 
maintained at this temperature for two additional weeks. (m Cau- 
tion. Considerable pressure is built up, and the reaction should be carried 
out behind a safety shield.) At the end of the required time the ampule is allowed 
to cool to room temperature and is then placed in a liquid nitrogen bath to 
condense nitrogen(I1) oxide (mp - 163.6", bp - 151.7") produced in thereaction, 
together with excess nitrosyl chloride. If a Dry Icehethanol bath is used, con- 
siderable pressure due to uncondensed nitrogen(I1) oxide is to be expected on 
opening the tube. 

The ampule is opened carefully with a blowtorch and is allowed to warm to 
room temperature in a well-ventilated hood, whereupon the nitrogen(I1) oxide 
and excess nitrosyl chloride distill off and are absorbed in a beaker of dilute 
sodium hydroxide solution. Rubber pressure tubing is again used for the con- 

*The checker carried out the synthesis by using standard vacuum line techniques, which are 
believed to be less hazardous. Heating was carried out inside a metal pipe in an ordinary laboratory 
oven. 
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nections, and a drying tube that contains P40,, is included to prevent the entrance 
of moisture into the ampule. An empty glass trap is included between the drying 
tube and the beaker to protect the product from any sodium hydroxide solution 
accidentally drawn back by suction. The residual red vapors that remain in the 
system can be removed by aspirator suction through a trap that contains P4010. 
A sharp scratch is made around the body of the ampule, and together with the 
attached drying tube it is placed in a dry box. The ampule is broken, and the 
granular contents are removed and powdered in an agate mortar. The yield 
(-9.5 g; 20 rnmol) is nearly quantitative.* The powder is readily separated from 
the few residual platinum granules by sifting through a square of 52-mesh plat- 
inum gauze. The product is dried under vacuum over P4010 and should’be stored 
in vials that are kept in a desiccator. All transfers of the dry product are made 
in a dry box. 

Anal. Calcd. for (NO),RCl,: Pt, 41.72; CI, 45.47; N, 5.99; 0, 6.84. Found: 
Pt, 41.72; C1, 45.57; N, 5.90; 0, 6.72. 

Properties 

Nitrosyl hexachloroplatinate(1V) is a deliquescent yellow-brown powder that 
reacts vigorously with water to form hexachloroplatinic(1V) acid and nitrogen(I1) 
oxide. The substance exhibits no definite melting point but begins to decompose 
at 30O0, as evidenced by blackening. It dissolves with effervescence in ethanol, 
methanol, isopropyl alcohol, acetone, and N,N-dimethylformamide. A freshly 
prepared concentrated acetone solution of the substance effervesces violently, 
evolving much heat and becoming dark brown. A black tarry residue that is 
incompletely soluble in aqua regia can be obtained by removal of solvent under 
reduced pressure. The exact nature of the reaction in these solvents is unknown. 
Nitrosyl hexachloroplatinate(1V) is insoluble in benzene, carbon disulfide, and 
carbon tetrachloride. The IR spectrum (KBr) has characteristic bands at 2210 
(uNo+) and 348 (uRCl$ cm-I. 

Although the empirical formula PtC14.2NOCI had been established by early 
investigators, it was not until the compound was shown to be diamagneticI2 that 
the structure (NO),[PtCI,] could be assigned with any degree of certainty. An 
extensive review of the literature on inorganic nitrosyl compounds has been 
compiled by M0e1ler.l~ 
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64. &-TETRAAMMINE AND c~s-BIS (1,2- 
ETHANEDIAMINE) COMPLEXES OF RHODIUM(II1) 

Submitted by MARTIN HANCOCK,* BENTE NIELSEN,. and JOHAN SPRINGBORG* 
Checked by ALAN FRIEDMAN,? P. C. FORD,? and MICHAEL J. SALIBYS 

Methods are described for the preparation and purification of the following 
mononuclear complexes: cis-[Rh(NH3),C1,]CI.'/2H,O, cis-[Rh(NH,),(H,O) 
(OH)][S,O,], [Rh(en),(C,O,)]ClO,, cis-[Rh(en,C1,],C1(C104), and cis-[Rh(en), 
(H,O)(OH)][S,O,]. A simple and rapid method for the synthesis of 
[Rh(NH,),CI]CI, in essentially quantitative yield is reported. 

Procedures for the preparation and purification of the bromide salts of the 
dinuclear di-p-hydroxo complex ions [(NH3)4Rh(OH),Rh(NH,)4]4+ and A,A- 
[(en),Rh(OH),Rh(en),]4+ (diols) from the crude dithionate salts are also given. 
The methods described here are thoroughly tested modifications of those reported 
in the literature. 

The present series of syntheses is timely in that currently there is considerable 
interest in the thermal and the photochemical reactions of mono- and dinuclear 
rhodium(II1) ammine and amine complexes. The dinuclear complexes have 
also proved to be suitable starting materials for the synthesis of new types of 
dinuclear rhodium(II1) complexes with other bridging ligands. lo  

In several of the preparations given below, the crude products are almost pure 
and are obtained in high yields. The crude salts are purified by reprecipitation, 
and the UVhisible absorption spectra as well as elemental analyses are used as 

*Department of Chemistry. Royal Veterinary and Agricultural University, Thorvaldsensvej 40, 

?Department of Chemistry, University of California, Santa Barbara, CA 93106. 
$Department of Chemistry, University of New Haven, West Haven, CT 06516. 

DK- 187 1 Copenhagen V, Denmark. 
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criteria of purity. When it is stated that a sample is pure, this means that the 
positions of the maxima and minima of the spectrum remain constant upon further 
reprecipitation and that a deviation of less than 1% in the molar absorptivity (E) 
(for both maxima and minima) is found for the two crops. For some of the 
compounds the spectrum changes with time, and linear extrapolation of the 
spectrum back to the time of dissolution is then made. The corrections are never 
greater than 1%. In Table I the (E, A) extremum values are collected and are 
those obtained for the sample reprecipitated one time more than the sample 
identified as pure. All E values are per mole of complex cation. 

Mechanical handling and heating of perchlorates is potentially 
dangerous because of the reducing character of coordinated ammonia or amines. 
The common situation in which a glass rod is used on a sintered glass filter may 
create an exorbitant local pressure that is likely to act as a shock. Rods of soft 
polyethylene are therefore strongly recommended for the handling of perchlor- 
ates. Washing with alcohol or similar solvents should also be performed with 
caution. 

Caution. 

A. PENTAAMMINECHLORORHODIUM(III) CHLORIDE 

ElOH 

RhCl, + 5NH, [Rh(NH,),Cl]Cl, 
NH,CI 

The preparation described here is a slight modification of that reported by Addison 
et al." and is given here simply as a reliable alternative to the method described 
by Osborn et a1.I' 

Procedure 

Hydrated rhodium(II1) chloride [Johnson Matthey] (0.094 mole*; -23.5 g) is 
dissolved in 100 mL of water in a 400-mL beaker at room temperature. Ammo- 
nium chloride (20 g) is added, and the solution is stirred until it is essentially 
clear. The dark red solution is then heated to 50°, after which 25 mL of 95% 
ethanol is added with stirring. After the solution is allowed to stand for 2-3 min, 
it is cooled to -40", by agitating the flask in a running stream of cold water, 
for example. Any precipitation that occurs at this point may be ignored. Fifty 
milliliters of concentrated ammonia solution (density 0.88 g/mL, -12 M) is 
added with vigorous stirring. (M Caution. Addition should be made in a well- 
ventilated fume hood.) Immediate precipitation occurs, and the temperature of 

*Checkers were able to obtain similar yields when 5-20% of the stated quantities of starting 
materials were used. 
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the mixture rises to -65". The mixture is allowed to cool with stirring for 1.5 hr 
and is stirred for a further 30 min in an ice bath. 

The pale-yellow product is isolated by filtration on a medium-porosity 7-cm 
sintered glass funnel and washed with three 30-mL portions of 0.5 M hydro- 
chloric acid, then thoroughly with 95% ethanol, and finally with diethyl ether. 
Drying in air gives 26.2 g (yield 95%). The product is sufficiently pure for use 
in the preparation of cis-[Rh(NH,),Cl,]CI- '/2H,O. 

Anal. Calcd. for RhH,,N,Cl,: H, 5.14; N, 23.79; C1, 36.13. Found: H, 5.28; 
N, 22.90; C1. 35.43. 

I 

B. c~s-TETRAAMMINEDICHLORORHODIUM(III) CHLORIDE 

2[Rh(NH,),CI]Cl, + Na,C,O, + H2C,0,.2H,0 + 

[Rh(NH,),(C,O,)JCl + HC10, + H,O+ 

2[Rh(NH,),(C,O,)]CI + 2NH4Cl + 2NaCl + 2H20 

[Rh(NH3),(C20,)]C10,.H,0 + HCI 

2[Rh(NH3),(C,0,)]ClO4-H~O + 6HC1 + 

2cis-[Rh(NH3),CI,]C1* '/,H,O + 2HC10, + 2H,C20, + H,O 

The synthesis of the cis-tetraamminedichlororhodium(II1) ion, using the reaction 
of tetraammine[oxalato]rhodium(III) perchlorate with boiling 6 M hydrochloric 
acid, was first reported in 1975.13 The oxalato complex is formed by the reaction 
of pentaamminechlororhodium(II1) chloride with oxalate and oxalic acid in water 
at 120". The synthesis has been repeated on numerous occasions in our laboratory, 
and we have found that only in a minority of cases is it possible to isolate 
[Rh(NH3),(C,0,)]C104-H,0 in sufficiently pure form to prepare the pure per- 
chlorate by recrystallization. In a majority of cases the product that precipitates 
from the reaction mixture on addition of perchloric acid contains an appreciable 
quantity of an unidentified impurity that is not removed by recrystallization. The 
procedure given below permits the preparation of pure cis-[Rh(NH3),C1,]C1.'/2H,O 
from the latter crude, impure oxalato complex. 

Procedure 

Pentaamminechlororhodium(II1) chloride (5.0 g, 0.017 mole), disodium oxalate 
(2.275 g, 0.017 mole), and oxalic acid dihydrate (1.075 g, 0.0085 mole) are 
stirred together briefly in 190 mL of water in a stainless steel autoclave (volume 
-300 mL). The autoclave is then closed tightly and kept at a' temperature of 
120" in an oven for 24 hr, after which it is cooled just sufficiently (under running 
water) to allow it to be handled without burning one's fingers. It is opened 
carefully and the contents are filtered immediately by suction through a fine- 
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porosity, 4-cm sintered glass funnel into a 500-mL suction flask. The autoclave 
is rinsed with 25 mL of water, and the combined filtered solution is allowed to 
cool to room temperature. A 6.25-mL portion of 12 M perchloric acid is then 
added to the solution, whereupon crystals begin to form. (M Caution. Perchloric 
acid is a strong oxidizing agent and should not be permitted to contact organics 
or other oxidizable materials.) After further cooling in an ice bath with very 
slow magnetic stirring for 10 min, the product is isolated by filtration on a 4- 
cm sintered glass funnel. It is washed with a little ice-cold 2 M perchloric acid, 
then methanol, and dried in air. (M Caution. Perchlorates may be shock- 
sensitive and potentially dangerous because of the reducing character of ammo- 
nia.) The yield of crude, impure tetraammine[oxalato]rhodium(III) perchlorate 
is typically 3.2-3.8 g. Sometimes the oxalato complex separates in lower yield 
(2.6-2.8 g), but in this case the product is generally free of the impurity that is 
otherwise normally present. On subsequent boiling with 6 M hydrochloric acid, 
a clear solution is obtained that yields almost pure cis-[Rh(NH,),C12]C1. V"H,O 
in essentially quantitative yield. 

cis-Tetraamminedichlororhodium(II1) chloride is obtained from the crude, 
impure product as follows: A portion of the latter product (2.40 g) is boiled for 
1 min with 70 mL of 6 M hydrochloric acid in a 250-mL conical flask, and the 
solution is filtered quickly through a fine-porosity 3-cm sintered glass funnel. 
The clear bright-yellow solution is then allowed to cool spontaneously while the 
temperature is followed with a thermometer. If any precipitation occurs before 
the temperature falls to 50", the solution is again filtered as before. The solution 
is cooled in an ice bath for 10 min, and methanol (70 mL) is added. After cooling 
for a further 10 min the bright-yellow crystals are isolated by filtration on a 3- 
cm sintered glass funnel of fine porosity, washed thoroughly with methanol, and 
dried in air. Yield: 1.2-1.5 g (7240%). The crude product is sufficiently pure 
for use in the preparation of cis-[Rh(NH,),(H,O)(OH)][S,0,] (see Section C). 

The pure complex is obtained by dissolving the crude product in hot (-95") 
3 M hydrochloric acid (25 mL per gram of crude product), filtering the hot 
solution through a fine-porosity 3-cm sintered glass funnel, and allowing it to 
cool to room temperature. After the mixture has been kept at -5" in a refrigerator 
overnight, the bright yellow needle crystals are isolated by filtration and washed 
and dried as before (recrystallization yield 91%). 

Anal. Calcd. for RhH,,N,CI,O,.,: H, 4158; N, 19.56; CI (total), 37.14; C1 
(ionic), 12.38. Found: H, 4.41; N, 19.50; C1 (total), 37.20; C1 (ionic), 12.66. 

Properties 

cis-Tetraamminedichlororhodium(II1) chloride forms bright yellow needle crys- 
tals that are moderately soluble in water. It is the starting material for the synthesis 
of cis-[Rh(NH,),(H,0)(OH)I[S20,] (Section C). 
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C. c~s-TETRAAMMINEAQUAHYDROXORHODIUM(III) 
DITHIONATE 

C~~-[R~(NH,),C~,]CI*'/~H~O + 3AgN0, + 1 l/zHzO + 

c~s-[R~(NH,)~(H~O)~](NO,), + 3AgCI 

C~S-[R~(NH,)~(H,O)~](NO,)~ + C,H,N + 

c~s-[R~(NH,)~(H~O)(OH)](NO,), + (C,H=,NH)NO, 

c~s-[R~(NH,)~(HZO)(OH)](NO,), + Na&O6 + I 

c~~-[R~(NH,)~(H,O)(OH)I[S,O~] + 2NaNO3 

Procedure 

cis-Tetraamminedichlororhodium(II1) chloride (1 .O g, 0.00349 mole) and silver 
nitrate (1.77 g, 0.01042 mole) are heated together under reflux in 30 mL of 
water for 3.5 hr in a 100-mL round-bottomed flask that is wrapped in aluminum 
foil to exclude light. The mixture is allowed to cool to room temperature and is 
then filtered through a fine-porosity 3-cm sintered glass funnel into a 100-mL 
suction flask. The silver chloride residue is washed twice with 3 mL of water, 
and the washings are added to the pale yellow bulk filtrate. Solid sodium dithion- 
ate dihydrate (1.80 g) is added to the solution, which is then stirred at room 
temperature until the crystals are dissolved. Two milliliters of pyridine are added 
dropwise under vigorous magnetic stimng and cooling in an ice bath. After 
further stimng and cooling for 2 hr, the pale yellow crystalline product is isolated 
by filtration on a fine-porosity 3-cm sintered glass funnel and washed, first with 
a little ice-cold water, then 95% ethanol, and finally diethyl ether. Drying id air 
gives 0.98 g (yield 77%). The crude product is used in the preparation of the 
crude ammonia dihydroxo (did) dithionate (see Section D). 

The product is purified by dissolving the crude product at room temperature 
in slightly more than the calculated volume of 0.50 M hydrochloric acid in which 
sodium dithionate dihydrate has been dissolved (that is, 6.0 mL of 0.5 M HCl 
and 1 .O g of Na2S,0,.2H,0 per gram of complex). The stoichiometric'4uantity 
of 1 .OO M sodium hydroxide solution is added to the filtered solution with stimng 
and cooling as before. Washing and drying are performed as above. The product 
when reprecipitated twice in this manner is pure. 

Anal. Calcd. for RhH,,N40,S2: H, 4.13; N, 15.30; S, 17.51. Found: H, 4.38; 
N, 14.99; S, 17.42 

r 
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Properties 

cis-Tetraammineaqua(hydroxo)rhodium(III) dithionate is a pale yellow crystal- 
line solid. It is sparingly soluble in water but readily soluble in strong acid and 
strong base, giving solutions of the cis-diaqua and cis-dihydroxo complex ions, 
respectively. At elevated temperatures the complex loses water, with formation 
of the dihydroxo compound (diol) (Section D). The acid dissociation constants 
for the cis-diaqua complex ion in 1 .O M sodium perchlorate medium at 25" have 
been dete~mined'~: pK,, = 6.40; pK,, = 8.32. 

D. DI-p-HYDROXO-BIS[TETRAAMMINERHODIUM(III)] 
BROMIDE 

The starting material for the preparation of the bromide salt of di-k-hydroxo- 
bis[tetraamminerhodium(III)] (diol) is the crude dithionate salt, which is obtained 
by heating cis-tetraammineaqua(hydroxo)rhodium(III) dithionate at 120". In order 
to avoid contamination of the bromide with mono-hydroxo bridged (monool) 
species, it is necessary to keep dissolution times and, where possible, temperature 
to a minimum. 

Procedure 

Solid ~is-[Rh(NH~)~(H,0)(0H)][S,0,1 (4.76 g, 0.0130 mole) is heated at 
120( 2 2)" for 20 hr in an oven. This gives crude di-k-hydroxo (diol) dithionate 
(4.53 g), which is treated at room temperature with 50 mL of a saturated solution 
of ammonium bromide in a 100-mL conical flask. The suspension is stirred 
vigorously for 1 hr, and the resulting crude bromide salt is isolated by filtration 
through a fine-porosity 4-cm sintered glass funnel and washed with ice-cold 50% 
v/v ethanol/water, 95% ethanol, and then diethyl ether. The product is extracted 
on the filter with water (18-20") in portions of -40 mL within a total of 20 min 
(total extraction volume -170 mL), and each successive portion of solution is 
filtered immediately into a single ice-cooled 500-mL conical flask. After each 
extraction 20 mL of saturated ammonium bromide solution is added to the flask 
with vigorous magnetic stirring (total added volume is 80 mL). A dense pale 
yellow precipitate is formed immediately, and the mixture is cooled with stirring 
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for a further 20 min. The bromide salt is isolated as above. Drying in air gives 
4.28 g (yield 86%) of pure di-p-hydroxo (did) bromide. 

Anal. Calcd. for Rh,H,,N,Br,O,: H, 4.46; N, 14.60; Br, 41.63. Found: H, 
4.44; N, 14.37; Br, 42.15. 

Properties 

See Section H. 

E. BIS( 1,2-ETHANEDIAMINE)(OXALATO)RHODIUM(III) 
PERCHLORATE 

RhCI, + 2(NH2CH,CH2NH,)CI, + 4NaOH + 

cis/truns-[Rh(en),Cl,]Cl + 4NaCl + 4H,O 

cisltr~ns-[Rh(en),C1~]Cl + NaCIO, + cis/frans-[Rh(en),C1~]C104 + NaCl 

~is/trans-[Rh(en),C1~]ClO, + Na2C,0, + [Rh(en),(C,O,)]ClO, + 2NaCI 
BH; 

The method of Johnson and Basolo15 for the synthesis of [Rh(en),Cl,]' gives a 
reasonably good yield of the trans isomer but a poor yield of the cis isomer. A 
number of modifications designed to improve the yield of cis isomer have sub- 
sequently been but with only limited success. The procedure 
described here gives a high yield (>70%) of a crude mixture of the perchlorate 
salts of cis- and trans- [Rh(en),Cl,)', from which pure bis( 1,2-ethanedi- 
amine)(oxalato)rhodium(III) perchlorate can be prepared in -60% overall yield 
by the reductant-accelerated reaction with oxalate ion. The reductant used here 
is sodium tetrahydroborate (1-). The oxalato complex is an excellent starting 
material for the preparation of the cis-dichloro complex. "-I9 

Procedure 

Hydrated rhodium(II1) chloride (0.038 mole, - 10 g) and 1,2-ethanediamine 
dihydrochloride (10.1 g, 0.076 mole) are dissolved with gentle heating in 
60 mL of water in a 250-mL round-bottomed flask fitted with a condenser. 
A copious red-brown precipitate is formed when 38 mL of 2.00 M sodium 
hydroxide solution is added. The mixture is heated to boiling under reflux. After 
boiling for -1 min, 2.00 M sodium hydroxide (-45 mL) is added in small 
portions by means of the reflux condenser over a period of 10'min until the pH 
of the clear orange-red solution remains at 6.5. The solution is carefully evap- 
orated to dryness on a vacuum rotary evaporator (water-bath temperature -40"). 



228 Transition Metal Compounds and Complexes 

The flask containing the solid orange residue is kept in an oven at 170" for 24 hr, 
and the residue is then dissolved in 100 mL of 0.1 M hydrochloric acid by 
boiling. The solution is filtered while hot through a fine-porosity 3-cm sintered 
glass funnel into a 250-mL suction flask to remove a little insoluble dark brown 
residue. A hot solution of sodium perchlorate monohydrate (20 g) in 20 mL of 
water is added to the clear orange filtrate. On cooling slightly, copious precip- 
itation sets in. After the mixture has been kept in a refrigerator (-5") for 2 days, 
the product is isolated by filtration on a medium-porosity 7-cm sintered glass 
funnel and then washed with a little ice-cold water, 95% ethanol, and finally 
diethyl ether. Drying in air gives 1 1-1 1.5 g (-73-77%) of the crude dichloro 
complex. 

Bis( 1,2-ethanediamine)(oxalato)rhodium(III) perchlorate is then obtained as 
follows. 

Perchlorates may be shock-sensitive and potentially danger- 
ous because of the reducing character of coordinated amines. 
Crude cis- and trans-dichlorobis( 1,2-ethanediamine)rhodiurn(III) perchlorate 
(5.26 g, 0.0134 mole) and disodium oxalate (3.40 g, 0.0254 mole) are boiled 
together under reflux in 160 mL of water in a 250-mL round-bottomed flask 
fitted with a condenser until all the solid has dissolved. After a further 2 min or 
so, the reflux condenser is removed briefly, and a small speck (- 1 mg) of sodium 
tetrahydroborate( 1 - ) is introduced into the boiling solution with a glass spatula, 
whereupon the solution immediately darkens. The addition of sodium tetrahydro- 
borate(1 - )  is repeated twice more at 5-min intervals, and the dark, cloudy 
solution is finally boiled under reflux for an additional 10 min. 

The hot solution is then filtered quickly by suction through a fine-porosity 4- 
cm sintered glass funnel into a 500-mL suction flask. The flask and funnel are 
washed twice with 10 mL of boiling water. To the combined filtrate and washings 
is added a solution of sodium perchlorate monohydrate (10.0 g) in 10 mL of 
water. The mixture is then kept in a refrigerator for 24 hr. 

The gray-tinged pale yellow crystals are isolated by filtration on a 4-cm 
sintered glass funnel, washed with a little ice-cold water, and then redissolved 
by boiling in 300 mL of water in a 500-mL conical flask. Activated charcoal 
( 1  g) is added, and boiling is continued for - 1 min. The mixture is then filtered 
quickly by suction through a fine-porosity 4-cm sintered glass funnel into a 500- 
mL suction flask. The conical flask and funnel are washed with 25 mL of boiling 
water. The combined filtrate and washings are reheated to the boiling point, and 
a boiling, filtered solution of sodium perchlorate monohydrate (10.0 g) in 10 mL 
of water is added. On cooling, pale yellow crystals are formed. The mixture is 
left at room temperature for 24 hr and then in a refrigerator for a further 24 hr, 
and the product is then isolated by filtration on a fine-porosity 4-cm sintered 
glass funnel and washed with cold water, with 95% ethanol and finally with 
diethyl ether. Drying in air gives 4.3 g (yield 78%). 

Caution. 
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Anal. Calcd. for RhH,,N,C,C108: C, 17.55; H, 3.93; N, 13.65; C1, 8.63. 
Found: C, 17.13; H, 4.02; N, 13.41; C1, 8.41. 

Properties 

Bis( 1,2-ethanediamine)(oxalato)rhodium(III) perchlorate is a pale yellow crys- 
talline solid that is sparingly soluble in water. It reacts with hot aqueous hydro- 
chloric acid, with quantitative formation of cis-[Rh(en),CI,]+ ion (see Section F). 

F. cis-DICHLOROBIS( 1,2-ETHANEDIAMINE)RHODIUM(III) 
CHLORIDE PERCHLORATE (2:l:l) 

The synthesis of cis-[Rh(en),Cl,]Cl.H,O from the oxalato complex in 64% yield 
has been reported previously. "J' The procedure described here permits the 
isolation of the pure chloride perchlorate salt in -80% yield. 

Procedure 

Caution. Perchlorates may be shock-sensitive and potentially danger- 
ous because of the reducing character of coordinated amines. 
To a 5.0-g (0.0122-mole) quantity of pure bis( 1,2-ethanediarnine)(oxalato) rhod- 
ium(II1) perchlorate in a 250-mL conical flask is added 70 mL of 6 M hydro- 
chloric acid. The mixture is boiled for 2 min. The clear, bright lemon-yellow 
solution that results is allowed to cool to room temperature and is then kept in 
a refrigerator for 24 hr. The large bright yellow crystals are isolated by filtration 
on a fine-porosity 4-cm sintered glass funnel, washed thoroughly with 95% 
ethanol and then diethyl ether, and dried in air. Yield: 3.94 g (90%). The 
unrecrystallized product is sufficiently pure for most purposes. The pure product 
is obtained by one recrystallization from boiling 6 M hydrochloric acidL(l5 mL 
per gram of crude product). The hot filtered solution is allowed to cool to room 
temperature, and the mixture is kept in a refrigerator for 2 days. The crystals 
are isolated and washed and dried as before (recrystallization yield 9g92%). 

Anal. Calcd. for Rh,C,H,,N,Cl,O,: C, 13.29; H, 4.46; N, 15.50; C1 (total), 
29.42; C1 (ionic), 4.90. Found: C, 13.53; H, 5.05; N, 15.30; C1 (total), 29.27; 
C1 (ionic), 5.09. 
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Properties 

cis-Dichlorobis( 1,2-ethanediamine)rhodium(lIII) chloride perchlorate (2: 1 : 1) is a 
bright yellow crystalline solid that is moderately soluble in water and can be 
repeatedly recrystallized unchanged from 6 M hydrochloric acid without the 
addition of perchlorate ion. As a result of this recrystallization behavior, it appears 
possible that the salt reported to be cis-[Rh(en),Cl2]CI.H2O obtained previ~usly'~*'' 
by the reaction of bis( 1,2-ethanediamine)(oxalato)rhodiurn(III) perchlorate with 
boiling dilute hydrochloric acid may in reality also be the chloride perchlorate. 

G .  cis-AQUABIS( 1,2-ETHANEDIAMINE)HY DROXO- 
RHODIUM(II1) DITHIONATE 

cis-[Rh(en),Cl,I' + 2Ag' + 2H20 - ~is-[Rh(en),(H,O),1~+ + 2AgC1 

~is-[Rh(en),(H,O),]~+ + OH- + S20:- -+ 

cis-[Rh(en),(H,o)(OH)] [ S206] + H20 

The cis-aquabis( 1,2-ethanediamine)(hydroxo)rhodium(III) cation has been iso- 
lated previously as the dithionate6 and perchlorate' salts. The preparative pro- 
cedw described here is essentially that described in Reference 6 for the dithionate. 

Procedure 

Caution. Perchlorates may be shock-sensitive and potentially danger- 
ous because of the reducing character of the coordinated amines. 
A mixture of cis-dichlorobis( 1,2-ethanediamine)rhodium(III) chloride perchlor- 
ate (2:l:l) (6.0 g, 0.0166 mole rhodium) and silver nitrate (8.57 g, 0.05045 
mole) in 50 mL of water in a 100-mL round-bottomed flask fitted with condenser 
is heated under reflux for 3 hr in the dark. The reaction mixture is left to stand 
overnight, and 1 1 .O mL of 1 .OO M hydrochloric acid is then added with stirring. 
After the mixture has stood for a further 10 min, it is filtered through a fine- 
porosity 4-cm sintered glass funnel into a 250-mL suction flask. The reaction 
Bask and the funnel are rinsed with three 10-mL portions of boiling water, and 
the filtered washings are added to the bulk filtrate. Finely powdered sodium 
dithionate dihydrate (6.0 g) is added to the latter and dissolved with stimng at 
room temperature, after which 24.0 mL of 1.00 M sodium hydroxide is added 
with stirring. A finely divided pale yellow precipitate is formed. After the mixture 
is allowed to stand for 1 hr at room temperature and then in an ice bath for 20 
min, the product is isolated by filtration on a fine-porosity 4-cm sintered glass 
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funnel and washed with ice-cold water, 95% ethanol, and finally diethyl ether. 
Drying in air gives 5.32 g (yield 77%). 

The pure dithionate is obtained from the crude product by reprecipitation as 
follows: Crude dithionate (2.0 g, 0.00478 mole) and finely powdered sodium 
dithionste dihydrate (2.4 g) are stirred together in 12.0 mL of 0.50 M hydro- 
chloric acid in a 50-mL conical flask at room temperature until all is dissolved. 
The solution is filtered through a fine-porosity 3-cm sintered glass funnel into a 
100-mL suction flask, and 6.0 mL of 1 .O M sodium hydroxide is added dropwise 
with stimng. A pale yellow precipitate forms rapidly, and after stimng at room 
temperature for 15 min the mixture is kept in an ice bath for 45 min and the 
product is isolated as before. Yield: 1.88 g (94%). The product reprecip'itated 
in this manner is pure. 

Anal. Calcd. for RhC,H,$rl,O,S,: C, 11.49; H, 4.58; N, 13.40. Found: C, 
11.44; H, 4.50; N, 13.33. 

Properties 

cis-Aquabis( 1,2-ethanediamine)hydroxorhodiurn(III) dithionate is a very pale 
yellow crystalline solid. It is sparingly soluble in water but readily soluble in 
strong acid and strong base, giving solutions of the cis-diaqua and cis-dihydroxo 
complex ions, respectively. At elevated temperatures the complex loses water, 
with the formation of the dinuclear di-phydroxo compound (diol) (Section H). 
The acid dissociation constants for the cis-diaqua complex ion have been 
determined'.6.20 for a range of ionic strengths in sodium perchlorate medium at 
25". For example, at ionic strength 0.5 M, pK,, = 6.09 and pK,, = 8.08'; at 
ionic strength 1.0 M, pK,, = 6.338(2) and pK,,, = 8.244(2).6 

H. DI-~-HYDROXO-BIS[BIS(1,2- 
ETHANEDIAMINE)RHODIUM(III)] BROMIDE 

2cis-[Rh(en),(H,0)(oH)][S20,1 + A,~-[(en),Rh(OH)zRh(en)21(S206)2 + 2H20 

A,A-[(en),Rh(OH),Rh(en),l(S,O,), + 4NH4Br 
+ 2H20 + b,A-[(en),Rh(OH),Rh(en),lBr4-2H,O + 2(NH,),[S,06] 

The starting material for the preparation of the bromide salt of di-phydroxo- 
bis[bis( 1,2-ethanediamine)rhodium(III)] (diol) is the crude dithionate salt, which 
is obtained by heating cis-aquabis( 1,2-ethanediamine)(hydroxo)rhodium(III) 
dithionate at 120". In order to avoid contamination of the bromide with mono- 
hydroxo bridged (monool) species,6 it is necessary to keep dissolution times and, 
where possible, temperature to a minimum. 
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Procedure 

Crude cis-aquabis( 1,2-ethanediarnine)(hydroxo)rhodium(III) dithionate (5.32 g) 
is heated for 10-15 hr at 120( ? 2)" in an oven, giving an essentially quantitative 
yield of crude di-phydroxo (diol) dithionate. Crude dithionate (4.81 g, 0.006 
mole) is stirred vigorously in 50 mL of a saturated solution of ammonium bromide 
in a 100-mL conical flask at room temperature for 1 hr. The resulting crude 
bromide salt is then isolated by filtration on a fine-porosity, 4-cm sintered glass 
funnel and washed with ice-cold 50% v/v ethanollwater. The product is extracted 
on the filter with water (temp. 20") in portions of -50 mL within a total of 
20 min (total extraction volume -200 mL). Each successive portion of solution 
is immediately filtered into a single ice-cooled 500-mL suction flask. After the 
first extraction, 80 mL of saturated ammonium bromide solution is added with 
vigorous stimng, and stirring is continued during the subsequent extractions. A 
dense pale yellow precipitate is formed immediately. After the mixture is cooled 
with stirring for a further 20 min, the product is isolated by filtration on a fine- 
porosity 4-cm sintered glass funnel and is washed with ice-cold 50% v/v ethanol/ 
water, 95% ethanol, and finally diethyl ether. Drying in air gives 3.85 g (yield 
77%). 

Anal. Calcd. for Rh,C,H3,N,Br404: C, 11.49; H, 4.58; N, 13.41; Br, 38.24. 
Found: C, 11.28; H, 4.79; N, 13.37; Br, 38.12. 

Properties 

The di-p-hydroxo bridged complexes, the preparations of which are described 
in Sections D and H, have several chemical and physical properties in common. 
The dithionates are only sparingly soluble in water, whereas the bromides are 
quite soluble. The dinuclear structures of the cations, as well as the A,A con- 
figuration of the 1,2-ethanediamine compounds have been established by the 
close similarity of the Guinier X-ray powder diffraction patterns of 
[(NH3)4Rh(OH),Rh(NH,)4]Br4.4H,0 and [(en),Rh(OH),Rh(en),] (S,O,), to those 
of the well-characterized2'.22 cobalt(II1) and chromium(II1) analogs. 

Both di-p-hydroxo (diol) cations are stable in acidic, neutral, and basic aque- 
ous solution with respect to hydrolysis of ammonia or 1,2-ethanediamine ligands. 
However, equilibrium between the dihydroxo compounds (diols) and the cor- 
responding hydroxo compounds (rnonools) is established quite rapidly in aqueous 
solution; for example, the reaction 

[(NH3)4Rh(OH),Rh(NH3)414+ + H20 +- 

c~~,c~s-[(H~O)(NHJ~R~(OH)R~(NH,),(OH)]~+ 
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has a half-life of -3 hr at 25" in 1 M NaClO, (pH 5), and the equilibrium 
constant is 3.03.23 The corresponding values for the 1 ,Zethanediamine system 
are 25 min and 11.2, respectively.6 The equilibration reaction is catalyzed by 
both acid and base; for example, both diols give monools quantitatively within 
minutes at 25" in 1 M HCIO,. The kinetics of diol-monool equilibration in both 
the ammonia and ethylenediamine systems have been studied r e ~ e n t l y , ~ . ~ ~  and 
the results are qualitatively consistent with those found for the corresponding 
chromiurn(II1) 
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65. (I.~-THIO-TRISILVER( 1 + ) NITRATE 

CS, + 6AgN0, + 2H20 + 2[Ag3S]N0, + 4HN03 + CO, f 

Submitted by GEORGE B. KAUFFMAN* and GUNTER BERGERHOFFt 
Checked by JANE V. ZEILE KREVORS and SANDRA I. BARBOURS 

Whereas the great majority of coordination compounds contain a central metallic 
species surrounded by several nonmetallic species (ligands), a peculiar class of 
compounds, called metallo complexes, is known in which the reverse is true; 
the coordination center is a nonmetal (usually a large, easily polarizable anion 
such as I-, Br-, SCN-, S2-, Se2-, Te2-, or p-) surrounded by metal cations 
with both high electron affinities and large radii, such as Ag+, Au+,  Cu+, Hg2', 
Cd2+, or Pb2+ .I4 Although the number of compounds that can be formulated 
as metallo complexes has grown steadily through the years, the syntheses of 
many are not reproducible, and actual structures are known for only relatively 
few. Ease and reproducibility of preparation make p3-thio-trisilver( 1 + ) nitrate 
an excellent example of a metallo complex for which structural data are available. 

p3-Thio-trisilver(1 +) nitrate, [Ag,S]NO,, is formed by the action of silver 
ion in great excess on sulfide ion. It may be prepared by passing hydrogen sulfide 
through concentrated silver nitrate s~ lu t ion ,~  by the disproportionation of ele- 
mental sulfur in the presence of silver nitrate,7 by dissolution of silver sulfide 
in molten silver nitrate, and by the hydrolysis of carbon disulfide in the presence 
of concentrated silver nitrate solution.' The hydrolysis of carbon disulfide pro- 
ceeds only to a small extent and yields a very small concentration of sulfide ion, 
thus producing the metallo complex without the formation of very slightly soluble 
silver sulfide. 

Procedure 

Caution. Carbon disuljide is very Jlammable, and the liquid and its 
vapors are toxic to the nervous, cardiovascular, and reproductive systems. 
A solution of 10.0 g (0.0588 mole) of silver nitrate in 10 mL of 2 N nitric acid 
is mechanically shaken vigorously with 1.70 mL (0.0282 mole) of carbon disul- 
fide in a 25-mL cork-stoppered brown or actinic red flask for 24 hr. If more 
carbon disulfide than the amount specified is used to increase the yield, the 

*Department of Chemistry, California State University, Fresno, Fresno, CA 93740. 
? Anorganisch-Chemisches Institut der UniversitHt Bonn, Gerhard-Domagk-Strasse 1, 53 Bonn, 

#Department of Chemistry, San Francisco State University, San Francisco, CA 94132. 
German Federal Republic. 
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concentration of silver nitrate is too low to form the complex, and insoluble 
silver sulfide is formed. The same result may be obtained if the reaction time is 
increased. If a stirrer is used instead of a shaking machine, more time is required 
for the desired reacton to take place. 

Since the product is light-sensitive, all operations should be carried out in 
the dark or in subdued light. The resulting yellow precipitate is collected by 
suction filtration on a 30-mL sintered glass funnel (medium porosity) and washed 
with three 10-mL portions of 4 N nitric acid and three 10-mL portions of meth- 
anol. It is placed in an open amber bottle, which is allowed to stand overnight 
in a desiccator in the absence of light. The yield of product is 3.25 g (40%). 

Analysis 

The product is boiled with water, and the resulting precipitate of silver sulfide 
is collected by filtration, washed, dried, and weighed. Another sample of product 
is dissolved completely in concentrated nitric acid, any excess acid is removed 
by boiling, and the total silver ion is determined by titration with standard 
ammonium thiocyanate solution. Another sample of product is oxidized with 
concentrated nitric acid in a bomb tube,' and after removal of silver and nitrate 
the sulfur is determined by precipitation as barium sulfate by addition of barium 
chloride solution. 

Anal. Calcd. for Ag,SNO,: Ag,S, 59.33; Ag, 77.48; S,  7.68. Found: Ag,S, 
59.21; Ag, 77.55; S, 7.33. 

Properties 

The yellow product (density, 5.53 glmL) is extremely light-sensitive, becoming 
green and eventually black on exposure to light. It decomposes on heating. It 
is decomposed into silver nitrate and silver sulfide by water and by all organic 
solvents that dissolve silver nitrate, such as acetonitrile, pyridine, or N,N- 
dimethylformamide. It is remarkably resistant to the action of nitric acid, even 
at high concentrations. It has been tested for use in photography, since sulfide 
ions are important in several steps of the photographic process. 

The structure of p3-thio-trisilver( 1 + ) nitrate has been determined from Pat- 
terson and Fourier projections.' The cubic structure contains approximately trig- 
onal prismatic SAg, groups linked through common comers to form a three- 
dimensional framework. The ionically bonded NO,- groups are located in the 
cavities. 
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66. CARBONYLCHLOROGOLD(1) 

Submitted by D. BELL1 DELL’AMICO* and F. CALDERAZZO* 
Checked by H. H. MURRAY? and J. P. FACKLERt 

Carbonylchlorogold(1). a substance extremely reactive toward water, has been 
synthesized by the reaction of preformed anhydrous gold(II1) chloride’ with 
carbon monoxide in the solid state2 or in a solvent at elevated temperat~re.~ 
Also, gold(1) chloride is known3 to be converted quantitatively to Au(C0)Cl by 
carbon monoxide in benzene as solvent. Gold(1) chloride, on the other hand, 
was prepared by thermal decomposition of [H,O]+[AuCl,]- or of anhydrous 
gold(II1) ~hlor ide .~  

By the method described here,5 anhydrous gold(II1) chloride is formed by 
dehydration of commercially available hydrogen tetrachloraurate [Alfa Products] 
at room temperature and is caused to react with carbon monoxide at atmospheric 
pressure and room temperature to produce Au(C0)CI. Sulfinyl chloride is used 
as the reaction medium. 

Procedure 

Caution. The entire synthesis must be carried out in a well-ventilated 
hood. Extreme caution must be exercised with the gases that come off the reqction 
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mixture, for  they may be phosgene, sulfur dioxide, hydrogen chloride, carbon 
monoxide, andlor suljnyl chloride. These gases are toxic. 
Hydrogen tetrachloroaurate,S HAuCI4-3H,O (5.00 g; 12.7 mmol) is stirred with 
sulfinyl chloride (30 rnL) in a 100-mL flask connected to a gas outlet through a 
Nujol bubbler to prevent moisture from contaminating the reaction mixture. 
Evolution of SO, and HCI is observed while the suspension is stirred. At this 
stage, a red precipitate of anhydrous gold(II1) chloride is visible in the reaction 
flask. Carbon monoxide is now bubbled slowly through the SOCI, solution, 
which is being stirred rapidly with a magnetic stirrer. After being stirred for 15 
hr under carbon monoxide at room temperature, the suspension of, gold(II1) 
chloride disappears, and the reaction mixture consists of colorless crystals of 
Au(C0)CI suspended in an ivory-colored liquid. Absorption of carbon monoxide 
is observed due to the formation of Au(C0)CI and COCI,. The IR spectrum of 
the crude reaction mixture shows the presence of a band at 1804 cm-' due to 
phosgene. During experiments carried out in closed systems-when fresh carbon 
monoxide is not supplied and the free volume of the reaction flask is small- 
the formation of a black precipitate is observed. This is due to the precipitation 
of Au,CI,,"~ obtained according to the following stoichiometry: 

The presence of Au,CI,, which can sometimes be the intermediate product under 
certain experimental conditions, is not detrimental to the yield. Introduction of 
fresh carbon monoxide readily converts the tetrameric gold(1)-gold(II1) halo 
complex into Au(C0)CI. 

A mixture of 100 mL of heptane (pretreated with sulfuric acid, distilled over 
sodium and over LiAIH,) and 5 mL of sulfinyl chloride is added to the solution 
of Au(C0)CI to decrease the solubility of the chlorocarbonyl complex. The latter 
is collected by filtration under CO, dried quickly (about 15 min) under reduced 
pressure, and then sealed in vials under CO. Yield: 2.6 g (79%). 

Anal. Calcd. for AuCCIO: C, 4.6; H, 0.0; C1, 13.6; CO, 10.8; Au, 75.6. 
Found: C, 4.8; H, 0.0; C1, 13.7; CO, 10.0; Au, 76.3. 

Properties 

Carbonylchlorogold(1) is a colorless crystalline substance that decompmes rap- 
idly in the presence of moisture to give gold, hydrogen chloride, CO, and CO; 

$The checkers suggest starting with pure fine 24 karat gold (99.99%) and converting it tohydrogen 

*The checkers obtained yields of 73 and 65% when the reaction was carried out on a comparable 
tetrachloroaurate according to Brauer.' 

scale. 
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through the intermediacy of unidentified black-violet solids. The compound must 
be handled with great care in anhydrous and inert solvents, such as sulfinyl 
chloride or carbon tetrachloride, preferably under an atmosphere of carbon mon- 
oxide. The compound evolves carbon monoxide promptly when treated with 
pyridine, triphenylphosphine, or cyclohexylisocyanide at room temperature, even 
under an atmosphere of carbon monoxide. The carbonyl stretching vibration is 
slightly solventdependent: 2162 (SOCI, and CH,CI,), 2156 (CHBr,), 2152 (CCI,), 
3,158 (tetrahydrofuran), and 2153 (benzene and toluene) cm-’. The compound 
is monomeric in benzene, based on cryoscopic measurements, and in the solid 
state, according to a recent X-ray diffraction study.’ 
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67. PLATINUM MICROCRYSTALS 

H,[PtCl,] + Na[BH,] + 3H,O + R + H$%O, + 5HC1 + NaCl + 2H2 

Submitted by P. VAN RHEENEN,. M. McKELVY,? R. MARZKE,S and 

Checked by R. KENT MURMANNY 
W. S. GLAUNSINGERg 

Small platinum particles are of considerable practical and fundamental impor- 
tance. Finely divided platinum is a very active and commercially important 
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catalyst,”2 and the properties of such small particles may exhibit physical behav- 
ior that is entirely different from that of the bulk metal, due to the quantization 
of electronic energy levels within the particles or surface effects.= Therefore, 
the ability to synthesize and characterize platinum particles having a uniform 
size should be helpful in elucidating their chemical and physical properties. 

Elemental platinum can be prepared in a highly dispersed state by aqueous 
reduction of its salts. Depending upon the reaction conditions and reducing agent 
used, one can obtain fairly homogeneous micro crystal^.^ In order to prevent 
coagulation, the particles must be protected with an organic protective agent. 
Ionic by-products can be removed by dialysis prior to drying the protected 
particles. Freeze-drying is the preferred method of water removal because it is 
a low-temperature technique that minimizes particle sintering . This chemical 
reduction technique has several advantages over other synthetic approaches, such 
as evaporation, irradiation, thermal decomposition, and particle-beam methods. 
With this method, relatively large amounts of sample can be prepared (50- 
100 mg) with a large weight percentage of platinum ( ~ 5 0  wt %) and a relatively 
narrow size distribution using standard, inexpensive equipment. Electron micros- 
copy and powder X-ray diffraction can be used to characterize the microcrystals. 

The method described here, which involves the aqueous reduction of dihy- 
drogen hexachloroplatinate(2 -) with sodium tetrahydroborate (1 - ), results in 
platinum particles having a size of 28 & 11 A. 

L 

Procedure 

All water associated with the preparation should be deionized, preferably run 
through an organic filter, and then distilled in a glass still, because impurities 
in the water can greatly affect the growth and homogeneity of the micro crystal^.^^^ 
Stirring of the reaction mixtures is achieved with an overhead glass propeller- 
type stirrer. All glassware is cleaned with a cleaning solution composed of 45 mL 
of 48% HF, 165 mL of concentrated HNO,, 200 mL of HzO, and 10 g of Alconox 
detergent. 
H Caution. Aqueous hydrogen fluoride solutions are highly corrosive and 

cause painful, long-lasting burns. Gloves should be worn, and the solution should 
be handled in a well-ventilated hood. 

The glassware is then rinsed 20 times with deionized water followed by five 
more rinses with glass-distilled water. 

One liter of 0.0066 M Na[BH,] (99%) [Alfa Products] is prepared, and the 
pH of this solution is adjusted to 12 with 0.35 N NaOH, since Na[BH,] is stable 
in aqueous solutions at pH > 11 at ambient temperature. Then 0.Q2 g of the 
organic protective agent, poly(vinylpyrro1idone) (PVP; MW 10,OOO) [Sigma 
Chemical] is added to the pH-adjusted Na[BH,] solution. Next, an 8-mL sample 
of 0.015 M HJPtCI,] (99.9%) [Gallard-Schlesinger] is injected rapidly using a 
syringe, which causes instantaneous reduction of the H,[PtCI,]. 
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Ionic reaction by-products are removed by dialysis. The hydrosol is placed 
in 2-cm diameter cellulose dialysis tubing [VWR] that has been previously 
cleaned by dialysis. After addition of the hydrosol, the tubing is tied off at each 
end and placed in a large bath. The water in this bath is changed until its resistivity 
reaches that of pure, glass-distilled water (?lo6 a -cm). The hydrosol is then 
freeze-dried to remove water and obtain the final product. 

Once the platinum microcrystals begin to form, they act as highly active 
catalysts for the hydrolysis of Na[BH,], so that a large excess of Na[BH,] is 
needed to maximize the reduction of H,[PtC&]. However, below a Certain H,[PtC&] 
concentration, the hydrolysis of Na[BH,] is predominant, and a concentration 
of about 4 X M H,[PtCI,], which was determined colorimetrically, is left 
after the reduction, regardless of initial H2[PtCI6] concentration. The yield of 
platinum is 66 iz 5%, so that about 15 mg of platinum is produced by this procedure. 

Fig. 1 .  Transmission electron micrograph of platinum microcrystals, with the corre- 
sponding Pt diffraction rings in the lower left corner. The granular background is the 
amorphous carbon Jilm support. 
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The wt. % PVP was determined gravimetrically by heating 25 mg of sample 
to 800" for 8 hr in platinum-foil containers to remove the PVP. The wt. % PVP 
is 50.6%. 

Powder X-ray diffraction patterns of the product exhibit line positions that 
are characteristic of platinum metal, but the lines are broader than those of the 
bulk metal. The X-ray line broadening can be used to estimate the crystallite 
size" and for this preparation was found to be 28 2 1 1% A. 

The purity of the product is limited primarily by that of HJPtCl,], which 
contained the following impurities (in ppm by weight): Pd, 12; Au, 9; Fe, 191; 
Cu, 9; Si, 78; Mg, 25; Al, 85; Ni, 3; Cr, 6; Mn, 6; B < 10; Co < 1; Ca, 154; 
and Na, 70. I 

Properties 

Samples were further characterized by transmission electron microscopy using 
a JEOL JEM lOOB electron microscope. The platinum hydrosol was freeze-dried 
onto carbon-coated copper microscope grids in order to simulate the final product. 
Figure 1 shows a micrograph of a typical preparation. The characteristic dif- 
fraction pattern of platinum was observed both by electron diffraction and by 
powder X-ray diffraction. Figure 2 depicts a histogram of the platinum micro- 
crystal diameters, The mean diameter is 28 A, and the standard deviation is 

27 33 
Diamotr 

L 89 45 51 57 63 69 

Fig. 2 .  
is 300. 

Histogram of the diameters of the platinum microcrystals. The sample population 
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11 A, which is in good agreement with the X-ray line-broadening results. How- 
ever, the skewness of the distribution is characteristic of a lognormal" rather 
than a normal distribution. It is apparent from Fig. 1 that aggregation of indi- 
vidual particles has occurred to some extent. Part of the skewed tail on the 
histogram in Fig. 2 is due to measurements made on these larger particles. 

The magnetic susceptibility of these microcrystals as well as commercial 
platinum foil (99.9%) [Johnson Matthey] has been measured at 300 K using a 
Faraday apparatus described elsewhere,' and their susceptibilities are equal within 
experimental error (1 -00 k 0.07 and 0.989 k 0.004 cm'/g, respectively). How- 
ever, low-temperature susceptibility measurements on these microcrystals have 
revealed a Curie-Weiss law behavior below about 150 K, which has been attrib- 
uted to their very small size.' 
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Chapter Five 

TRIFLUOROMETHANESULFONATES AND 

COMPLEXES 
TRIFLUOROMETHANESULFONATO-0 

68. INTRODUCTION TO 
TRIFLUOROMETHANESULFONATES AND 

TRIFLUOROMETHANESULFONATO-0 COMPLEXES 

NICHOLAS E. DIXON,* GEOFFREY A. LAWRANCE,? PETER A. LAY,$ ALAN M. 
SARGESON,* and HENRY TAUBEB 

Trifluoromethanesulfonic acid (triflic acid) and its organic esters have found 
considerable use in organic chemistry.'.' The desirable qualities of these com- 
pounds include a high thermal stability, excellent leaving-group propt ies  of 
the CF,SO,- group, and the ease of purification of the acid and of synthesis of 
its esters. Its use in synthetic inorganic chemistry has been somewhat hampered 
by the lack of convenient routes for the preparation of the desired complexes. 
Despite this, the excellent leaving-group properties of the triflato ligand were 
established a decade ago by Scott and T a ~ b e , ~  who showed that the 
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[Cr(OH,),(OS0,CF,)]2 + and [Cr(OH,),(OSO,CF,),] + complexes aquated rap- 
idly. The preparative procedure utilized for these chromium complexes was to 
oxidize a Cr(I1) solution in the presence of 6 M CF,SO,H followed by low- 
temperature cation-exchange chromatographic separation of the various species. 
Subsequent to this, the [Co(NH,),(OSO,CF,)](CF,SO,), complex was synthe- 
sized by way of the nitrosation of [Co(NH,),(N,)](CF,SO,), by [NO][CF,SO,I 
in nonaqueous  solvent^.^" More recently, a method of general utility was found 
by Dixon et a1.6 that involved heating chloro complexes in neat triflic acid, 
followed by precipitation of the resultant triflato complexes by diethyl ether. 
This procedure, or modifications of the procedure, has been utilized for the 
synthesis of amine complexes of CO(III),”’~ Rh(III),8-9 Ir(III),’*9 CI(III),’*~ 
Ru(III)’*~.’’ O S ( I I I ) , ~ ~ . ~ ~  and R(IV).8*9 In addition, polypyridyl triflato complexes 
of Ru(II), Ru(III), Os(II), and Os(II1) have been synthesized.’”’6 Other useful 
techniques have appeared recently in the literature for the preparation of triflato 
complexes. These include heating triflate salts of aqua and other solvent com- 
plexes in the solid state under vacuum” and using trimethylsilyl triflate as a 
reagent instead of triflic acid in the above routes.18 

Once prepared, the triflato complexes have many desirable properties. The 
most useful property in syntheses is the relatively high lability of the triflato 
group, which is substituted at a rate comparable to the best leaving groups 
known ,6 including the perchlorato” and fluoromethanesulfonatozo ligands. This 
feature, combined with a high solubility in most polar organic solvents, a higher 
thermal stability, relatively low reactivity with atmospheric moisture, and simple 
and high-yielding preparative routes from readily available starting materials, 
makes these complexes extremely versatile synthetic intermediates en route to 
a large variety of important classes of transition metal complexes. Moreover, 
the use of the triflate anion for applications traditionally centered around the 
perchlorate anion is highly recommended. For instance, the explosive hazard, 
especially in organic solvents, is eliminated and the triflate anion often imparts 
higher solubility for the complexes in organic solvents.Z’*22 Other commonly 
used anions that fall into the category of being poor nucleophiles, such as [PFJ , 
[BFJ, or [BPh,]- do not have the thermal or photochemical stability exhibited 
by the CF,SO,- anion. Some chemical and physical properties of triflic acid are 
given in References 1, 2, and 7. 

Procedures 

Caution. Trijlic acid is one of the strongest known protic acids. It is 
necessary to take adequate precautions to prevent contact with the skin and 
eyes. Precautions should also be taken to minimize inhalation of the corrosive 
vapors given off from the acid. Reactions with the neat acid must be conducted 
in a well-ventilated fume hood. 
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Caution. Under no circumstances should perchlorate salts be used in 
any of the reactions involving neat trific acid. The anhydrous hot perchloric 
acid thus produced represents an extremely explosive hazard, especially in con- 
tact with transition metal complexes. Addition of anhydrous diethyl ether to such 
solutions would represent an additional explosive hazard. 
Trifluoromethanesulfonic acid, its salts, and its complexes are extremely stable 
thermally, and no explosive hazards are known. However, consideration should 
be given to the thermal stability of other components of the complex before any 
new reactions are attempted at elevated temperatures. 

Vacuum distillation of triflic acid [Aldrich Chemical] is performed as descFbed 
previo~sly.~~' Use of the acid as supplied does not appear to affect yields or 
purity of products markedly, although the complexes may be contaminated by 
highly colored impurities on occasion if the distillation procedure is not adopted. 

The major synthetic methods utilized are described in the following sections. 
Methods for the syntheses of triflate salts are also described, because of their 
general use in nonaqueous chemistry in place of the perchlorate salts. Syntheses 
of specific trifluoromethanesulfonato complexes are described in the subsequent 
contributions to this chapter. 

A. TRIFLATE SALTS FROM CHLORIDE SALTS 

MCl, + nCF3S03H +- M(CF,SO,), + nHCl t 

Procedure 

This procedure may be applied to metal salts generally, and similar procedures 
have been described.2s25 

To MCI, (1 g )  contained in a two-necked round-bottomed flask fitted with a 
nitrogen bubbler is carefully added anhydrous triflic acid (3-5 mL). 

Caution. Triflic acid is one of the strongest known protic acids, and 
gaseous hydrogen chloride is produced rapidly in the reaction. It is necessary 
to take adequate precautions to protect the skin and eyes and to prevent inhalation 
of the corrosive vapors. These manipulations must be pe$ormed in a well- 
ventilated fume hood. Because of the initial rapid evolution of HC1, care must 
be taken not to add the trific acid too rapidly. 
A steady stream of nitrogen is passed through the solution while it is warmed 
to -60". After 0.5-1 hr, the heating is discontinued and the solution is cooled 
to -0" in an ice bath while an N, flow is maintained. In order to precipitate the 
complex, anhydrous diethyl ether is added cautiously to the rapidly stirred solu- 
tion in a dropwise fashion. (. Caution. This is a very exothermic addition 
and due care must be taken not to add the diethyl ether too quickly. Diethyl 
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ether is toxic and very flammable. The addition must be performed in a well- 
ventilated fume hood.) The salt is filtered on a medium-porosity sintered glass 
funnel (15 mL) initially under gravity, and then the filtration is completed using 
a water aspirator. The ethereal solutions of triflic acid obtained at this stage may 
be kept for recovery of triflic acid as the sodium salt.6 The powdery solid is 
washed with copious amounts of anhydrous diethyl ether (4 x 20 mL) and air- 
dried after each washing. At this stage further purification is generally not nec- 
essary, since the complexes are normally analytically pure. Yields are essentially 
quantitative except for mechanical losses. 

In some of the precipitation processes, Et,O.CF,SO,H may be coprecipitated 
but may be removed readily by boiling the solid in chloroform for -0.5 hr after 
any solid lumps have been broken up using a mortar and pestle. (W Cau- 
tion. Chloroform is toxic and a carcinogen; this procedure must be performed 
in a well-ventilatedfume hood.) The powder is collected on a medium-porosity 
frit and air-dried. 

If crystalline material is required, most triflate salts are sparingly soluble in 
acetonitrile and may be recrystallized from hot solutions of this solvent. (m Cau- 
tion. Acetonitrile is toxic andflammable. These crystallizations should be per- 
formed in a well-ventilated fume hood.) 

The same procedures may be applied to other salts such as other halides and 
pseudohalides, carbonates, and acetates. 

Caution. Under no circumstances should perchlorate salts be used in 
any of the reactions involving neat triflic acid. The anhydrous hot perchloric 
acid thus produced represents an extremely explosive hazard, especially in con- 
tact with transition metal complexes. Moreover, the addition of anhydrous diethyl 
ether to such solutions would represent an additional explosive hazard. 

B. TRIFLATE SALTS FROM SULFATE SALTS 

Procedure 

This procedure is convenient for acid-sensitive complexes and is similar to that 
described elsewhere.” To a solution of M(SO,), (1 g) dissolved in water (-10 
mL), Ba(CF3S0,), (n equiv.) is added. (W Caution. Barium salts are extremely 
toxic. Avoid contact with skin.) The solution is stirred, and the precipitated 
BaSO, is filtered using a medium-porosity sintered-glass filter. The solvent is 
removed by rotary evaporation to yield a powder, which may be recrystallized 
as before. For heat-sensitive complexes, the solvent is removed by freeze-drying 
techniques. 
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C. TRIFLATE SALTS USING SILVER TRIFLATE 

MC1, + nAgCF,SO, .+ M(CF3S03), + nAgClJ 

Procedure 

This procedureZ2 utilizes commercially available AgCF,SO, [Alfa Products] and 
can also be used for other salts for which the AgX salts are very sparingly 
soluble. (M Caution. Silver salts are toxic and strong skin irritants. Avoid 
contact with skin.) To MCI, (1 g) dissolved in the minimum volume of water 
is added AgCF,SO, (n  equiv.). The solution is stirred rapidly for 5-10 min, and 
the precipitated AgCl is removed by vacuum filtration through a bed of Hyflo 
Supercel [Gallard Schlesinger] on a sintered glass funnel. Isolation and purifi- 
cation procedures are the same as described in Sections A and B. 

D. TRIFLATO COMPLEXES FROM CHLORO COMPLEXES 

Procedure 

This procedure is a general procedure applicable to inert transition metal com- 
plexes.”’ To [ML,Cl,]Cl, (1 g) contained in a two-necked round-bottomed flask 
(25 mL) connected with a nitrogen bubbler is cautiously added anhydrous triflic 
acid (-5 mL). 

Trigic acid is one of the strongest known protic acids, and 
gaseous hydrogen chloride is produced rapidly in the reaction. It is necessary 
to take adequate precautions to protect the skin and eyes and to prevent inhalation 
of the corrosive vapors. These manipulations must be pelformed in a well- 
ventilated fume hood. Because of the initial rapid evolution of HCI, care must 
be taken not to add the tr$ic acid too quickly. 

Under no circumstances should perchlorate salts be used in 
any of the reactions involving neat trgic acid. The anhydrous hot percqloric 
acid thus produced represents an extremely explosive hazard, especially in con- . 
tact with transition metal complexes. Addition of anhydrous diethyl ether to such 
solutions would represent an addirionul explosive hazard. 
A steady stream of nitrogen is passed through the solution, which is then lowered 
into a silicone oil bath preheated to 100-120”. Lower temperatures may be 
required for certain complexes where heating may cause decomposition; lower 

Caution. 

Caution. 

I 
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temperatures require extended reaction times. Specific examples of reactions 
performed at lower temperature appear in the following sections. 

Evolution of HCI gas is monitored by periodically passing the effluent gas 
through an AgNO, bubbler. After the HCl evolution has ceased (1-20 hr, depend- 
ing on the complex and temperature), the flask is removed from the oil bath and 
allowed to cool to -30" before cooling further in an ice bath. Ice cooling can 
be omitted for small-scale reactions, although boiling will occur on initial addition 
of diethyl ether. Use of a larger reaction vessel, vigorous mechanical stirring, 
and a well-ventilated fume hood are mandatory under these conditions. While 
the solution is rapidly stirred, diethyl ether (20 mL) is added carefully, in drop- 
wise fashion, to precipitate the complex. 

This is a very exothermic addition, and due care must be 
exercised to avoid adding the diethyl ether too quickly. Diethyl ether is toxic 
and very Jlammable. Its addition must be performed in a well-ventilated fume 
hood. 
The complex is collected on a medium-porosity sintered glass funnel by initially 
allowing the solution to filter under gravity, then finally under vacuum. The 
filtrate may be saved for recovery of the triflic acid as NaCF3S0,.6*7 The complex 
may be purified by boiling in chloroform as described in Section A. However, 
the complexes may not be recrystallized from acetonitrile, since the triflato 
ligands are readily substituted by acetonitrile molecules. 

Similar procedures may be used for other complexes containing halo, pseu- 
dohalo, acetato, carbon at^,^ aqua, and many other ligands that are either rela- 
tively labile or are decomposed by strong acid. 

Caution. 

E. TRIF'LATO COMPLEXES FROM SOLID STATE 
REACTIONS OF TRIFLATO SALTS 

[ML,(solvent),](CF,SO,), + [MLx(OSO,CF,),](CF,SO,),,~,, + y(so1vent) 

Procedure 

This procedure has been described for inert aqua complexe~, '~ and is applicable 
to many other solvent species. For aqua complexes, [ML,(OH,),](CF,S03), (1 g) 
is placed in a vacuum oven that has been preheated to 100-180" (depending 02 
the lability of the complex). The solid is kept under vacuum for from 8 to 24 
hr depending on the complex, at which stage the substitution is complete. Once 
dehydrated, the triflato complexes are relatively stable to atmospheric moisture 
and generally may be manipulated without precautions to exclude air, unless 
otherwise stated. 
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For complexes containing solvent ligands that are both poorly coordinating 
and volatile, this procedure may be canied out at room temperature or even 
lower temperatures using vacuum line techniques. Such procedures are partic- 
ularly useful for complexes that are thermally unstable toward isomerization or 
other chemical processes. Coordinated and ionic trifluoromethanesulfonate can 
usually be distinguished by infrared spectroscopy .6*9 

F. REGENERATION OF TRIFLATO COMPLEXES 

Procedure 

Aged samples of triflato complexes may have undergone some aquation due to 
atmospheric moisture, although storage of the complexes in a desiccator over a 
suitable drying agent is generally sufficient to retain the integrity of the complexes 
for many months. The complexes are readily regenerated either by heating in 
the solid phase under vacuum (Section E) or by heating in neat triflic acid (Section 
D). Similar procedures may be used to regenerate the triflato complexes from a 
variety of product complexes. 
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69. PENTAAMMINE(TRIF'LUOROMETHANESULFONAT0-O)- ' 
CHROMIUM(II1) TRIFLUOROMETHANESULFONATE AND 

BIS( 1,2-ETHANEDIAMINE)- 
BIS(TRIFLUOROMETHANESULFONAT0-0) CHROMIUM(II1) 

TRIFLUOROMETHANESULFONATE 

Submitted by GEOFFREY A. LAWRANCE* and ALAN M. SARGESONt 
Checked by ANDREJA BAKACS and JAMES H. ESPENSONS 

Despite the early synthesis of the labile pentaaquachromium(II1) complex of the 
trifluoromethanesulfonate ligand, ' only recently have aminechromium(II1) com- 
plexes with coordinated trifluoromethanesulfonate been The relative 
lability of coordinated ammonia on chromium(II1) compared to cobalt(II1) pre- 
cludes the usual approach adopted for [CO(NH,),(OSO,CF,)]~' ~ynthesis.~ How- 
ever, the labile [Cr(NH,),(OS0,CF,)](CF3SO3), is readily prepared from 
[Cr(NH,),CI]CI; by a room-temperature reaction described below. The analo- 
gous reaction with cis-[Cr(en),C1,]C16 (en = 1,2-ethanediamine) as precursor 
yields the cis-[Cr(en),(OSO,CF,),] + ion. Coordinated [CF,SO,] - is exception- 
ally labile -56 sec at 25" for the pentaamminechromium(II1) complex. in 
0.1 M .+I2 and may be readily substituted by other ligands such as OH,, CH,CN, 
urea, and N,N-dimethylformamide. 3,7 

These reactions should be carried out in a well-ventilatedjime 
hood. 

W Caution. 
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SAmes Laboratory and Department of Chemistry, Iowa State University, Ames, 1A 5001 1. 
2601, Australia. 
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Procedure 

A. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)- 
CHROMIUM(II1) TRIFLUOROMETHANESULFONATE, 
[Cr(~,),(oso2CF~)I(cF,SO,), 

[Cr(NH,),Cl]Cl, + 3CF3S0,H --* [Cr(NH,),(OSO,CF,)](CF,SO,), + 3HC1 t 

To pentaamminechlorochromium(II1) dichloride (1 g) contained in a 50-mL two- 
necked round-bottomed flask fitted with a gas bubbler is added distilled anhydrbus 
CF,SO,H (20 mL). 

Caution. Trijluoromethanesulfonic acid is a strong protic acid. Avoid 
contact with skin and eyes, and avoid breathing the corrosive vapors. Rapid 
evolution of HC1 ensues; care must be taken not to add the acid too rapidly. 
The solution is allowed to stand for 3 days at room temperature while a gentle 
stream of nitrogen gas is passed through the solution continuously. The gas flow 
is disconnected, and the solution is poured into a 0.5-L flask. Diethyl ether (200 
mL) is added dropwise with vigorous mechanical stirring. (m Caution. This 
is a very exothermic addition, and care must be taken not to add the diethyl 
ether too rapidly.) A fine pink precipitate is separated on a medium-porosity 
sintered frit, initially by gravity and then, after a bed of precipitate has formed, 
by suction. The precipitate is washed copiously with diethyl ether (5 X 20 mL) 
and dried under vacuum over P,O,,. Yield: 1.75 g. 

Anal. Calcd. for C,H,,N,F,O,S,Cr: C, 6.17; H, 2.59; N, 11.98; S, 16.46. 
Found: C, 6.2; H, 2.5; N, 11.6; S, 16.2. 

B. cis-BIS( 1,2-ETHANEDIAMINE)BIS- 
(TRIFLUOROMETHANESULFONATO-O)CHROMIUM(III) 
TRIFLUOROMETHANESULFONATE, cis- 
[cr(en)2(oso,cF,),I(cFSo3 

cis-[Cr(H,NCH,CH,NH,),Cl~]Cl + 3CF3S03H 4 

cis- [ Cr( H2NCH2CH2NH,),( OSO,CF,),] (CF,SO,) + 3HC1 t 

cis-Dichlorobis( 1,2-ethanediamine)chrornium(III) chbride (1 g) and anhydrous 
CF,SO,H (20 mL) are allowed to react for 3 days at room temperature, and the 
product is isolated in exactly the manner described above for the pentaammbe 
analog. Yield: 2.1 g. 
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Anal. * Calcd. for C,H,,N,F,O,S,Cr: C, 13.57; H, 2.60; N, 9.04; S, 15.53. 
Found: C, 13.45; H, 2.8; N, 8.8; S ,  15.2. 

Properties 

Both complexes are isolated as pink powders that are air-stable if not subjected 
to prolonged exposure to atmospheric moisture. The complexes can be stored 
for several months in a desiccator, but exposure to strong light leads to slow 
decomposition. The pentaammine aquates (0.1 M CF3S03H, 25") with a rate 
constant of 1.24 x lo-* sec-I, which is 20 times faster than the pentaaqua- 
chromium(II1) complex and only two times slower than the pentaamminecob- 
alt(II1) analog. Two consecutive steps for aquation of cis-[Cr(en),(OSO,CF,),] + 

under similar conditions are observed (k, = 5.7 X lop3  sec-'; k, = 3.2 x 
lo-, sec-'). The visible absorption spectra in anhydrous CF,SO,H exhibit max- 
ima at 499 nm (E 36.8 M-lcm-') and 364 nm (€31.7) for the pentaammine and 
at 497 nm (E 69.8) and 380 nm (E 42.7) for the bis(l,2-ethanediamine). In 
coordinating solvents such as water, acetonitrile, and N,N-dimethylformamide, 
solvent complexes are readily formed.3y7 In poorly coordinating solvents such 
as tetrahydrothiophene- 1,l-dioxide (sulfolane), substitution by ligands such as 
urea is facile., The sensitivity of the aminetriflatochromium(II1) complexes to 
prolonged heating limits their syntheses or regeneration by methods involving 
heating. 

References 
1. 
2. 
3. 
4. 

5. 
6. 
7. 

A. Scott and H .  Taube, Inorg. Chem.. 10, 62 (1971). 
N. E. Dixon, G .  A. Lawrance, P. A. Lay, and A. M. Sargeson, Inorg. Chem., 22,846 (1983). 
N. E. Dixon, G .  A. Lawrance, P. A. Lay, and A. M. Sargeson, Inorg. Chem., 23,2940 (1984). 
N. E. Dixon, W. G .  Jackson, M. A. Lancaster, G .  A. Lawrance, and A. M. Sargeson, Inorg. 
Chem., 20, 470 (1981). 
G. Schlessinger, Inorg. Synth., 6, 138 (1960). 
C. L. Rollinson and J .  C. Bailar, Inorg. Synth., 2, 200 (1946). 
N. J .  Curtis, G .  A. Lawrance, and A. M. Sargeson, Aust. J .  Chem.. 36, 1495 (1983). 

*This synthesis was not checked because of its similarity to that of Section A. The same cautionary 
procedures should be observed. 
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70. PENTAAMMINE(TRIFLUOROMETHANESULFONAT0- 
O)RHODIUM(III) TRIFLUOROMETHANESULFONATE, 
PENTAAMMINEAQUARHODIUM(II1) PERCHLORATE, 

AND HEXAAMMINERHODIUM(II1) 
TRIFLUOROMETHANESULFONATE OR PERCHLORATE 

Submitted by N. E. DIXON* and A. M. SARGESON* 
Checked by H. ENGLEHARDTt and M. HERBERHOLDt 

Complexes of trifluoromethanesulfonate anion with cobalt(II1) are labile [oward 
substitution under mild conditions,' and they have proved to be useful synthetic 
precursors to a variety of aminecobalt(II1) complexes. The pentaammine- 
(tnfluoromethanesulfonato-O)rhodium(III) ion, which is readily prepared from 
[Rh(NH,),Cl]CI, in hot CF3S03H, is also versatile as a synthetic precur~or .~ .~  
Its synthesis and solvolysis to give essentially quantitative yields of the penta- 
ammineaqua- and hexaamminerhodium(II1) ions are described below. The aqua 
complex has previously been prepared by the base hydrolysis5 or Ag + -induced 
aquatiod of [Rh(NH,),CI]CI, in water, but the present method presents a cleaner 
and more rapid alternative. The methods for preparation of the [Rh(NH3),13' 
ion have evolved from the procedure of J@rgensen.' They involve prolonged 
reaction of [Rh(NH3),C1]Cl, with ammonia in a pressure vessel at elevated 
temperature. The solvolysis of [Rh(NH3),(OS02CF,)](CF3S03)~ in liquid ammo- 
nia is a simple, high-yield, and rapid alternative. 

A. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)- 
RHODIUM(II1) TRIFLUOROMETHANESULFONATE 

Procedure 

To [Rh(NH,),CI]C1,8 (25 g) in a 1-L three-necked round-bottomed flask fitted 
with a gas bubbler is cautiously added distilled anhydrous CF3S0,H (150 mL). 

Trijic acid is one of the strongest knownprotic acids.,Baseous Caution. 

*Research School of Chemistry, The Australian National University, G.P..O. Box 4, p n b e r r a ,  
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hydrogen chloride is produced rapidly in the reaction. It is necessary to take 
adequate precautions to protect the skin and eyes and to prevent inhalation of 
the corrosive vapors. These manipulations must be performed in a well-ventilated 
fume hood. Because of the initial rapid evolution of HCI, care must be taken 
not to add the trijlic acid too rapidly. 
A steady stream of argon or nitrogen is passed through the resulting solution 
while the flask is heated in an oil bath at 90-100". After evolution of HCl has 
ceased (-2.5 hr), the flask is cooled to room temperature, then chilled in an 
ice-water bath to <5". The gas flow is disconnected, and diethyl ether (500 mL) 
is added dropwise over -30 min while the solution is stirred vigorously. 
(m Caution. This is a very exothermic addition, and due care must be ex& 
cised to avoid adding the diethyl ether too rapidly. Diethyl ether is toxic and 
very flammable. The addition must be performed in a well-ventilatedfume hood.) 
The pale yellow suspension is allowed to filter under gravity through a 10-cm 
sintered glass funnel (porosity grade 3) at room temperature. Gentle vacuum is 
applied as the residue is washed thoroughly with diethyl ether (5 X 50 mL) and 
allowed to dry in air. The product is ground in a mortar and thoroughly dried 
in a vacuum desiccator over P40,,. Yield: 54 g (100%). 

Anal. Calcd. for C3H,,N,F9O9S3Rh: C, 5.67; H, 2.38; N, 11.02; S ,  15.14. 
Found: C, 5.6; H, 2.5; N, 11.3; S, 14.9. 

Properties 

Isolated as described in quantitative yield, [Rh(NH3),0S0,CF3](CF3S0,), is a 
free-flowing pale yellow powder. Thus prepared it contains small amounts of 
[(CH,CH,),OH] '[CF3S03]- that can be removed easily by boiling with chlo- 
rofonn2 It is stable to decomposition at room temperature over several months 
if precautions are taken to prevent contact with atmospheric moisture. Samples 
that have deteriorated through contact with moisture can be regenerated by 
treatment with hot CF,SO,H and isolated as above. The crude product is suitable 
for most preparative purposes. In 0.1 M CF3S03H at 25", the [Rh(w3), 
(OS0,CF,)]2' ion aquates (tl12 =40 sec) only a little more slowly than the 
corresponding Co(II1) complex (t,,, =25 sec). It is susceptible to solvolysis in 
common organic solvents and to substitution by ligands dissolved in poorly 
coordinating solvents such as tetrahydrothiophene 1,l -dioxide (sulfolane) .3*4 

B. PENTAAMMINEAQUARHODIUM(II1) PERCHLORATE 
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Procedure 

Pentaammine(trifluoromethanesulfonato-O)rhodium(III) trifluoromethanesul- 
fonate (10 g) is dissolved in water (80 mL) at room temperature, and the solution 
is filtered. The solution is warmed to -80" on a steam bath. Then HClO, (70% 
wlv) is added slowly until the first sign of persistent cloudiness (-8 mL). 
(U Caution. Perchloric acid is a very strong acid and highly oxidizing. Organic 
materials must be absent. Gloves and face shields should be used.) Slow cooling 
of the solution gives pale yellow crystals, which are collected by filtration, 
washed extensively with ethanol and diethyl ether, and dried in air. Yield: 6.7 g 
(86%). A second crop (1.1 g) may be obtained by addition of more HClO, (7 10 
mL) to the filtrate, followed by cooling. The combined products may be recrys- 
tallized quantitatively from warm 0.5 M HClO, on slow cooling from 80". 

Anal. Calcd. for H,,N,O,,Cl,Rh: H, 3.40; N, 13.88; C1, 21.09. Found: H, 
3.4; N, 13.5; C1, 21.0. 

Absorption maxima [A, nm (E, M-'cm-')I: 315 (104), 262 (90). Samples of 
[Rh(NH3),(OH,)](CF3S03)3 of acceptable analytical purity can be obtained from 
aqueous solutions of [Rh(NH3)5(OS0,CF3)](CF3S03)2 simply by evaporation of 
the solvent,, thus providing a convenient route for preparation of "0- or "0- 
labeled samples. 

C. HEXAAMMINERHODIUM(1II) 
TRIF'LUOROMETHANESULFONATE AND 
HEXAAMMINERHODIUM(II1) PERCHLORATE 

Procedure 

Pentaammine(trifluoromethanesulfonato-O)rhodium(III) trifluoromethanesul- 
fonate (2 g) is dissolved in liquid ammonia' ( -  33", -50 mL) in a 250-mL 
rotary evaporator flask. 

Caution. Ammonia gas is toxic and corrosive. All manipulations should 
be performed in a well-ventilated fume hood, and adequate precautions should 
be taken to prevent contact with skin and eyes. If it is necessary to transport 
liquid ammonia, this should be performed using a loosely stoppered Dewar flask. 
Enclosed areas such as fire escapes should be avoided during transport 
The solvent is removed immediately at reduced pressure using a rotary evapo- 
rator. (U Caution. An eficient water aspirator is required. The temperature 
of the water bath should initially be -20", and the receiverflask should be half- 

, 
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filled with cold water.) A quantitative yield of a white crystalline product is 
obtained. The solid is collected, washed twice with diethyl ether (10 mL), and 
dried under vacuum over P,O,,. 

Anal. Calcd. for C,H,,N,F,O,S,Rh: C, 5.55; H, 2.78; N, 12.89. Found: C, 
5.8; H, 2.7; N, 12.5. 

For preparation of the perchlorate salt, a filtered aqueous solution (150 mL) 
of the above crude product is treated with HCIO, (70% w/v, 3 mL). 
(m Caution. Perchloric acid is a very strong acid and highly oxidizing. Organic 
materials must be absent. Gloves and face protection should be worn.) The 
suspension is warmed to dissolve the product (-go"), then cooled slowly to give 
white crystals. These are collected by filtration, washed extensively with ethanol 
and diethyl ether, and dried in air. Yield: 1.5 g (97%). Absorption maxima [A, 
nm (E, M-'cm-')l: 305 (131), 256 (94). 

Anal. Calcd. for H,,N,O,,CI,Rh: H, 3.60; N, 16.69; C1, 21.13. Found: H, 
3.6; N, 16.4; C1, 20.9. 
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71. PENTAAMMINERUTHENIUM(III), 
PENTAAMMINERUTHENIUM(II), AND BINUCLEAR 
DECAAMMINEDIRUTHENIUM(III)/(II) COMPLEXES 

Submitted by GEOFFREY A. LAWRANCE,* PETER A. LAY,?$ ALAN M. SARGESON,O 

Checked by H. ENGLEHARDTY and M. HERBERHOLDY 
and HENRY TAUBE$ 

Pentaammineruthenium(I1) and (111) complexes have an extensive literature of 
recent years. 1-7 This interest has stemmed from the chemical reversibility of the 
Ru(III)/Ru(II) couples, the strong rr-backbonding between Ru(I1) and n-acid 
ligands, and the interest in mixed valence chemistry of binuclear ions. The 
standard preparative route to these complexes involves the use of the labile 
[Ru(NH,),(OH,)]~+ ion in either aqueous or nonaqueous media. This complex 
is generally prepared from [Ru(NH,),CI]~+ by Zn(Hg) reduction. Recently, we 
reported the [RU(NH,),(OSO,CF,)](CF,SO~)~ c ~ m p l e x , ~ . ~  which like the other 
triflato complexes readily undergoes solvation. A limitation occurs for basic 
ligands, where reactions are complicated by base-catalyzed disproportionation 
to Ru(I1) and Ru(IV)." However, the high solubility of [Ru(NH,), 
(OS02CF,)](CF,S0,), in nonaqueous solvents and water allows the preparation 
of labile Ru(I1) pentaammine complexes by Zn(Hg) reductions. This enables 
their use in a large variety of synthetic reactions, particularly for the preparation 
of mononuclear and binuclear complexes containing n-acid ligands. Such path- 
ways are more facile, more convenient, and often higher yielding routes than 
those previously available using the reduction of [RU(NH,),CI]~+. 

The ready commercial availability of [Ru(NH,),JCI, as a starting material has 
made its reaction with 12 M HCl the preferred method for the preparation of 
[Ru(NH3),C1]Cl2. " Other methods have used either [Ru(NH,),]CI,'~ or 
[Ru(NH,),N,]CI,'~ (oxidation followed by treatment with HCl). The forrqer reac- 
tion and the subsequent conversion of the chloro complex into the useful synthetic 
intermediate [Ru(NH,),(OS0,CF,)](CF3S03)2 are described here. Simple sub- 
stitution reactions are not reported, since they are similar to those described in 
other sections. Instead, examples are given of the preparation of mononuclear 
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and binuclear Ru(I1) complexes by reduction of the [Ru(NH,),(OSO,CF,)]~' 
complex, followed by substitution in the labile [Ru(NH,),(solvent)12' species. 
Specifically, the preparation of [Ru(NH,),(pyrazine)]X,6 and [Ru(NH,), (pyra- 
zine)Ru(NH,),]I,' are reported as examples of the synthetic utility. 

A. PENTAAMMINECHLORORUTHENIUM(II1) CHLORIDE 

[Ru(NH,),]CI, + HCI + [Ru(NH,),CI]CI, + NH,CI 

Procedure 

The time required for this procedure is -5 hr. Hexaammineruthenium(II1) chlo- 
ride [Alfa Products] (10 g. 0.0323 mole) is dissolved in warm water (100 mL) 
contained in a 500-mL flask fitted with a reflux condenser. Concentrated HCl 
(36%, 100 mL) is added carefully, and the solution is heated at reflux for 4 hr. 
(m HCL is toxic and corrosive. This procedure must be performed 
in a well-ventilated fume hood.) During this time, a copious yellow crystalline 
precipitate of [Ru(NH,),CI]Cl, forms. It is essential not to heat the reaction for 
too long, since this results in some conversion of [Ru(NH,),C1I2+ to 
[Ru(NH,),Cl,]'. After the solution is allowed to cool to room temperature, the 
crystals are collected on a medium-porosity sintered glass filter, washed with 
HCl (18%, 2 X 20 mL) and then methanol (2 x 20 mL), and dried under 
vacuum at room temperature. Yield: 9.0 g (95%). 

Anal. Calcd. for H,,N,Cl,Ru: H, 5.17; N, 23.94; C1, 36.35. Found: H, 5.3; 
N, 24.3; CI, 36.6. 

Caution. 

B. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)- 
RUTHENIUM(II1) TRIFLUOROMETHANESULFONATE 

Procedure 

This procedure requires variable amounts of time depending on the time taken 
for the filtration process. It generally requires -4 hr; however, for larger quan- 
tities of compound, extra time should be allowed for the filtration process. To 
[Ru(NH,),Cl]CI, (1  .O g) in a two-necked round-bottomed flask connected with 
a nitrogen bubbler is cautiously added anhydrous CF3S03H (8 mL). 

Trijlic acid is one of the strongest known protic acids. Gaseous Caution. 
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hydrogen chloride is produced rapidly in the reaction. It is necessary to take 
adequate precautions to protect the skin and eyes and to prevent inhalation of 
the corrosive vapors. These manipulations must be performed in a well-ventilated 
fume hood. Because of the initial rapid evolution of HCl, care must be taken 
not to add the trifiic acid too quickly. 
A steady stream of nitrogen is passed through the solution, which is lowered 
into a silicone oil bath preheated to 100". After the solution is heated for 2 hr, 
it is removed from the oil bath and allowed to cool to room temperature. It is 
then chilled in an ice bath. Care should be taken not to heat the solution for 
prolonged periods or at temperatures above loo", since this may result in further 
loss of ammine ligands. Slow addition of diethyl ether (40 mL) with stirring 
precipitates the complex. 

This is a highly exothermic addition, and due care must be 
exercised to prevent addition of the diethyl ether too quickly. Diethyl ether is 
toxic and very jiammable. The addition must be performed in a well-ventilated 
fume hood. 
The product is collected on a fine-porosity sintered glass funnel, washed with 
diethyl ether (3 x 20 mL), air-dried, and then dried in a vacuum desiccator 
over P40,0. Yield: 2.05 g. 

Anal. Calcd. for C,H,,N,F,S,Ru: C, 5.69; H, 2.39; N, 1 1.06; S, 15.18; F, 
27.00. Found: C, 5.7; H, 2.4; N, 10.8; S, 15.2; F, 26.5. 

Caution. 

C. PENTAAMMINE(PYRAZINE)RUTHENIUM(II) 
CHLORIDE AND 
PENT AAMMINE(PY RAZINE)RUTHENIUM(II) 
TETRAFLUOROBORATE 

Ar 

2[Ru(NH,),(OSO,CF,)](CF,SO,), + Zn + 2(CH,),CO -+ 

2[Ru(NH,>,(oC(CH,),)I(CF,SO,), + Zn(CF,SO3)2 
Ar 

[Ru(NH,>,(OC(CH,),)I(CF,SO~), + pyrazine + 

[Ru(NH,),(pyrazine)l(CF,SO,), + (CH,),CO 
Ar 

[Ru(NH,),(pyrazine)](CF~SO,), + 2Et4NCI + 

[Ru(NH,),(pyrazine)]Cl, + 2Et4NCF,S0, 

[ Ru( NH,),(pyrazine)]CI, + 2NaBF4 -+ [ Ru( NH,),(pyrazine)]( BF,), + 2NaCI 

In the following manipulations in which argon is used, the gas is passed through 
a chromium(I1) scrubber to remove 0, and then concentrated H2S04 to remove 
H,O. 

7 
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Procedure 

A time of about 5 hr is required for the synthesis and recrystallization of 
[Ru(NH,),(pyrazine)12+. The triflato complex (0.10 g, 0.16 mmol) is dissolved 
in degassed (30 min, Ar) acetone (AR grade, 10 mL) contained in a 25-mL 
bubble flask. Alternatively, a Zwickel flaskI4 may be used for this procedure 
(Fig. 1). (H Acetone is highlyflummable and toxic. Due cure should 
be taken to prevent inhalation and contact with skin and eyes.) The outlet is 
connected to a second bubble flask (100 mL) containing pyrazine (0.5 g, 6.2 
mmol, AR grade) in degassed acetone (AR, 10 A). After oxygen is removed 
from the solutions (-30 min), a piece of Zn(Hg) is added to reduce the 
[Ru(NH,),(OC(CH,),)]’+ to the Ru(I1) complex. The reduction is allowed to 
proceed for 30 min before transferring the Ru(I1) solution into the flask containing 
the ligand solution. It is important to exclude oxygen from these reactions, since 
it reacts with Ru(I1) to form the bright green 0x0 bridged dimer 
[(NH,),RUOR~(NH,),]~’. ” If incomplete replacement of chloride occurs in the 
preparation of the triflato complex, an intense blue color develops due to the 
formation of intensely colored chloro-bridged complexes. l6  These complexes 
may also form from chloride ions adhered to the Zn(Hg). However, such species 
do not interfere with the reactions. This addition is made over -15 min to 
minimize formation of the F-pyrazine dimer. Almost immediately the solution 
turns a deep purple, but the reaction is allowed to proceed for an additional 30 
min. 

Caution. 

Ir 

(a) 

Fig.  1 .  a. Zwickel flask. b. Bubble jask .  

lbl 
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To the resulting solution is added a degassed (Ar, 30 min) acetonitrile solution 
of Et4NC1 (0.5 g in 10 mL), with stirring. A precipitate of the 
[R~(NH,)~(pyrazine)]Cl, forms immediately. The red-purple precipitate is col- 
lected on a sintered glass filter (under an Ar atmosphere) and is washed with 
degassed CH,CN (5 mL) and degassed acetone (5 mL) and dried under vacuum. 
The yield is quantitative (0.054 g). 

Anal. Calcd. for C,H,J,Cl,Ru: C, 14.25; H, 5.68; N, 29.08; C1, 21.03. 
Found: C, 14.4; H, 5.4; N, 29.4; Cl, 21.4. 

The crude product may be recrystallized as the [BF,]- salt by dissolving 
[Ru(NH,),(pyrazine)]Cl, (0.2 g) in degassed (Ar, 30 min) water (10 mL) and 
adding solid Na[BF,] (1 g) slowly with stining.I7 After cooling t o  5" for 2 h$ 
(under Ar), the solid is collected and air-dried. Yield: 0.2 g (77%). 

Anal. Calcd. for C,H,,N,B,F,Ru: C, 10.92; H, 4.35; N, 22.29. Found: C, 
10.8; H, 4.4; N, 22.4. 

The Ru(I1) complex is stable in air in the solid state and is slowly oxidized 
in solution to the Ru(II1) complex. The Ru(II1) complex may be prepared by 
Ag ' oxidation" or obtained directly from [(NH,),Ru(OS0,CF,)]2t in a pyrazine 
melt. Procedures similar to that described allow the syntheses of a great variety 
of pentaammine complexes. 

D. DECAAMMINE(p-PYRAZ1NE)-DIRUTHENIUM(5 + ) 
IODIDE 

AI 

2[Ru(NH,),(OSO,CF,)](CF,SO,), + Zn + 2(CH3),C0 +- 

2[Ru(NH,),(oC(CH,),)I(CF,SO,), + Zn(CF3SO3)2 
Ar 

2[Ru(NH,),(OC(CH,),)](CF3S03)2 + pyrazine -+ 

{[Ru(NH3),]2(pyrazine)}(CF,S03)4 + 0, + CF,SO,- +- 

{[Ru(NH,),],(pyrazine)}(CF,SO,), + 5 n-Bu4NI + 

~ ~ ~ ~ ~ ~ ~ , ~ S I , ~ P Y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ , ~ ,  

{[R~(NH3)S12(~~razine)}(CF3~03)s + 0,- 

{ [Ru(NH,),],(pyrazine)}I, + 5 n-Bu,NCF,SO, 

Procedure 

A reaction time of -3 hr is required for the synthesis of the binuclear complex. 
Pentaammine(trifluoromethanesulfonato-O)ruthenium(III) trifluoromethanesul- 
fonate (0.20 g, 0.31 mmol) is dissolved in degassed (30 min, Ar) acetone (AR, 
10 mL) contained in a 50-mL bubble flask (Fig. 1) under a continuous stream 
of Ar. (m Caution. Acetone is  highly$ammable and toxic. Due care should 



262 Trifuoromethanesulfonates and Tripuoromethanesulfonato-0 Complexes 

be taken to prevent inhalation and contact with skin and eyes.) A lump of freshly 
prepared Zn(Hg) is added, and the reduction is allowed to proceed for 30 min. 
Solid pyrazine (0.012 g, 0.15 mmol) is added. The solution immediately begins 
to become deep purple. The reaction is complete after -30 min at room tem- 
perature [the air-sensitive diruthenium(4 + ) ion may be precipitated at this point 
using [Bu,N]I], after which time the solution is filtered in air to remove the 
Zn(Hg). Air is bubbled through the filtrate for an additional 30 min, and a 
solution of [Bu,N]I (1 .O g) in acetone (10 mL) is added dropwise to precipitate 
the iodide salt of the mixed valence ion. The precipitate is collected, washed 
with diethyl ether (2 X 10 mL), and dried under vacuum. Yield: 0.16 g (95%). 

Anal. Calcd. for C,H,,N,,I,Ru,: C, 4.42; H, 3.15; N, 15.47. Found: C, 4.6; 
H, 3.2; N, 15.15. 

This complex is interesting because of the observation of an intense transition 
in the near-infrared region at 1570 nm (E 50,000 M-lcm-').' It may be either 
oxidized to the 6 + ion or reduced to the 4 + ion. Similar techniques may be 
used for the syntheses of other binuclear decaammine complexes. 

Properties 

The [Ru(NH3),(OSO,CF,)](CF3SO3), complex undergoes rapid aquation in 0.1 
M CF3S03H to give the aqua complex (k,  = 9.3 x lo-' sec-', 25"). It is 
characterized by an electronic transition at 284 nm (E 790 M-'cm-') in the UV 
spectrum in neat CF,S0,H.8.9 The colorless complex is moderately stable in the 
solid state, however, and can be stored for months in a desiccator without 
noticeable decomposition. The [Ru(NH,),Cl]Cl, complex is characterized by a 
ligand-to-metal charge transfer at 328 nm (E 1930 M-' cm-') associated with 
the C1- ligand. It undergoes irreversible reduction to the Ru(I1) complex with 
loss of chloride ligand. 

Reduction of [Ru(NH,),(~olvent)]~' complexes in weakly coordinating sol- 
vents or solvents with poor m-acid properties results in the labile 
[Ru(NH,),(~olvent)]~' species, which are excellent synthetic intermediates. The 
([R~(NH~),],(pyrazine)}~+ ion obtained by using these intermediates is easily 
oxidized to the Ru(II1) complex. 
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72. PENTAAMMINEIRIDIUM(II1) AND 
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Pentaammineiridium(I) complexes are difficult to prepare because of the extreme 
kinetic inertness of the Ir(II1)-ligand bonds. Such a property normally requires 
the use of quite harsh reaction conditions in order to prepare [Ir(NH,),X]"+ 
complexes. However, the use of the trifluoromethanesulfonato (triflato) complex 
as an intermediate allows the syntheses of a variety of complexes under relatively 
mild conditions. This has proved invaluable for the synthesis of both mononuclear 
and dinuclear species.'-3 We report here the synthesis of [Ir(NH,),- 
(OSO,CF,)](CF,SO,), from the readily prepared [Ir(NH,),Cl]C1~~5 complex. The 
solvolysis reactions of the triflato complex to give quantitative yields of 
[Ir(NH,),(OH,)]3+ and [Ir(NH,),13+ in water and liquid ammonia, respectively, 
are also described. [Ir(NH,),(OH,)]3' has been prepared previously by the base 
hydr~ lys i s~ .~ .~  of [Ir(NH,),Cl]Z+ , while [1r(NH3)J3+ has been prepared by the 
prolonged reaction of liquid ammonia on Na,[IrCl,].xH,O at high temperatures 
and An alternative method involves the use of [Ir(NH3),N3I2+ as a 
starting complex.'Such reactions are not as convenient, nor are such high yields 
obtained, as those reported here. 
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A. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)- 
IRIDIUM(II1) TRIFLUOROMETHANESULFONATE 

[Ir(NH,),Cl]CI, + 3CF,SO,H --* [Ir(NH,),(OSO,CF,)](cF,SO,), + 3HC1 t 

Procedure 

The total time required for this procedure is -20-30 hr. As pointed out by the 
checkers, it is recommended that the purity of [Ir(NH,),Cl]CI, be checked prior 
to use. The electronic absorption spectrum reported by Schmidtke, appears to, 
be that of a mixture of [Ir(NH,),Cl]Cl, and trans-[Ir(NH,),Cl,]CI. The correct 
absorption spectrum is the same as reported by Blanchard and Mason." A, 
(nm) (E,,,, M-' cm-I): 226 (370), 287 (72), 362 (9.5) 0.01 M HClO,. An 
alternative and more reliable method for preparation of [Ir(NH,),Cl]Cl, is the 
reaction between [IrC1612- or [IrCI6l3- and concentrated ammonia solution in a 
bomb at lOO".'.' 

(1 .O g, 2.6 mmol) in a 50-mL two- 
necked round-bottomed flask is added carefully distilled trifluoromethanesulfonic 
(triflic) acid?" (5  mL, 57 mmol). 

Trgic acid is one of the strongest known protic acids, and 
gaseous hydrogen chloride is produced rapidly in the reaction. It is necessary 
to take adequate precautions to protect the skin and eyes from contact with both 
chemicals. Inhalation of the corrosive vapors should also be avoided. and the 
reaction must be performed in a well-ventilated fume hood. 
The stirred reaction mixture is heated to 120" while a flow of N, is maintained 
through the solution, as outlined in the general procedure of Section 68-D. After 
1 hr, the gas bubbler is removed, the flask is lightly stoppered to prevent too 
much evaporation of CF,SO,H, and heating is continued for 15 hr at 12&123". 
The nitrogen bubbler is replaced, and the solution is allowed to cool to room 
temperature under a stream of nitrogen. It is then further cooled to -5" in. ice. 
In order to precipitate the complex, anhydrous diethyl ether (40 mL) is cautiously 
added dropwise to the rapidly stirred solution. 

This addition leads to a very exothermic reaction, and due 
care should be exercised not to add the diethyl ether too quickly. Diethyl ether 
is toxic and highly jlammable. The addition should be performed in a well- 
ventilated fume hood. 
The complex is filtered on a medium-porosity sintered-glass funnel, initially by 

To [Ir(NH,),CI]CI, [Alfa 

W Caution. 

Caution. 

*The checkers are indebted to Johnson, Matthey and Co. for a loan of indium chloride. 
?The checkers used triflic acid as supplied by Alfa Products or Fluka Chemical Corporation. 
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gravity, and the filtration is completed using a water aspirator.* The white powder 
is washed with copious amounts of anhydrous diethyl ether (4 X 20 mL) and 
air-dried after each washing. Yield: 1.85 g (98%). The complex at this point is 
sufficiently pure for synthesis purposes. However, in some of the precipitation 
processes, Et,O.CF,SO,H may be coprecipitated. This is removed by breaking 
up any lumps, and boiling the solid suspension in chloroform (30 mL) for 0.5 hr. 
(m Caution. Chloroform is toxic and a carcinogen; this procedure must be 
pegormed in a well-ventilated fume hood.) The white powder is collected on a 
medium-porosity frit, washed with chloroform (2 X 5 mL), and air-dried. Yield: 
1.81 g (95%). 

Anal. Calcd. for C,H,,F,lrN,O,S,: C, 4.97; H, 2.09; N,  9.67; S, 13127; CI, 
0.00. Found: C, 5.13; H, 2.48; N, 9.58; S, 13.23; C1, 0.0O.t 

B. PENTAAMMINEAQUAIRIDIUM(II1) 
TRIFLUOROMETHANESULFONATE 

Procedure 

The time required for the preparation and isolation of the crude complex is -1 
hr. Crystallization of the complex from aqueous NaCF,SO, solution requires -4 
hr. Pentaammine(trifluoromethanesulfonato-O)i~dium(IIl) trifluoromethanesul- 
fonate (0.50 g, 0.69 mmol) is added to distilled deionized water (5 mL) in a 
20-mL round-bottomed flask, and the solution is heated to 80" for 10 min. The 
solution is filtered, and the solvent is removed by rotary evaporation (60") to 
give [Ir(NH,),(OH,)](CF,SO,), as a white powder. The white powder is washed 
from the flask with diethyl ether (3 x 10 mL) and then air-dried. Yield: 0.52 g 
(100%). 

*The checkers use nitrogen pressure to aid the filtration. 
?The checkers report that in one reaction conducted at 122-125" for 15 hr, the reaction was 

incomplete. Anal. Found: CI, 2.80%. They report that a second reaction at 121" for 24 hr results 
inayieldof 1.76g(93%).Anal. Found:C,5.31;H, 2.18;N,9.15;S, 13.82;CI, trace.Theauthors 
point out that the figure of CI 2.80% after 15 hr implies a formula of 
[ I I~NH,)~(CI)~ s2(0S0,CF,)o,4,](CF,S0,),, that is. that the substitution reaction is only 50%,cgmplete. 
This further implies that the reaction should be only 75% complete after 24 hr (CI, 1.3%). in 
disagreement with their second experiment. Conversely, the result after 24 hr implies that there can 
be only a trace of CI after 15 hr, by the same arguments as above. The reasons for these discrepancies 
are unclear; however, it may be best to conduct the reaction for 24 hr. It should'be pointeaout that 
any rrons-[lr(NH,),CIZ]CI contaminating the starting material will be converted to trans- 
[lr(NH,),(C!)(OSO,CF,)I(CF,SO,) under the reaction conditions. This would lead to chloride being 
present even after the reaction is complete. 
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Anal. Calcd. for C,H,,N,F,O,,S,Ir: C, 4.85; H, 2.31; N, 9.42; S, 12.95. 
Found: C, 4.7; H, 2.2; N, 9.3; S, 13.1. 

If required, the complex may be crystallized from an aqueous NaCF,SO, 
solution by the following procedure. Pentaammine(trifluoromethanesu1fonato- 
O)iridium(III) trifluoromethanesulfonate (0.50 g, 0.69 mmol) is aquated in boil- 
ing aqueous NaCF,SO,.H,O [Aldrich Chemical]" (1 .O g in 1 .O mL) for 10 min. 
The basicity of the NaCF,SO,-H,O to be used in this step should be checked 
prior to use, as many samples contain NaOH and/or Na2S0,,. It should be 
recrystallized according to the published procedure" until solutions of the salt 
are near neutral (pH 6-8). If the NaCF,SO,.H,O contains the above impurities, 
this may lead to the formation of [Ir(NH,),OH]'+, [Ir(NH,),(OSO,)]', and other 
side products, causing contamination of the product. Sometimes the solution is 
turbid and needs to be filtered while still very hot. The solution is allowed to 
cool to room temperature, and then it is cooled in an ice bath for 2 hr. The 
colorless needles are filtered and air-dried. After washing with ethanoudiethyl 
ether (1:4, 4 x 5 mL) the crystals are again air-dried. Yield: 0.45 g (88%). 

Anal. Found: C, 4.79; H, 2.55; N, 9.0.* 
The filtrate containing the remaining pentaammine is normally retained for 

recycling of residues (Section 68-F) after column chromatographic recovery of 
pentaammine residues, as follows. Residues containing [Ir(NH3),(OH,)]3+ and 
other pentaammineiridium(II1) complexes containing acido Iigands are dissolved 
in water to give solutions of ionic strength < 0.01 M. The solution is sorbed 
onto a column of Dowex 50W-X2, 200400 mesh (H+ form) cation exchange 
resin [Fluka Chemical] (a column of resin 3 cm in diameter and 10 cm high will 
be suitable for - 1 g of iridium residues), and the column is washed with water 
( 1  L) and 0.7 M HCl (2 L). The complexes are eluted with 3 M HCl or 3 M 
CF3C02H, with the latter being preferable in order to prevent the complexes 
precipitating on the column. The elution of the complexes may be followed by 
observing the movement of the white band down the brown resin. Alternatively, 
the eluant is monitored using a UV spectrometer (-250 nm) to follow the elution 
of the complexes. The eluate (or eluates) containing the iridium complexes is 
evaporated to dryness on a rotary evaporator, and converted to 
[Ir(NH,),(OS0,CF,)](CF3S0,), as described in Section A. 

The first method described is convenient for the synthesis of isotopically 
labeled aqua complexes by use of vacuum-line techniques. 

*The checkers report A m l .  Found C, 4.64; H, 2.5; N, 9.28; S, 12.70; C1, 0.0. 
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C. €IEXAAMMINEIRIDlUM(III) 
TRIFLUOROMETHANESULFONATE AND 
~XAAMMINEIRIDIUM(II1) CHLORIDE 

Procedure 

Preparation and recrystallization of the complex requires -20 hr. Pentaammine- 
( t r i f l u o r o m e t h a n e s u l f o n a t ~ ~ ) ~ ~ ~ ~  trifluoromethanesulfonate (0.50 g, 0.69 
mmol) is dissolved in dry liquid ammonia" (20 mL) contained in a 50-mL round- 
bottomed flask that can be fitted with a mercury bubbler. The flask is initially 
cooled in a Dry Ice/acetone bath to prevent excessive splashing of the solvent 
and hence loss of complex. 

Ammonia gas is toxic and corrosive. All manipulations should 
be performed in a well-ventilated fume hood, and adequate precautions should 
be taken to prevent contact with skin and eyes. If it is necessary to transport 
liquid ammonia, this should be performed using a loosely stoppered Dewarflask, 
and enclosed areas such as fire escapes should be avoided during transport. 
The cooling bath is removed, and the open flask is warmed by a water bath 
(20"). This ensures rapid evaporation of some of the solvent, and the flow of 
gaseous ammonia produced minimizes condensaton of atmospheric moisture. 
After removal of the flask from the bath, the mercury bubbler is placed in position 
and arranged to maintain a positive pressure (-80 tom) of NH,. The time of 
exposure of the solvent to the atmosphere should be minimized during these 
manipulations. The ammonia level is maintained periodically while the flask is 
allowed to stand at room temperature for 15 hr. After removal of the bubbler, 
the remaining liquid ammonia is boiled off by heating the solution in a water 
bath at 20". 

As an alternative to the addition of liquid ammonia to the flask, gaseous 
ammonia may be used in a closed system, as follows. To a 50-mL two-necked 
round-bottomed flask containing the complex is connected an ammonia gas inlet 
and an outlet consisting of a mercury bubbler. The flask is cooled in the Dry 
Icelacetone bath as the ammonia (-20 mL) is condensed. The gas flow is stobped, 
the cooling bath is removed, and the reaction is allowed to proceed as before. 

The off-white solid remaining is collected by washing the interior of the flask 
with diethyl ether (2 X 10 mL) and is collected on a medium-porosity sinkred- 
glass frit. After air-drying, the product is dried under vacuum over P40,0. Yield; 
0.49 g (96%). 

Caution. 
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Anal. Calcd. for C3H,,F$r160,S3k C, 4.86; H, 2.45; N, 11.33; S, 12.97* 
Found: C, 5.0; H, 2.3; N, 11.0. 

The chloride salt is obtained in the following manner. The crude triflate salt 
(0.50 g, 0.67 mmol) is dissolved in distilled water (10 mL) and passed down a 
column of Dowex 1 X 8 anion exchange resin, C1- form [Fluka] (3 cm d i m  
X 10 cm high) that has been prewashed with distilled water. Additional distilled 
water (200 mL) is passed down the column, and the combined eluates are 
evaporated to dryness on a rotary evaporator. The residue of crude chloride salt 
is dissolved in water (2 mL) and is heated to 70". Concentrated HC1 (12 M) is 
added (0.5 mL), and the solution is allowed to cool to room temperature. It is 
cooled further in an ice bath for 2 hr, and then the solid is collected, washed 
with ethanol (2 X 5 mL) and then ether (2 x 5 mL), and air-dried. Yield: 

Anal. Calcd. for H,,N6Cl3Ir: C, 0.0; H, 4.53; N, 20.97; C1, 26.54. Found 

The remaining complex (0.04 g, 15%) precipitates from the filtrate when the 

0.22 g (81%). 

C, 0.0; H, 4.52; N, 20.7; C1, 26.39. 

ethanol and ether washings are added.? 

Properties 

Pentaammine(trifluoromethanesulfonato-O)iridium(III) trifluoromethanesul- 
fonate is a white powder that is air-stable provided it is not subjected to prolonged 
exposure to atmospheric moisture. The complex may be kept for many months 
in a desiccator over a suitable drying agent (silica gel, CaCl,) without any 
noticeable decomposition. The aquation rate constant for the complex is 2.6 X 

sec-' at 25" (0.1 M CF,SO,H), and at elevated temperatures (60-80") the 
rate of substitution is quite rapid in both aqueous and nonaqueous solvents. When 
dissolved in poorly coordinating solvents such as acetone or tetrahydrothiophene 
1,l-dioxide (sulfolane), the solvent-substituted species are themselves compar- 
atively labile, and many substitution reactions may be performed in these sol- 
vents. '-' 

The triflato complex may be regenerated from other pentaammine complexes 
as described in Section 68. Such a property is useful since it allows a regeneration 
of the starting materials from products. Characteristic spectral properties of the 
complex include the presence of bands due to coordinated triflate in the IR 
spectrum, and electronic [A, 315(sh), nm; E, 150 M-' cm-', and 270 (220)] 

*The checkers report C, 4.76; H, 2.50; N,  11.30; S, 12.66. 
?The checkers report that direct use of the crude triflate salt results in a mixed salt of formul+on 

[Ir(NH3)6](cF3so~,.8cll.?. Yield 0.35 g (86% based on above formulation).  AM^. Calcd. for 
Cl.sH,,Cl,.,F,4N60,4S,.BIT: C, 3.57; H, 3.00, N,  13.89; S, 9.54; C1,7.03. Found C, 3.51; H, 2.94; 
N, 13.38; S, 9.04; Cl, 7.63. 
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and 'H NMR (6 3.85 broad, versus NaTPS as, internal standard) spectra in neat 
triflic acid.'.' 

The [Ir(NH3)J3+ and [Ir(NH3)s(OH2)]3' complexes are characterized by the 
following A,, (e,) values in their Uv/vis spectra: [315 (14); 251 (92); 214 
(l6O)]I3 and [333 (12) (sh), 258 (86); 213 (128)],'4.'5 respectively. These spec- 
troscopic measurements were used to test the purity of the complexes in each 
instance. 
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73. PENTAAMMINEOSMIUM(II1) AND 
HEXAAMMINJ3OSMIUM(III) COMPLEXES 

Submitted by PETER A. LAY,*? ROY H. MAGNUSON,* and HENRY TAUBE* 
Checked by ASBED VASSILIANS 

Although pentaammineruthenium(1II) chemistry has been studied extensively, 
pentaammineosmium(II1) chemistry has received little attention, due largejy to 
problems in synthesizing these compounds.'s2 We have found3 that the 
[OS(NH,),(OSO~CF~)](CF~SO~)~ complex is prepared readily and in quantitative 
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tCSIR0 Postdoctoral Fellow. 
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yield by the Br, oxidation of [OS(NH,),N,]C~,~.~ in neat CF,SO,H. Like the 
other trifluoromethanesulfonato (triflato) complexes, it has proved to be an 
extremely useful intermediate in the preparation of a variety of mononuclear 
and binuclear osmium(II1) complexes. We report the syntheses of 
[Os(NH,),(OH,)13+, [Os(NH,),13+, and [Os(NH,),(NCCH,)I3+ as examples of 
typical reactions. Traditionally, pentaammine- and hexaammineosmium(II1) 
complexes were prepared by the prolonged action of NH, on (NH,),[OsBr,] or 
(NH,),[OsCl,] at high temperatures and p res s~res .~ .~  More recently, the oxidation 
of the [Os(NH,),(N,)]Cl, complex has been used as a route into the [Os(NH,),L]"+ 
series .2.4.5.9 The [OS(NH,),(OH,)]~+ ion is normally prepared, in somewhat smaller 
yield than reported here, by the oxidation of the dinitrogen complex in aqueous 
media, followed by precipitation of the explosive perchlorate salt.' Hexaammine- 
osmium(II1) compounds have been prepared by a variety of methods, but such 
methods have been plagued by synthesis difficulties, irreproducibility, and/or 
low  yield^.^*^*^.'^'^ The methods reported here are more straightforward and give 
higher yields than those reported previously. 

A. PENTAAMMINE(DINITROGEN)OSMIUM(II) CHLORIDE 

5(NH4),[OSC1,] + 13NH,NH,-H20 +- 
4[0s(NH,),(N2)]C12 + cis-[Os(NH,),(N,),]C12 + 20HC1 + 1 3H20 

4~is-[0s(NH,),(N,)~]Cl, + 3NH2NH,.H20 --* 
~[OS(NH,)~N,]C~~ + 5N2 + 3H20 

Procedure 

The total time required for this procedure is 2-3 days depending on the purity 
of the complex after the second period of reflux. The dinitrogen complex is 
prepared in somewhat higher yield and purity by the use of several modifications 
to the original method of Allen and 

Hydrazine monohydrate is toxic, a suspected mutagenic agent, 
and potentially explosive. The reaction must be performed in a well-ventilated 
fume hood, preferably behind a safety screen, although to the authors' knowledge 
no explosions have occurred with these reactions. 
The compound (NH4)2[OsCl,]'4 (10 g, 22.8 mmol) is added slowly over -15 
min to hydrazine monohydrate (90 mL) contained in a 250-mL round-bottomed 
flask connected with a reflux condenser while the mixture is stirred rapidly. It 
is essential not to add the compound too quickly and to grind up any lumps, 
since isolated high concentrations of [OSC~,]~- result in the formation of the 
very stable complex [(NH3)50sNOs(NH3)5]C15*H20. This nitrido-bridged species 

Caution. 
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is not converted to the dinitrogen complexes and therefore reduces the yield. By 
the reverse addition of the hydrazine monohydrate to the solid, this product is 
obtained in yields of over 90%. The solution is refluxed for 10 hr, during which 
time the color changes from brown to golden yellow and a pale yellow precipitate 
forms. The solution is allowed to cool to mom temperature, and the solid is 
collected on a medium-porosity frit. The yield is -6-7 g. A further amount of 
compound (- 1-1.5 g) is precipitated by the addition of anhydrous ethanol (-400 
mL). The remainder of the complexes may be precipitated by the addition of 
more ethanol, but this material is a mixture consisting mainly of [Os(NH,),N,]Cl,, 
cis-[Os(NH,),(N,),]C12, and [(NH,),OsNOs(NH,),]C1,. These complexes have 
distinctive and strong stretching modes in their IR spectra at 2020 ( v N ~ N ) ,  2097 
and 2168 (vN=N), and 1100 (uOHes) cm-' ,  respectively. These vibrations are 
a good diagnostic tool for assessing purity. The first two fractions are combined 
and heated at reflux with a second amount (90 mL) of NH,NH,.H,O as before. 
The precipitate obtained after this reflux is checked for impurities of cis- 
[Os(NH,),(N,),]Cl, by infrared spectroscopy. If the characteristic u N ~ N  bands 
for this complex are absent, this fraction is suitable for the following reactions. 
If this impurity is still present, a third reflux is necessary. Again more product 
is obtained by the addition of ethanol to the filtrate in these steps. These fractions 
are also examined for purity by IR spectroscopy. The overall yield of pure 
[Os(NH,),N,]Cl, is 6.8-7.0 g (80435%). The complex is characterized by IR 
and UV/vis spectroscopy (see Table I). 

Anal. Calcd. for Cl,H,,N,Os: C1, 18.95; H, 4.04; N ,  26.20. Found: C1, 19 .O 1 ; 
H, 4.20; N, 26.38. 

B. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)- 
OSMIUM(II1) TRIFLUOROMETHANESULFONATE 

2[0s(NH,),N,]Cl, + Br, + 6CF,S03H + 
2[0s(NH,),(OS0,CF3)](CF,S0,), + 2N2 t + 2HBr t + 4HC1 t 

Procedure 

The time required for this procedure is -1 day but depends critically on the 
time taken for the filtration procedure. To pentaammine(dinitrogen)osmiuh(II) 
chloride, [Os(NH,),(N,)]Cl, (2.0 g, 5.3 mmol), contained in a 50-mL two-necked 
round-bottomed flask fitted with an Ar or N, gas bubbler, is added distilled'5*'" 
anhydrous CF,SO,H (10 mL). 7 

Triflic acid is one of the strongest known protic acids, and 
gaseous hydrogen chloride is produced rapidly in the reaction. I t  is necessary 
to take adequate precautions to protect the skin and eyes and to prevent inhalation 

Caution. 
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of the corrosive vapors. These manipulations must be performed in a well- 
ventilated fume hood. Because of the initial rapid evolution of HCl, care must 
be taken not to add the trijlic acid too quickly. 
Liquid Br, (0.5 mL, 10 mmol, fourfold excess) is added to the yellow or pale 
green solution, and N, immediately begins to evolve from the interface of the 
Br, and CF,SO,H layers. The pale green color that is sometimes observed results 
from an impurity of the mixed-valence species [(NH3),0sN,0s(NH3),]5+, but 
under the reaction conditions this compound is also oxidized to the 
[Os(NH,),(OS0,CF3)]2' ion. (D Caution. Bromine is toxic and corrosive. 
Avoid contact with the skin and eyes. The reaction should be carried out in a 
well-ventilated hood.) A constant flow of N, or Ar is commenced in order to 
stir the solution while the temperature is maintained around the boiling point of 
Br,, -50-60". The gas flow is stopped periodically to determine if the evolution 
of N, gas has ceased from the interface of the two layers. When the evolution 
has ceased (-0.5-1 hr), the solution is heated to 110" in an oil bath, and a 
constant gas flow is maintained in order to drive off excess Br, and the HBr that 
has been produced in the reaction. (a Caution. Bromine and HBr are both 
corrosive and toxic.) After the brown fumes have ceased and no Br, remains in 
the bottom of the flask, the solution is cooled to room temperature and is then 
cooled in an ice bath to <5". Anhydrous diethyl ether (-30 mL) is added 
dropwise to the rapidly stirred solution. 

This is a very exothermic addition, and due care must be 
exercised to prevent addition of the diethyl ether too quickly. Diethyl ether is 
toxic and very flammable. The addition must be performed in a well-ventilated 
fume hood. 
A white to cream-colored precipitate begins to form immediately. The precipitate 
is collected on a medium-porosity frit and is air-dried. For larger scale reactions, 
it is best to let the precipitate settle and decant off most of the solvent through 
the frit. The filtrate may be kept for recovery of CF3S03H as the Na' salt.I5.l6 
The solid is washed with copious quantities of anhydrous diethyl ether until the 
washings are colorless. After drying in air, the yield is 3.7 g (96%). At this 
point the compound is quite suitable for synthesis work, but it may be purified 
by boiling a suspension in chloroform as described in Section 68-A. 

Caution. Chloroform is toxic and a suspected carcinogen; this proce- 
dure must be performed in a well-ventilated fume hood. 

Anal. Calcd. for C,H,,FJ,O,S,Os: C, 4.98; H, 2.09; N, 9.69; S, 13.31; F, 
23.66. Found: C, 5.3; H, 2.1; N, 9.7; S, 13.1; F, 23.0. 

The compound is stored in a desiccator over P,O,, or silica gel to prevent 
absorption of atmospheric moisture, which will form [Os(NH,),(OH,)](CF,SO,),. 
However, this process is very slow, and the compound may be manipulated 
readily without the precautions necessary for working in a moisture-free 
atmosphere. 

Caution. 
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C. PENTAAMMINEAQUAOSMIUM(II1) 
TRIFLUOROMETHANESULFONATE 

Procedure 

The total time required for this procedure is 3-4 hr. 
Pentaammine(trifluoromethanesulfonato-O)osmium(III) trifluoromethanesul- 
fonate, [Os(NH,),(OS02CF,)](CF,S0,), (0.30 g, 0.42 mmol), is added to a 0.1 
M aqueous solution of CF3S0,H ( 1  mL) contained in a 15-mL beaker. The 
solution is boiled for 5 min. After being cooled to room temperature, the solution 
is cooled further to <5" in an ice bath. Neat CF,SO,H (1 mL) is added slowly 
in dropwise fashion, while the solution is stirred rapidly. 

Trijiic acid is one of the strongest known protic acids. It is 
necessary to take adequate precautions to protect the skin and eyes and toprevent 
inhalation of the corrosive vapors. These manipulations must be pegormed in 
a well-ventilated fume hood. The addition is very exothermic. 
A white precipitate of [Os(NH,),(OH2)](CF,S0,), begins to form immediately. 
The solution is cooled in an ice bath for 1 hr, and the precipitate is collected on 
a medium-porosity sintered-glass funnel. After air-drying, the solid is washed 
thoroughly with anhydrous diethyl ether (4 X 10 mL) and air-dried. Yield: 0.2 
g (65%). 

Anal. Calcd. for C,H,,F,N,O,,S,Os: C, 4.87; H, 2.31; N, 9.46. Found: C, 
5.0; H, 2.4; N, 8.95. 

The remaining [OS(NH,),(OH,)](CF,SO~)~ is precipitated by the addition of 
diethyl ether (6 mL). (W Caution. This is a very exothermic process, and the 
diethyl ether must be added slowly and with vigorous stirring of the solution at 
O".) The precipitate is treated as above to give an essentially quantitative overall 
yield (0.30 g, 98%) of the complex. 

Caution. 

D. HEXAAMMINEOSMIUM(II1) 
TRIFLUOROMETHANESULFONATE AND 
HEXAAMMINEOSMIUM(II1) CHLORIDE 
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Procedure 

The total time required for the synthesis and recrystallization is -1 day. 
Pentaammine(trifluoromethanesulfonato-O)osmium(III) trifluoromethanesul- 
fonate, [Os(NH,),(OS0,CF,)](CF3S03)2 (0.10 g, 0.14 mmol), is placed in a 100- 
mL two-necked round-bottomed flask, and the flask and solid are heated in a 
vacuum oven at 110". A second 100-mL two-necked round-bottomed flask is 
connected to a KOH drying tower and placed in a dish containing Dry Ice. Liquid 
ammonia (-40 mL) is transferred to this flask, and the flask is stoppered. 

Ammonia gas is toxic and corrosive. All manipulations should 
be performed in a well-ventilated fume hood, and adequate precautions should 
be taken to prevent contact with skin and eyes. If it is necessary to transport 
liquid ammonia, this should be pe$ormed using a loosely stoppered Dewarfiask, 
and enclosed areas such as $re escapes should be avoided during transport. 
The flask containing the osmium complex is removed from the vacuum oven 
with heat-resistant gloves while it is still hot. It is then connected to the outlet 
of the KOH drying tower, and the outlet from the flask is connected to a KOH 
drying tube. The Dry Ice dish is removed from the flask containing the liquid 
ammonia. By placing this flask in a water-bath for short periods of time (- 15- 
20"), -10 mL of the liquid is evaporated and allowed to pass through the flask 
containing the osmium complex. This procedure should take 15-30 min in order 
to prevent loss of compound by the gas flow. The outlet of the flask is connected 
to a mercury bubbler that is arranged to maintain a small positive pressure (-80 
torr), and ammonia (-20 mL) is condensed into the flask containing the osmium 
complex by cooling the flask in a Dry Ice bath. The bath is removed and the 
solution is left at room temperature for 5-6 hr. After the mercury bubbler has 
been removed, the solvent is evaporated by warming in a water bath at -20". 
The off-white solid remaining is collected by washing the interior of the flask 
with diethyl ether (2 x 10 mL) and is collected on a medium-porosity sintered- 
glass frit. (m Caution. Diethyl ether is veryfiammable and toxic.) After air- 
drying, the yield is 0.10 g (98%). 

Anal. Calcd. for C,H,,FgN,0gS30s: C, 4.87; H, 2.45; N, 11.36. Found: C, 
4.7; H, 2.6; N, 11.3. 

Depending on the purity of the triflato complex used in this procedure, the 
product may be highly colored. The impurities giving rise to this coloration are 
not easily removed by recrystallization, and the complex is purified by cation 
exchange chromatography as follows. The crude triflate salt (0.10 g, 0.14 mmol) 
is dissolved in 0.01 M CF,CO,H (100 mL) and is sorbed onto a column of 
Dowex 50W-X2, 200-400 mesh, Ht  form [Fluka Chemical] (2 cm diameter X 

10 cm). The column is washed with 0.01 M CF,C02H (100 mL) and then 0.1 
M HCl (1 L), and the colorless complex is eluted with 3 M HCl (-500 mL). 
The movement of the band down the column may be monitored visually by the 

Caution. 
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movement of the white band against the colored background of the resin. Alter- 
natively, it may be monitored using UV detection at 220 nm. The eluate con- 
taining the complex is evaporated to dryness on a rotary evaporator (water bath 
5040"). The crude chloride residue is dissolved in 0.001 M CF3C0,H (1 mL) 
and is heated to 70-80". Concentrated HCI (12 M ,  0.5 mL) is added, and the 
solution is allowed to cool to room temperature and then cooled further in an 
ice bath for 2 hr. The white precipitate is collected on a sintered-glass micro 
filter, washed with ethanol (2 x 5 mL) and diethyl ether (2 X 5 mL), and air- 
dried. Yield: 0.046 g (85%). 

Anal. Calcd. for H,,N6C130s: C, 0.00; H, 4.55; N, 2 1.09; C1, 26.67 .,Found: 
C, 0.00; H, 4.47; N, 20.89; C1, 26.63. 

E. (ACETONITRILE)PENTAAMMINEOSMIUM(III) 
TRIFLLJOROMETHANESULFONATE 

Procedure 

This procedure requires - 1 day. Pentaammine(trifluoromethanesu1fonato- 
O)osmium(III) trifluoromethanesulfonate, [OS(NH,)~(OSO,CF~)](CF~SO,)~ 
(0.5 g, 0.69 mmol), is added to spectrophotometric grade acetonitrile [Aldrich 
Chemical] (2 mL) containing several drops of trifluoromethanesulfonic anhydride 
(triflic anhydride) all contained in a 10-mL test tube. 

Acetonitrile is toxic and flammable. Manipulations involving 
this solvent should be performed in a fume hood. Tri$uoromethanesulfonic anhy- 
dride is toxic and a very efJicient dehydrating agent. Due care must be taken to 
avoid contact with the skin and eyes and inhalation of the vapors. 
The use of triflic anhydride can be avoided by rigorously drying the acetonitrile 
over freshly regenerated 4-A molecular sieves overnight or by passing the solvent 
through an alumina column prior to the reaction with the triflato complex. The 
suspension of the triflato complex is rapidly stirred using a 10 x 3 mm magnetic 
stirring bar, and the solvent is protected from atmospheric moisture by sealing 
with an appropriate serum cap. After allowing the mixture to stir overnight, the 
white precipitate is removed with diethyl ether (4 X 5 mL) and is filtered on a 
medium-porosity frit. (W Caution. Diethyl ether is toxic and very$am&ble. 
The addition should be performed in a well-ventilated fume hood.) The precipitate 
is washed two more times with anhydrous diethyl ether .and air;-dried. Tield: 
0.5 g (90%). 

Anal. Calcd. for C,H,,F9N609S30S: C, 7.86; H, 2.38; N, 11 .OO. Found: C, 
7.8; H, 2.5; N, 10.7. 

Caution. 
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Properties 

Pentaammine( trifluoromethanesulfonato-O)osmium(III) trifluoromethanesul- 
fonate, [OS(NH,),(OSO~CF,)](CF~SO~)~, is a white powder (in some reactions 
it is pale yellow or pale brown due to the presence of highly colored minor 
impurities) that is moderately air-stable and may be stored for months in a 
desiccator over a suitable drying agent without noticeable decomposition. It 
undergoes aquation readily for an Os(II1) complex, with a first-order rate constant 
of 1.4 x lo-, sec-I at 25" (0.1 M CF,SO,H). The complex is characterized 
by the IR stretching vibrations of the coordinated triflato ligand, where all bands 
normally attributed to the triflate anion have now been doubled. In particular, 
new vibrations assigned as the asymmetric S=O stretch occur at 1300-1400 
cm-'. Moreover, the peak at 3400-3500 cm-' due to the coordinated water 
molecule of the [Os(NH,),(OH,)](CF,SO,), complex is absent. The complex is 
readily regenerated from [Os(NH,),(OH2)](CF,SO,),, [Os(NH,),CI]CI,, and many 
other pentaammine complexes by the procedures described in Section 68. For 
the synthesis of pentaammine complexes containing basic ligands it is often 
necessary to add triflic acid to the solvent to prevent base-catalyzed dispropor- 
tionation to Os(I1) and Os(1V) and subsequent  reaction^.^ 

Characteristic electronic spectral and redox couples of the osmium(I1) and 
osmium(II1) complexes are contained in Table I. All Os(II1) complexes also 
exhibit transitions in the near-infrared (1500-2100 nm),2" due to the effects of 
spin-orbit coupling on the ground electronic state. 

TABLE I. Electronic Spectral and Redox Couples of Os(I1) and Os(II1) 
Complexes 

"Extinction coefficients in parentheses, M-'cm-' 
bFormal potentials (vs. NHE). 
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74. PENTAAMMINEPLATINUM(1V) COMPLEXES 
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SARGESON* 

The substitution reactions of amine platinum(1V) complexes is appreciably slower 
than those of most other inert metal amines, at least in acidic solutions. Con- 
sequently, the availability of a relatively labile leaving group, such as trifluoro- 
methanesulfonate, may have advantages where substitution is required at the 
sixth site about the pentaammineplatinum(1V) ion. In parallel with reports of 
other second- and third-row complexes in this chapter, the synthesis of 
[Pt(NH,),(OSO,CF3)l3.' from the [Pt(NH,),CI]CI, precursor is readily achieved. ' 
Both are described below. 

A. PENTAAMMINECHLOROPLATINUM(1V) CHLORIDE, 
[WNHWIICl, 

K,[PtCl,] + 5NH, + Na,HPO,+ 
[Pt(NH,),CI](PO,) + 2KC1 + 2NaCl + HCI 

[Pt(NH,),CI](PO,) + 3HC1- [R(NH,),Cl]Cl, + H,PO, 

*Research School of Chemistry, The Australian National University, G.P.O. Box 4, Canberrd 

TDepartment of Chemistry, The University of Newcastle, N.S.W. 2308, Australia. 
$Department of Chemistry, Emory University, Atlanta. GA 30322. 

2601, Australia. 
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Procedure 

This complex is prepared by a variation of the published method.2 To potassium 
hexachloroplatinate(1V) [Aldrich Chemical] (4 g) and Na,HP04 (8 g) in a 500- 
mL flask fitted with a condenser are added concentrated aqueous ammonia (25%, 
75 mL) and water (120 mL). The mixture is stirred and heated to reflux, and 
the temperature is maintained until the suspension turns white (-10 min). Then 
the mixture is cooled to or below room temperature. The white precipitate is 
collected on a frit, washed with methanol (2 X 25 mL), and air-dried. The 
precipitate is dissolved in hot (-70") 0.1 M HCI (-200 mL). The mixture is 
filtered, and concentrated HCI (50 mL) is added. The colorless solution is reduced 
in volume to -40 mL on a rotary evaporator, during which time a white pre- 
cipitate forms. After cooling, this is collected by filtration on a frit, washed with 
ice-cold 3 M HCI (20 mL), methanol (3 X 25 mL), and diethyl ether (25 mL), 
and dried in a vacuum desiccator over P40,,. Yield: 3.0 g (90%). Absorption 
maximum in water: 286 nm (E 141 M-lcm-I). 

Anal. Calcd. for H,,N,CI,Pt: H, 3.58; N, 16.59; CI, 33.60. Found: H, 3.7; 
N, 16.3; C1, 33.8. 

B. PENTAAMMINE(TRIFLUOROMETHANESULFONATO-0)- 
PLATINUM(1V) TRIFLUOROMETHANESULFONATE, 
[Pt(NH,),(OSO,CF,)I(CF,SO,), 

[Pt(NH,),CI]CI, + 4CF3S0,H + [Pt(NH,),(OS02CF,)](CF,S0,), + 4HC17 

Procedure 

To pentaamminechloroplatinum(1V) chloride (0.6 g) contained in a 50-mL two- 
necked round-bottomed flask fitted with a gas bubbler is added distilled anhydrous 
CF,SO,H (5 mL). 

Trifluoromethanesuljhic acid is a strong protic acid. Avoid 
contact with skin and eyes, and avoid breathing the corrosive vapors. Rapid 
evolution of HC1 ensues. An eficientfume hood is required, and the acid should 
be added slowly. 
A steady stream of argon or nitrogen is passed through the resulting solution 
while the flask is heated in an oil bath at - 110" for 16 hr. The heat source is 
removed, and the flask is cooled to -20" while nitrogen continues to pass through 
it. The gas flow is discontinued, and diethyl ether (30 mL) is added slowly with 
vigorous mechanical stimng. (H Caution. This is a very exothermic addition, 
and care must be taken not to add the diethyl ether too rapidly.) The white 
precipitate is removed by filtering through a fine-porosity sintered-glass funnel, 
initially under gravity and then, after a bed of solid has formed, under suction. 

Caution. 
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The precipitate is washed with diethyl ether (2 X 10 mL) and air-dried. As 
isolated, the product may be contaminated with [(CH,CH,),OH] +CF,SO, - . For 
further purification, the product is ground in a mortar, boiled in chloroform for 
-10 min, and collected as above. It is washed with hot chloroform (20 mL) 
and diethyl ether (2 X 10 mL), air-dried, and then dried thoroughly over P40,0 
in a vacuum desiccator. Yield: 1.1 g (90%). 

Anal. Calcd. for C,H,,N,F,,O,,S,R: C, 5.48; H, 1.73; N, 8.00; S, 14.63. 
Found: C, 5.2; H, 2.0; N, 7.4; S, 14.4. 

Properties 

The trifluoromethanesulfonato product is a white powder that is air-stable for 
long periods in a closed tube and may be stored in a desiccator for months. The 
electronic spectrum shows a maximum in the near ultraviolet in neat CF,SO,H 
(Arnx 299, c 186 M-'  cm -I). In the 'H NMR spectrum in neat CF,SO,H, a 
single broad peak is observed at 6 4.7 versus sodium (trimethylsilyl)propionate, 
with side bands observed due to 2J195R--lH coupling (-35 Hz) and 1J,4K-,H coupling 
(-55 Hz). Following the general reactivity patterns for coordinated trifluoro- 
methanesulfonates, -OSO,CF, may be substituted by a range of other ligands. 
The synthesis described here for the pentaammineplatinum(1V) complex may be 
applied to a range of other platinum(1V) amine and even platinum(I1) amine 
complexes. 
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Syntheses reported for the pentaammine(trifluoromethanesu1fonato-0) com- 
plexes can be readily adapted for other amine or multidentate amine analogs.' 
Syntheses of colbalt(II1) complexes with 1 ,Zethanediamine or N-ethyl- 1 ,Zeth- 
anediamine ligands have been reported earlier in this series., To exemplify the 
procedures further, trifluoromethanesulfonato-0 complexes of cobalt(III), chro- 
mium(III), and rhodium(II1) with unidentate methylamine ligands based on the 
readily prepareds5 [M(NH,),CI]CI, precursors are reported here. The following 
sections report syntheses of 1 ,Zethanediamine complexes of Rh(II1) and Ir(II1) 
and of Ru(I1) and Os(I1) diimines with trifluoromethanesulfonato ligands. Such 
syntheses indicate the diversity of the synthesis technique, and the complexes 
described are excellent precursors for other compounds. 

All reactions should be carried out in a well-ventilated fume 
hood. 

8 Caution. 

A. PENTAKIS(METHANAM1NE)- 
(TRIFLUOROMETHANESULFONATO-O)CHROMIUM(III) 
TRIFLUOROMETHANESULFONATE, 
ICr(NH,CH,),(oso,CF,)I(CF,SO,), 

[Cr(NH,CH,),Cl]Cl, + 3CF,SO,H -+ 

[Cr(NH,CH,),(OS0,CF3)](CF3S03)2 + 3 HCI 7 

Procedure 

To chloropentakis(methanamine)chromium(III) chloride ( 1 .O g) in a 50-mL two- 
necked round-bottomed flask fitted with a gas bubbler is added distilled anhydrous 
CF,SO,H [Aldrich Chemical] (20 mL). (m Caution. T r i ~ u o r o ~ t ~ n e s u ~ o n i c  
acid is a strong protic acid. Avoid contact with skin and eyes, and avoid breathing 
the corrosive vapors. Rapid evolution of HCl ensues; care must be taken not to 
add the acid too rapidly.) The solution is allowed to stand for 3 days at room 
temperature while a gentle stream of nitrogen gas is passed through the flask. 
The gas flow is disconnected, and the solution is poured into a 0.5-L flask. 
Anhydrous diethyl ether (200 mL) is added dropwise with vigorous mechanical 
stimng. (H Caution. This is a very exothermic addition and care must be 
taken not to add the diethyl ether too rapidly.) A fine precipitate is separated 
on a medium-porosity frit, initially by gravity and then, after a bed of precipitata 
has formed, by suction. The precipitate is washed copiously with anhydrous 
diethyl ether (4 X 20 mL) and dried under vacuum over P,O,,. Yield: 1.9 g 
(95%). 

Anal. Calcd. for C,H,,N,F,O,S,Cr: C, 14.68; H, 3.85; N, 10.70; S, 14.70. 
Found: C, 15.0; H, 3.9; N, 10.4; S, 14.45. 
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B. PENTAKIS(METHANAM1NE)- 
(TRIFLUOROMETHANESULFONATO-O)COBALT(III) 

[CO(NH~CH~)~(OSO~CF~)I(CF~SO,)~ 
TRIFLUOROMETHANESULFONATE, 

[Co(NH,CH,),CI]Cl, + 3CF,SO,H + 

~Co(NH2CH,),(OS0,CF,)~(CF,S0,), + 3HC1 t 

Procedure 

Tochloropentakis(methanamine)cobalt(III)chloride(0.8 g) ina50-mL two-necked 
round-bottomed flask fitted with a gas bubbler is added distilled anhydrous 
CF,SO,H [Aldrich Chemical] (15 mL). (m Caution. Trifluoromethanesul$onic 
acid is a strong protic acid. Avoid contact with skin and eyes, and avoid breathing 
the corrosive vapors. Rapid evolution of HCl ensues; care must be taken not to 
add the acid too quickly.) The solution is allowed to react, and the product is 
isolated exactly as described for the chromium(II1) analog above. Yield: 1.5 g 

Anal. Calcd. for C,H,,N,F,O,S,Co: C, 14.53; H, 3.81; N, 10.59; S, 14.54. 
(94%). 

Found: C, 14.2; H, 3.8; N, 10.3; S, 14.7. 

C. PENTAKIS(METHANAM1NE)- 
(TRIFLUOROMETHANESULFONATO-O)RHODIUM(III) 
TRIFLUOROMETHANESULFONATE, 
tRh(NHzCH3)s(oso,CF3)l(CF3SO,), 

[Rh(NH,CH,),Cl]Cl, + 3 CF3S0,H + 

[ Rh( NH,CH,),( OSO,CF,)] (CF,SO,), + 3HC1 T 

Procedure 

To chloropentakis(methanamine)rhodium(III) chloride (0.65 g) in a 150-mL two- 
necked round-bottomed flask fitted with a gas bubbler is added distilled anhydrous 
CF,SO,H [Aldrich Chemical] (15 mL). (m Caution. Trifluoromethunesu~onic 
acid is a strong protic acid. Avoid contact with skin and eyes, and avoid br8athing 
the corrosive vapors. Rapid evolution of HCL ensues; care must be taken not to 
add the acid too quickly.) A gentle stream of nitrogen is passed through the 
solution, which is heated in an oil bath at 110" for 3 hr. The flask is rehoved 
from the bath, and the nitrogen flow is continued until the solution has cooled 
to room temperature. The gas flow is disconnected, and anhydrous diethyl ether 
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(100 mL) is added dropwise with vigorous mechanical stirring. (m Cau- 
tion. This is a very exothermic addition, and care must be taken not to add 
the diethyl ether too rapidly.) The white precipitate is collected on a fine-porosity 
sintered frit, first by gravity and then, after a bed of precipitate has formed, by 
aspiration. The precipitate is washed well with diethyl ether (4 x 25 mL), and 
dried under vacuum over P4010. Yield: 1.2 g (95%). 

Anal. Calcd. for C,H,,N,F,O,S,Rh: C, 13.62; H, 3.57; N, 9.93; S, 13.63. 
Found: C, 13.6; H, 3.5; N, 9.6; S, 13.8. 

Properties 

The complexes are air-stable powders and can be stored for months in a des- 
iccator. Both the cobalt(II1) and chromium(II1) complexes are purple, and the 
rhodium(II1) compound is off-white. Aquation of the cobalt(II1) complex (k, = 

0.11 sec-' at 25", 0.1 M CF,SO,H) is faster than that of the pentaammine analog 
(kaq = 0.027 sec - I) .  The pentakis(methanamine)chromium(III) ion aquates 
appreciably more slowly than the pentaammine analog (kaq = 6.3 X sec-' 
versus 1.24 x sec-I) while the rate of aquation of the pen- 
taliis(methanamin~)rhodium(III)ion(k, = 3.28 X lo-, sec-') is similar to that 
of the pentaammine analog (kaq = 1.87 x lo-* sec-I). Electronic absorption 
maxima of the pentakis(amine) complexes are shifted to lower energies compared 
with the pentaammine analogs. Maxima [A, nm (E, M-' cm-')I in CF3S0,H 
are observed for Co at 542 (58.9), 490 (sh) (51), and 362 (67.3), for Rh at 335 
(142) and 275 (144), and for Cr at 506 (49.1) and 374 (45.8). The diamagnetic 
Co(II1) and rhodium(II1) complexes exhibit characteristic 'H NMR for the methyl 
groups; for Co, singlets are observed at 6 1.24 (3H, trans-CH,) and 6 1.87 (12H, 
cis-CH,), measured versus sodium (trimethylsilyl)propionate in neat CF,S03H, 
whereas for Rh the corresponding resonances are at 6 1.80 and 6 2.10. Further, 
amine resonances are observed for Co at 6 3.08 (2H, trans-NH,) and 6 3.76 
(8H, cis-NH,) but are unresolved for Rh with a broad resonance at 6 3.56 ppm. 
The pentakis(methanamine) complexes are readily solvated in coordinating sol- 
vents, and in poorly coordinating solvents such as acetone or sulfolane they react 
with ligands such as urea. Syntheses described here for the methylamine com- 
plexes are valid for a range of alkylamines. 
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76. cis- AND trans-BIS( 1,2-ETHANEDIAMINE)- 
RHODIUM(II1) COMPLEXES 
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The chemistry of bis( 1,2-ethanediamine)cobaIt(III) has a rich and important place 
in the understanding of substitution reactions.'.' One of the chief reasons for 
this has been the ease with which these complexes are prepared. Those of 
rhodium(II1) are more difficult to prepare, so less is understood about substitutiw 
at this metal center. The chief entry into the [Rh(en),XY]"+ complexes has been 
the preparation of the [Rh(en),CI,]+ isomers from RhCI,-3H20. A variety of 
methods exist for performing this reaction,&* but the best is that of Hancock., 
We have modified his procedure by using cation-exchange chromatography to 
separate the cis and trans i some~s .~  Upon treatment with neat CF,S03H, the cis- 
and trans-chloro complexes undergo ligand substitution to give cis- 
[Rh(en),(OSO,CF,),] (CF,SO,) and trans-[Rh(en),(OSO,CF,)ClJ(CF,SO,), 
respectively, with full retention of config~rat ion.~ The cis- 
[Rh(en),(OS0,CF,)C1](CF3S03) complex may be prepared by treatment of the 
dichloro complex with a stoichiometric amount of AgCF,SO,. In all these com- 
plexes the triflato ligand is labile and undergoes substitution with retention of 
stereochemistry , which makes them useful intermediates in syntheses.' 

A. cis-DICHLOROBIS( 1,2-ETHANEDIAMINE)RHODIUM( 111) 
CHLORIDE HYDRATE, cis-[Rh(en),CI,]CI.H,O, AND trans- 

CHLORIDE HYDROCHLORIDE DIHYDRATE, trans- 
[Rh(en),Cl,]CI .HCI -2H,O 

DICHLOROBIS( 1,2-ETHANEDIAMINE)RHODIUM( 111) 

RhCI,.3H20 + 2en*2HCI-+ cis-[Rh(en),C1,]C1.H2O + 2H,O + 4HCl 

RhC1,.3H20 + 2en*2HC1+ 
trans-[Rh(en),C1,]C1~HCI~2H2O + H,O + 3HC1 

Procedure 

The total time taken for the syntheses anti separation of isomers is 2-3 days. 
These compounds are prepared by a modification of the method of Han~ock .~  

*Research School of Chemistly, The Australian National University, G.P.O. Box 4, Canberra, 

TDepartment of Chemistry, Clemson University, Clemson, SC 29631. 
A.C.T. 2601, Australia. 
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Rhodium(III) chloride trihydrate [Alfa Products] (10.0 g, 38.0 mmol) and en.2HC1 
(10.1 g, 76 mmol) are dissolved in water (60 mL) contained in a 250-mL round- 
bottomed flask that is fitted with a reflux condenser and a magnetic stirring bar. 
(m Caution. I ,2-Ethanediamine(en) dihydrochloride is a skin irritant.) The 
mixture is warmed gently until all the solid has dissolved, giving a deep red 
solution. Aqueous NaOH (2 M, 38 mL) is added, and a brick red precipitate is 
formed immediately. The solution is stirred and allowed to reflux until the 
suspended solid dissolves to give a cherry red solution. More aqueous NaOH 
(2 M, 38 mL) is added dropwise through the reflux condenser until the pH of 
the boiling solution remains at -7. If the solution is allowed to become too 
basic, the yields are drastically reduced. The solution is transferred to a 500- 
mL Buchi flask and evaporated to dryness on a rotary evaporator (80"). The 
solid residue is heated at 170" for 24 hr. The solid is dissolved in aqueous HCI 
(0.02 M, 1.5 L) and sorbed on a column of Dowex 50W-X2* cation exchange 
resin (H+ form, 200-400 mesh, 50 x 4 cm). The column is washed with 0.05 
M HCI (2 L), and the complexes are immediately eluted with 0.7 M HCI to give 
two clearly defined yellow bands. A red complex passes through the column 
during sorption of the complexes. This is a small amount of [Rh(en)CL,]-. If 
the complexes are left on the column for too long, some aquation may occur, 
thus complicating chromatographic separations. Each band is collected, and the 
solution is evaporated to dryness under reduced pressure to yield the trans isomer 
(first band eluted) and the cis isomer. The compounds at this point are suitable 
for conversion to the triflato complexes. 

Yield of the trans isomer: 6.0 g (39%)? Anal. Calcd. for C,H,,N,Cl,O,Rh: 
C, 11.95; H, 5.27; N, 13.94; 0, 7.96; C1, 35.28. Found: C, 11.9; H, 5.3; N, 
13.7; 0, 8.2; C1, 35.3. 

Yield of the cis isomer: 6.2 g (47%). Anal. Calcd. for C,H,,N,CI,ORh: C, 
13.83; H, 5.22; N, 16.13. Found: C, 14.0; H, 5.9; N, 15.7. 

Total yield -85%,$ based on RhCI3-3H,O. 
The cis isomer may be recrystallized by the following procedure. The crude 

product (4.0 g) is dissolved in boiling 6 M HCI (60 mL) contained in a 200-mL 
conical flask. (W Caution. Hydrochloric acid is corrosive and toxic. This 
procedure must be performed in a well-ventilated fume hood.) After the solution 
is allowed to cool to room temperature, it is cooled further to -3" in a refrigerator 
for 2 days. The large bright yellow crystals are collected on a medium-porosity 
frit, washed with ethanol (5 X 20 mL), and air-dried. Yield: 3.8 g (94%). 

Anal. Calcd. for C,H,,N,CI,ORh: C, 13.83; H, 5.22; N, 16.13. Found: C, 
13.7; H, 5.3; N, 16.0. 

*Amberlite resin CG-120 (H) Type I 1W200 mesh [Fluka Chemical] may also be used with 

ton a one-tenth scale, the yield was 20%. 
$On a one-tenth scale, the overall yield was 43%. 

0.60 M HCI as eluent. 
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This complex was first thought to be the sesquihydrate,, but this conclusion 
was due to the precipitation of the double salt cis-[Rh(en),C1,],C1(C104) in the 
original isolation procedure using the crude perchlorate salt." The truns isomer 
may be recrystallized according to published  procedure^.^., If only the cis isomer 
is required, the trans isomer may be converted to the cis isomer by way of the 
oxalato complex [Rh(en),(C,O,)] +'.3*5 Alternatively, the cis isomer may be con- 
verted to the trans isomer in the presence of [BH,]- and excess HCl.5 

B. ~~u~w-CHLOROBIS( 1,2-ETHANEDIAMINE)- 
(TRIFLUOROMETHANESULFONATO-O)RHODIUM(III) 
TRIFLUOROMETHANESULFONATE, 
trans-[Rh(en),( OS0,CF3)Cl]( CF3S03) 

truns-[Rh(en),C1,]C1.HC1.2H2O + 2CF3S03H + 

trans-[Rh(en),(OS0,CF,)Cl](CF3S03) + 3HC1 1' + 2H,O 

Procedure 

The time taken for this procedure is - 1 day. This pale yellow powder is prepared 
in quantitative yield from t~-ans-[Rh(en),C1,]Cl*HCl.2H,O by the standard method 
described in Section 68-D, using a temperature of 110" and a reaction time of 
4 hr. 

Anal. Calcd. for C,H,,N4ClF,0,S2Rh: C, 12.94; H, 2.89; N, 10.06; S, 11.52; 
F, 20.48; C1, 6.37. Found: C, 13.0; H, 3.2; N, 9.8; S, 11.6; F, 20.2; C1, 6.1. 

C. cis-BIS( 1,2-ETHANEDIAMINE)BIS- 
(TRIFLUOROMETHANESULFON ATO-O)RHODIUM( 111) 
TRIFLUOROMETHANESULFONATE, cis- 
[Rh(en)z(OSOzCF,),I(CF,SO3) 

cis-[Rh(en),Cl,]CI.H,O + 3CF,SO,H 
cis-[Rh(en),(OS0,CF3),](CF,S0,) + 3HC1 7 f H20 

Procedure 

The time taken for this procedure is -1 day. The compound is prepared and 
isolated in quantitative yields by the method described in Section 681D. A reattion 
time of 4 hr and a temperature of 1 10" are used. 

Anal. Calcd. for C,H,,N,F,O,S,Rh: C, 12.54; H, 2.14; N, 8.36; S, 14.35; 
F, 25.51. Found: C, 12.4; H, 2.5; N, 8.0; S, 13.8; F, 25.0. 
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Properties 

The rhodium(II1) triflato complexes undergo substitution with retention of ster- 
eochemistry to give the respective solvent comple~es.~ They are pale yellow to 
white powders (depending on whether or not C1- is in the coordination sphere) 
and may be handled for short periods in air without any noticeable decomposition. 
They may be stored for months in a desiccator over P,O,, but are hygroscopic 
and undergo hydrolysis to the aqua complexes in air. The trans isomers are 
characterized by a single CH, resonance in their I3C NMR spectra, while the 
cis isomers have two resonances.'' Thus, this is a convenient method for deter- 
mining the stereo course of a reaction in situ. UV/vis spectroscopic data are 
presented in Table I. 

TABLE I. UV/vis Spectral Data for Rh(II1) Complexes 

Complex X (nm)" 
~ ~~~~~ 

cis-[Rh(en),CI,] + 352 (203). 295(205)' 
trans-[Rh(en),CI,] + 406(83), 286(134), 240(1350), 

~is-[Rh(en)~(OS0,CF,),1+ 341(193), 271(142)' 
rran~-[Rh(en)~(OSO~CF~)Cl] + 407(43), 270sh(127)' 

206(38900)' 

~ ~~~~ 

"(M-' cm-') in parentheses. 
'0.1 M HCI. 
'Neat CF3S03H. 

cis-[Rh(en),(OSO,CF,)Cl J + may be prepared by reaction of cis-[Rh(en),CI,] + 

with AgCF3S0,. In addition, reactions similar to those described within may 
also be performed for other bis(diamine) complexes and those containing macro- 
cyclic ligands. 
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77. cis- and h.ans-BIS( 1,2-ETHANEDIAMINE)- 
IRIDIUM(II1) COMPLEXES 

Submitted by PETER A. LAY,*.? ALAN M. SARGESON,S and HENRY TAUBE* 
Checked by LIANGSHIU LEES and JOHN D. PETERSENS 

I 
Of the bis( 1 ,Zethanediamine) complexes of the cobalt triad in oxidation state 
111, those of iridium(II1) have been least studied. This has been due chiefly to a 
lack of suitable methods for preparing the [Ir(en),Cl,]CI isomers. Several methods 
are described in the literature for preparing these complexes but until very 
recently4 these reactions were unreliable or gave poor yields. Reported here is 
a slight modification of the recent method of Galsbal and Rasmussen4 for pre- 
paring the [Ir(en),Cl,]Cl isomers and subsequent conversion of these complexes 
into the corresponding triflato complexes .5 Again, the triflato complexes prove 
to be very useful intermediates for further syntheses. 

A. cis-DICHLOROBIS( 1,2-ETHANEDIAMINE)IRIDIUM(III) 
CHLORIDE HYDRATE, cis-[Ir(en),CI,]CI.H,O, and truns- 

CHLORIDE HYDROCHLORIDE DIHYDRATE, trans- 
[Ir(en),CI,]CI.HCI .2H,O 

DICHLOROBIS( 1,2-ETHANEDIAMINE)IRIDIUM(III) 

IrC13*6H20 + 2 en*2CH3C0,H + 

IrC13.6H,0 + 2en.2CH3C0,H + rruns-[1r(en),C1,]C1~HC1~2H20 

cis-[Ir(en),C1,]C1.H2O + 2CH,CO,H + 5H,O 

+ 2CH,CO,H + 4H,O 

Procedure 

The total time required for the syntheses and separation of isomers is 2-3 days. 
The procedure is identical to that of Rasmussen and Galsbl,  except thht the 

*Department of Chemistry, Stanford University, Stanford, CA 94305. 
tCSIR0 Postdoctoral Fellow. 
$Research School of Chemistry, The Australian National University, G.P.O. Box 4, Canberra, 

§Department of Chemistry, Clemson University, Clemson, SC 29631. 
A.C.T. 2601, Australia. 
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isomers are separated by chromatography instead of using fractional crystalli- 
~ a t i o n . ~  Iridium(II1) chloride hexahydrate [Alfa Products] (6.2 g, 15.2 mmol) is 
dissolved with heating in a mixture of acetic acid (0.9 mL, 16 mmol) and water 
(17 mL) contained in a 50-mL round-bottomed flask fitted with a condenser. 
The amount of water in IrCl,*xH,O varies among commercial samples. Appro- 
priate allowances should be made for this variation. While heating the iridium(II1) 
solution at reflux, a solution of 1,2-ethanediamine (3.1 mL, 46 mmol) in water 
(total volume 6 mL) is added in portions as follows: Initially, 1 mL is added 
and then 0.5 mL every '/z hr (5  hr total). (D Caution. I ,2-Ethanediamine is 
toxic and a strong irritant. Manipulations should be pelformed in a well-ven- 
tilated fume hood, and adequate protection for the eyes and skin should bt! 
worn.) As the 1 ,Zethanediamine is added, the solution changes from dark green 
to orange and then to yellow. After the last addition, the solution is heated at 
reflux for an additional 5 hr and then is evaporated to dryness in a rotary 
evaporator (final bath temperature -90"). The resultant brown residue is heated 
to 170" for 24 hr, and the solid is dissolved in water (1 L). Dowex 50W-X2 
cation exchange resin [Fluka Chemical] (200 x 400 mesh, H +  form, 0.5 g) is 
added, and the mixture is stirred for 20 min to sorb any highly charged species. 
The suspension is filtered through a medium-porosity sintered-glass filter, and 
the resin is washed with 0.1 M HCI (4 x 25 mL) by gravity filtration. The 
combined filtrates are evaporated to dryness, the residue is dissolved in water 
(1 L) and sorbed onto a column of Dowex 50W-X2, 200400 Mesh, H+ form 
(25 x 4 cm).t A red solution sometimes passes through the column, which is 
washed with water (500 mL). The initial effluent and the washing may be used 
to recover K[Ir(en)C14].4 The column is washed with 0.02 M LiOH (500 mL) 
to remove any mer-[Ir(en)(en*)CI,], water (100 mL), and 0.1 M HCI (2 L). The 
yellow complex removed by 0.02 M LiOH contains monodentate en (denoted 
by en*) and the mer-[Ir(en)(enH)CI,]CI.H,O complex may be recovered from 
this s~ lu t ion .~  Finally, the yellow [Ir(en),CI,]Cl isomers are removed with 0.7 
M HCI and separated into two bands, with the trans isomer moving more rapidly. 
The separate eluates are evaporated to dryness on a rotary evaporator. .The 
residues may be used directly for the subsequent preparations. The trans isomer 
(first eluted) is dissolved in boiling water (10 mL), and 12 M HCl (20 mL) is 
carefully added. (D Caution. HCl is toxic and corrosive. The reaction should 
be carried out in a well-ventilated fume hood.) The mixture is allowed to cool 
to room temperature for 1 hr, and then it is cooled in ice for 3 hr, giving large 
yellow needles of the required product. These are collected on a medium-porosity 

tAmberlite Resin CG-120 (H) Type I 100-200 mesh [Fluka] may also be used with 0.60 M 
HCI as eluent. 
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filter, washed with ice-cold 6 M HCI (2 x 3 mL), and dried in air. Yield: 3.0 g 
(40%) of frans- [ Ir(en),Cl,]Cl.HCl* 2H,O. t 

Anal. Calcd. for C,H,,N,O,CI,Ir: C, 9.78; H, 4.31; N, 11.41. Found: C, 
10.1; H, 4.4; N, 11.35. 

Instead of being dried in air, the complex may be washed with ethanol (2 X 

10 mL) and diethyl ether (2 X 10 mL), and then dried at 135" for 8 hr to yield 
the anhydrous salt, trans-[Ir(en),Cl,]Cl. 

Anal. Calcd. for C,H,J,Cl,Ir: C, 1 1.47; H, 3.85; N, 13.38. Found: C, 1 1.6; 
H, 3.9; N, 13.3. 

The cis isomer (second fraction) is recrystallized by dissolution in a boiling 
solution of NaCl(0.5 g, 10 mL), followed by cooling for 2 hr at room temperature 
and then for a day at -3" in a refrigerator. The crystal cake is broken up, and 
the mixture is cooled in ice for 3 hr before the crystals are collected on a medium- 
porosity sintered-glass funnel. After being washed with ice water (2 X 1 mL), 
the crystals are dried in air. Yield of cis-[Ir(en),Cl,]Cl.H,O: 2.6 g (39%).S 

Anal. Calcd. for C,H,,N,OCl,Ir: C, 10.99; H, 4.15; N,  12.83. Found: C, 
11.07; H, 4.29; N, 12.61. 

The cis isomer may be resolved into its optical isomers using either (+)-a- 
bromocamphor-7r-sulfonic acid3 or ( + ),,,-(ethy1enediaminetetracetato)cobaltate- 
(III).6 

B. trans-CHLOROBIS( 1,2-ETHANEDIAMINE)- 
(TRIFLUOROMETHANESULFONATO-O)IRIDIUM(III) 
TRIFLUOROMETHANESULFONATE, trans- 
[Ir(en),(OS0,CF3)Cl](CF3S03) 

frans-[1r(en),Cl2]C1.HCI.2H,O + 2CF3S03H + 

frans-[Ir(en),(OS0,CF3)Cl](CF3S03) + 3HC1 t + 2H20 

Procedure 

The reaction time is -2 days. This compound is prepared in quantitative yield 
by the method described for the Rh analog, using a reaction time of 24 hr and 
a temperature of i20°.' 

Anal. Calcd. for C,H,$I,ClF60,S,k C, 1 1.16; H, 2.50; N, 8.67; S, 9.93; 
CI, 5.49. Found: C, 11.2; H, 2.3; N, 8.6; S ,  9.8; CI, 5.6. 

"At one-fifth scale, the checkers obtained a 35% yield. 
$At one-fifth scale, the checkers obtained 15% yield. 
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C. cis-BIS( 1,2-ETHANEDIAMINE)BIS- 
(TRIFLUOROMETHANESULFONATO-O)IRIDIUM(III) 
TRIFLUOROMETHANESULFONATE, cis- 
[~~(en)z(oso,CF,)Zl(cF,so,) 

cis-[Ir(en),C1,]C1~H20 + 3CF3S0,H + 

cis-[Ir(en),(OSO,CF,),](CF,SO,) + 3HC1 t + H20 

Procedure 

The reaction time is -2 days. This compound is prepared (120" and 15 hr) as 
described in Section 68-D as a quantitative yield of pale yellow powder. 

Anal. Calcd. for C,H,,N,F,O,S,Ir: C, 11.07; H, 2.12; N, 7.38; S, 12.66. 
Found: C, 11.2; H, 2.0; N, 7.4; S, 12.8. 

Properties 

The dichloro species may be characterized from their UV/vis spectra (Table I), 
their NMR ~ p e c t r a , ~ . ~  and their chromatographic behavior. The presence of 
molecules of water and hydrogen chloride of crystallization has been confirmed 
by thermogravimetric analysis of these complexes4 in addition to microanalytical 
data. 

Conversion into the triflato complexes proceeds with full retention of config- 
uration, and the compounds undergo solvolysis reactions with retention of con- 
figuration (as confirmed by 'H and '% NMR spe~troscopy).~ The hiflato complexes 
are white ([Ir(en),(OS0,CF3),1 + ) to pale yellow ([Ir(en),(OS0,CF3)C1] +) pow- 
ders that are stable in air and react only very slowly with atmospheric moisture. 
They are characterized by UV/vis (Table I) and 'H and I3C NMR ~pectroscopy.~ 

TABLE I UVlvis Spectroscopic Properties 

Compound A (nmy 

~is-[Ir(en)~Cl,] + 

tran~-[Ir(en)~Cl,] + 

rrans-[lr(en),(OSO,CF,)C1] + 

~is-[lr(en)~(OSO~CF,)~] + 

377(19.4) (sh), 320(100) (sh), 292(145), 254(162) (sh), 
227(642) (sh)b 
428(6.8), 345(45.9), 275 (sh) (30)b 
502 (sh) (16). 428 (sh) (25), 334(51), 275 (sh) (-60). 
241(110)' 
469 (sh) (lo), 368 (sh) (34). 296 (sh) (142), 272(184), 
243( 156)' 

"(,+-I cm-l) in parentheses. 
bHZO, Ref. 4. 
Weat CF3S03H, Ref. 5. 
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The presence of coordinated triflate is also evident in the IR spectra, where all 
the triflate bands are split due to the presence of ionic and coordinated t~iflate.~ 
The complexes aquate relatively slowly for triflato complexes (0.1 M CF,SO,H) 
and have half-lives of aquation of - 1  hr at 25".5 The stereospecificity of their 
syntheses and subsequent reactions makes them useful intermediates in syntheses. 

Reactions similar to those described within may be performed with other 
diamine ligands, thus extending the synthetic utility of such reactions. 
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Osmium and ruthenium polypyridine complexes initially received much attention 
from Dwyer and coworkers because the M(II), M(III), and M(1V) oxidation 
states are substitution inert.'" Interest in them has been renewed because of their 
photochemical  reaction^'.^ and the role they play in the study of reactions of 
coordinated ligands"' and of mixed valence ions" and in the preparation of 
electroactive polymer films.', The aqua c~mplexes"'~ also have important poten- 
tial applications in the selective oxidation of organic m01ecules'~*'~ and water. l9 
We found that trifluoromethanesulfonato (triflato) complexes are convenient syn- 
thetic intermediates in the preparation of aqua and 0x0 species," and we describe 
the syntheses of the &-bis(2,2'-bipyridine) complexes here. 

*Research School of Chemistry, The Australian National University, GPO Bpx 4, Canberra, A. 

tCSIRO Postdoctoral Fellow 
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cis-Bis(2,2’-bipyridine-N,N’)dichlororuthenium(II) was first prepared by the 
pyrolysis of (bpyH)[Ru(bpy)CI4l3 and subsequently by the reaction of HCl with 
[Ru(bpy),(ox)]” or ci~-[Ru(bpy),(py),]Cl,.~~ We here outline a more convenient 
method that is based on the reaction of RuC1,-xH20 and bpy in N,N-dimethyl- 
formamide (DMF)’3.’4 and, in addition, its oxidation to [Ru(bpy),C1,]C1 by a 
modification of the methods of Liu, Liu, and Bailar.” ci~-Bis(2,2‘-bipyridine- 
N,N’)dichloroosmium(III) chloride was prepared by the reaction of K,[OsCl,] 
with bpy in DMF and was reduced with [S,O,]’- to give [O~(bpy),Cl,].~ Mod- 
ifications of both of these reactions are also described. The chloro ligands are 
readily substituted in hot trifluoromethanesulfonic acid to give the required triflato 
complexes.” These in turn react with water to produce the a h a  complexes,” 
which are converted to a variety of 0x0 species. ’* Previous methods for preparing 
the aqua complexes include spontaneous and Ag’-induced substitution of chloro 
ligands, substitution of pyridine ligands, azide-induced aquations of nitrosyl 
complexes, and acid-catalyzed aquation of carbonato complexes. 5.16.25 

A. cis-BIS(2,2’-BIPYRIDINE-N,N’)DICHLORORUTHENIUM(II) 
DIHYDRATE, c ~ s - R u ( ~ P ~ ) ~ C I ~ * ~ H ~ O  

RuCI3*3H2O + 2bpy + DMF+ R~(bpy),Cl,*2H,O + H,O + C1- + ? 

Procedure 

The total time required for the preparation and isolation of product is -24 hr. 
It is prepared essentially by the published method of Meyer and 
Ruthenium(II1) chloride trihydrate (10 g, 38.2 mmol), 2,2‘-bipyridine (12.0 g, 
76.9 mmol), and LiCl (1  1 g) are dissolved in reagent grade N,N-dimethylfor- 
mamide (60 mL) contained in a 100-mL round-bottomed flask fitted with a reflux 
condenser. (B Caution. N,N-Dimethylformamide is toxic andflammable, and 
2,2’-bipyridine is a skin irritant. Avoid contact with skin for  both chemicals. 
This reaction is best pelformed in a fume hood.) While the mixture is being 
stirred magnetically, it is refluxed for 8 hr by heating in an oil bath. After it 
cools to room temperature, the solution is poured into rapidly stirred acetone 
(200 mL). (8 Caution. Acetone is toxic and highlyflammable. This procedure 
is best pelformed in a fume hood.) The round-bottomed flask. is washed with 
two further portions of acetone (2 X 50 mL), and the combiied mixtures are 
allowed to stand at 0” overnight. The resultant dark green microcrystalline mate- 
rial is collected on a medium-porosity sintered-glass filter and is washed with 
water (3 x 25 mL) and diethyl ether (3 X 25 mL). (m C h o n .  Diethyl 
ether is toxic and highly flammable. Avoid breathing vapors.) Yield: 13.9 g 
(70%). 
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Anal. Calcd. for C,,CI,H,,$J,O,Ru: C, 46.16; H, 3.87; N, 10.77. Found: C, 
46.03; H, 3.76; N, 10.89. 

On adding lg NaCIO, to the mother liquor remaining, the complex cis- 
[R~(bpy)~(CO)Cl][C10,] can be obtained in up to 40% yield. It may form from 
the reduction of formic acid, which is present as an impurity due to hydrolysis 
of DMF. 

B. cis-BIS(2,2'-BIPYRIDINE-N,N')DICHLORORUTHENIUM(III) 
CHLORIDE DIHYDRATE, cis-[Ru(bpy),C1,]CI~2H20 

Procedure 

The total time required for the synthesis and isolation of the product is -4-5 
hr. It is prepared by a modification of the method of Liu, Liu, and Bailar.2' A 
suspension of [Ru(bpy),C1,]-2H,O (0.5 g,  0.46 mmol) in 2 M HCl (50 mL) 
contained in a 250-mL conical flask is warmed to 80" on a steam bath in a well- 
ventilated fume hood. Chlorine gas is bubbled through the solution via a Pasteur 
pipette. (W Caution. Chlorine gas is toxic and corrosive. This operation must 
be performed in a well-ventilated fume hood.) The bubbling is continued until 
all the solid dissolves leaving a red solution. Concentrated aqueous HCI (36%, 
15 mL) is added cautiously, and the solution is allowed to cool for 1 hr. (B Cau- 
tion. Hydrogen chloride is toxic and corrosive, and therefore the operation is 
p e ~ o r m e d  in a fume hood.) After further cooling in an ice bath for 2 hr, the 
crystals are collected on a medium-porosity filter, washed with a little cold HCI 
(5 M, 5 mL), dried under vacuum, and then washed with diethyl ether (3 x 10 
mL). Yield: 0.48 g (90%). 

Anal. Calcd. for C,,Cl,H,~,O,Ru: C, 43.22; H, 3.63; N, 10.08. Found: C, 
43.01; H, 3.73; N, 9.85. 

C. c~s-BIS(~,~'-BIPYRIDINE-N,N')DICHLOROOSMIUM(III) 
CHLORIDE DIHYDRATE, cis-[Os(bpy),C1,]C1~2H20 AND cis- 

CHLORIDE, ~is-[O~(bpy),C12]CI 
BIS(2,2'-BIPY RIDINE-N,N' )DICHLOROOSMIUM(III) 

DMF 

K2[OsC16] + 2bpy + 2H,O +- [O~(bpy),Cl~]C1-2H,O + 2KCl + C f  + ? 

[O~(bpy),C1,]C1*2H,O +- [Os(bpy),Cl,]CI + 2H,O 
heat 
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These are prepared by a modification of the method described previously.6 Although 
K,[OsCI,] is available commercially [Alfa Products] it may be prepared by the 
method described by Dwyer and Hogarth,’ (except that KCI is used to precipitate 
the complex). 

Procedure 

The total time required for the preparation and isolation of the product is 4-5 
hr. Potassium hexachloroosmate(1V) [Alfa Products] (1.9 g, 3.95 mmol) and 
2,2’-bipyridine (1.3 g, 8.3 mmol) are suspended in DMF (40 mL) contained in 
a 100-mL round-bottomed flask fitted with a reflux condenser. Recently, it was 
claimed that the use of ethylene glycol as solvent improves the yield,,’ but no 
experimental details have been given. (m Caution. N, N-Dimethylformamide 
is toxic andflammable, and 2,2’-bipyridine is a skin irritant. Avoid contact with 
skin for both chemicals. This reaction is best performed in a fume hood.) The 
flask is immersed in an oil bath, and the mixture is heated to reflux for 1 hr 
while the solution is stirred magnetically. After - 15 min, crystals of KCl begin 
to form and the solution darkens. After heating at reflux, the solution is allowed 
to cool to room temperature (1  hr). The KCI is removed from the solution by 
filtration, and ethanol (20 mL) is added to the filtrate contained in a l-L beaker. 
The complex is precipitated by the slow addition of diethyl ether (500 mL) while 
the solution is stirred rapidly. (m Caution. Diethyf ether is tonic and highly 
flammable. This procedure should be performed in a well-ventilated fume hood.) 
After the oily precipitate crystallizes, it is collected on a medium-porosity sin- 
tered-glass funnel and air-dried. During the crystallization process, the complexes 
absorb two molecules of water from moisture in the solvents. Yield: 2.2-2.45 
g (8696%). 

Anal. Calcd. for C,,,Cl,H,~,O,Os: C, 37.24; H, 3.13; N, 8.69. Found: C, 
36.99; H, 3.27; N, 9.00. 

If an oily precipitate remains on the frit, it is dried in a vacuum oven at 100’ 
to give the anhydrous salt. 

Anal. Calcd. for C,,CI,H,,N,Os: C, 39.45; H, 2.65; N, 9.20. Found: C, 
39.19; H, 2.71; N, 9.12. 

D. ~~S-BIS(~,~’-BIF’YRIDINE-N,N’)DICJ~LOROOSMIUM(II), cis- 

[Os(bPY)*C1,1 

2[0s(bpy),Cl,]C1~2H2O + Na,S,O, + 2[0s(bpy),Cl,] + 2H2S0, + 2H20 
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Procedure 

The total time required for the synthesis and isolation of the product is -2 hr. 
Bis(2,2’-bipyridine-N,N’)dichloroosmium(III) chloride dihydrate (1  .O g, 1.55 
mmol) is dissolved in a mixture of DMF (20 mL) and MeOH (10 mL) contained 
in a 500-mL beaker. A dilute aqueous solution of sodium dithionite (2.0 g ,  1.1 
mmol in 200 mL) is added slowly with stirring over 0.5 hr. The solution con- 
taining the dark purple oily suspension of the complex is cooled in an ice bath, 
and the walls of the beaker are scratched with a glass rod until the complex 
crystallizes. It is then collected on a medium-porosity filter and washed with 
water (2 x 10 mL), methanol (2 x 10 mL), and diethyl ether (2 X 10 mL). 
Yield: 0.86 g (97%). 

Anal. Calcd. for CzJ-I,,N,ClzOs: C, 41.89; H, 2.81; N, 9.77. Found: C, 
41.58; H, 3.07; N, 9.56. 

E. c~~-BIS(~,~‘-BIPYRIDINE-N,N’)BIS- 
(TRIFLUOROMETHANESULFONATO-0)- 
RUTHENIUM(II1) TRIFLUOROMETHANESULFONATE, cis- 
[Ru(~~~),(OSO,CF,),](CF,SO,), AND ci~-BIS(2,2’- 
BIPYRIDINE-N,N’)BIS(TRIFLUOROMETHANESULFONATO-0) - 
OSMIUM(II1) TRIFLUOROMETHANESULFONATE, cis- 
[OS(~PY)~(OSO,CF~),I(CF~SO~) 

[M(bpy)2C12]C1-2Hz0 + 3CF3SO3H * 
[M(bpy)z(OS0,CF,),](CF3S03) + 3HCl f + 2H20 

M = Ru, 0 s  

Procedure 

The time required for the synthesis, isolation, and drying of each of the complexes 
is approximately 2 days. To [M(bpy)zClz]C1.2H,0 (1.0 g ,  1.55 mmol for Os, 
1.80 mmol for Ru) in a 50-mL two-necked round-bottomed flask, distilled tri- 
fluoromethanesulfonic acidz9 (triflic) (7 mL, 80 mmol) is added carefully and 
dropwise. 

Trij7ic acid is a powerjiul protic acid, and gaseous hydrogen 
chloride is produced rapidly during the initial reaction. I t  is necessary to fake 
adequate precautions to protect the skin and eyes from contact with both chem- 
icals. Inhalation of the corrosive vapors should also be avoided, and the reaction 
must be performed in a well-ventilated fume hood. 
The reaction mixture is stirred and heated to 110” while a flow of N, is maintained 

Caution. 
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through the solution, as outlined in Section 68-D. After 5 hr at 1 lo", the flask 
is allowed to cool to room temperature, while the nitrogen stream is main- 
tained. It is then cooled further to -5" in an ice bath, whereupon anhydrous 
diethyl ether (40 mL) is added cautiously and dropwise to the rapidly stirred 
solution. 

This addition leads to a very exothermic reaction, and due 
care should be exercised not to add the diethyl ether too quickly. Diethyl ether 
is toxic and highly flammable. The addition should be per$ormed in a well- 
ventilated fume hood. 
An oily precipitate forms, and continued scratching of the inside of the reaction 
flask with a glass rod, while maintaining a stream of nitrogen, results in the 
formation of the microcrystalline solid.* The complex is filtered on a medium- 
porosity sintered-glass funnel and is washed with anhydrous diethyl ether (4 x 
20 mL). These complexes are more easily hydrolyzed than other triflato com- 
plexes to form the aqua complexes. If pure triflato complexes are required, they 
are generally heated under vacuum at 110" for 24 hr, as described in Section 
68-E. Yields are 94% for Ru and 92% for 0s. 

Anal. Calcd. for CZ3F9Hl6N4O9S3Ru: C, 32.10; H, 1.87; N, 6.5 1. Found: C, 
32.07; H, 1.99, N,  6.42. Calcd. for C,,F9Hl,N409S,0s: C, 29.08; H, 1.70; N, 
5.90. Found: C, 28.97; H, 1.81; N,  5.89. 

These complexes may also be prepared by using 0, as the carrier gas instead 
of N2 and using the [M(bpy),Cl,] complexes as starting materials. 

Caution. 

F . cis-DI AQU ABIS( 2,2'-BIPY RIDINE-N,N' )OSMIUM( 111) 
TRIFLUOROMETHANESULFONATE, cis- 
[Os(bpy )z(OHz)zI(CF3SO3)3 

Procedure 

The time required for the preparation of the diaqua complex from the reaction 
mixture obtained in the previous section is -2 hr. The complexes may be 
prepared either from the solid triflato compounds or directly from the reaction 
solution obtained from the previous section. Aquation via atmospheric moisture 
occurs in  two steps with the monoaqua complex [Os(bpy),(OH,) 
(OSO,CF,)](CF,SO,), being formed fairly readily. 

*The checkers decanted the CF,SO,H/ether, added fresh ether, mixed it with the oil, and decanted 
again. The process was continued until the oil broke. This resulted in yields of 82% and 55%. 
respectively, for the Ru and 0 s  compounds. 
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Anal. Calcd. for C,,F,H,,N,O,,S,Os: C, 28.54; H, 1.87; N, 5.79. Found: 
C, 28.64; H, 1.96; N, 5.88. 

Further aquation is slow. Water (7 mL) is added dropwise to the reaction 
mixture containing CF,S03H, diethyl ether, and the oily precipitate. The mixture 
is cooled in an ice bath and stirred until the crystallization of the red diaqua 
complexes is complete. The crystals are collected on a medium-porosity sintered- 
glass filter, air-dried, and washed with anhydrous diethyl ether (5 x 10 mL). 
Yields are quantitative. 

Anal. Calcd. for C,,F,H,&,O,,S,Os: C, 28.05; H, 1.98; N,  5.69; S, 9.76. 
Found: C, 28.18; H, 1.84; N, 5.52; S, 9.37. 

Properties 

The triflato complexes are more sensitive to atmospheric moisture than their 
aliphatic amine analogs. They must be stored over a suitable drying agent and 
used quickly. The M(I1) triflato complexes may be prepared by the reaction of 
[M(bpy),Cl,] with CF,SO,H, but they are extremely sensitive to air oxidation 
and must be handled in the absence of air. They are also extremely moisture- 
sensitive in their impure state and therefore are difficult to prepare pure. The 

TABLE I Electronic Spectral Properties of cis-[M(bpy),L,]"' Complexes 

Complex A (nm)" 

R O P Y ) ~ C L  

W ~ P Y ) ~ C I ,  

[ R N ~ P Y ) ~ C ~ ~ I  + 

[ R ~ ( ~ P Y ) ~ ( O S O ~ C F & I  + 

[Ru(bpy)dOH2)~1'+ 

I O ~ ( ~ P Y ) X I J  + 
I O ~ ( ~ P Y ) ~ ( ~ S O ~ C F ~ J  + 

IOs(bpy)2(OHd2l3+ 

293 (sh), 299 (170,000), 378 (9170). 409 (sh), 489 (sh), 555 
(9200). 679 (sh)" 
299 (-10,000). 383 (11,500), 466 (lO,OoO), 558 (12,OOO), 749 
(sh), 842 (6700)b 
254 (23,250). 301 (26,400), 313 (28,100). 370 (4700), 425 (sh), 
520 (sh) (340)' 
241 (19,200). 253 (sh), 302 (21,000) 311 (21,200), 345 (sh) 
(330). 395 (sh), 610 (31 I ) ,  645 (262)' 
247 (13,500), 293 (sh) (11,000), 306 (12,700). 312 (sh) 
(12,000), 355 (1800), 478 (590). 510 (sh) (3lOY. 
244 (32,000). 288 (28.800). 403 (5060). 450 (sh), 525 (sh)d 
245 (31,300). 253 (sh), 294 (sh), 304 (26,100). 313 (26,460). 
360 (sh), 418 (sh), 440 (sh), 460 (998)d 
247 (29,300). 257 (sh), 270 (sh), 292 (22,800), 302 (sh), 312 
(sh), 375 (3600), 470 (870). 505 (sh) ( 5 l O Y  

~~~~ ~~~ ~~ 

"Extinction coefficients in parentheses ( M -  I cm- I ) ,  

bReference 30, CHCI,. 
'There is some dispute as to whether these are monochloro species in solution, reference 31. 
dReference 32. 
'Neat CF,SO,H. 
'4M CF,S03H. 
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diaqua complexes exist in a wide range of oxidation states, with every oxidation 
state from M(I1) (cis-[M(bpy),(OH,),]”) to M(V1) (cis-[M(bpy),(O),l*’) being 
accessible by control of pH and potential. ’* Spectrophotometric properties of the 
aqua, triflato, and chloro complexes are summarized in Table I. 

The same reactions can be performed with related complexes, such as the 
bis( 1,lO-phenanthroline) series of complexes, and all these triflato complexes 
are useful synthetic intermediates for the syntheses of a large variety of complexes. 
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79. (2,2’-BIPYRIDINE-N,N’)(2,2‘ :6’ ,2”-TERPYRIDINE-N,N’,Nf) 
COMPLEXES OF RUTHENIUM(III)/(II) AND OSMIUM(III)/(II) 

Submitted by DAVID C. WARE,* PETER A, LAY,*I and HENRY TAUBE* 
Checked by ME1 H. CHOUS and CAROL CREUTZS 

The (2,2’-bipyridine-N, N’)(2,2’:6’:2”- terpyridine-N, N’ , N”), (bpy)( trpy) com- 
plexes of ruthenium and osmium, like the bis(2,2’-bipyridine-N,Nr) series, were 
first studied by Dwyer and coworkers’-3 and are interesting because more than 
one oxidation state is substitution inert. More recently, these (bpy)(trpy) species 
have generated interest because the M(IV) 0x0 complexes are useful oxidants 
of organic molecules.- The (bpy)(trpy) series of complexes have also proved 
useful in the study of the redox chemistry of coordinated ligands.’ The (bpy)(trpy) 
and bis(bpy)8 complexes containing the coordinated trifluoromethanesulfonato 
(triflato) ligands are useful precursors to a variety of complexes. The syntheses 
of these species and the aqua complexes derived from them are reported here. 

The complex ion [Ru(bpy)(trpy)Cl]+ was first prepared as the perchlorate salt 
by the reaction of Ru(bpy)CI, with trpy in 25% aqueous ethanol,‘ and more 
recently6 in 75% aqueous ethanol. It has also been prepared from Ru(CO)z(bpy)C1z, 
trpy, and trimethylamine oxide in 2-metho~yethanol.~ A method in which the 
readily prepared Ru(trpy)Cl, complex” is used as an intermediate is more con- 
venient, and it is this new method that is described here. (2,2’-Bipyridine- 
N,N’)chloro( 2,2 ’ :6’, 2”-terpyridine-N,Nf, N”)osmium( 11) chloride has been 
reported3 and is prepared from Os(bpy)Cl,” and trpy in ethylene glycol. (2,2‘- 
Bipyridine-N,Nf)chloro(2,2’ :6’ ,2”-teqyidine-N,Nf ,N’)osmium(JI) chloride may 
also be prepared by the reaction of O~(trpy)Cl,~ with bpy in ethylene glycol. 
However, the insolubility of Os(trpy)Cl, in this solvent makes the procedure 
used for the ruthenium analog less desirable, and the literature method has been 
used without major modification. Reaction of the chloro complexes With hot 

*Department of Chemistry, Stanford University, Stanford, CA 94305. 
TCSIRO Postdoctoral Fellow. 
$Department of Chemistry, Brookhaven National Laboratories, Upton, NY 11973. 
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trifluoromethanesulfonic acid (CF,SO,H) leads to the evolution of HCl and pro- 
duces the trifluoromethanesulfonato complexes in nearly quantitative yield. Water 
readily displaces the triflate ion to produce the aqua complexes.‘ Aqua(2,2’- 
bipyridine-N,Nf)(2,2’ :6’ ,T-terpyridine-N,N’,K’)ruthenium(II) was first prepared 
by the reaction of AgNO, with [Ru(bpy)(trpy)CI]Cl.’ This procedure does not 
work for the preparation of [O~(bpy)(trpy)(OH,)]~+ since osmium(I1) is rapidly 
oxidized by Ag’, but recently this complex was prepared by an alternative route 
similar to that reported here. Aqua( 2,2 ’ -bipyridine-N,Nf)(2 ,2 ’ : 6’, 2-terpyridine- 
N,N‘,N‘)ruthenium(III) has been r e p ~ r t e d , ~ ’ ~  but the synthesis was not described. 

A. (2,2’-BIPYRIDINE-N,Nf)CHLORO- 
(2,2r:6’,2-TERPYRIDINE-N,N”)RUTHEN1UM(11) 
CHLORIDE HYDRATE, [Ru(bpy)(trpy)C1]CI.2.5H20 

2Ru(trpy)CI, + 2bpy + HOCH,CH,OH + 2.5H20 
+- 2[Ru(bpy)(trpy)Cl]C1*2.5H2O + HOCH,CHO + 2HCI 

Procedure 

The preparation of this complex requires - 1 day. Trichloro(2,2’:6’,2’‘-terpyri- 
dine-N,N’ ,K’)ruthenium(III)’o (0.200 g, 0.454 mmol), 2,2‘-bipyridine (0.0744 
g, 0.476 mmol), and dry ethylene glycol (2.5 mL) are placed in a 10-mL round- 
bottomed flask fitted with a reflux condenser. (. Caution. 2.2’-Bipyridine is 
a skin irritant. Avoid contact with skin.) The mixture is stirred and heated at 
reflux temperature for 2 hr using a silicone oil bath. The resulting deep red 
solution is cooled to room temperature, and absolute ethanol (4.0 mL) is added. 
Any unchanged Ru(trpy)Cl, is removed by filtration at this point. Diethyl ether 
(8 mL) is added, and the solution is cooled to - 10” overnight in a freezer. 
(m Diethyl ether is toxic and highlyflammable.) The dark crystals 
that form are removed by filtration and are washed with diethyl ethedethanol 
(2:l) (2 x 4 mL) and diethyl ether (3 X 8 mL). The washings are combined 
with the filtrate and, after cooling and treatment as above, yield a second crop. 
Both crops are dried under vacuum. Yield: 0.2134 g (78%).* 

The product may be recrystallized by dissolving it in hot water (15 mL), 
filtering the solution, and adding 12 M HCl (3 mL). 

12 M HCl is extremely corrosive. Avoid contact with skin, 
and avoid inhaling the vapor. The addition is very exothermic and should be 
pedormed with caution. This procedure should be pedormed in a well-ventilated 
fume hood. 

Caution. 

Caution. 

*Checkers report a yield of 50% using a Dry Ice/acetone bath to crystallize the complex. 
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The solution is cooled to O”, and the crystals are removed by filtration, washed 
with ice cold water (2 X 1 mL) and diethyl ether (3 X 5 mL), and dried under 
vacuum over P40,,. The product is hygroscopic. This sample analyzed for 2.5 
water molecules of crystallization. 

Anal. Calcd. for Cz,H,,C12N,02,,Ru: C, 49.51; H, 3.99; N, 11.54. Found: 
C, 49.34; H, 3.50, N, 11.47. 

B. (2,2’-~IPYRIDINE-N,N‘)(2,2’:6’,2”-TERPYRIDINE-N,N‘,N‘)- 
(TRIFLUOROMETHANESULFONATO-O)RUTHENIUM( III), 
TRIFLUOROMETHANESULFONATE, 
[Ru(bpy)(trpy)(O~O,CF3)1(CF3SO3)~, AND 
(2,2’-BIPYRIDINE-N,ZV’)(2,2‘:6’,2-TERPYRIDINE- 
N,N’ ,N”)(TRIFLUOROMETHANESULFONATO- 
O)OSMIUM(III) TRIFLUOROMETHANESULFONATE, 
[os(bPY)(trPY)(oso,CF3)I(cF3~03)~ 

2[M(bpy)(trpy)C1]C1.xH2O + 6CF,S03H + O2 + 

2[M(bpy)(trpy)(OS0,CF3)](CF,SO3), + 4HC1 + >H,O + ‘H2O2’ 

(M = Ru, x = 2.5; M = Os, x = 2) 

Procedure 

The time required for the synthesis and isolation of each of these complexes is 
-1 day. To [M(bpy)(trpy)CI]Cl-xH,O (M = Ru, x = 2.5,0.50 g, 0.824 mmol; 
M = Os, x = 2.0,0.50 g, 0.728 rnrnol) in a 25-mL two-necked round-bottomed 
flask is added cautiously, and in a dropwise manner, distilled trifluoromethanesul- 
fonic acid (5 mL, 56 mmol).* 

TriJlic acid is a very strong protic acid. Gaseous hydrogen 
chloride is produced rapidly during the initial reaction. I t  is necessary to take 
adequate precautions to protect the skin and eyes from contact with both chem- 
icals. Inhalation of the corrosive vapors should be avoided. The reaction must 
be performed in a well-ventilated fume hood. 
The stirred reaction mixture is heated to 110” while a flow of dry air is maintained 
through it, as outlined in Section 68-D. The air is dried by passing it thrdgh a 
prebubbler of concentrated H,S04 or neat CF,SO,H. After 5 hr at 1 lo”, the gas 
bubbler is replaced by a vacuum-distillation apparatus and most of the solvent 
is removed by evaporation at reduced pressure.” This step is necessary, hnce 
the triflato complex salts are rather soluble in CF,SO,H/diethyl ether mixtures. 

Caution. 

*The checkers used triflic acid as received. 
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The flask is allowed to cool to room temperature and is then cooled further in 
an ice bath, a stream of dry air being maintained over the concentrated solution 
to prevent contamination by atmospheric moisture. Diethyl ether (10 mL) is 
added cautiously and in a dropwise manner to the constantly stirred solution. 

This addition leads to a very exothermic reaction, and care 
should be exercised not to add the diethyl ether too quickly. Diethyl ether is 
toxic and highlyJammable. The addition should be performed in a well-ventilated 
fume hood. 
If an oil forms, it can be induced to solidify by scratching the inner wall of the 
flask with a glass rod. The complex is filtered on a medium-porosity sintered- 
glass funnel and is washed with anhydrous diethyl ether. The complex is quite 
hygroscopic. Water and any occluded Et,O*CF,SO,H are removed by heating 
under vacuum at 110" for 8 hr. Yields: M = Ru, 0.690 g (89%); M = Os,O.710 

Anal. Calcd. for C,,H,@,F,O,S,Ru: C, 35.86; H, 2.04; N, 7.47. Found: C, 
35.73; H, 2.10; N, 7.30; Calcd. for C,,H,$J,F,O,S,Os: C, 32.75; H, 1.87; N, 
6.82. Found: C, 32.65; H, 1.97; N, 6.70. 

Caution. 

g (95%).* 

C. (2,2'-BIPYRIDINE-N,Nr)(2,2' :6' ,2-TERPYRIDINE-N,Nr ,A"')- 
(TRIFLUOROMETHANESULFONATO-U)RUTHENIUM( 11) 
TRIF'LUOROMETHANESULFONATE, 
CRu(bpy)(trp~)(oso,CF,)I(CF,SO,) 

[Ru(bpy)(trpy)C1]C1.2.5H2O + 2CF3S03H + 

[Ru(bpy)(trpy)(OS0,CF3)](CF3SO3) + 2.5H,O + 2HC1 

Procedure 

The time required for this reaction is - 1.5 days. To [Ru(trpy)(bpy)C1]C1.2.5H2O 
(0.30 g, 0.495 mmol) in a 25-mL two-necked round-bottomed flask is added 
cautiously, and in a dropwise manner, distilled trifluoromethanesulfonic acid (3 
mL, 33.6 mmol)."t 

W Caution. Trijlic acid is a very strong protic acid. Gaseous hydrogen 
chloride is produced rapidly during the initial reaction. It is necessary to take 
adequate precautions to protect the skin and eyes from contact with both chem- 
icals. Inhalation of the corrosive vapors should be avoided. The reaction must 
be performed in a well-ventilated fume hood. 

*The checkers report that the triflato complexes are obtained by evaporating all of the solvent 
and then solidifying the oil by repeating trituration and decanting with diethyl ether. Yields: M = 
Ru, 50%; M = 0s. 70%. 

?The checkers used a freshly opened commercial sample. 
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During the addition, a strong flow of dry, deoxygenated nitrogen is passed 
through the solution. The product is very sensitive to oxidation in neat CF,SO,H. 
The nitrogen is deoxygenated and dried by passing the gas successively through 
a chromium(I1) scrubber and either a concentrated H,SO, or neat CF,SO,H 
bubbler. While the nitrogen stream is maintained, the solution is heated to 100" 
for 2 hr.t 

After the flask has cooled to room temperature, it is placed in an ice bath, 
and a stream of dry argon is passed through the solution. Diethyl ether (-8 mL) 
is added cautiously and in a dropwise manner to the constantly stirred solution. 

This addition leads to a very exothermic reaction. Care shyuld 
be exercised not to add the diethyl ether too quickly. Diethyl ether is toxic and 
highly flammable. The addition should be performed in a well-ventilated fume 
hood. 

The reaction flask is stoppered and placed in the freezer overnight. The crystals 
that form are collected by filtration and are washed with diethyl ether (2 X 5 
mL). The solid is dried in a vacuum oven at loo" overnight. Yield: 0.373 g 
(95.6%). 

Anal. Calcd. for C,,H,,N,F,O,S,Ru: C, 41.12; H, 2.43; N, 8.88. Found: C, 
40.60; H, 2.50; N, 8.66. 

Because of the difficulty of isolating this very air- and moisture-sensitive 
complex, for synthesis the crude product is best used directly. The solvent is 
removed using vacuum distillation, and the oily residue is dissolved in either 
the neat ligand or a sulfolane or acetone solution of the ligand. The products 
are much less sensitive to oxidation, which facilitates the purification procedure. 

Caution. 

D. (2,2'-BIPYRIDINE-N,N')(2,2':6',2"-TERPYRIDINE-N,N',N')- 
(TRIFLUOROMETHANESULFONATO- 
O)OSMIUM(II)TRIFLUOROMETHANESULFON ATE, 
[~~(~PY)(~~Y)(~~~,CF~)I(CF~SO~) 

Procedure 

The time required for this procedure is -11 hr. Due to the extreme oxygen 
sensitivity of [Os(bpy)(trpy)(OS0,CF,)I(CF3S03) in CF,SO,H solution, this 
complex is best prepared in the solid state by the method outlined in Section 

?The checkers report that an oily product is obtained by distilling off all the CF,S03H. It is 
crystallized by repeated trituration and decantation with diethyl ether. Yield 45%. 
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68-E. The compound [0s(bpy)(trpy)(OH,)](CF3SO3), (0.100 g, 0.1094 mmol) 
(prepared as in Section F) is ground to a fine powder and dehydrated by heating 
at 180" under vacuum for 10 hr. The higher temperature is necessary, since at 
lower temperatures starting material is recovered unchanged. Yield: 0.093 g 
(97%). 

Anal. Calcd. for Cz,H,~N,F,O,SzOs: C, 36.94; H, 2.18; N, 7.98. Found: C, 
36.66; H, 2.18; N, 7.92. 

E . AQUA(2,2'-BIPY RIDINE-N,N' )( 2,2' :6', 2"-TERPY RIDINE-N,N' ,A"')- 
RUTHEMUM(II1) TRIFLUOROMETHANESULFONATE 
TRIHYDRATE, [Ru(bpy)(trpy)(OH,)](CF,SO,),.3H,O, AND 

N,N',N")OSMIUM(III) TRIFLUOROMETHANESULFONATE 
DIHYDRATE, [Os(bpy)(trpy)(OH2)](CF,S0,),.2H,0 

AQUA(2,2'-BIPYRIDINE-N,N')(2,2':6',2-TERPYRIDINE- 

Procedure 

These complexes are prepared by aquation of the corresponding triflato com- 
plexes that are prepared in Section C. This is readily accomplished by allowing 
the hygroscopic solids obtained from the triflic acid/diethyl ether solutions (before 
vacuum oven drying) to fully aquate in air for -1 day. Storage in a vacuum 
desiccator over P,O,, permits the isolation of the trihydrate and dihydrate com- 
plexes for ruthenium and osmium, respectively. The yields are the same as those 
found for the production of the triflato complexes in Section C. 

Anal. Calcd. for Cz,Hz,N,F90,3S3Ru: C, 33.31; H, 2.70; N, 6.94; S, 9.52. 
Found: C, 33.28; H, 2.20; N, 6.89; S, 9.59. Calcd. for C,,H,,N,F9O,,S30s: C, 
31.11; H, 2.33; N, 6.47. Found: C, 30.84; H, 2.25; N, 6.38. 

The aqua complexes may also be prepared from the isolated triflato complexes, 
by following a procedure similar to that given above. 

F. AQUA(2,2'-BIPYRIDINE-N,N')(2,2':6',2"-TERPYRIDINE- 
N,N'N")OSMIUM(II) TRIF&UOROMETHANESULFONATE 
HYDRATE, [os(bpy)(t~~)(oHz)I(CF,SO,),.H20 
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Procedure 

The aqua osmium(I1) complex is prepared by reduction of the aqua osmium(II1) 
complex (prepared as in Section E). Aqua(2,2’-bipyridine-N,N’)(2,2’:6’,2”-ter- 
pyridine-N,N’,W)osmium(III) trifluoromethanesulfonate dihydrate (0.500 g, 
4.063 mmol) is dissolved in 0.33 M CF,SO,H (30 mL), and the solution is 
filtered. Two pieces of freshly prepared zinc amalgam are added. The solution 
is stirred for 5 hr. The zinc is removed, and the solution is cooled in an ice 
bath. The resulting black crystals are filtered off, washed with ice cold water 
(2 x 2 mL), and dried under vacuum. Yield: 0.224 g (53%). A second crop 
may be obtained by addition of fresh zinc amalgam to the filtrate. 

Anal. Calcd. for C27H,3N,F,0,S,0s: C, 35.48; H, 2.54; N, 7.66. Found: C, 
35.46; H, 2.42; N, 7.79. 

Properties 

The triflato complexes aquate in air in the solid state. To prevent this reaction 
they must be stored over a suitable drying agent; failing this, they can be regen- 
erated by dehydrating prior to use. The aquation rate for 
[O~(bpy)(trpy)(OSO,CF~)]~+ is 8.9 X sec-’ at 25” in 0.1 M CF,SO,H. 
The M(I1) triflato species are oxidized by air in neat CF,S03H, but may be 
handled in air in the solid state. The M(I1) triflato species are characterized by 
the absence of bands due to coordinated water in the IR spectra (-3400 cm-’). 
Characteristic splitting of IR absorption bands shows the triflate to be both ionic 

TABLE I Electronic Spectral Properties of [M(bpy)(trpy)Ll”’”’” Complexes 

Complex A (nm) (c x M-’ cm-I) 

[Ru(bpy)(trpy)CII + O  

I R ~ ( ~ P Y ) ( ~ ~ ~ Y ) ( O H ~ ) I ~ + ~  

[os(bp~)(trpy)(oH2)1~’~ 

[RU(~PY)(~~~Y)(OSO~CF,)I~+~ 

[Os(bpy)(trpy)(OS02CF,)I2+‘ 

231 (27.0), 269 (29.3). 279 (30.8), 289 (34.2). 312 (34.3). 
483 (9.59). 
231 (26.2), 241 (sh), 253 (sh), 272 (32.5), 279 (34.0). 287 
(37.4), 312 (36.7), 475 (9.8), 580 (sh), 605 (sh) 
232 (29.7). 276 (34.3, 290 (36.8), 318 (37.8), 408 (sh), 
455 (6.71). 490 (6.93). 500 (9.63). 585 (sh), 752 (2.24) 
244 (32.3), 273 (sh) (24.8). 283 (27.8), 303 (sh), 312 
(32.9). 347 (sh), 610 (br) (0.37) 
246 (38.2). 256 (38.7). 270 (37.9), 279 (sh), 304 (sh), 313 
(30.9), 333 (sh), 376 (sh), 420 (sh), 440 (sh), 475 (0.69). 
507 (0.53). 575 (0.59). 605 (sh), 645 (sh) 
243 (32.8), 259 (32.4), 272 (33.3, 280 (sh) (31.7), 304 
(22.5), 314 (24.3). 332 (sh), 376 (6.1). 390 (sh) (3.8). 440 
(sh) (1.9). 510 (0.94) 

[Wbpy )(OHd13 +d 

“0.1 M HCI. bH,O. “Neat CF3S0,H. d4 M CF,SO,H. 
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and coordinated. The electronic absorption spectra of the chloro, aqua, and M(II1) 
triflato complexes are used for characterization and are reported in Table I. 
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SUBJECT INDEX 

Names used in this Subject Index for Volumes 21-25 are based upon IUPAC Nomenclature of 
Inorganic Chemistly, Second Edition ( 1970), Butterworths, London; IUPAC Nomenclature of 
Organic Chemistry, Sections A, B, C, D, E, F, and H (1979), Pergamon Press, Oxford, U.K.; 
and the Chemical Abstracts Service Chemical Substance Name Selection Ma?iual(1978), 
Columbus, Ohio. For compounds whose nomenclature is not adequately treated in the above 
references, American Chemical Society journal editorial practices are followed as applicable. 

Inverted forms of the chemical names (parent index headings) are used for most entries in the 
alphabetically ordered index. Organic names are listed at the “parent” based on Rule C-10, 
Nomenclature of Organic Chemistry, 1979 Edition. Coordination compounds, salts and ions are 
listed once at each metal or central atom “parent” index heading. Simple salts and binary 
compounds are entered in the usual uninverted way, e.g., Su@r oxide (S80), Uranium(ZV) 
chloride (UC14). 

All ligands receive a separate subject entry, e.g., 2,4-Pentunedione, iron complex. The headings 
Ammines, Curbonyl complexes, Hydride complexes, and Nitrosyl complexes are used for the 
N H 3 ,  CO, H, and NO ligands. 

Acetic acid: 
cobalt complexes, 23 : 1 12 
mercury complex, 24:145 

iron complex, 24:210 

complexes, 24:207, 208 

-, (1,2-cyclohexanediyldinitrilo)tetra-, 

-, (1,2-ethanediyIdinitrilo)tetra-, iron 

-, 2-mercapto-, cobalt complex, 21:21 
Acetone: 

compd. with carbonyltri-p-chloro- 
chlorotetrakis(tripheny1- 
ph0sphine)diruthenium (2: l), 21 :30 

chloro(thiocarbonyl)tetrakis(tri- 
pheny1phosphine)diruthenium ( 1 : 1 ), 
21:29 

Acetonitrile: 

compd. with tri-p-chloro- 

copper, iron, and zinc complexes, 22:108, 

iridium complex, 21:104 
iron complex, 21:39 
osmium complex, 24:275 

110,111 

Acetylenedicarboxylic acid, cobalt 

Acrylic acid, methyl ester, ruthenium 

Actinides, 5 ,10,15,20-tetraphenylporphyM 

Alkali metal alkyldihydroborates, 22: 198 
Alkali metal rare earth bromides and chlorides, 

Alkali metal transition metal oxides, 2256 
Aluminosilicates, mol. sieves, 22:61 
Aluminum, bromobis[ (tri- 

methylsilyl)methyl]-, 24:94 
-, tris[(trimethylsilyl)methylhyl-, 24:92 
Aluminum lanthanum nickel hydride 

(AlLaNi4H4), 22:96 
Aluminum potassium sodium tetramethyl- 

ammonium silicate hydrath 

complexes, 23: 11 5 

complex, 24:176 

complexes, 22:156 

22:1, 10 

[K,Na[(CH3)4NlA14(Si14036)l .’ 
7Hz0,22:66 

Aluminum sodium siliaate hydra9 
(NaA1Si04-2.25H20), 22:61 
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Aluminum sodium silicate hydrate 

Aluminum sodium tetrapropylammonium 
(Na2Al2Si5OI4.M2O), 22:64 

silicate hydrate (Na2 .4[ (C3H7)4N]3 .6- 

A12 .a(Siloo02m)), 22:67 

complexes, 22:103 

and tungsten, 23:9 

cobalt, 23:78, 79, 107-1 15 
cobalt carbonate complexes, 23:62-73 
cobalt(III) trifluoromethanesulfonate 

metal complexes, 24:250-278 
platinum, 22:124 
rhodium, 24:222-226 

Amine, cobalt(1II) trifluoromethylsulfonate 

Arninocarbyne complexes, of molybdenum 

Ammines: 

complexes, 22: 104 

Ammonia, intercalate with hydrogen 
pentaoxoniobatetitanate( 1 -), 22:89 

Ammonium, alkyl-, tetrachlorochromate(II), 
ferromagnets, 24:188 

-, ethyl-, tetrachlorochromate(I1) 
(2:1), fernmagnets, 24:188 

-, methyl-, tetrachlorochromate(I1) 
(2:1), ferromagnets, 24:188 

-, tetrabutyl-: 
hexduoroarsenate, 24: 138 
hexduorophosphate( 1 -), 24:141 
octachlorodirhenate(III), 23:116 
perchlorate, 24:135 
tetrachlorooxotechnetate(V) (1 : l), 

tetrduoroborate( 1 -), 24:139 
tetrakis(benzenethio1ato)tetra-p-seleno-, 

tetraferrate(2-) (2:1), 21:36 
tetrakis(benzenethio1ato)tetra-p-thio- 

tetraferrate(2-) (2:1), 21:36 
tetrakis( 1,l -dimethylethanethiolato)tetra- 

p-seleno-tetrafemte(2 -) (2: 1 ), 21 :37 

21:160 

-, tetrduoro-: 
hexduoroantimonate(V) (1 :I), 24:41 
hexduoromanganate(IV) (2: I), 24:45 
hexatluorosilicate (IV) (2 : 1 ), 24:46 
(hydrogen ditluoride), 24:43 
pentafluorooxdungstate(VI) (1 :I), 24:47 
tetrduoroborate(III) (l:l), 24:42 

potassium sodium aluminum silicate 
-, tetramethyl-: 

tetrakis( 1, I-dimethylethanethio1ato)tetra- 
pL-thio-tetraferrate(2-) (2:1), 21:36 

-, tetrapropyl-: 
bis(pentasulfi&)platinate(II) (2: l), 21 : 13 
sodium aluminum silicate 

(Nal.r[(C3H7)4N13.6A12.6- 
(SilooO~)7)), 22:67 

Ammonium bis(hexasulfido)palladate(II) 
(2:1), nonstoichiometric, 21:14 

Ammonium diphosphate (N4)4(P&)) ,  
21:157 

Ammonium pentafluoromanganate(1II) 
(2:1), 24:51 

Ammonium pentas~lfide((NH~)~S,, 2i:12 
Ammonium tris(pentasuKdo)platinate(IV) 

Ammonium tris(pentasuUido)rhodate(III) 

Antimonate(2 -), bis[taratrato(4 -)]di-, 

(2:1), 21:12, 13 

(3:l). 21:15 

dipotassium, as resolving agent, 
23~76-81 

Antimonate(V), hexduoro-, 
tetrduoroammonium (1 : l), 24:41 

Antimony(V), trichlorodiphenyl-, 23 : 194 
Antimony1 potassium tartrate, see 

Antinonate( 2 -), bis [taratrato( 4 -)I, 
di-, dipotassium, 23:76-81 

Arginine, S-, cobalt complexes, 2390 
Arsenate, hexduoro-: 
bis(cyclo-octasulfur)silver( 1 +). 24:74 
nitryl, 24:69 
silver, 24 : 74 
tetrabutylammonium, 24: 138 
4.4'3,s '-tetramethyl-2,2'-bi-l,3- 

diselenolyldene radical ion( 1 +), (1 :2), 
24:138 

tribromosulfur(IV), 24:76 
M i n e ,  [2-[(dimethylarsino)methyl J-2- 

methyl- 1,3- , 
propanediyllbis(dimethy1-, niobium 
complex, 21:18 

niobium complex, 2 1 : 18 
rhodium complex, 21:lOl 

-, o-phenylenebis(dimethy1-: 

-, triphenyl-, chromium complexes, 

Azide, cesium tetracyanoplatinate (0.25:2:1) 
23:38 

hydrate, 21:149 
methyl]-, 24:94 
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-, 1, 3,5-trifluoro-, thallium 
complex, 21:73 

-, viayl-, 21 :80 
Benzenesulfonate, 4-methyl-, 4,4',4",4"'- 

porphyrin-5,10,15,20- 
tetrayltetrdcis ( 1 methylpyridinium), 
2357 

Benzenethiol: 
cadmium, cobalt, iron, manganese, and 

iron complex, 21:35 
zinc complexes, 21 :24-27 

-, 4-ethyl-, gold complexes, 23:192 
Benzoic acid, 2-(dipheny1phosphino)-, 

2,2'-Bi- 1,3-diselenolylidene, 
21:178 

4,4',5,5'-tetramethyl-, 24:131, 134 
radical ion( 1 +): 

hexduoroarsenate (2:1), 24:138 
hexatluoroborate(1-) (2:1), 24:139 
hexafluorophosphate( 1 -) (2:1), 

perchlorate( 2: 1 ), 24: 1 36 
24: 142 

Z,Z'-Bipyridine: 
cobalt complex, 2 1 : 127 
chromium complexes, 23:183 
osmium and ruthenium complexes, 

palladium complex, 22:170 
24~291-298 

[ l  ,l'-commo-Bis(2,3-dicarba-l-ferra- 
cfoso-heptaborane)]( 12), 2,2',3,3 '- 
tetraethyl-1 , l -dihyh- ,  22:215 

Bismuth&( 2-), tetra-, 
bis[(4,7,13,16,21,24-hexaoxa- 
1 ,lO-diazabicyclo[8.8.8]hexa- 
cosane)potassium]( 1 +), 2 2  15 1 

Borane, dichlomphenyl-, 22:207 
-, diethylhydroxy-, 22: 193 
-, diethylmethoxy-, 22 : 1 90 
-, (dimethy1amino)diethyl-, 22:209 
-, [(2,2- 

dimethylpropanoy1)oxy )&ethyl-, 
22:185 

ethyl-, 24:83 

[ (2,2-dimethylpropanoyl)oxy]diethyl-, 
22:185 

-, ethyldihydroxy, see Boronic acid, 

-,(pivaloyloxy)diethyI, see Borane, 

[lOB]Borane, dibromomethyl-, 22:223 
Borate( 1 -), cyanotri[(2H)hydro]-, sodium, 

21:167 

Barium(II), bis(7,11:20,24- 
dinit.rilodibenzo[ b, m]- 
[ 1.4,12,15]tetrazacyclododocosine)-, 
diperchlorate, 23 : 174 

5 -( a-metbylbenzyl)semioxamazone, 
chromium complex, 2338 

5 -( a-methylbenzyl)semioxamazone, 
chromium complex, 23:88 

-, 2-(diphenylphosphino)-, 21:176 
-, 2-methoxy-, 5-(a- 

Benzaldehyde ,2 ,3  -dimethox y -, 

-, 3,4-dimethoxy-, 

methylbenz yl)semioxamazone, 
chromium complex, 23:88 

5 (a-methylbenzy l)semioxamazone, 
chromium complex, 23:87 

Benzenamine, rhenium and tungsten 
complexes, 24:195, 196, 198 

-, N,4-dimethyl-, tungsten complexes, 
23:14 

Benzene, chromium complex, 2 1 : 1 , 2  
-, 1 -chloro-4-isocyano-, molybdenum 

and tungsten complexes, 23:lO 
-, 1,3-dichloro-2-isocyao-, 

molybdenum and tungsten complexes, 
23:lO 

-, ethynyl-, ruthenium complex, 
21:82; 22:177 

-, hexamethyl-, ruthenium complex, 
21:74-77 

-, isocyano-, molybdenum and tungsten 
complexes, 23:lO 

-, 1 -isocyano-4-methoxy-, 
molybdenum and tungsten complexes, 
23:lO 

-, 2-methyl-, 

-, l-isocyano-4-methyl-: 
molybdenum and tungsten complexes, 

tungsten complex, 24:198 

complex, 21:75 

23:lO 

-, 1 -isopmpyl-4-methyl-, ruthenium 

-, pentailuoro-: 
cobalt complexes, 23:23-25 
lithium and thallium complexes, 2 1 :7 1, 

72 

complex, 21:73 

complex, 21:73 

-, 1,2,3,5-tetrd~or0-, thallium 

-, 1,2,4,5-tetrafluoro-, thallium 
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Eorate(1-) (Continued) 
-, (cyclooctane- 1,5-diyI)dihydro-: 
lithium, 22:199 
potassium, 22:200 
sodium, 22:200 

-, dodecahydro-7,8-dicarba-nido- 
undeca-, potassium, 22:231 

~, dodecahydro-6-thia-arachnodeca-, 
cesium, 22:227 

~, hydrotris(pyrazo1ato)-, copper 
complex, 21:108 

-, tetratluoro-: 
dicarbonyl( q5-cyclopentadienyl)( 72- 

2-methyl- 1 -propenyl)iron( 1 +), 
24: 166 

(2: I), 24:259 
pentaammine (pyrazine)ruthenium (11) 

tetrabutylammonium, 24: 139 
4,4 ‘,5,5 ‘-tetramethyl- 2,2 ’- bi - 1 ,3 - 

diselenolylidene, radical ion( 1 +) 
(1:2), 24:139 

complex, 21:llO 
-, tetrakis(pyrazo1ato)-, copper 

-, tetraphenyl-: 
tetrakis( 1 -isocyano- 

butane)bis [ methylenebis (diphenyl- 
phosphine)]dirhodium(I), 21 :49 

tetrakis( 1 -isacyanobutane)rhodium(I), 
21:50 

-, tris(3.5-dimethylpyrazolato)hydro-: 
boron-copper complex, 21 :lo9 
molybdenum complexes, 23:4-9 

Borate(2-), tris[p-[( 1,2-~yclohexanedione 
dioximato)-O :O‘]diphenyldi-, iron 
complex, 21:112 

Borate(III), tetriitluoro-, 
tetrafluoroammonium (1 :l), 24:42 

Borinic acid, diethyl, see Borane, 
diethylhydroxy-, 22:193 

-, diethyl, methyl ester, see Borane, 
diethylmethoxy-, 22:190 

Boron, bis-p-(2,2-dimethylpropanoato-O, 0’)- 
diethyl-p-0x0-di-, 22: 196 

~, tris[pentafluorooxotellurate(~)], 
24:35 

[”%I Boron bromide (LOBBr,), 22:219 
Boron compounds, labeling of, with boron- 10, 

Boronic acid, ethyl-, 24:83 
Boroxin, triethyl-, mixture with 

22:218 

Bromides, of rare earths and alkali metals, 

Bromoimidosulfurous difluoride, 24:20 
1 -Butmamine, intercalate with hydrogen 

Butane: 

22:1, 10 

pentaoxoniobatetitanate( 1 -), 22:89 

cobalt, iridium, and rhodium complexes, 

palladium complex, 22:167. 168, 169, 170 
-, isocyano-, rhodium complex, 21:49 

diethylcarbamoy1)methy 1 Iphosphonate 
ester, 24:101 

dimethylcarbamodiselenoate ester, 
24: 132 

ester, 24:61 

22:171, 173, 174 

l-Butanol, [(N.N- 

2-B~tan01, 3-OXO-, 

tert-Butyl alcohol, pertluoro-, hypochlorite 

Cadmate(II), tetrakis(benzenetho1ato)-, 

Cadmium, bis(trifluoromethy1)-: 
1,2-dimethoxyethane, 24:55 
pyridine, 24:59 
tetrahydrofuran, 24:57 

bis(tetraphenylphosphonium), 2 1 :26 

Cadmium(II), aqua(7,11:20,24- 
dinitrilodibenzo [ b, rn ]- 
[ 1,4,12,15]tetraazacyclo- 
doc0sine)perchlorato-, perchlorate, 
23:175 

Cadmium chalcogenides, on metallic 
substrates, 22:80 

Cadmium selenide (CdSe),on titanium, 
22:82 

Cadmium selenide telluride, on molybdenum, 
22:84 

Cadmium selenide telluride (CdSeo.65Teo. 35), 
22:81 

Calcium manganese oxide (Ca2Mn308), 
22:73 

Carbamodiselenoic acid, dimethyl-, 
1-methyl-2-oxopropyl ester, 24:132 

Carbodiphosphorane, hexakis(di- 
methylamino), see 
Phosphoranetriamine, P,P- 
methanetetrayl- 
bis“,N.N:N’,N’’,N”-hexamethyl-, 
24:114 

active, 23:61 
Carbonato complexes, of cobalt, optically 

tetraethyldiboroxane, (1:3), 24235 Carbon dioxide, iridium complex, 21:100 



Carbon diselenide, 21 :6, 7 
Carbonic acid: 

cobalt complexes, 21:120 23:107, 112 

platinum chain complex, 21:153, 154 

chromium, 21:1, 2; 23:38, 86 
chromium, molybdenum, and tungsten, 

chromium and tungsten, 23:27-29 
cobalt, 23:15-17; 23:23-25 
cobalt, iron, osmium, and ruthenium, 

copper, 21:107-110 
gold(I), 24:236 
hafnium, titanium, and zirconium, 

iridium, 21:97 
imn,21:66,68;24:157-160,161,164,166 
iron and ruthenium, 22:163 
manganese, 23:33 
molybdenum, 23:4-9 
niobium, 23:34 
palladium, 21:49 
rhenium, 23:42-44 
rhodium, 23:124 
ruthenium, 21:30; 24:168, 176 

optically active, 23:62 

Carbonyl complexes: 

22:81 

21 :58-65 

24:149-156 

Cerium, porphyrin complexes, 22:156 
-, bis(2,4-pentanedionato)[ 5,10,15,20- 

tetraphenylporphyrinato( 2 -)] -, 
22: 160 

amide)-, tris(hex&uorophosphate), 
23:180 

___, ( 1,4,7,10,13,16- hexaoxacyclo- 
octadecane)trinitrato-, 23:153 

-1 trinitrato( 1,4,7,10,13- 
pentaoxacyc1opentadecane)-, 23: 15 1 

-, trinitrato( 1,4,7,10-tetra- 
oxacyc1ododecane)-, 23 : 15 1 

-, tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23:155 

Cerium(IV), tetrachlorobis(tripheny1- 
phosphine oxide)-, 23:178 

-, tetrakis(2,2’-bipyridine 1,l-dioxide)-, 
tetranitrate, 23~179 

~, tetrakis(2,2,7-trimethyl-3,4- 
0ctanedionato)-, 23:147 

__, tetranitratobis(tripheny1phosphine 
oxide)-, 23:178 

Cerium(II), hexakis(dipheny1phosphinic 
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Cesium azide tetracyanoplatinate (2:0.25: l), 

Cerium chloride (CeCl,), 22:39 
Cesium chloride tetracyanoplatinate 

(2:0.30:1), 21 : 142 
Cesium fluorine sulfate (CsF(S0,)). 24:22 
Cesium fluoroxysulfate, see Cesium fluorine 

sulfate (CsF(SO,)), 24:22 
Cesium hexafluoromanganate(1V) (2: l), 

24:48 
Cesium [hydrogen bis(sulfate)] tetra- 

cyanoplatinate (3:0.46:1), 21:151 
Cesium lutetium chloride (Cs2LuC1,), 22:6 
Cesium lutetium chloride (cS+c16), 22:6 
Cesium lutetium chloride (Cs3LuzC1,), 22:6 
Cesium lithium thulium chloride 

Cesium praseodymium chloride (CsPrzCI,), 

Cesium scandium chloride (CsScCl,), 22:23 
Cesium scandium chloride (Cs3SczC1,), 

Chlorides, of rare earths and alkali metals, 

Chlorine fluoride (ClF), 24: 1 , 2  
Chlorine fluorosulfate, 24:6 
Chloroimidosulfurous difluoride, 24: 18 
Chloryl fluoride, 24:3 
Chromate, p-hydrido-bis [ pentacarbonyl-, 

Chromate( 1 -), pentacarbonylhydrido-, 

hydrate, 21:149 

(CSZLiTrnCI6), 20:lO 

22:2 

22:25 

22:1, 10 

potassium, 23:27 

p-nitrido- 
bis(triphenylphosphorus)( l+), 22: 183 

Chromate (I), pentacyanonitrosyl-, 
tripotassium, 23:184 

Chromate(II), tetrachloro-: 
bis(alkylammonium), ferromagnets, 24:188 
bis(ethylammonium), fernmagnets, 2 4  188 
bis(methylammonium), ferromagnets, 

24: 188 
Chromate(III), (1,2- 

ethanediamine)tetrafluoro-, cis- 
bis( 1,2-ethanediamine)difuoro- 
chromium(III), 24:185 

Chromatography, column, in resolutidn of 
tris (2,4-pentanedionato)cobalt( 111) 
with A-( -)-cis(N02),trans(N)- 
bis (S-argenine)dinitmmbalt( 19)  
chloride, 23:94 

chalcogenides, 22 :80 
Chromium, as substrate for cadmium 
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Chromium, tetracarbonyl(triiuty1phos - 

-, tetracarbonyl(tributy1phos- 
phine)(triphenylarsine)-, trans-, 23 :38 

phine)( triphenylph0sphine)-. frans-, 
23:38 

phine)(triphenyl phosphite)-, trans-, 
23:38 

phosphite)(triphenylarsine)-, tmns-, 
23:38 

phosphite)(triphenylphosphine)-, 
trans-, 23:38 

phosphite)(triphenyl phosphite)-, 
trans-, 2338 

~, tetracarbonyl(tri- 
phenylarsine)(triphenyl ph0sphite)-, 
trans-, 23:38 

phine)(triphenyl ph0sphite)-, trans-, 
23:38 

dimethoxybenzaldehyde 54a- 
methylbenzyl)semioxamazone] -, 
23:88 

dimethoxybenzaldehyde 5 -(a- 
methylbenzyl)semioxamazone ]-, 
23:88 

methoxybenzaldehyde 5-(a- 
methylbenzyl)semioxama.zone]-, 
23:88 

methylbenzaldehyde 5-(a- 
methylbenzy1)semioxamazone I-, 
23:87 

Chromium(O), thiourea complexes, 23: 1 
-, (116-benzene)dicarbonyl(seleno- 

carbonyl), 21:1, 2 
-, pentacarbonyl( N,N-di-tert- 

buty1thiourea)-, 23:3 --. pentacarbonyl(N,N'-di-p- 
toly1thiourea)-, 23:3 

-, pentacarbonyl( selenocarbony1)-, 
21:1,4 

-9  pentacarbonyl( N,N,N"'- 
tetramethy1thiourea)-. 23:2 

- 9  pentacarbonyl(thiourea)-, 23:2 

~, tetracarbonyl (tributylphos - 

-, tetracarbonyl(trimethy1 

-, tetracarbonyl(trimethy1 

~, tetracarbonyl(trimethy1 

- 9  tetracarbonyl(tripheny1phos - 

~, tricarbonyl[rj6-2,3- 

-, tricarbonyl[ 96-3,4- 

~, tricarbonyl(s6-2- 

-, tricarbonyl[q6-2- 

Chromium(I), (2,2'- 
bipyridine)nitrosylbis(thiccyanato)-, 
23:183 

-, nitrosyl ( 1 ,lo- 
phenanthmline)bis(thiocyanab)-, 
23:184 

Chromium(II), fernmagnets, 24:188 
Chromium(III), bis( 1,2- 

ethanediamine) bis(trifluor0- 
methanesulfonato-0)-, cis-, tri- 
fluoromethanesulfonate, 24:25 1 

-, bis( 1.2-ethanediamine)difuoro-: 

fluorochromate(III), 24: 185 

, pentaammine(trifluom- 
methanesulfonato- 0)-, 
bis(trifluoromethanesulfonate), 
24:250 

- 9  pentakis(methanamine)(tri- 
fluoromethanesulfonato-0)-, 
bis(trifluoromethanesulfonate), 
24:280 

-, tris(2,2,6,6-tetramethyl-3,5- 
heptanedionato)-, 24: 181 

Chromium fluoride oxide (Cr02F2), 24:67 
Chromium potassium oxide (KCr02), 2259 
Chromium potassium oxide (K0.5Ca2), 

Chromium potassium oxide (Ko.6Cr02), 

Chromium potassium oxide (KO. ,Cr02), 

Chromium potassium oxide (KO. 77crO2), 

Chromyl fluoride, see Chromium fluoride 

Cluster compounds: 

cis-, (1,2-ethanediamine)teta- 

(*)-cis-, iodide, 24:186 

bronze, 2259 

bronze, 2259 

bronze, 2259 

bronze, 2259 

oxide (Cr02F2), 24:67 

cobalt, iron, molybdenum, ruthenium, 

molybdenum-sulfur, 23:118, 121 
and osmium, 2151-68 

Cobalt, (1,4~-b~tanediyl)(~'-~y~l0- 
pentadienyl )(triphenylphosphine)-, 
22:171 

pentamethylcyclopentadieny1)-, 23: 19 

phenyl)bis(triphenylphosphine)-, 
23:25 

methylcyclopentadieny1)-, 23: 15 

Cobalt(I), bis( t$ethene)(qs- 

-, dicarbonyl(pentafluoro- 

-, dicarbonyl( 95-penta- 
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-, aquachlorobis( 1,2-ethanediamine)-, 
dithionate, trans-, monohydrate, 
21:125 

-, aqua(glycinato)( 1,4,7- 
triazacyc1ononane)-, perchlorate, 
dihydrate, 23:76 

-, bis(S-arginine)dinitro-, 
A-( -)-cis(NO,),trans(N)-, chloride, 
as resolving agent for tris(2,4- 
pentanedionato)cobalt(III), 23:91, 94 

fluoromethanesulf0nato)-, cis-, 
trifiuoromethanesulfonate, 22: 105 

-, bis( 1,2-ethanediamine)(2- 
mercaptoacetato( 2-)-0,s)-, 
perchlorate, 21:21 

resolving agent, 23:65,68 

bromide, 21:120 

pentamethylc yclopentadieny1)-, 
23:16 

bis[triammine-, triperchlorate, 
23:107, 112 

aminoethyl)l,2-ethanediamine]-, 
trans-, 23:79 

cis,cis-, chloride monohydrate, 23:73 

bromide: 

-, bis( 1,2-ethanediamine)bis(tri- 

-, bis( 1,2-ethanediamine)oxalato-, as 

~, (carbonato)bis( 1,2-ethanediamine)-, 

-, carbonyldiiodo(t+ 

-, p-(carb0xylato)-di-p-hydroxo- 

__, diammine [N ,"-bis( 2- 

-, diamminecarbonatobis (pHdine)-, 

-, dibromobis( 1,2-ethanediamine)-, 

cis-, monohydrate, 21:121 
trans-, 21:120 

-, di-p-hydroxo-bis[triammineaqua-, 

- ~ ,  di-p-hydroxo-p- 
tetraperchlorate, pentahydrate, 23: l l l  

(pyrazinecarboxy1ato)-bis [triammine-, 
tetraperchlorate,monohydrate, 23:114 

-, di-p-hydroxo-p-(4-pyridine- 
carboxy1ato)-bis[triammine-, 
tetraperchlorate, 23:113 

-, di-p-iodo-bis [ iodo(t+- 
pentamethylcyclopentadieny1)-, 23: 17 

triazacyc1ononane)-, chloride, 
monohydrate, 23:77 

-, p-(hydrogenoxa1ato)di-p-hydroxo- 
bis[triammine-, triperchlorate, 
hemihydrate, 23:113 

-, (glycinato)nitro( 1,4,7- 

-, tetracarbonyl(pentafluoropheny1)-, 

-, tricarbonyl(penta- 
23:23 

fluorophenyl)( tripheny1phosphine)-, 
23:24 

methoxy-6,lO: 19,23-dinitrilo-24H- 
benzimidazo[2,1-h] [ 19.1 7Iben~o- 
triazacyc1ononadecine)-, 
diperchlorate. 23:176 

-, bis(l,3-dihydro-l-methyl-2H- 
imidazole-2-thione)dtrato-~ 23: 17 1 

~, bis (thiocyanato-N)-bis -p-( 1 H- 
1 ,2,4-triazole-N2:N4t,poly-, 23:158 

-, tetraaqua(0-sulfobenimidato)-, 
dihydrate, 23:49 

-, tetrakis( 1,3-dihydro- 1-methyl-2H- 
imidazole-2-thione)dinitrato-, 23: 171 

Cobalt(III), p-acetato-di-p- 
hydroxobis [triammine-, triperchlorate 
dihydrate. 23:112 

p-hydroxo-tetrakis[triammine-, 
hexaperchlorate, pentahydrate, 
23:115 

Cobalt(III), (2-aminoethanethiolato- 
N,S)bis( 1,2-ethanediamine)-, 
diperchlorate, 2 1 : 19 

ethanediamine]tris(tri- 
fluoromethy1sulfonato)-, fac-, 22: 106 

ethyl)imino]ethyl]phenolato]( 1,2- 
ethanediamine)ethyl-: 

Cobalt(II), aqua(methanol)(S ,5a-dihydro-24- 

-, p4-(acetylenedicarboxylato)tetra- 

-, [N-(2-aminoethyl)-l,2- 

-, [2-[1-[(2-amino- 

bromide, 23:165 
iodide, 23:167 
perchlorate, 23:169 

-, [2- [1- [ (3-d0-  
propyl)imino]ethyl] phenol- 
ato]ethyl( 1,3 -propanediamine)-, 
iodide, 23:169 

propyl)imino]ethyl] phenol- 
ato]methyl( ,3-propanediamine)-, 
iodide, 23:170 

azacyc1ononane)-, iodide, 
monohydrate, 23 :78 

-, [2-[1-[(3-amino- 

-, ammine(glycinato)( 1,4,7-tri- 

~, aquabromobis( 1,2-ethanediamine)-: 
dibromide, cis-, monohydrate, 2 1 : 123 
dithionate, trans-, monohydrate, 2 1 : 124 
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Cobalt(II1) (Continued) 
, pentaammine(tritluor0- 
methanesulf0nato)-, trifluoro- 
methanesulfonate, 22: 104 

-, pentakis(methanamine)(tri- 
fluoromethanesulfonato- 0)-, 
bis(tritluoromethanesuate), 
24:281 

oxalatotetrakis [triammine-, 
hexaperchlorate, tetrahydrate, 23:114 

chloride, 23:llO 

-, tetra-p-hydroxo-p4- 

-, triammineaquadichloro-, mer-, 

-, triamminetrinitro-, mer-, 23:109 
-, tri-p-hydroxo-bis[triammine-, fac-, 

triperchlorate, dihydrate, 23:llO 
-, h i s (  1,2-ethanediamine)-, cis- 

dicarbonatdicyanocobaltate(II1) 
dihydrate, 23:66 

-, tris(2,4-pentanedionato)-, resolution 
of, with A-( -)-cis(N02),-trans(N)- 
bis( S-arginine)dinitrmbalt(III) 
chloride, by column chromatography, 
23:94 

Cobaltate( 1 -), tridecacarbonyltriruthenium-, 
p-nitrido-bis(tripheny1phos- 
phorus)(l+), 21:61 

Cobaltate(II), tetrakis(benzenethiolat0)-, 
bis(tetraphenylphosphonium), 2 1 :24 

Cobaltate(III), bis(glycinato)dinitm-, 
cis(N02),trans(N)-, silver(I), 23:92 

-, [ N,N- 1,2-~yclohexanediylbis [ N- 
(carboxymethyl)glycinato]( 4 -)I-, 
trans-, cesium, 23:96 

cyclohexanediylbis[N- 
(carboxymethyl)glycinato(4 -)I-: 

___, [(R,R-(-)]-N,N-1,2- 

[A-(+)-I, cesium, 23:97 
[ A-( +)I-, potassium, 23:97 
[ A-( +)I-, rubidium, 23:97 

-, diamminecarbonatodicyano-, 

-, diamminecarbonatodiitm-, 
cis,&-, sodium, dihydrate, 23:67 

cis,cis-, potassium hemihydrate, 
23:70 

-, diamminedicarbonato-, cis-: 
lithium, resolution of, 23:63 
potassium, 23:62 

-, diamminedicyanooxalato-, cis,cis-, 
sodium, dihydrate, 23:69 

-, diamrninedinitrooxalato-, cis,cis-, 
potassium, hemihydrate, 23:7 1 

-, dicarbonatodicyano-, tris( 1,2- 
ethanediamine)cobalt(III), dihydrate, 
23:66 

potassium, 23:64 

as resolving agent, 23:74 

carboxymethyl)glycinato] (4 -)I-: 

-, dicarbonato( 1 ,I-ethanediamine)-, 

-, (1,2-ethanediarnine)bis(oxalato)-, 

-, [N,N-1,2-ethanediylbis[N- 

potassium, 23:99 
rubidium, 23:lOl 
tram-, cessium, 23:99 

-, [ N,N'-( 1-methyl- 1,2- 
ethanediyl)bis[ N- 
(carboxymethyl)glycinato](4 -) I-, 
cesium, 23:lOl 

ethanediyl)bis[ N- 
(carboxymethyl)glycinato](4 -)I-: 

[A-(+)I-, cesium, 23:lOl 
[A-(+)I-, potassium, 23:lOl 
[A-(+)I-, mbidium, 23:lOl 

ethanediyl)bis[ N- 
(carboxymethyl)glycinato]( 4 -)I-, 
[A-(-)]-, cesium, 23:lOl 

-, tricarbonato-, potassium, 23:62 
Cobalt potassium oxide (KCoO,), 2258 
Cobalt potassium oxide (&.5Co02), bronze, 

Cobaltpotassium oxide (K0.67CT02), bronze, 

Cobalt sodium oxide (NaC002), 2256 
Cobalt sodium oxide (Na&002), 2256 
Cobalt sodium oxide (Na0.64C002), 2256 
Cobalt sodium oxide (Na0.74Co02), 2256 
Cobalt sodium oxide (Na@77c&2), 2256 
Containers, tantalum, as high-temp., for 

Copper(I), carbonyl[hydro- 

-, carbonyl[tetra- 

-, carbanyl[tris(3,5- 

-, [ [R-( -)I-N,N'-( 1-methyl- 1,2- 

-, [[S-( -)]-N,N'-(l-methyl-1,2- 

2257 

2257 

reduced halides, 20: 15 

tris(pyrazolato)b]-, 21 : 108 

kis(pyrazolato)boratoJ-, 21:llO 

dimethylpyrazolato) hydroborato ] -, 
21:109 

Copper(II), bis(thiocyanato)-bis-p-( 1H- 
1,2,4-triazole-N2:N4)-,poly-, 23:159 
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1,5-Cyclopentadiene, iridium complexes, 
24:173, 174, 175 

L-Cysteine, gold complex, 21 :31 
Cytidine, palladium(I1) complexes, 2354 

---, bis( 2,2,7-trimethyl- 3 3  - 
octanedionato)-, 23: 146 

--, (2,9-dimethyl-3,10-diphenyl- 
1,4,8,1 l-tetraazacyclotetradeca- 
1,3,8,1O-tetraene)-, 
bis[ hexafluorophosphate( 1 -)I, 
22:llO 

~, (1 ,lo-phenan- 

---, [ 1,4,8,11 -tetraazacyclotetradecane- 

Copper iodide (CuI), 22:lOl 
5,7-dionato(2 -)I-, 23:83 

crystal growth: 
of Li3N, 2251 
of oxides by skull melting, 22:43 
of silver tungstate Ag8(W4OI6), 22:78 

Cyanato complexes, silicon, 24:99 
Cyanide complexes: 

boron, 21:167 
cobalt, 23:66-73 
chromium, 23:184 
platinum chain complexes, 21:142-156 

1,3-Cycloheptadiene, ruthenium complex, 

1,3-Cyclohexadiene, ruthenium complex, 

1,2-CycIohexanedione, dioxime, boron-iron 

1,5-Cyclooctadiene: 

22:179 

21:77; 22:177 

complex, 21:112 

iridium complexes, 23:128 
rhodium complexes, 23:127, 129 
ruthenium complex, 22:178 

Cyclooctane , boron complex, 22: 199 
1,3,S-Cyclooctatriene, ruthenium complex, 

22:178 
1,3-CycIopentadiene: 

cobalt complex, 22:171,235 
hafnium, titanium, and zirconium 

complexes, 24:149-151 
iron complexes, 21:37-46; 24:161, 164, 

166, 170,172 
ruthenium complex, 21:78; 22:180 
thallium complex, 24:97 
titanium and vanadium complexes, 21:84, 

85 
-, 1,2,3,4,5-pentamethyI-, 21:181 

cobalt complexes, 23:15-19 
hafnium, titanium, and zirconium 

complexes, 24:152-156 

DC5 10150, see Poly(dimethylsi1oxane-co- 
methylphenylsiloxane), 22: 1 16 

Decaborane( 14), 22:202 
dim, see Arsine, o-phenylenebis(dimethy1-, 

21:18 
lH, 5H-[ 1,4,2,3]Diazadiphospholo[2,3- 

b][ 1,4,2,3]diazadiphosphole-2,6- 
(3H. 7H)-dione, 1,3,5,7-tetradethyl-, 
24: 122 

molybdenum complex, 24: 122 

mixture with triethylboroxin (3:1), 24:85 
Diboroxane, tetraethyl-, 22:188 

1,2-Dicarba-3-cobalta-closo - 
dodecaborane( 1 l), 3-(7$ 
cyclopentadienyl-, 22 :235 

thiol, 22:241 

diethyl-, 22:211 

22:237 

9-(dimethyl sulfide)-, 22:239 

1,2-Dicarba-cZoso-dodecarborane( 12)-9- 

2,3-Dicarba-nido-hexaborane(8), 2,3- 

2,6-Dicarba-nido-nonaborane( 1 1 ), 

7,8-Dicarba-nido -undecaborane( 1 l), 

Dimethylamine, N-fluoro-, 24:66 
Dimethyl sulfide: 

boron complex, 22:239 
niobium complex, 2 1 : 16 
platinum(II) complexes, 22:126, 128 

6,lO: 19,23-Dinitrilo-24H-benzimidazo[2,1- 

triazacyclononadecine, 5Ja-dihydro- 
24-methoxy-, 23:176 

benzo[b,rn][ 1,4,12,15]tetra- 
azacyclodocosine, barium and 
cadmium complexes, 23: 174 

4,7-Dioxa- 1 ,lo-diphosphadecane, 
1 ,1 ,10,10-tetraphenyl-, gold 
complexes, 23: 193 

ethanediylbis(dipheny1-, 22: 167 

((m4))(p207), 21:157 

in preparation of, 23 : 1 99 

h][ 1,9,17]ben~0- 

7,11:20,24-Dinitrilodi- 

diphos, see Phosphine, 1,2- 

Diphosphate, tetraammonium 

Diphosphine, tetramethyl-disulfide, hazards 
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Diphosphorous acid, platinum complex, 

Diselenocarbamic acid, N,N-diethyl-, nickel 

1,3-Diselenole-2-selone, 4,5-dimethyl-, 

Disilaselenane, see Disilyl selenide, 24: 127 
Disilyl selenide, 24:127 
Disulfide complexes, molybdenum, 23 : 1 20, 

121 
Dithionate: 

24:211 

complex, 21 :9 

24:133 

aquabis( 1,2-ethanediamine)hydroxo- 

ris-tetraamineaquahydroxorhodium( 111), 
rhodium(III), 24:230 

24:225 
Divanadium, polymer-stabilized, 22:116 
dppe, see Phosphine, 1,2- 

ethanediylbis(dipheny1-, 2 1 : 18 
Dysprosium, porphyrin complexes, 22:156 
-, (2,4-pentanedionato)[ 5,10,15,20- 

tetraphenylporphyrinato( 2 -)I-. 
22:160 

3,5 -heptanedionato)[ 5,10,15,20- 
tetraphenylporphyrinato(2-)]-, 
22:160 

dodecanitratotris ( 1,4,7,10,13 - 
pentaoxoacyc1opentadecane)tetra-, 
23:153 

tris(hexafluorophosphate), 23: 180 

0ctadecane)trinitrato-, 23: 153 

pentaoxacyc1opentadecane)-, 23:15 1 

tetraoxacyc1ododecane)-, 23:15 1 

hexaoxacyc1ooctadecane)do- 
decanitratotetra-, 23:155 

Dysprosium chloride (DyC13), 22:39 
Dysprosium potassium chloride (KDy2Cl,), 

-, (2,2,6,6-tetramethyl- 

Dysprosium(III), 

-, hexakis(dipheny1phosphinic amide)-, 

-, (1,4,7,10,13,16-hexaoxacyclo- 

-, trinitrato( 1,4,7,10,13- 

-, trinitrato( 1,4,7,10- 

-, tri~(l,4,7,10,13,16- 

22:2 

Erbium, porphyrin complexes, 22:156 
-, (2,4-pentanedionato)[5,10,15,20- 

tetrakis(3- 
fluorophenyl)porphyrinato( 2-)I-, 
22:160 

-, (2,4-pentanedionato) [ 5,10,15,20- 
tetraphenylprphyrinato( 2-)I-, 
22:160 

Erbium(III), dodecanitratotris( 1,4,7,10,13- 
pentaoxac yc1opentadecane)tetra-, 
23:153 

tris(hexafluorophosphate), 23: 180 

o c t a d e c a n e ) t - ,  23:153 

pentaoxac yc1opentadecane)-, 
23:151 

oxacyc1ododecane)-, 23 : 15 1 

hexaoxacyc1ooctadecane)do- 
decanitratotetra-, 23:155 

Erbium chloride (ErC13), 22:39 
Ethanamine: 

-, hexakis(dipheny1phosphinic amide)-, 

-, (1,4,7,10,13,16-hexaxacyclo- 

-, trinitnrto(l,4,7,10,13- 

-, trinitrato(l,4,7,10-tetra- 

-, tri~(1,4,7,10,13,16- 

intercalate with hydrogen penta- 

molybdenum complexes, 23:8 
oxoniobatetitanate( 1 -), 22:89 

Ethane, 1,2-bis(dichlorophosphio), 
see 1,2-Ethanediylbis(dichloro- 
phosphine), 23:141 

bis(trifluoromethy1)cadmium , 2455 
___, 1.2-dimethoxy-, 

1,2-Ethanediamine: 
chromium complexes, 24:185, 186 
chromium, iridium, and rhodium complexes, 

cobalt complexes, 23:64, 165 
cobalt(1II) tritluoromethanesulfonate 

complexes, 22: 105 
rhodium complex, 24:227,229-231 

cobalt complex, 21:19, 21, 120-126 
cobalt(III) tritluoromethanesulate 

complexes, 22:106 
--, N,N'-bis(2-aminoethyl)-, cobalt 

complexes, 23:79 
-, N,N-bis[ 2-(dimethylamino)ethyl- 

N',N'-dimethyl-, palladium 
complex, 2 1 : 129-1 32 

~, N,N'-bis [2-(dimethylamino)ethyl]- 
N,N'-dimethyl-, palladium complex, 
21:133 

~, N,N'-bis( 1-methylethyl)-, platinum 
complex, 21:87 

24~251,283-290 

-9 N-( 2-&0ethyl)-: 
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Europium(III), hexakis(dipheny1phosphinic 
amide)-, 
tris(hexafluorophosphate), 23: 180 

-, (1,4,7,10,13,16-hexaoxacyclo- 
octadecane)trinitrato-, 23:153 

~, trinitrato(1,4,7,10,13- 
pentaoxacyc1opentadecane)-, 23: 15 1 

-, trinitrato( 1,4,7,10-tetra- 
oxacyc1ododecane)-, 23:15 1 

-, tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane )dodecanitratotetra-, 

23:155 I 
Europium chloride (EuCl,), 22:39 

Ferrate( 1 -), tricarbonylnitrosyl-, 
p-nitrido- bis(tri- 
phenylphosphorus)( 1 +), 22: 163, 165 

-, tridecacarbonylhydridotriruthenium-, 
p-nitrido- bis(tri- 
phenylphosphorus)( 1 +), 21 :60 

24:157 
Ferrate(2-), octacarbonyldi-, disodium, 

-, tetracarbonyl-, disodium, 24:157 
-, tetrakis( benzenethio1ato)tetra-p- 

seleno-tetra-, bis(tetrabuty1- 
ammonium), 2 1 : 36 

-, tetrakis(benzenethio1ato)tetra-y- 
thio-tetra-, bis(tetrabutylammonium), 
21:35 

ethanethio1ato)tetra-p-seleno-tetra-, 
bis(tetrabutylammonium), 2 1 :37 

ethanethio1ato)tetra-p-thio-tetra-, 
bis(tetramethylammoniium), 21 :36 

-, tridecacarbonyltetra-, 
p-nitrido-bis(tripheny1- 
phosphorus)( 1 +), 21 :66,68 

--, undecacarbonyltri-, bis[p-nitrido- 
bis(triphenylphosphorus)( 1 +)I,  
24: 157 

dinitrilo)tetraacetato](4 -)](di- 
nitrogen-, disodium, dihydrate, 
24:210 

-, (dinitrogen)[[( 1,2-ethanediyl- 
dinitrilo)tetraacetatoatol(4 -)I-, 
disodium, dihydrate, 24:208 

-, tetrakis(benzenethio1ato)-, 
bis(tetraphenylphosphonium), 2 1 :24 

~, tetrakis( 1,l-dimethyl- 

-, tetrakis( 1,l -dimethyl- 

Ferrate(II), [[ (1 ,Z-cyclohexanediyl- 

-, (S,S)-N,N'-bis( 1-phenylethy1)-, 
platinum complex, 2 1 :87 

-, N,N'-dimethyl-N,N'-bis( 1 - 
methylethyl)-, platinum complex, 
21:87 

phenylethy1)-, (R.R), platinum 
complex, 21:87 

complexes, 21:86 

complex, 22:168 

-. N,N'-dimethyl-N,N'-bis( 1 - 

-, N,N,N',N'-tetraethyl-, platinum 

-, N,N,N'.N'-tetramethyl-, palladium 

1,2-Ethanediol, iron complex, 22:88 
1,2-Ethanediylbis(dichlorophosphine), 

Ethanethiol, iron complex, 21:39 
-, 2-amino-, cobalt complex, 21:19 
-, 1,l-dimethyl-, iron complex, 21:36, 

Ethanol: 

23:141 

37 

[ (NN-diethylcarbamoyl)methyl]phos- 
phonate ester, 24:lOl 

phosphorofluoridate diester, 24:65 
uranium complex, 21:165 

-, 1-methyl, [(N,N-diethyl- 
carbamoy 1 )methyl ] phosphonate 
ester, 24:lOl 

Ethene: 
cobalt complexes, 23:19 
iron complex, 21:91 
platinum complexes, 21:86-89 
platinum(0) complexes, 24:213-216 
ruthenium complex, 21 :76 

Ethyl, cobalt complexes, 23:165 
Ethylamine, see Ethanamine, molybdenum 

complexes, 23:8 
Ethylene glycol, see 1,2-Ethanediol, 

iron complex, 22:88 
Europium, porphyrin complexes, 

22:156 
-, (2,4-pentanedionato)[ 5,10,15,20- 

tetrakis (3,5dichloro- 
phenyl)porphyrinato(2-)]-, 22:160 -. (2,4-pentanedionato)[ 5,10,15,20- 
tetrakis (4- 
methylphenyl)porphyrinato( 2 -)I-, 
22:160 

---, (2,4-pentanedionato)[ 5,10,15,20- 
tetraphenylporphyrinato( 2)] -, 
22:160 
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Ferrate(I1, 111), tetrakis(benzene- 
thiolato)tetra-p,-to-tetra-, 
bis(tetraphenylphosphonium), 2 1 :27 

Ferrate (111), tetrakis (benzenethio1ato)di - 
p-thio-di-, bis(tetrapheny1- 
phosphonium), 21 :26 

Fernmagnets, of organic intercalated ionic 
chromium(II), 24: 188 

Florine cesium sulfate (CsF(SOd)), 24:22 
(FIuorocarbony1)imidosulfurous 

&fluoride, 24:lO 
Fluorosulfate, chlorine, 24:6 
Formic acid, (formy1oxy)-, iridium 

Furan, tetrahydro-: 
complex, 2 1 : 102 

bis(trifluoromethyl)cadmium, 2 4 5  7 
hafnium, niobium, scandium, titanium, 

vanadium, and zirconium complexes, 
21 : 135-1 39 

iron-magnesium complexes, 24: 172 
molybdenum complexes, 24: 193 

Gadolinium, porphyrin complexes, 22:156 
-, (2,4-pentanedionato)[ 5,10,15,20- 

Gadolinium(lll), dodecanitrato- 
tetraphenylporphyrinato]-, 22:160 

tris( 1,4,7,10,13-pentaoxacyclopenta- 
decane)tetra-, 23:153 

-, hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23 : 180 

-, trinitrato( 1,4,7,10,13- 
pentaoxacyc1opentadecane)-, 23: 15 1 

-, trinitrato( 1,4,7,10-tetraoxacyclo- 
dodecane)-, 23 : 1 5 1 

-, tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23:155 

Gadolinium chloride (GdCl,), 22:39 
Gallate( 1 -), tetrabromo-: 

tetrabutylammonium, 22:139 
tetraethylammonium, 22: 141 

-, tetrachloro-, tetrabutylammonium, 

-, tetraiodo-, tetrabutylammonium, 

Gallate( 2 -), hexabromodi- : 

22:139 

22:140 

bis(tetraphenylphosphonium), 22: 139 
bis(triphenylphosphonium), 22: 135, 138 

-, hexachlorcxii-, bis(tripheny1- 
phosphonium), 22:135, 138 

-, hexaicdodi-, bis(tripheny1- 
phosphonium), 22:135, 138 

Glycine, cobalt complexes, 23:75, 92 
-, N , N -  1,2-~yclohexanediylbis[N- 

(carboxymethy1)-, cobalt complexes, 
23:96 

(carboxymethy1)-, cobalt complexes, 
23:99 

ethanediy1)bis [ N-( carboxymethy I ), 
cobalt complexes, 23:lOl 

-, N,N- 1,2-ethanediylbis[ N- 

-, N,N'-(l-methyI-1,2- 

Gold(I), carbonylchloro-, 24:236 
-, (L-cysteinat0)-, 21331 
-, dichloro-p-(l,l,lO,lO-tetraphenyl- 

4,7-&oxa-l, lO-diphosphadecane)di-, 
23:193 

-, (4-ethylbenzenethiolato)-, 23:f 92 
Guanidinium (hydrogen diflu0ride)tetra- 

cyanoplatinate (2:0.27: l), hydrate 
(1:1.8), 21:146 

Guanosine, palladium(II) complexes, 
2 3 5  1-54 

Hafnium, dicarbonylbis(~~-cyclo- 

-, dicarbonylbis( 95- 
~ntadieRyl)- ,  24: 15 1 

pentamethylcyclopentadienyl )-, 
24155 

-, dichlorobis(~5-pentethylcyclo- 
pentadieny1)- , 2 4  15 4 

Hafnium(IV), tetrachlorobis(tetra- 
hydrofuran)-, 21 : 137 

Heptadecatungstodiphosphate, 
(P2W17061~O-), thorium and 
uranium complexes, 23:188 

3,5-Heptanedione, 2,2,6,6-tetramethyl-: 
actinide and lanthanide complexes, 22:156 
chromium complex, 24:181 

1-Hexanol, [(N,N-diethyl- 
carbamoyl)methyl]phosphonate ester, 
24:lOl 

lanthanoid complexes, 23:149 . 
diazabicyclo[ 8.8.8]hexacosane, 
potassium complex, 22:151 

Hexasulfide, palladium complex, non- 
stoichiometric, 21:14 

Holmium, porphyrin complexes, 22: 156 

1,4,7,10,13,16-Hexaoxacyclooctadecane, 

4,7,13,16,21,24-Hexaoxa- 1 ,lo- 
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2H-Imidazole - 2-thione, 1,3 -dihydro- 
1 -methyl-, cobalt complexes, 
23:171 

bromo-, 24:20 
chloro-, 24: 18 
(fluorocarbony1)-, 24: 10 
mercury complex, 24:14 

Imidosulfurous difluoride: 

Indium(III), [ [4,4',4",4 "'-porphyrin- 
5,10,15,20-tetrayltetrakis( 1 - 
methylpyridiniumato)(2 -)I-, 
pentaperchlorate, 23:55, 57 

-, tris[ (trimethylsilyl)methyl]+ 
24:89 

Indium iodide (In13), 24:87 
Inosine, palladium(I1) complexes, 

Insertion compounds, lithium, 24:200 
Intercalation compounds, 22:86, 89 

23351-54 

organic ionic containing chromium(II), 
24:188 

Iridium, (1,3-butanediyl)(qs-pentrnethyl- 
cyclopentadienyl)(triphenyl- 
phosphine)-, 22: 174 

-, chloro( +cyclooctene)tris(tri- 
methy1phosphine)-, 21 :I02 

-, chloro[(forrnyl-KC-oxy)fonnato- 
K 0(2 -)]thio(trimethylphosphine)-, 
21:102 

methy1phosphine)j-, chloride, 
21:loo 

ethanediylbis(dimethy1phosphine))-, 
chloride, 21 : 100 

Iridium(I), bis( 1s- 1,5-~yclooctadiene)- 
di-p-methoxy-di-, 23: 128 

----, carbonylchlorobis(dimethylpheny1- 
phosphine)-, trans-, 21:97 

octadiene)bis(pyridine)-, 
hexatluorophosphate( 1 -), 24: 174 

-, (44-1,5-cyclooctadiene)(pyri- 
dine )(tric yclohexylphosphine,)+ 
hexafluorophosphate( 1 -), 
24:173, 175 

Iridium(III), bis( 1,2-ethan~amine)b;ls(tri- 
fluoromethanesulfonato- 0)-, 
cis-, trifluoromethanesulfonate, 
24:290 

Iridium(1 +), bis[ 1,2-ethanediylbis(di- 

-, (carbon dioxide)bis[ 1,2- 

-, (r14-1 ,~-cYc~O- 

, (2,4-pentanedionato)[ 5,10,15,20- 
tetraphenylporphyrinato(2-)]-, 22:160 

heptanedionato)[5,10,15,20- 
-, (2,2,6,6-tetramethyl-3,5- 

te&aphen ylporph yrinato (2 -) 1 -, 
22:160 

Holmium(III), dodecanitratotris( 1,4,7,10,13- 
pentaoxacyc1opentadecane)tetra-, 
23:153 

amide)-, tris(hexafluorophosphate), 
23:180 

octadecane)trinitrato-, 23: 153 

pentaoxacyc1opentadecane)-, 
23:151 

tetraoxacyc1ododecane)-, 23: 15 1 

octadecane)dodecanitratotetra-, 
23:155 

Holmium chloride (HoC13), 22:39 
Hydrido complexes: 

22:181 

---, hexakis (diphenylphosphinic 

-, (1,4,7,10,13,16-hexaoxacyclo- 

--, trinitrato( 1,4,7,10,13 - 

-, trinitrato(l,4,7,10- 

-, tris( 1,4,7,10,13,16-hexaoxacyclo- 

chromium, molybdenum, and tungsten, 

chromium and tungsten, 23:27-29 
cobalt, iron, osmium, and ruthenium, 

iron complexes, 21 :92 
ruthenium, 24:168 

21 :58-65 

[hydrogen bisfsulfate)], cesium 
tetracyanoplatinate (0.46:3: l), 
21:151 

Hydrogen difiuoride, potassium tetra- 
cyanoplatinate (0.30:2: I), trihydrate, 
21:147 

Hydrogen difluoride, tetrafluoroamrnonium, 
24:43 

Hydrogen pentafluorooxotellurate(VI), 
24:34 

Hydrogen pentaoxoniobatetitanate( 1 -), 
22:89 

Hydroxo complexes: 
cobalt, 23:107, 111-115 
molybdenum, 23: 135- 1 39 
rhodium, 23:129 

ester, 24x51 
Hypochlorous acid, pertluoro-fen-butyl 

-, trifluoromethyl ester, 2450 
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Iridium(II1) (Continued) 
-, chlorobis( 1 ,2-ethanediamine)(tri- 

fluoromethanesulfonato- 0)-, trans-, 
trifluoromethanesulfonate, 24:289 

-, dichlorobis( 1,2-ethanediamine)-: 
cis-, chloride, monohydrate, 24:287 
trans-, chloride, monohydrochloride, 

dihydrate, 24:287 
-, hexmmmhe-: 

trichloride, 24:267 
tris(triiluoromethanesulfonate), 24:267 

-, pentaammineaqua-, tris(tri- 
fluoromethanesulfonate), 24: 26 5 

-, pentaammine(tdluoromethane- 
sulfonato-0)-, bis(tdluoromethane- 
sulfonate), 24:264 

sylbis(tripheny1phosphine)-, 
bis[hexafluorophosphate], 21 : 104 

Iron, bis( q5-cyclopentadienyl )-p- 
(disulfur)bis - p-( ethanethiolato) -di-, 
21:40,41 

phosphine)](ethene)-, 21 :91 

phosphine)](trimethyl ph0sphite)-, 
21:93 

-, bromo( q5-cyclo- 
pentadienyl)[ 1,2- 
ethanediylbis(diphenylphosphine)]-, 
24:170 

-, bromo( q5-cyclopentadienyl)[ 1,2- 
ethanediylbis(dipheny1phos- 
phine)] bis(tetrahydrofuran)mag- 
nesium-, (Fe-Mg), 24:172 

pentadieny1)(2-methyl- 1 - 
propenyl-tcCl)-, 24: 164 

phosphin0)ethyl Iphenyl- 
phosphinolphenyl-C,P,P'][ 1,2- 
ethanediylbis(dipheny1phos- 
phine)]hydrido-, 21:92 

-, [ 1,2-ethanediolato(2-)]dioxodi-, 
22:88 

-, [ 1,2-ethanediyIbis(diphenylphos- 
phine)] bis( 2,4-pentanedionato)-, 
2 1 :94 

-, tris(acetonitri1e)nitro- 

-, bis[ 1,2-ethanediylbis(diphenyl- 

-, bis[ 1,2-ethanediylbis(diphenyI- 

-, dicarbonyl(q~-cyclo- 

-, [[2-[2-(diphenyl- 

-, methoxyoxo-, 22237 
-, tetrakis(~~cyclopentadienyl)-p3- 

(disulfur)-di-p3-thiotetra-, 21 :42 

-, tetrakis(+-cyclopentadienyl)-p3- 

-, tridecacarbonyldihydridotriosmium-, 
21:63 

-, t r idecacarbonyldihyd-  
ruthenium-, 2158 

Iron( 1 +), dicarbonyl(q5-cyclo- 
pentadienyl)(qs-2-methyl- 1- 
pmpeny1)-, tetrathoroborate( 1 -), 
24: 166 

Muoromethanesulfonate, 24: 161 

pentadieny1)bis-p-(ethanethio1ato)- 
di-, bis(hexafluorophosphate), 21 :39 

-, tetraIris( q5-cyclopentadienyl)-p3-(di- 
sulfur)tri-p3-thiotetra-, 
bis(hexafluorophosphate), 2 1:44 

Iron (11), bis(acetonitrile)( 2,9-dimethyl- 3,lO- 
diphenyl- 1,4,8,11 -tetrazacyclo- 
tetradeca- 1,3,8,1O-tetraene)-, 
bis[hexduorophosphate( 1 -)I, 
22:108 

___, bis(thiocyanato-N)-bis-p-( 1 H- 
1,2,4-triazole-N? N4)-, poly -, 23: 158 

__, tetraaquabis( o-sulfobenzoimidato)-, 
dihydrate, 23~49 

Iron(ILI), aqua[[( 1,2-ethanediyldi- 
Ntrilo)tetraaceto]( 3-)I-, 
monohydrate, 24:207 

~, ([tris[p-[(  1,2-cyclohexanedione 
dioximato)- O:O']]diphenyl- 
diborato( 2 -)I- 

(di~ulf~)-tri-p3-thiotetra-, 21 :42 

-, tricarbonyl( ~5-cyclopentadieny1)-, 

Iron(2 +), bis(acetonitrile)bis( q~cyclo-  

N,N,N,N",N"',N"")-, 21~112 
Iron chloride oxide (FeClO), intercalate: 
with 4-aminopyidine (4:1), 22:86 
with py-ridme (4:1), 22236 
with 2,4,6-trimethylpyridine, 22:86 

Iron oxide (Fe204), magnetite, crystal growth 
of, by skull melting, 22:43 

Iron titanium hydride (FeTiHl.94), 22:90 

Labeling, ofboron compounds, withboron-10, 

Lanthanides, 5,10,15,20-tetraphenylpoxphyrir1 

Lanthanium(III), hexakis(dipheny1phosphinic 

22:218 

complexes, 22:156 

amide)-, tris(hexatluor0- 
phosphate), 23:180 

-, (1,4,7,10,13,16-hexaxacyclo- 
octadecane)trinitrato-, 23: 153 
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-, tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23:155 

Lutetium cesium chloride (Cs2LuC15), 22:6 
Lutetium cesium chloride (cs3LUcl6), 22:6 
Lutetium cesium chloride (Cs3Lu2C19), 

Lutetium chloride (LuCI3), 22:39 

Macrocyclic complexes, crown ether, 

Magnesium, bromo( t+cyclo- 

22:6 

lanthanoid, 23:149 

pentadienyl)[ 1,2-ethanediylbis(di- 
phenylphosphine)]bis(tetra- 
hydrofuran)iron-, (Fe-Mg), 24: 172 

Magnetite (FezOd), crystal growth of, by 
skull melting, 22:43 

Manganate(II), tetrakis(benzenethio1ato)-, 
bis(tetraphenylphosphonium), 2 1 :25 

Manganate(III), pentafluoro-: 
diammonium, 24:5 1 
dipotassium, monohydrate, 24:51 

bis(tetrafluoroammonium), 24:45 
dicesium, 24:48 

Manganate (IV), hexafluoro- : 

Manganese, dibromooctacarbonyldi-, 23:33 
-, octacarbonyldiiododi-, 23:34 
Manganese(II), bis(thiocyanato-N)-bis-p- 

(1 H- 1,2,4-triazole-fl:N4)-, poly-, 
23:158 

0ctanedionato)-, 23:148 

2273 

Manganese(III), tris(2,2,7-trimethyl-3,5- 

Manganese calcium oxide (Ca2Mn308), 

Mercury, acetatomethyl-, 24: 145 
-, bis(trifluoromethy1)-, 2452 
Mercury(II), acetatomethyl-, 24: 145 
__, bis(imidosu1furous ditluoridato-N)-, 

-, iodomethyl-, 24:143 
-, methyl-: 

24:14 

acetate, see MercuryfII), acetatomethyl-, 

iodide, see Mercury(II), iodometh$!-, 

nitrate, see Mercury(II), methylnitrato-, 

24:145 

24:143 

24:144 
-, methylnitrato-, 24:144 
Methanamine: 

chromium, cobalt, and rhodium complexes, 
24:280-281 

-, trinitrato( 1,4,7,10,13-penta- 
oxacyc1opentadecane)-, 23: 15 1 

-, ttinitrato(l,4,7,1O-tetraoxa- 
cyc1ododecane)-, 23: 15 1 

-, tris(1,4,7,10.13,16-hexaoxa- 
c yclooctadecane )dodecanitratotetra-, 
23:155 

Lanthanium iodide (La12), 22:36 
Lanthanum, (2,4- 

pentanedionato)[5,10.15,20-tetra- 
phenylporphyrinato(2 -)I-, 22: 160 

heptanedionato)[5,10,15,20- 
tetraphenylporphyrinato(2 -)I-, 
22:160 

Lanthanum aluminum nickel hydride 
(AlLaNi4H4), 22:96 

Lanthanum chloride (LaC13), 22:39 
Lanthanum iodide (La13), 22:31 
Lead oxide (PbO,), solid solns. 

with ruthenium oxide (Ru2O3). 
pyrochlor, 22:69 

Lead ruthenium oxide (Pb2.67RU1.3@6.5), 
pyrochlore, 22:69 

Lithium, insertion compounds, 24:200 
-, (pentafluoropheny1)-, 21:72 
---, [(trimethylsilyl)methyl]-, 24:95 
Lithium cesium thulium chloride 

Lithium nitride (Li3N), 22:48 
Lithium rhenium oxide (LiRe03), 24:205 
Lithium rhenium oxide (Lio.?ReO3), 

Lithium rhenium oxide (Li2Re03), 24:203 
Lithium vanadium oxide (LiVz05), 

Lutetium, porphyrin complexes, 22:156 
-, (2,4-pentanedionato)[ 5,10,15,20- 

-, (2,2,6,6-tetramethyl-3,5- 

(cS2LiTlIlc16), 20: 10 

24:203, 206 

24:202 

tetraphenylporphyrinato(2 -)I-, 
22:160 

Lutetium(III), dodecanitratotris( 1,4,7,10,13- 
pentaoxacyc1opentadecane)tetra-, 
23:153 

-, hexakis(dipheny1phosphinicamide)-, 
tris(hexafluorophosphate), 23: 180 

~, ( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)trinitrato-, 23 : 15 3 

-9 trinitrato( 1,4,7,10,13-pentaoxa- 
cyc1opentadecane)-, 23 : 15 1 

___, trinitrato( 1,4,7,10-tetra- 
oxacyc1ododecane)-, 23:15 1 
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Methanamine (Continued) 
intercalate with hydrogen penta- 

oxoniobatetitanate( 1 -), 22:89 
~, N-methyl-: 

molybdenum complex. 21 :54 
molybdenum and tungsten complexes, 

23: 11-13 
Methanaminium, N-(4,5-dimethyl- 

1,3 -diselenol-2-ylidene)-N-methyl- 
iron(l+), 24:161, hexafluoro- 
phosphate, 24:133 

Methane, fluorotriphenyl-, 24:66 
-, isocyano-, molybdenum and tungsten 

-, trifluoro-: 
complexes, 23:lO-13 

cadmium complex, 24:55,59 
mercury complex, 24:52 

Methanesulfonate, trifluoro-: 
metal complexes and salts, 24243-306 
silver, reactions, 24247 
tricarbonyl(q5-cyclopentadienyl)iron( 1 +), 

24:161 
Methanesulfonic acid, trifluoro-, cobalt(III) 

mine complexes, 22:104, 105 
Methanol : 
iridium complexes, 23:128 
rhodium complex, 23:127, 129 

-, [(N,N-dimethyl- 
carbamoyl)methyl]phosphonate ester, 
24:101 

24:60 
-, trifluoro-, hypochlorite ester, 

Methyl: 
cobalt complexes, 23:170 
mercury complexes, 24:143-145 

Methyl acrylate, ruthenium complex, 24:176 
Microcrystals, of platinum, 24:238 
Molecular sieves, 22:6 1 
Molybdate( 1 -), pentacarbonylhydrido- 

p-nitrido-bis(tripheny1- 
phosphorus)( 1 +), 22:183 

21:170 

chalcogenides, 22:80 
-, d i c ~ y l l l i ~ y l  (tris (3,s -di- 

methylpyrazolyl)hydroborab)-, 
23:4,5 

-9 dichlorotetrakis( dimethy1axnido)di-, 
(Mo=Mo), 2156 

Molybdate(V), pentatluomoxo-dipotassium, 

Molybdenum, as substrate for cadmium 

-, diodonitmsyl {tris(3,5 -dimethyl- 
pyrazolyl)hydroborato}-, 2 3 :6 

-, ethoxyiodonitrosyl(tris(3,5-di- 
methylpyrazdyl ) hydroborato )-, 
23 :7 

dimethylpyrazolyl )hydroborato )-, 
23:8 

tetramethyl-lH,5H-[ 1,4,2,3]di- 
azadiphospholo[2,3-b][ 1,4,2,3]di- 
azadiphosphole-2,6-( 3 H.7 H)dione]- 

-, (ethylamido)iodonitrosyl(tris( 33-  

-, hexacarbonyl-tris [ p- 1,3,5,7 - 

di-, 24~124 
-, hexakis(dimethy1amido)di-, 

Molybdenum(O), bis( 1 -chloro-4-isocyano- 
(Mo=Mo), 2154 

benzene)bis[ 1,2-ethanediylbis(di- 
phenylphosphine) I-, trans-, 
23:lO 

benzene)bis[ 1,2-ethanediylbis(di- 
phenylphmphine)]-, trans-, 
23:lO 

-, bis[ 1,2-ethanediylbis(diphenyl- 
phosphine) ] bis (isoc yanobenzene)-, 
trans-, 23:lO 

phosphine) ] bis(isoc yanomethane)-, 
trans-, 23:lO 

---, bis[ 1,2-ethanediylbis(diphenyl- 
phosphine)]bis( 1 -isoCyan0-4- 
methoxybenzene)-, trans-, 23:lO 

-, bis[ 1,2-ethanediylbis(diphenyI- 
phosphine)] bis( 1 -isocyan0-3- 
methylbenzene)-, trans-, 23:lO 

-, bis[ 1.2-ethanediylbis(diphenyl- 
phosphine)]bis( 2-isocyano-2-methyl- 
propane)-, trans-, 23:lO 

23:131 

hydrate, 23:135 

-, bis( 1 ,3-dichloro-2-isocyano- 

-, bis[ 1,2-ethanediylbis(diphenyI- 

Molybden~m(II), octaaquadiion, 

Molybdenum( III ), di- p- hydroxo-di-, ion, 

-, hexaaqua-, ion, 23:133 
-, trichlorotris(tetrahydrofuran)-, 

24:193 

bis(dipheny1phosphine))bis [ (methyl- 
amino)methylidyne]-, mns-, 
bis[tetrafiuomborate( 1 -)I, 
23:14 

Molybdenum(IV), bis[ 1.2-ethanediyl- 
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~, trinitrato( 1,4,7,10,13- 

---, trinitrato(l,4,7,10- 
pentaoxacyc1opentadecane)-, 23: 15 1 

tetraoxacyc1ododecme)-, 23: 15 1 

hexaoxacyc1ooctadecane)dodecani- 
tratotetra-, 23: 155 

___, 1,4,7,10,13,16- 

Neodymium chloride (NdCl,), 2239 
Nickel(II), bis(thiocyanato)-bis-p- 

(lH-l,2,4-triazole-N?fl)-, &ply-, 
23:159 

carbamato)(txiethylphosphind)-, 21 :9 

dynetripropionetri1e)-, 22:113, 11 5 

-, chloro( N,N-diethyldiselene 

-, dibromobis(3,3 ',3"-phosphini- 

polymer, 2 2  11 5 
-, dichlorobis( 3,3 ',3 "-phosphini- 

dynetripropionitri1e)-, 22: 11 3 
-, hexakis(thiocyanato-N)- 

hexakis-p-( 4H- 1,2,4-triazole- 
N:Nz)tri-, 23:160 

imidato)-, dihydrate, 23:48 

(AlLaNi4H4), 2296 

--, tetraaquabis(0-sulfobenzo-, 

Nickel aluminum lanthanum hydride 

Niobate( -I), hexacarbonyl-, sodium, 23:34 
Niobium(III), di-p-chloro-tetrachloro-p- 

(dimethyl sulfide)bis(dimethyl 
sulfide)di-, 21:16 

ethanediylbis(diphenylphosphine)]di-, 
21:18 

arsino)methyl]-2-methyl- 1,3- 
propanediyl] bis (dimethylmine)]-, 
21:18 

phenylenebis( dimethylarsine) ]di- , 
21:18 

21:138 

-, hexahlorobis[ 1,2- 

-, hexachlorobis[ [2-[(dimethyl- 

-, hexachlorobis[ o- 

Niobium(N), tetrachlombis(tetrahydr0furan)-, 

Nitric acid: 
cerium complexes, 23:178 
cobalt complexes, 23:171 
lanthanoid complexes, 23:15 1 

Nitro complexes, cobalt, 23:70, 71, 77, 91, 

Nitrogen, osmium complex, 24270 ' 
Nitrogen @I2), iron complexes, 24208, 

109 

210 

-, bis[ 1,2-ethanediyIbis(diphenyl- 
phosphine)](isocyano- 
methane)[ (methy1amino)methyli- 
dyne]-, trans-, tetrathoroborate( 1 -), 
23:12 

-, nonaaqua-tetra-p3-oxo-tri-, ion, 
23:135 

-9  tetra-p3-0xo-tri-, ion, hydrate, 
23:135 

Molybdenum(V), p-(diethylphosphino- 
dithioato)-tris(diethylphosphin0- 
dithioato)-tri-p-thio-p3-thio- 
triangulo-tri-, 23: 121 

23:137 

23:137 

p-(disulfido)-p3-thio-rriangulo- 
tri-, diethylphosphinoditate, 23:120 

Molybdenum(VI), dihydroxotetraoxodi-, ion, 
23: 139 

---, hydroxodioxo-, ion, 23:139 
~, hydroxopentaoxcdi-, ion, 23:139 
-, trihydroxotrioxodi-, ion, 23:139 
Molybdenum(VI) oxide (MOO,), dihydrate, 

Molybdenum chloride oxide (MoCl,O), 

-, di-p-0x0-dioxodi-, ion, hydrate, 

-, hexaaqua-di-p-0x0-dioxodi-, ion, 

-, tris(diethy1phosphinodithioato)tris- 

24:191 

23:195 

Neodymate(III), tetranitrato-, 
(1,4,7,10,13,16-hexaoxacycloocta- 
decane)dinitratondymium(III), 
(2:1), 23:150 

Neodymium, (2,4-pentanedionato) 
[ 5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22: 160 

heptanedionato)[5,10, 1 5,20-tetra- 
phenylporphyrinato(2-)]-, 2 2  160 

phinic amide)-, tris(hexafluoroph0s- 
phate), 23:180 

hexaoxacyc1ooctadecane)dinitrato- , 
bis [tetranitratoneodymate(III)] , 
23:lSO 

hexaoxacyc1ooctadecane)trinitrato-, 
23:153 

-, (2,2,6,6-tetramethyl- 3,s- 

Neodymium(III), hexakis(dipheny1pho.s- 

-, (1,4,7,10,13,16- 

-, (1,4,7,10,13,16- 
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Nitrogen fluoride sulfide (NSF), see Thiazyl 

Nitrogen fluoride sulfide (NSF,), see Thiazyl 

Nitrogen sulfide (NS), see Sulfur nitride (SN), 

Nitrosyl complexes: 
chromium, 23:183 
iridium, 21:104 
iron and ruthenium, 22:163 
molybdenum, 23:4-9 

fluoride (NSF), 24: 12 

trifluoride (NSF3), 2412 

polymer, 22:143 

Nitrosyl hexachlomplatinate(IV). (2: I), 

Nitryl hexafluoroarsenate, 24:69 

3,5 -Octanedione, 2,2,7-trimethyl-, cerium, 

24217 

copper, and manganese complexes, 
23:144 

cyclo-OctasulfUr monoxide, 21:172 
Offretite, tetramethylammonium substituted 

Osmium, &idecacarbonyldihydridoirontri-, 

-, tridecacarbonyldihy&de 

Osmium(II), aqua(2,2'-bipyridine- 

21:63 

nrtheniumtri-, 21~64 

N,N')( 2,2':6',2"-terpyridine- 
N,N,N")-, bis(trifluor0methane- 
sulfonate), monohydrate, 24304 

terpyridine-N,N',")(trifluoro- 
methanesulfonato-0)-, 
trifluoromethanesulfonate ,24303 

-, bis(2,2'-bipyridine-N,N)dichloro-, 
cis-, 24:294 
, pentaamine(dinitrogen, dichlonde, 
24270 

Osmium( III), (acetonitrile)pentaaamine - , 
tris(trifluoromethanesulfonate), 
24215 

-, (2,2 '-bipyridine -N,N)( 2.2 ':6 ',2 "- 

-, aqua( 2,2'-bipyridme- 
N,A")( 2,2 ': 6 ',2 "-terpyridi~e- 
N,N,N')-, tris(trifluoromethane- 
sulfonate), dihydrate, 24:304 
, (2,2'-bipyridine-N.N')( 2,2':6 ',2 ' I -  

terpyridine-N,N,N')( trifluoro- 
methanesulfonato- 0)-, 
bis(trifluoromethanesulfonate), 
24301 

-, bis(2,2'-bipyridine- 
N,~)bis(trifluoromethanesulf~ato- 
0)-, cis-, trifluoromethanesulfonate, 
24295 

-, bis(2,2'-bip~dine-N,N)dichloro-, 
cis-, chloride, 24293 

dihydrate, 24293 
-, diaquabis(2,2 '-bipyridine-N,N')-, 

cis-, tris(trifluoromethanesulfonate), 
24296 

-, hexaammine-: 
trichloride, 24:273 
tris(trifluoromethanesulfonate), 24273 

, pentaammineaqua-, 
tris(trifluoromethanesulfmate), 
24273 
, pentaamine(trifluoromethane- 
sulfonato- 0)- , 
bis(trifluoromethanesulfonate), 24:27 1 

Osmium fluoride (OsFs), 24:79 
Oxalic acid: 

cobalt complexes, 23:69, 1 13, 114 
rhodium complex, 24227 

Palladate(II), bis(hexasulfid0)-, diammonium, 

Palladium, (2,2'-bipyridine)( 1 ,4-butanediyl)-, 

-, (1,4-butauediyl)bis(t1iphenyl- 

nonstoichiometric, 2 1 : 14 

2 2  170 

phosphine)-, 22:169 

ethanediylbis(diphenylphosphine)]- , 
22167 

tetramethyl- 1,2-ethanediamine)-, 
22168 

bis[methylenebis(diphenylphos- 
phhe)]di-, 21:49 

pheny1phosphine)l-di-, (Pd-Pd), 
21:48 

amino)ethyl]-N,W-dimethyl- 1,2- 
ethanediamine] - , bis (hexafluorophos- 
phate), 21:133 

-, [ N,N-bis [ 2-(dimethylamino)ethyl] - 
N',N'-dimethyl- 1,2- 
ethanediamine] bromo-, bromide, 
21:131 

-, (1,4-butanediyl)[ 1,2- 

-, (1,4-b~tauediyl)(N,N.N',A"- 

Palladium(I), p-carhyl-dichlore 

-, dichlorobis-p-[methylenebis(di- 

Palladium(II), [N,N'-bis[2-(dimethyl- 
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Phosphate( 1 -), hexatluoro-: 
bis( acetonitrile)bis( $-cycle- 

pentadieny1)bi.s-p-(ethane- 
thiolato)diiiron(2+) (2:1), 21:39 

(114- 1,5-cycIo- 
octadiene)bis (pyridine)iridium (I), 
24174 

( ~ 4 -  1,5-~yclooctadiene)(pyridine)(tri- 
cyclohexylphosphine)iridium, 2 4  173, 
175 

tetrabutylammonium, 2 4  14 1 
4,4',5,5 '-tetramethyl-2,2'-bi-1,3- 

diselenolylidene radical ion ( 1 +) (,l:2), 
24142 

vinylene)bis(triphenylphos- 
phine)ruthenium(II), 2 1 :80 

-, tetrakis( q5-cyclopentadienyl)-~~- 
(disulfur)tri-p3-thi0-tetr~0n(2+) 
(21), 21:44 

-, (qs-cyclopentadienyl)(phenyl- 

Phosphine, iridium complex, 21:104 
---, [bis(trimethylsilyl)methyl- 

ene][chlorobis(trimethylsilyl)methyl]-, 
24119 ----. chloro [phenyl(trimethylsilyl)methyl- 
ene, see Phosphinous chloride, 
[phenyl(trimethylsilyl)methylene] - , 
24:111 

24216 
~, diethylphenyl-, platinum(0) complex, 

-, dimethyl-, 21:180 
-, dimethylphenyl-, 22133 
iridium complex, 21:97 
tungsten complexes, 24196, 198 

-, 1,2-ethanediylbis(dichloro-, 23: 141 
-, 1,2-ethanediylbis(dimethyl-, iridium 

--( 1,2-ethanediylbis(diphenyl-: 
complex, 21:lOO 

iron complexes, 21:90-94; 24:170, 172 
molybdenum and tungsten complexes, 

niobium complex, 21:18 
palladium complex, 22:167 
platinum(0) complex, 24:216 

23:lO-13 

-, ethylenebis(dimethy1-, hazards in 
preparation of, 23:199 

-, methyldiphenyl-, tungsten complex, 
24198 1 

-, methylenebis(dipheny1-, palladium 
and rhodium complexes, 21:47-49 

-, [ N,N-bis [ 2-dimethylamino)ethyI] - 
N',N-dimethyl- 1,2- 
ethanediamine]chloro-, chloride, 
21:129 

-, [ N,N-bis[ 2-( dimethy1amino)ethyl- 
N',N'-dimethyl-l,2- 
ethanediamine] iodo- , iodide, 
21:130 

-, [N,N-bis [ 2-(dimethylamino)ethyl] - 
N',N'-dimethyl- 1,2- 
ethanediamine] (thiocy anato-N- , 
thiocyanate, 21:132 

23:52, 53 

2352, 53 

diethyldiselenw arbamato)(triphenyl- 
phosphine)-, 21:lO 

trans-, 23:52,53 

23:52, 53 

-, bis(guanosinat0)-, cis- and trans-, 

-, bis(inosinato)-, cis- and trans-, 

-, chloro(N,N- 

-, dichlorobis(guan0sine)-, cis- and 

-, dichlorobis(inosine)-, cis- and trans-, 

2,4-Pentanedione: 
actinide and lanthanide complexes, 

22:156 
cobalt complex, resolution of with cobalt 

S-arginine complex by column 
chromatography, 23:94 

iron complex, 21:94 
1,4,7,10,13-Pentaoxacyclopentadecane, 

lanthanoid, 23:149 
Peutasultide , platinum and rhodium 

complexes, 2 1 : 12 
Perchloric acid, cadmium complexes, 

23:175 
1,lO-Phenanthroline : 

chromium complexes, 23:185 
copper complex, 2 1 : 1 1 5 

Phenol, 2-[1-[(2-aminoethyl)imino]- 
ethyl]-, cobalt complexes, 23:165 

amin0propyl)imino) ethyl] - , cobalt 
complexes, 23:169 

-, 2-[l-[(3- 

Phenyl, antimony complexes, 23:194 
Phosphane, difluorotris( 2,2,2- 

tritluor0ethoxy)-, trans-, 2463 
Phosphate, hexafluoro-, N-(4,5-dimethyl- 

1,3-diseIenol-2-ylidene)-N- 
methylmethanamiaium , 2 4  1 33 
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Phosphine (Continued) 
-, oxide: 

cerium complexes, 23: 178 
palladium complex, 22169 
ruthenium complexes, 21:29, 78 

-, tributyl-, chromium complexes, 

-, tricyclohexyl-, iridium complex, 

-, triethyl-: 

23:38 

24173, 175 

nickel complex, 21:9 
platinum(0) complexes, 24214 
tungsten complexes, 24196, 198 

iridium complex, 21:102 
tungsten complexes, 24196, 198 

chromium complexes, 23:38 
cobalt complexes, 23:24-25 
cobalt, iridium, and rhodium complexes, 

22171. 173,174 
platinum(0) complex, 24216 
rhenium and tungsten complexes, 24: 196 

-, trimethyl-: 

-, triphenyl-: 

-, tris( 1 -methylethyl)-, platinum(0) 

Phosphines, triaryl, 21:175 
Phosphinic amide, diphenyl-, lanthanoid 

complexes, 23:180 
Phosphinodithioic acid, diethylmolybdenum 

complexes, 23:120, 121 
Phosphinous chloride, [phenyl(trimethyl- 

silyl)methylene]-, 241 11 
Phosphonic acid, [(N,N- 

diethylcarbamoyl)methyl]-: 
bis( 1-methylethyl) ester, 24101 
dihtyl ester, 24101 
diethyl ester, 24101 
dihexyl ester, 24101 
dimethyl ester, 24:lOl 

Phosphonium, tetraphenyl-: 
tetrakis(benzenethiolato)cadmate(II) (2: 1 ), 

21:26 
tetrakis(benzemthiolato)cobaltate( 11) 

(2:1), 21:24 
tetrakis(benzenethio1ato)di-p-thio- 

diferrate(III) (21), 21:26 
tetrakis(benzenethiolato)femte(II) (2 l), 

21:24 
tetrakis(benzemthiolato)manganate(II) 

(21), 21:25 

complex, 24215 

tetrakis(benzenethiolato)tetra-p~-thio- 
tetrafemate(II, 111) (2:1), 21:27 

tetrakis(benzenethiolato)zincate(II) (2 l), 
21:25 

chloride, 24 107 

enelchloro-, 24: 120 

24108 

Phosphonium , triphenyl (trichloromethy1)-, 

Phosphorane, bis[bis(trimethylsilyl)methyl- 

-, (dichloromethy1ene)hiphenyl-, 

-, methanetetraylbis(tripheny1-, 24:115 
Phosphoranetriamhe, P,P- 

methanetetraylbis [N,N,N:N:N”,N”- 
hexamethyl-, 24114 

Phosphorofluoridic acid, diethyl ester, 24:65 
Phosphorotrithious acid, tributyl ester, 

Phosphorus( 1 +), p-nitrido-bis(tripheny1-: 
22131 

decacarbonyl-p-nitmyl-triruthenate( 1 -), 

hexatluorouranate(V), 21:166 
nitrite, 22: 164 
pentacarbonylhydridochromate( 1 -), 

pentacarbonylhydridomolybdate( 1 -), 

pentacarbonylhydridotungstate( I -), 

tricarbonylnitrosylferrate(l-), 22:163, 

tridecacarbonylcobalttriruthenate( 1 -), 

tridecacarbonylhydri&irontriruthenate( 1 -), 

tridecacarbonyltetraferrate(2-) (2: 1). 

undecacarbonyltriferrate(2-) (21), 

Phosphorous diamide, N,N,N:N’-tetra- 

22163, 165 

22183 

22183 

22 182 

165 

21:61 

21:60 

21:66, 68 

24157 

methyl-P-[phenyl(trimethyl- 
silyl)methyl]-, 241 10 

Platinate, tetracyano-: 
cesium azide (1:20.25), hydrate, 21:149 
cesium chloride (1:2:0.30), 21:142 
cesium [hydrogen bis(sulfate)]( 1:2:0.46), 

guanidhium (hydmgendifluoride)( 1:3:0.27), 

potassium (hydrogen difiuoride)( 1:20.30), 

21:151 

hydrate (1:1.8), 21:146 

trihydrate, 21:147 
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-, dichloro(ethene)( N,N,N',N'- 
tetraethyl- 1,2-ethanediamine)-, 
2k86.87 

carbamato)methyl(triphenylphos- 
phine)-, 2010 

-, (N,N-diethyldiselenc+ 

-, tetraaqua-, 21:92 
-, triamminechloro-, chloride, 22:124 
Platinum(IV), pentaamminechloro-, 

-, pentaamine(trifluoromethanesul- 

Plumbate (IV), hexachloro- , dipyridiniud. 

Poly(dimethylsi1oxane- co-methylphenyl- 

trichloride, 24277 

fonato- 0)-, tris(tdluoromethanesul- 
fonate), 24278 

22149 

siloxane), in divanadium stabilization, 
22116 

Polythiazyl, see Sulfur nitride(SN), polymer, 
22143 

Porphyrin: 
actimide and lanthanide complexes, 22: 156 
indium(III) complexes, 23:55 

-, 5.10,15,20-tetrakis(4-methylphenyl)- 
actinide and lanthanide complexes, 
22: 156 

23:56 
-, 5,10,15,20-tetraphenyl-, actinide 

and lanthanide complexes, 22156 
Potassium( 1 +), (4,7,13,16,21,24hexa- 

oxa- l,lO-diazabicyclo[8.8.8]hexa- 
mane)-, tetrabismuthide(2-) (2:1), 
22151 

Potassium chromium oxide (KCIOz), 2259 
Potassium chromium oxide (K0.@02), 

Potassium chromium oGde (&.&fi)2), 

Potassium chromium oxide (K,.7CIO2), 

-, 5,10,15,20-tetralds( 4-pyridhyl)-, 

bronze, 2259 

bronze, 2259 

bronze, 2259 

bronze, 2259 
Potassium chromium oxide (&.,7c102), 

Potassium cobalt oxide (KCo02), 22:58 
Potassium cobalt oxide (&.&002), b & e ,  

Potassium cobalt oxide (& . ,&&2), bronze, 

Potassium dysprosium chloride (KDy&I7), 

2257 

2257 ? 

222 

rubidium chloride (1:20.30), trihydrate, 
21:145 

Platinate(II), bis(pentasulfido)-, 
bis(tetrapropy1ammonium)-, 2 0  13 

-, tetralris[dihy&ogen diphos- 
phito(2-))-, tetrapotassium, 
24:211 

-, tetracyano-: 
dithallium, 21:153 
thallium carbonate (1:41), 21:153, 154 

-, trichloro(dimethy1 sultide)-, tetra- 
butylammonium, 22:128 

Platinate(IV), hexachloro-, dinitrosyl, 
24:217 

-, tris(pentasulfido)-, diammonium, 
21:12, 13 

Platinum, microcrystals, 24238 
Platinum(O), bis(diethy1phenylphos- 

-, [ 1,2-ethanediylbis(diphenylphos- 

-, (ethene)bis(triethylphosphine)- , 

-, (ethene)bis(triphenylphosphine)- , 

-, (ethene)bis[tris( 1- 

Platinum(II), [N,N'-bis( 1-methylethy1)- 1,2- 

phine)(ethene)-, 24216 

phine)(ethene)-, 24216 

24214 

24216 

methylethyl)phosphine]-, 2421 5 

ethanediamine]dichloro(ethane)-, 
21:87 

1,2-ethanediamine]dichlmo(ethene)-. 
21:87 

-, chloto(N,N- 
diethyldiselenocarbamato)(triphen yl- 

-, [(S,S)-N,N'-bis( 1-phenylethy1)- 

phOSphine)-, 21~10 
-, chlomtris(diemethy1 sulfide)-, 

tetratlumborate( 1 -), 22126 
-, diammineaquachloro-, trans-, 

nitrate, 22125 
-, diamminechloroiodo-, trans-, 

chloride, 22124 
-, di-p-chloro-, dichlorobis(dimethy1 

sulfide)&-, 22128 -. dichloro[N,N'-dimethyl-N,N'- 
bis( 1-methylethy1)- 1.2-ethanedi- 
amine](ethene)-, 21:87 

-, dichloro[ (R.R)-N,N'-dimethyl- 
N,N'-bis( 1 -phenylethyl)-l,2- 
ethan&amine](ne)-, 21:87 



338 Subject Index 

Potassium hexafluorouranate(V), 21:166 
Potassium (hydrogen diflu0ride)tetra- 

cyanoplatinate (2:0.30 1). tzihydrate , 
21:147 

Potassium pentafluoromaganate(III) (1:2), 
monohydrate, 2451 

Potassium pentatluorooxomolybdate(V) 
(21), 21:170 

Potassium pentaoxoniobatetitanate( 1 -), 
2289 

Potassium sodium tetramethylammonium 
aluminum silicate hydrate 

Praseodym&un, porphyrin complexes, 22:156 
-, (2,4-pentanedionato)(5,10,15,20- 

tctrakis( 4-methy1phenyl)por- 
phyrinato(2-)]-, 22160 

-, (2,4-pentandionato)15,10,15,20- 
tetraphenylporphyrinato(2-)]-, 
22160 

--, [ 5,10,15,20-tet&is( 4-methyl- 

Praseodymium(III), hexakis(dipheny1- 
phenyl)porphyrinato(2-)]-, 22:160 

phosphinic amide)-, tris(hexafluor0- 
phosphate), 23: 180 

-, (1,4,7,10,13,16-hexaxacycb- 
octadecane)trinitrato-, 23:153 

-, trinitrato(l,4,7,10,13-pentaoxa- 
cyc1opentadecane)-, 23:15 1 

d0decane)-, 23:151 

octadecane)dodecanitratotetra-, 
23:155 

Praseodymium cesium chloride (CsPr2C17), 
22:2 

Praseodynium chloride (PrC13), 2239 
1 -Propanamine , intercalate with hydrogen 

pentaoxoniobatetitanate( 1 -), 
2289 

-, trinitrato( 1,4,7,1O-te~~xacyCl* 

-, tris( 1,4,7,10,13,16-hexaoxacycl~ 

Propane, 2-isocyano-2-methyl-: 
molybdenum and tungsten complexes, 

tungsten complex, 24:198 
23:lO-12 

1,3-Propanediaaine, cobalt complexes, 

2-Propanethiol, 2-methyl-, rhodiumcomplex, 

1-Propem, 2-methyl-, iron complexes, 

23:169 

23:123, 124 

24164 

Propionitrile, 3,3 ', 3 "-phosphinidynetri- , 
nickel complexes, 22: 113, 115 

Pyrazine, mthenium complexes, 24259 
Pyrazinecarboxylic acid, cobalt complexes, 

lH-Pyrazole, boron-copper complex, 

-, 3,5-dimethyl-, boron-copper 

Pyridine : 

23114 

21:108. 110 

complex, 21:109 

bis(tritluoromethyl)cadmium, 2 4  5 7 
cobalt complex, 23:73 
intercalate with FeClO (1:4), 2286 
iridium complexes, 24:173, 174, 175 
rhenium complex, 21:116, 117 

-, 4-amino-, intercalate with FeClO 

-, 2,4,6-trimethyl-, intercalate with 

4-Pyridinecarboxylic acid, cobalt complexes, 

(1:4), 2286 

FeClO, 2286 

23:113 

5,10,15,20-tetrayltet( 1 - 
methyl-: 

indium(III) complexes, 23:55,57 
tetrakis( 4-methylbenzenesulfonate), 2357 

Pyridinium , 4,4 ',4 ",4 "'-pOqhyrin- 

Rare earth alkali metal bromides and chlorides, 

Rare earth trichlorides, 22:39 
Rare earth triiodide, 223  1 
Resolution: 

22:1, 10 

of ammine(glucinato)( 1,4,7-triazacyclono- 

of aqua(glucinato)( 1,4,7-triazacyclo- 

of trans-diammine N,N-bis(2-amino- 

nane)cobalt(III), 23:75 

nonane)cobalt(III), 23:76 

ethyl)- 1,2-ethanediamine]cobalt(III), 
23:79 

dine)cobalt(III), 23:73 

cobaltate(III), 23:68 

cobaltate(III), 23:71 

cobalt(m), 23:69 

cobaltate(III), 23:73 

nonane)cobalt(III), 23:77 

of cis,cis-diamminecarbonatobis(pyri- 

of cis,cis-diamminecarbonatodicyano- 

of cis,cis-diamminecarbonatodinitro- 

of cis,cis-diamminedicymmxalato- 

of cis,cis-diamminediniboxalab 

of (glycinato)nitro( 1,4,7-triazacyclo- 
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-1 tetrakis( 1 - 
isocyanobutane)bis [methylenebis (di- 
phenylphosphine)]di-, bis[tetra- 
phenylborate( 1 -)I, 21:49 

Rhodium(III), aquabis( 1,2-ethanedi- 
amine)hydmxo-, dithionate, 24230 

-, bis( 1,2-ethauediamine)bis(trifluoro- 
methanesulfouato-O)-, cis-, trifluoro- 
sulfonate, 24285 

perchlorate, 24227 

fluoromethanesulfonato-O)-, fhns-, 
tritluoromethanesaonate, 24285 

-, dichlorobis( 1,2-ethanediamine)-: 
chloride perchlorate (2: 1: 1). 24:229 
cis-, chloride, monohydrate, 24:283 
trans-, chloride, monohydrochloride, 

-, di-p-hydroxo-bis[bis( 1,l-ethaue- 

-, bis( 1,2-ethauediamine)(oxalato)-, 

-, chlorobis( 1,2-ethanediamine)(tri- 

dihydrate, 24283 

diamine)-, tetrabromide, 24231 

tetrabromide, 24226 
-, di-p-hydmxobis((tetraammh e-, 

-, hexammine-: 
triperchlorate, 24255 
t r i s  ( t r i f l u o r o m e t a t e ) ,  24:25 5 

-, pentaammineaqua-, triperchlorate, 

-, pen- . echlom-, dichloride, 

-, p e n t a a m m i n e ( t -  

24254 

24222 

sulfonato-0)-, bis(trifluoromethane- 
sulfonate), 24253 

-, pentakis(methanamine)(trifiuoro- 
methanesulfmato-0)-, bis(tritluoro- 
methanesulfonate), 24:281 

-, tetraammineaquahydmxo,, cis-, 
dithionate, 24:225 

-, tetraamminedichloro-, cis-, chloride, 
24223 

Rubidium chloride tetracyanoplatinate 
(20.301), trihydrate, 21:145 

Ruthenate( 1-), p-carbonyll1KC:2KC- 
decacarbonyl- 1 K ~ C , ~ K ~ C , ~ I ~ G  
p-hydrido- 1~:2~-triangulo-tri-, tetra- 
ethylammonium, 24168 

nitrido-bis(triphenylphosphorus)( 1 +), 
22163, 165 -. tridecacarbonvlcobalttri-. u-nitrido- 

-, decacarhyl-p-uitrosyl-tri-, p- 

of lithium cis-diamminedicarbonate 
cobaltate(III) and cis-dicarbonato(l,2- 
ethanediamhe)cobaltate (III), 
23:63 

bis( glycinato)nitrocobaltate (III), 
23:92 

A-( -)-cis(N0,). trans-(N)- 
bis( S-argeuine)&trocobalt(III) 
chloride, by column chromatography, 
23:94 

Rhenate(III), octachlorodi- , bis (tetra- 
butylammonium), 23: 1 16 

Rhenium, bromopentacarbonyl-, 23:44 

of silver(1) cis(NOz), trans(N)- 

Of t1i~(2,4-Pe~tWdi0~ato)~0balt with 

-, pe~ taca rbo~y l~h l~ r~- ,  23:42, 43 
-, pe~tacarbo~yliod~-, 23~44 
Rhenium(V), dioxotetrakis(pyridine)-: 

chloride, trans-, 21:116 
perchlorate, trans-, 21:117 

-, trichloro(phenylimino)bis(triphenyl- 

Rhenium(VI), tetrachloro(phenylo)-, 

Rhenium lithium oxide (LiRe03), 24:205 
Rhenium lithium oxide (Lb.zReO3), 24:203, 

206 
Rhenium lithium oxide (LizRe03), 

24203 
Rhodate(III), tris(pentasulfido)-, 

triammonium, 21:15 
Rhodium, (1,4-butanediyl)($-penta- 

methylcyclopentadienyl)(triphenyl- 
phosphine)-, 22: 173 

phosphine)-, 24:196 

24195 

Rhodium( 1 +), bis[o-phenylenebis(di- 

-, (carbon dioxide)bis[o-phenylene- 
methylarsine)]-, chloride, 21:lOl 

bis(dimethylarsiae)] -, chloride, 
21:lOl 

Rhcdim(I), bis(q5- 1 ,5-cyclooctadiene)-di- 
p-hydmxo-di-, 23~129 

-, bis( q4- 1,5-cyclooctadiene)-di-p- 
methoxy-di-, 23:127 

__, bis - p-( 2-methyl- 2-propanethiolat0)- 
tetrakis (trimethyl phosphite )di - , 
23:123 

~, dicarbyl-bis-p-(2-methyl-2- 
propanethio1ato)-bis (trimethyl- 
phosphite)di-, 23:124 -. tetrakid l-isocvanobutane)-, tetra- , -  

phenylboAte( l:), 21:50 bis(triphenylphbsphorus)( 1 %), 21:61 
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Ruthenate( 1 -) (Continued) 
-, tridecacarbonylhydridoirontri-, p- 

nitrido-bis(triphenylphosphorus)( 1 +), 
21:60 

hexadiene)-, 22177 
Ruthenium, (~6-benzene)(q4- 1,3-cycIo- 

-, his($-cycloheptanedieny1)-, 22: 179 
-, bis(qs-cyclopentadienyl)-, 22:180 
-, carbonyltri-p-chloro-chlomtetra- 

kis (tripheny1phosphine)di- , compd . 
with acetone (1:2), 21:30 

-, (q4- 1,s -cyclooctadiene)( q6 - 1,3,5- 
cyc1ooctatriene)-, 22: 178 

-, pen- * e(trifluoromethane- 
sulfonato-0)-, bis(trifluor0methane- 
sulfonate), 24258 

-, tetracarbonyl(qz-methy1 acry1at.e)-, 
24176 

-, tri-p-chloro-chloro(thiocarborlyl)te- 
trakis (triphenylph0sphine)di- , compd . 
with acetone (l:l), 21:29 

-, tridecacarbonyldihydridoirontri- , 
21:58 

-, tridecacarbonyldihydriodotri- 

Ruthenium(O), bis( t$ethene)($-hexa-- 
methylbenzene)-, 21:76 

-, ( ~ 4 -  1,3-~yclohexadiene)( $-hem- 
methylbenzene)-, 21 :77 

Ruthenium(5+), decaamine(p-pyrazine)-di-, 
pentaiodide , 2 4 2 6  1 

Ruthenium@), (2,2 '-bipyridine-N,N')- 

osmium-, 21:64 

~hl01~(2,2':6 ',2"-te1pyridine- 
N.N,N')- ,  chloride, 2.5 hydrate, 
24300 

terpyridine-N,N,N')(trifluoro- 
methanesulfonato-0)-, trifluoro- 
methanesulfonate ,24302 

-, bis(2,2'-bipyridine-N,N')dichloro-, 
cis-, dihydrate, 24:292 

-, chloro(q5-cyclopentadienyl)bis(tri- 
pheny1phosphine)-, 21:78 

-, (~~-cyclopentadienyl)(phenyl- 
ethynyl)bis(triphenyIphosphine)- , 
21:82 

vinylidene)bis(triphenylphosphine)-, 
hexatluorophosphate( 1 -), 21:80 

-, di-p-chloro-bis [chloro( q6-hexa- 
methylbenzene)-, 21:75 

-, (2,2 '-bipyridine-N.N)2,2 ':6 ',2"- 

-, ( ~~-cyclopentadienyl)(phenyl- 

-, pentaammine(pyrazine)-: 
bis[tetrafluoroborate( 1 -)I, 24:259 
dichloride, 24:259 

, tris(2,2'-bipyridine)-, dichloride, 
hexahydrate , 2 1 : 1 27 

N,N')(2,2':6 ',2 "-terpyridine- 
N,N,N') - ,  tris(trifluor0methane- 
sulfonate), trihydrate, 24:304 

---, (2,2'-bipyridine-N.N')(2,2':6',2 "- 
terpyridine-N,N',N")(trifluoro- 
methanesulfonato-0)-, bis(trifluoro- 
methanesulfonate), 24301 

-9 bis(2,2 '-bipyridine-N,N')bis(tri- 
fluoromethanesulfonato- 0)-, cis-, 
trifluoromethanesulfonate, 24295 

~, bis(2,2'-bipyridine-N,N')dichloro-, 
cis-, chloride, dihydrate, 24293 

-, pentaamminechloro-, dichloride, 
24258 

Ruthenium lead oxide (Pb2.67Ru, .3306.5), 
pyrochlore, 22:69 

Ruthenium oxide ( R u ~ O ~ ) ,  solid solns. with 
lead oxide (Pb02), pyrochlor, 22:69 

Ruthenocene , see Ruthenium, bis( q5-cyclo- 
pentadieny1)-, 22180 

Ruthenium(lII), aqua(2,2'-bipyridme- 

Samarium, porphyrin complexes, 22:156 
-, (2,4-pentanedionato)[ 5,10,15,20- 

tetraphenylporphyrinato( 2-)I-, 
2 2  160 

-, (2,2,6,6-tetramethyl-3,5-heptanedi- 
onato)[5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22: 160 

Samarium(III), hexakis(dipheny1phosphinic 
amide) - , tris (hexafluorophosphate), 
23:180 

-, trinitrato( 1,4,7,10,13-pentaoxa- 
cyc1opentadecane)-, 23: 15 1 

-, trinitrato( 1,4,7,10-tetraoxacyclod~ 

-, tris( 1,4,7,10,13,16-hexaoxacyclo- 
&CUE)-, 23:151 

octadecane)dodecanianitratotetra-, 
23:155 

Saramium chloride (SmCI3), 2239 
Scandium(III), trichloroiriEi(tetrahydn 

ha)-, 21:139 
Scandium cesium chloride (CsScCI3), 22:23 
Scandium cesium chloride (Cs3Sc2Clg), 

Scandium chloride (ScC13), 2239 
2225 
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Sodium (dinitrogen)" 1,2-ethanediyl- 
dinitrilo)tetraacetatOetato] (4-)] femate (11) 
(21), dihydrate, 24208 

Sodium hexduorouranate(V), 21: 166 
Sodium cctacarbonyldiferrate(2-), 24157 
Sodium potassium tetramethylammonium 

aluminum silicate hydrate 
[KZNa[(CH3)4NN]A14(Si14036)1' 
7H2O, 22~66 

Sodium tetracarbonylferrate(2-), 24157 
Sodium tetrapropylammonium aluminum 

silicate @la2. 4[ (C3H7)4N] .6- 

Al2.6(Si1000207)), 22:67 , 
Sodium undecacarbonyltriferrate(2-), 

24157 
Smene, see Benzene, vinyl-, 21:80 
sulfur: 

iron cyclopentadienyl complexes, 

iron polynuclear complexes, 21333-37 
silver complex, 24234 

21~37-46 

~, chloropentduoro, see Sulfur 
chloride fluoride (SClF5), 2 4 8  

Sulfur(IV), tribromo-, hexduoroarsenate, 
2476 

Sulfur chloride fluoride (SClF5), 2 4 8  
Sulfur dicyanide , 2 4  125 
Sulfur nitride (SN), polymer, 22:143 
Sulfur oxide (S80), 21:172 

Selenate(VI), pentafluorooxoxenon(2+) 

Selenide, iron complex, 21:36, 37 
Seleninyl fluoride, see Selenium fluoride 

oxide (SeOF2), 24~28 
Selenium, iron polynuclear complexes, 

Selenium fluoride (SeF4), 24:28 
Selenium fluoride oxide (SeOF2), 24:28 
Selenocarbonyls, chromium, 21:1,2 
Semioxamazide , 5 -(S-methylbenzy1)-, 

Serine, copper complex, 21:115 
Silane , (dichloromethy1ene)bis [trimethyl), 

(2:1), 24:29 

21~33-37 

(S)-(-)-, 23:86 

24118 
-, te t ra isocy~to- ,  2499 
---, tetramethyl-, 2489 

aluminum complex, 2492,94 
indium complex, 2489 
lithium complex, 2495 

ammonium), 2446 

methylphenylsiloxane , in divanadium 
stabilization, 2 2 1  16 

-, methylphenyl-, copolymer with 
dimethylsiloxane , in divanadium 
stabilization, 22: 1 16 

Silver( 1 +), bis(cycfo-octasulfur)-, hexa- 
fluoroarsenate, 24:74 

-, p3-thio-tri-, nitrate, 24234 
Silver hexduoroarsenate, 24:74 
Siver trifiuoromethanesulfonate , reactions, 

Silicate(IV), hexduoro-, bis(tetrduor0- 

Siloxane, dimethyl-, copolymer with 

24247 
Silver tUIlgState (Ag8(w@,6)), 22~76 
Sodium aluminum silicate hydrate 

(NaAISi04.2. 25H20), 22:61 
Sodium aluminum silicate hydrate 

(NapU2Si,014. XH20), 2264 
Sodium cobalt oxide (NaCoO,), 2256 
Sodium cobalt oxide (N%.&o02), 2256 
Sodium cobalt oxide (N%.64Co02), 2256 
Sodium cobalt oxide (N% . 74COOZ), 

Sodium cobalt oxide (N%.77CoO2), 

Sodium cyanotri[(2H)hydro]borate( 1-), 

Sodium [ [ 1,2-cyclohexanediyldinitrilo)tetra- 

2256 

2256 

21:67 

acetat01 (4-) ](dinitrogen)femate (11) 
(21), dihydrate, 24210 

Tantalum, as high-temp. container for 
reduced halides, 2015 

Technetate(V), tetrachlorooxo-, tetrabutyl- 
ammonium (l:l), 21:160 

Tellurate(VI), pentatluorooxo-: 
boron(3+) (3:1), 24:35 
hydrogen, 24:34 
xenon(2+) (21), 2436 

Tellurium chloride fluoride (TeClF,), 24:31 
Terbium, porphyrin complexes, 22156 

, (2,4-pentanedionato)[ 5,10,15,20- 
tetraphenylparphyrinato( 2 -)I-, 
22160 

-, (2,2,6,6-tetramethyl-3.5-heppedi- 
onat0)[5,10,15.2O-tetraphenyl- 
porphyrinatO(2-)]-, 22:160 

Terbium(III), dodecanitratotris( 1,4,7,10,13- 
pentaoxacyc1opentadecane)tetm-, 
23:153 

tris(hexduomphosphate), 23: 180 
-, hexakis(dipheny1phosphinic amide)-, 
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Terbium(m) (Continued) 
-, ( 1,4,7,10,13.16-hexaoxacycloocta- 

decane)trinitrato-, 23:153 
-, trinitrato( 1,4,7,10,13-pentaoxa- 

cycl0pentadecane)-, 23:15 1 
----, trinitrato(l,4,7,1O-tetraoxacyclo- 

Mecane)-, 23:151 
-, tris( 1,4,7,10,13,16-hexaoxacyclo- 

octadecane)dodecanitratotetra- , 
23:155 

Terbium chloride (TbCl,), 22:39 
2,2 ':6 ',2 "-Terpyridine , osmium and 

ruthenium complexes, 24291-298 
1,4,8,11 -Tetraazacyclotetradecane- 

5,T-dione. copper complexes, 23:82 
1,4,8,11 -Tetraazacyclotetradeca-1,3,8,10- 

tetraene ,2,9-dimethyI- 3 , l  O-diphenyl-, 
copper, iron, and zinc complexes, 
22107,108,110,111 

2,3,7,8-Tetracarbadodecaborane( 12), 
2,3,7,8-tetraethyl-, 22:217 

1,4,7,1O-Tetraoxacyclocyclododecane , 
lanthanoid complexes, 23: 149 

Tetraselenafulvalene , tetramethyl, see 
2,2 '-Bi- 1, 3-diselenolylidene, 
4,4',5,5'-tetramethyl-, 24:131 

Thallium(I), cyclopentadienyl-, 24:97 
Thallium(III), chlorobis(pentafluoropheny1)-, 

21:71, 72 
-, chlorobis(2,3,4,6-tetrafluorophenyI)-, 

21:73 
-, chlorobii(2,3,5,6-te~uorophenyl)-, 

21:73 
-, chlorobis(2,4,6-trifluorophenyl)-, 

21:73 
Thallium carbonate tetracyanoplatinate(I1) 

(41:1), 21:153, 154 
Thallium chloride (TICI3), 21:72 
Thallium tetracyanoplatinate(I1) (2: l), 

1 -Thia-closo-decaborane(9), 22229 
6-Thia-nido-decaborane( 1 l), 22:228 
Thiazyl fluoride (NSF), 2 4  16 
Thiazyl tdluoride (NSF,), 2412 
Thiocarbonyl complexes, ruthenium, 21:29 
Thio complexes, molybdenum, 23:120, 121 
Thiocyanate complexes, cobalt, copper, iron, 

manganese, nickel, and zinc, 23:157 
Thiocyanic acid: 

21:153 

chromium complexes, 23:183 
palladium complex, 21:132 

Thiourea, chromium(0) complexes, 23:2 

-, N,N-di-fee-butyl-. chromium(0) 
complexes, 23:3 

-, N,N-di-p-tolyl-, chromium(0) 
complexes, 23:3 

-, N,N,N,N-tetramethyl-, 
chromium(0) complexes, 23:2 

Thorate (IV), bis (heptadecatungstodi- 
phosphat0)-, hexadecapotassium, 
23:190 

decapotassium, 23:189 

decapotassium, 23:189 

-, bis(undecatungstoborat0)-, tetra- 

-, bis(undecatungstophosphat0)- , 

Thorium, porphyrin complexes, 22:156 
-, bis(2,4-pentanedionato)[5,10,15,20- 

tetraphenylporphyrinato( 2-)I-, 
22160 

-, (2,2,6,6-tetramethyl-3,5 -heptanedi- 
onato)[5,10,15,2O-tetraphenyl- 
porphyrinato(2-)]-, 22:160 

Thulium, hexakis(dipheny1phosphinic 
amide)-, tris(hexafluorophosphate), 
23:180 

pentaoxacyc1opentadecane)tetra-, 
23:153 

-, (1,4,7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-, 23:153 

-, trinitrato( 1,4,7,10,13-pentaoxa- 
cyc1opentadecane)-, 23: 15 1 

-, trinitrato( 1,4,7,10-tetraoxa- 
cyclod0decane)-, 23: 15 1 

-, tris(1,4,7,10,13,16-hexaoxacyc1o- 
octadecane)dodecanitratotetra-, 
23:155 

(Cs2LiTmC16), 20: 10 

Thulium(m), dodecanitratotris( 1,4,7,10,13- 

Thulium cesium lithium chloride 

Thulium chloride (TmCl,), 22:39 
Tin, pentatitanium tetrasulfide preparation in 

-, dibromodiphenyl-, 23:21 
Titanate( 1 -), pentaoxoniobate-, hydrogen, 

liquid, 23:161 

2289 
intercalate: 
with 1-butanamine, 2239 
with ethanamine, 22239 
with methanamine, 22:89 

with 1-propanamine, 22:89 

Titanium, as substrate for cadmium 
chalcogenides, 22230 

with NH3,2289 

potassium, 2289 
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---, bis [ 1,2-ethanediyIbis(diphenylphos- 
phine) ] bis (ism yammethane)-, trans-, 
23:lO 

-, bis [ 1,2-ethanediylbis(diphenylphos- 
phine)] bis( 1 -isocyano-4-methoxy- 
benzene)-, trans-, 23:lO 

phine)]bis( 1 -isocyano-4-methyl- 
benzene)-, trans-, 23:lO 

phine)] bis(2-isocyano-2-methyl- 
propane)-, trans-, 23:lO 

Tungsten(IV), bis[l,2-ethanediylbis(dir 
phenylphosphine)]bis[ (methyl- 
amino)methylidyne]-, trans-, 
bis[tetrafluoroborate( 1 -)I, 23:12 

~, bis[ 1,2-ethanediylbis(diphenylphos- 
phine)]bis[ [(4- 
methylphenyl)amino]methylidyne] - , 
trans-, bis[tetrafluoroborate( 1 -)I, 
23:14 

phine)](ismyanomethane)[ (methyl- 
amino)methylidyne]-, trans-, tetra- 
thoroborate( 1-)], 23:ll 

-, bis [ 1,2-ethanediyIbis(diphenylphos- 
phine)](2-isocyano-2-methyl- 
propane) [ (methylamino)(methyl- 
idynel-, trans-, tetrafluoro- 
borate(1-)], 23:12 

-, dichloro(phenyliido)tris(triethyl- 
phosphine)- , 2 4  198 

---, dichloro(phenylimido)tris(trimethyl- 
phosphine)-, 24: 198 

-, dichlorotris(dimethylpheny1phos- 
phine)(phenylimido)-, 24198 

-, dichlorotris( 1 -ismyano-4-methyl- 
benzene)(phenylimido)-, 24: 198 

-, dichlorotris(2-isocyano-2-methyl- 
propane)(phenylimido)-, 241  98 

---, dichlorotris(methyldipheny1phos- 
phine)(phenylimido)-, 2 4  198 

Tungsten(V), trichlorobis(dimethenpheny1- 
phosphine)(phenylimio)-, 24: 199 

-, trichloro(phenylimido)bis(triethyl- . 
phosphine)-, 24: 196 

-, trichloro(phenyliid)bis(trimethyl- 
ph0sphine)-, W.196 1 

-, trichloro(phenyliino)bis(triphenyl- 
phosphine)-, 24: 196 

-, bis[ 1,2-ethanediylbis(diphenylphos- 

---, bis [ 1,2-ethanediyIbis(diphenylphos- 

-, bis [ 1,2-ethanediylbis(diphenylphos- 

----, dicarbonylbis( qs-cyclopentadieny1)-, 

---, dicarbonylbis(q5-pentamethylcyclo- 

Titanium(III), chlorobis(q5-cyclopenta- 

----, trichlorotris(tetr~ydro~ran)-, 

Titanium(IV), tetrachlorobis(tetrahydr0- 

Titanium chloride (TiClz), 24: 18 1 
Titanium iron hydride (FeTiH, +,), 22:90 
Titanium sulfide (Ti&), preparation in liquid 

tin, 23:161 
TMTSF, see 2,2 '-Bi-l,3-diselenolylidene, 

4.4 ',5,5 '-tetramethyl-, 2 4  1 3 1 
Transition metal alkali metal oxides, 2256 
triars. see Arsine, [I-[(dimethyl- 

24149 

pentadieny1)-, 2 4  152 

dieny1)-, 21:84 

21:137 

furan)-, 21~135 

arsino)methyl]-2-methyl- 1,3-pro- 
panediyl]bis(dimethyI-, 21: 18 

1,4,7-Triazacyclononanne, cobalt complexes, 
2375 

1H-Triar.de , cobalt, copper, iron, manganese, 
nickel, and zinc complexes, 
23:157 

Triflate, see Methanesulfonate, trifluoro-, 
metal complexes and salts, 
24243-306 

Trimethyl phosphite: 
chromium complexes, 23:38 
iron complex, 2 1 : 9 3 
rhodium complex, 23:123, 124 

Triphenyl phosphite, chromium complexes, 
23:38 

[ loB2]- 1,2,4,3,5 -Trithiadiborolane, 
3,5-dimethyl-, 22225 

Tungstate, p-hydrido-bis[pentacarbonyl-, 
potassium, 23:27 

Tungstate( 1 -), pentacarbonylhydrido-, 
p-nitrido-bis(tripheny1- 
phosphorus)( 1 +), 22:182 

Tungstate(VI), pentafluorooxo-, tetrafluoro- 
ammonium (l:l),  24:47 

Tungsten(O), bis( 1 -chloro-4-isocyano- 
benzene)bis[ 1,2-ethanediyI(diphenyl- 
phosphine)]-, trans-, 23:lO 

benzene)bis [ 1,2-ethanediyl(diphenyI- 
phosphine)]-, trans-, 23: 10 

-, bis [ 1,2-ethanediylbis(diphenyIphos- 
phine)] bis(isocyanobenzene)-, trans-, 
23:lO 

-, bis( 1 ,3-dichloro-2-isocyanono- 

Tungst&G), tetrachloro(phenylimido)-, 
24195 
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Tungsten chloride oxide (WC140), 23:195 
Tungsten fluoride oxide (WF40), 2437 

Undecatuugstoborate (BW, @3g9-), thorium 
complexes, 23:189 

Undecatungstophosphate (PW 103~7-), 
thorium and uranium complexes, 
23986 

phato)-, hexadecapotassium, 23:188 

decapotassium, 23:186 

Uranate( IV), bis(heptadecatungstiphos- 

-, bis(undecatunpstophosphato)-, 

Uranate(V), hexafluoro-: 
p-nitrido-bis(triphenylphosphorus)( 1 +), 

21:166 
potassium, 21:166 
sodium, 21:166 

Urapium(IV) chloride (UC14), 21:187 

Uranium(V) fluoride (UF,), 21:163 
Urea, N,N'-dimethyl-N,N'-bis(tri- 

methylsyly1)-, 2 4  120 

UfaIIium(V), pentaethoxy-, 21~165 

Vanadium(III), chlorobis( qs-cyclopenta- 

-, trichlorotris(tetrahydrofuran)-, 

Vanadium chloride (VCl,), 21:185 
Vanadium lithium oxide (LiV20s), 24202 
Vanadium sulfide (VS2), 24:201 

Water: 

dieny1)-, 21:85 

21:138 

cadmium and cobalt complexes, 23:175 
cobalt complexes, 21:123-126; 23:76, 110 
iridium, osmium, and rhcdium complexes, 

molybdenum complexes, 23: 1 30- 1 39 
platinum complex, 2 1 : 1 92; 22: 125 

24254,265 

Welding, of tantalum, 207 

Xauthosine , palladium(I1) complexes, 

Xenon bis[pentafluomxoselenate(VI)], 

Xenon bis[pentafluomxoteUu(~)], 

23:54 

2429 

24:36 

Ytterbium, porphyrin complexes, 22156 
-, (1,4,7,10,13,16-hexaoxacyclo- 

o c t a d e c a n e ) t - ,  23:153 

tetraphenylporphyrhato( 2-)I-, 
22156 

-, (2,4-~~tanedionato)[5,10,15,20- 

-, [5,10,15,2O-tetrakis(3-fluore 
phenyl)porphyrinato( 2-)]( 2,2,6,6- 
tetramethyl-3,5 -heptanedionato)-, 
22160 

phenyl)potphyrinato(2-)](2,2,6,6- 
tetramethyl- 3.5 -heptanedionato)-, 
22156 

tris( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)tetra-, 23:153 

-, hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophasphate), 
23: 180 

-, trinitrato( 1,4,7,10,13-pentaoxa- 
cyc1opentadecane)-, 23:15 1 

-, trinitrato( 1,4,7,10-tetraoxacyclo- 
d0decane)-, 23:151 

-, tris( 1,4,7,10,13,16-hexaoxacyc1o- 
octadecane)dodecanitratotetra- , 
23:155 

-, [5,10,15,2O-tetrakis(4-methyl- 

Ytterbium(1II) , dodecanibato- 

Ytterbium chloride (YbC13), 2239 
Yttrium, porphyrh complexes, 22956 
-, (2,4-pentanedionato)[ 5,10,15,20- 

tetraphenylporphyrinato(2 -)I-, 
22160 

Yttrium chloride (YC13), 22:39 

Zeolite, 2261 
Zeolite A (NaAlSi0+2.25HzO), 22:63 
Zeolite Y (NafiI,Sis0,4.XH~0), 2264 
Zinc(II), bis(thiocyanato-N)-bis-p-( 1H- 

1 ,2,4-triazole-@:N4)-, poly-, 
23:160 

-, chloro(2,9-dimethyl-3,10-diphenyl- 
1,4,8,1l-tetraazacyclotetradeca- 
1,3,8,lO-tetraene)-, hexafluorophos- 
phate( 1 -), 2 2  11 1 

-, tetraaquabis( o-sulfobenzoimidato)-, 
dihydrate, 23:49 

Zincate(II), tetrakis (benzenethiolato) -, 
bis( tetraphen ylphosphonium), 
21:25 

dieny1)-, 2 4  150 

pentadieny1)-, 24: 153 

Zirconium, dicarbonylbis 

-, dicar~ylbis(q5-pentamethylcyclo- 

Zirconium(IV), tetrachlorobis(tetrahydre 

Zirconium bromide (ZrBr), 2226 
Zirconium chloride (ZrCl), 2226 

(SilwO~,)), 22:67 

furan)-, 21~136 

Z M - 5  (Na2,4[(C,H, )4N13.&2.6- 
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The Formula Index, as well as the Subject Index, is a Cumulative Index for Volumes 21 -25. The 
Index is organized to allow the most efficient location of specific compounds and groups of 
compounds related by central metal ion or ligand grouping. 

The formulas entered in the Formula Index are for the total composition of the entered compound, 
e.g., F6NaU for sodium hexafluorouranate(V). The formulas consist solely of atomic symbols 
(abbreviations for atomic groupings are not used) and arranged in alphabetical order with carbon 
and hydrogen always given last, e.g., Br3CoN4C4H16. To enhance the utility of the Formula 
Index, all formulas are permuted on the symbols for all metal atoms, e.g., FeO13Ru3CI3Hl3 is 
also listed at Ru3FeOl3CI3HI3. Ligand groupings are also listed separately in the same order, 
e.g., N2C~H8,1,2-Ethanediamine, cobalt complexes. Thus individual compounds are found at 
their total formula in the alphabetical listing; compounds of any metal may be scalled at the 
alphabetical position of the metal symbol; and compounds of a specific ligand are listed at the 
formula of the ligand, e.g., NC for Cyan0 complexes. 

Water of hydration, when so identified, is not added into the formulas of the reported compounds, 
e.g., C ~ O . ~ O N ~ F % R ~ ~ C ~ .  3H20. 

A&sF&6, Silver( 1 +), bis(cycZo- 
octasulfur)-, hexatluoroarsenate, 
24:74 

bis(glycinato)dinitro-, c is - (N02) ,  
trans(N)-, silver(I), 23:92 

AgF303SC, Silver trifluoromethane- 
sulfonate, reactions, 24:247 

Ag3N03S, Silver( 1 +), ~3-thio-tri-, 
nitrate, 24:234 

Ag8OI6W4, Silver tungstate, 22:76 
AIBrSilCsH22, Aluminum, 

A ~ C O N ~ O ~ C ~ H ~ ,  Cobaltate(III), 

bromobis( (trimethylsily )methyl]-, 
24: 94 

hydride, 22:96 

silicate, 22:61 

AIH4LaNi4, Aluminum lanthanum nickel 

A1Na04Si. 2.25H20, Sodium aluminum 

-, Zeolite A, 22:63 
AISi3C12H3,, Aluminum, tris[(tri- 

methylsilyl)methyl]-, 24: 92 

AgAsF6, Arsenate, hexatluoro-, silver, 24:74 A12Na2014Si. X H 2 0 ,  Sodium aluminum 
silicate hydrate, 22:64 

-, Zeolite Y, 22:64 
A12. aN3. aNa2. 4°Z07Si100C43H100* 

Sodium tetrapropylammonium 
aluminum silicate, 22:67 

-, ZSM-5, 22:67 
M4K2"a03 .,Si 14C4H 12 * 7H20, 

Ofietite, tetramethylammonium 
substituted, 22:65 

-, Potassium sodium tetramethyl- 
ammonium aluminum silicate hydrate, 
22:65 

24: 74 

bis(cyclo-octasulfur)silver( 1 +), 
24:74 

AsBr3F6 S, Arsenate, hexafluoro-, 
tribromosulfur(IV), 24:76 

AsCI8Hl5, Arsiie, triphenylchromium 
complexes, 23:38 

AsAgF6, Arsenate, hexatluoro-, silver 

AsAgFsS 16, &senate, hexafluoro-, 

345 
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ASF6NC h e n a t e ,  hexafluoro-, 
tetrabutylammonium, 24: 138 

AsF6N0, hena te ,  hexafluoro-, nitryl, 
24:69 

A S F ~ S ~ ~ C ~ O H ~ ~ ,  Arsenate, hexatluoro, 
4,4’,5,5‘-tetramethyL2,2‘-bi- 1,3- 
diselenolyldene radical ion( 1 +) (1 :2), 
24: 138 

As2CIOH16, Arsine, 
o -phenylenebis(dimethyl-, rhodium 
complex, 21:lOl 

A S ~ C ~ O ~ R ~ C ~ ~ H ~ ~ ,  Rhodium( 1 +), 
(carbon dioxide)bis[o - 
phenylenebis(dimethy1arsine)l-, 
chloride, 21: 101 

phenylenebis (dimethylarsine) ] -, 
chloride, 21:lOl 

hexachlorobis[o-phenylenebis(di- 
methy1arsine)ldi-, 21: 18 

hexachlorobis[[2-[(di- 
methylarsino)methyl]-2-methyl- 1,3- 
propanediyl ] bis (dimethylarsine) I-, 
21:18 

As&IRhC2,H32, Rhodium( l+), bis[o- 

As4C16Nb2C20H32, Niobium(III), 

AS&16Nb2C22Hs4, Niobium(III), 

AuCIOC, Gold(I), carbonylchloro-, 24:236 
A u C I ~ O ~ P ~ C ~ O H , ~ ,  Gold(I), 

dichloro-p-( 1,l ,lO,lO-tetraphenyl- 
4,7-dioxa- 1 ,lo-diphosphadecane)- 

AuNo2sC3H6, Gold(I), (L-cystehat0)-, 
di-, 21~193 

21:31 

benzenethio1ato)-, 23: 192 
AUSCgHg, Gold(I), (4-ethyl- 

BBr2CH3, [ IOBIBorane, dibromomethyl-, 

BBr3, [ loB]Boron bromide, 22:219 

chlorotris(dimethy1 sulfide)-, 
tetrafluoroborate( 1 -), 22: 126 

B C I ~ C ~ H S ,  Borane, dichlorophenyl-, 22:207 
B C ~ N ~ ~ C I O H I O ,  CoPper(I), 

22:223 

BClF4PtS 3C6H 18,  PlatiXl&(n), 

carbonyl[hydrotris(pyra- 
zolato)borato]-, 21 : 108 

carbonyl[tris( 3,5-dimethyl- 
pyrazolato)hydroborato]-, 21 : 109 

kis(pyrazolato)borato]-, 21: 110 

BCuN60C11jH22. CoPPdI), 

BCuN I H 12, Copper( I), carbonyl[tetra- 

BF4Fe02CIIH13, Borate(1-), 
tetrafhorodicarbonyl(q5- 
cyclopentadienyl ) ( q 2- 2-methyl- 
1-propenyl(iron(l+), 24:166 

bis[ 1,2-ethanediylbis( 1,2-diphenyl- 
phosphine) ] (isocyano- 
methane)[ (methyl- 
amino)methylidyne]-, trans-, 
tetrafluoroborate(1-), 23:12 

tetrathoro-, tetrabutylammonium, 
24: 139 

BF4N2P4WC56H55, Tungsten(IV), 
bis[ 1,2-ethanediyIbis(diphenyl- 
phosphine)]( isocyano- 
methane)[ (methy1amino)methyl- 
idynel-,tmns-, tetra-fluoroborate( 1 -), 
23: 11 

bis[ 1,2-ethanediylbis(diphenyl- 
phosphine))( 2-isocyano-2-methyl- 
propane) [ (methy1amino)methyl- 
idynel-, tmns-, tetrathoroborate( 1 -), 
23: 12 

fluoro-, 4,4‘,5,5’-tetramethy1-2,2’-bi- 
1,3-diselenolylidene, radical ion( 1 +) 
(1:2), 24:139 

tetrafluoroammonium (1 : l), 24:42 

0x0-, boron(3+) (3:1), 24:35 

diy1)dihydro-, potassium, 22:200 
BLiC8H16, Borate( 1-), (cyclooctane-1,5- 

diy1)dihydro-, lithium, 22:199 

22:209 

BF4MoN2P4C56H55, Molybdenum(III), 

BF4NC16H36, Borate(1-), 

B F ~ N ~ P ~ W C S ~ H ~ ~ ,  Tm@dV), 

BF4Se8C20024. Borate( I-), tetra- 

BFgN, Borate(III), tetrafluoro-, 

BFI5O3Te3, Tellurate(VI), pentafluoro- 

BKC8H16, Borate(1-), (CyClOOCtane-1,5- 

BNC& 16, Borane, (dimethylaminO)diethyiethyl-, 

BNNaC2H3, Borate(1-), cyanotri[(2H)hy- 
dro]-, sodium, 21~167 

BN,RhC,H56, RhodiU(I), tetrakiS(1- 
is0cyanobutane)-, tetraphenyl- 
borate(1-), 21:50 

BN6C9HIo, Borate( 1 -), 
hydrotris(pyrazo1ato)-, copper 
complex, 2 1 : 108 

dimethylpyrazo1ato)hydro-, copper 
complex, 21:109 

BN6CI5HZ2, Borate(1-), tris(3,5- 

-, Borate(1-), tris(3,5-dimethyl- 



pyrazolyl) hydro-, molybdenum 
complexes, 23:4-9 

BN8CI2Hl2, Borate(1-), 
tetrakis(pyrazo1ato)-, copper complex, 
21:llO 

BNaC8H16, Borate( 1-), (cyclooctane-1,5- 
diy1)dihydro-, sodium, 22:200 

BOCSHIl, Borane, diethylhydroxy-, 22: 193 
BOC5H13, Borane, diethylmethoxy-, 22: 190 
B O C ~ H ~ O ,  Diboroxane, tetraethyl-, 22: 188 
B02C2H7, Boronic acid, ethyl-, 24:83 
B02C 9H 9, Borane[ (2,2-dimethyl- 

propanoy1)oxyldiethyl-, 22: 185 
B039W1 Undecatungstoborate(9-), 

thorium complexes, 23:189 
B 2F 8MoN 2P4C 56H 56, Molybdenum(IV) , 

bis( 1,2-ethanediyIbis(diphenyl- 
ph0sphine))bis [ (methy1amino)methyl- 
idynel-, trans-, bis[tetra- 
fluoroborate( 1-)], 23:14 

B2F8N2P4WC56HS6, Tungsten(IV), 
bis[ 1,2-ethanediylbis(diphenyl- 
phosphine)] bis((methy1- 
amino)methylidyne]-, trans-. 
bis[tetratluoroborate( 1-)], 23:12 

bis [ 1,2-ethanediylbis (dipheny 1 - 
phosphine)]bis[ [( 4-methyl- 
pheny1)aminolmethylidyne I-, trans-, 
bis[tetrafluoroborate( 1-)], 23: 14 

tetrafluoro-, pentaamine(pyra- 
zine)ruthenium(II) (2: l), 24:259 

[ (1,2-~yclohexanedione 
dioximato)O :O’]diphenyl- 
diborato(2-)]- 

B ~ F B N ~ P ~ W C ~ ~ H ~ ~ ,  Tungsten(IV), 

B2F8N7RuC4H19, Borate( 1 -), 

B2FeN606C30H34, Iron(II), ([triS[p- 

N,N:N“,W”,””,N””‘)-, 21: 112 
B2K140,8ThW22, Thorate(IV), 

bis(undecatungstoborat0)-, 
tetradecapotassium, 23: 189 

B$Ld”Rh2C I 18H120, Rhodium(I), 
tetr&s( 1 -isocyano- 
butane)bis [ methylenebis (diphenyl- 
phosphine)]di-, bis(tetrapheny1- 
borate(1-)], 21:49 

B2N606C30H34. Borate(2-), tris[p-[( 1,2- 
cyclohexanedione dioximato)- 
O,O’]diphenyldi- iron complex, 
21:112 

B@&20, Diboroxane, tetraethyl-, 24:85 
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B205C 14H28, Boron, bis-p-(2,2- 
dimethylpropanoato-0.0‘ )-diethyl-p- 
oxo-di-, 22:196 

B ~ S ~ C Z H ~ ,  [‘oB2]-1,2,4,3,5- 
Trithiadiborolane, 3,5-dimethyl-, 
22:225 

B303C6Hl5, Boroxh, triethyl-, 24:85 
B4C6H 16, 2,3-Dicarba-nido- 

B4FeC 12H3,, [ 1, l  ’-commo-Bis(2,3- 
hexaborane(8),2,3-diethyl-, 22:211 

dicarba- 1 -ferra-closo -hepta- 
borane)]( 12),2,2‘,3,3‘-tetraethyl-l,1- 
dihydro-, 22:215 1 

B7C2H 16,2,6-Dicarba-nido-nonaborane, 
22:237 

Tetracarbadodecarborane( 1 2), 
2,3,7&tetraethyl-, 22: 21 7 

B&oC7H16, 1,2-Dicarba-3-cobalta- 
closo-dodecaborane( 1 l), 
3-(~5-~yclopentadienyl)-, 22:235 

B@H& Borate( 1 -), dodecahydro-6- 
thia-amchno-deca-, cesium, 
22:227 

22:22 

22:228 

dicarba-nido-undeca-, potassium, 
22:231 

B9SC 4H 17, 7,8-Dicarba-nido - 
undecaborane( 1 l), 9-(dimethyl 
sulfide)-, 22:239 

B~C12H28, 2,3,7,8- 

B9H9S, 1 -Thia-closo-decaborane(9), 

B9HlIS, 6-Thia-nido-decaborane( 1 l), 

BgKC2HI2, Borate(1-), dodecahydro-7,8- 

B10H14, Decaborane(l4). 22:202 
B SC 2H 2 ,  1,2-Dicarba-closo - 

dodecaborane( 12)-9-thiol, 
22:241 

bis( 7,ll: 20,24-dinitrilodi- 
benzo[b,m][ 1,4,12,15]tetra- 
azacyclodoc0sine)-, diperchlorate, 
23: 174 

(4,7,13,16,21,24-hexaoxa-1,10- 
diazabicyclo[ 8.8.8]hexacosane)-, 
tetrabismuthide(2-), (2: I ) ,  , 
22:151 

bromobis[(trimethylsilyl)methyl)-, 
24:94 

BaC12C26H1808N6, Balklm(II), 

Bi4KzN20 12C 36H7,, Potassium, 

BrAlSi2C8Hz2, Aluminum, 
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BrCoN40C 14H26, Cobalt(III), 
[2-[ 1-[(2-aminO- 
ethyl)imino]ethyl]phenolato]( 1,2- 
ethanediamine)ethyl-, bromide, 
23: 165 

(carbonato)bis( 1,2-ethanediamine)-, 
bromide, 2 1 : 120 

Cobalt(III), aquabromobis( 1,2- 
ethanediamine)-, dithionate, 
trans-, monohydrate, 21: 124 

BrF2NS, Imidosulfurous difluoride, 
bromo-, 24:20 

BrFeMgOzPC39H45, Magnesium, bromo( q5- 
cyclopentadienyl)[ 1,2- 
ethanediylbis (diphenyl- 
phosphine)] bis(tetrahydrofuran)iron-, 
(Fe-Mg), 24: 172 

BrFePzC 31 Hz9, Iron, bromo( q 5 -  
cyclopentadienyl)[ 1,2-ethanediyl- 
bis(diphenylphosphiue)]-, 24: 170 

B&ON40 3C 5H6, CObalt(III), 

B ~ C O N ~ O , S Z C ~ H ~ ,  * HzO, 

BrZr, Zirconium bromide, 22:26 
BrzhhzO& 8, Manganese, 

Br2N4PdC lzHU), Palladium(II), 
dibromooctacarbonyldi-, 23 : 33 

[N,N-bis [ 2-(dimethylamino)ethyl]- 
iV’J”’dimethy1- 1,2-ethanedi- 
amine]bromo-, bromide, 21: 131 

Br2N6NiP2C Nickel@), 
dibromobis( 3,3’,3”- 
phosphindynetripropionitrile)-, 
22:113, 115 

(Br2N6NiPzC 18H24)x, Nickel(II), 
dibromobis( 3,3 ’ ,3 ”- 
phosphindynetripropi0nitrile)-, 
polymer, 22: 115 

Br3AsF6S, Sulfur(IV), tri%romo-, 
hexduoroarsenate, 24: 76 

Br3CoN4C4H 16, Cobalt(III), 
dibromobis( 1,2-ethanediamine)-, 
bromide, trans-, 2 1 : 120 

dibromobis( 1,2-ethanediamine)-, 
bromide, cis-, monohydrate, 21: 121 

aquabromobis( 1,2-ethanediamine)-. 
dibromide, cis-, monohydrate, 
21:123 

Br4GaNCsHzo, Gallate( 1 -), tetrabromo-, 
tetraethylammonium, 22:141 

Br 3CoN4C 4H 6 * Hz 0, Cobalt( 111) , 

Br3CoN40C4HlE. HzO, Cobalt(1II). 

Br4GaNC16H36, Gallate( I-), tetrabromo-, 
tetrabutylammonium, 22: 139 

di-p- hydroxo-bis [ tetraammine -, 
tetrabromide, 24: 226 

Br4NE0zRhzCEH34, Rhodium(III), 
di-p-hydroxo-bis[bis( 1,2-ethanedi- 
amine)-, tetrabromide, 
24: 23 1 

hexabromodi-, bis(tripheny1- 
phosphonium), 22:135, 138 

hexabromodi-, bis(tetrapheny1- 
phosphonium), 22: 139 

Br4H&&Rhz, RhodiUm(III), 

Br&azPzC36H3~, Gallate(2-), 

Br6GazP2C48H40, Gallate(2-), 

CF3H, Methane, trifluoro-: 
cadmium complex, 2455 
mercury complex, 24:52 

CF3NOS, Imidosulfurous difluoride, 
(fluorocarbony1)-, 24:lO 

CH3, Methyl: 
cobalt complexes, 23:170 
mercury complexes, 24: 143-145 

CNO, Cyanato, silicon complex, 24:99 
CO, Carbon monoxide: 

chromium complexes, 21:1, 2; 23:87 
cobalt, iron, osmium, and ruthenium 

complexes, 2158-65 
copper complex, 21:107-110 
goId(I), 24:236 
hafnium, titanium, and zirconium, 

indium complex, 2 1 : 97 
iron complex, 21:66,68 
iron complexes, 24:257-260 
iron and ruthenium complexes, 22: 163 
palladium complex, 21:49 
ruthenium complex, 2 1 : 30 

cobalt complexes, 23: 19 
iron complex, 21:91 
platinum complexes, 2 1 : 86-89; 

ruthenium complex, 21:76 
CzHS, Ethyl, cobalt complexes, 

CZH6FN, Dimethylamine, N-fluoro-, 

C4H602, Acrylic acid, methyl 

24:149-156 

CzH4, Ethene: 

24~213-216 

23:165, 167 

24: 66 

ester, ruthenium complex, 24: 176 
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C4H8, 1-Propene, 2-methyl-, 

C4H10, Butane: 
iron complexes, 24:161, 164, 166 

cobalt, iridium, and rhodium 

palladium complex, 22:167, 168,169,170 
complexes, 22:171, 173, 174 

C4N404Si, Silane, tetraisocyanato-, 24:99 
C5H6, 1,3-Cyclopentadiene: 

cobalt complex, 22:171, 235 
iron complexes, 21:39-46; 24:161, 

164, 166, 170, 172 
ruthenium complex, 21:78; 22:180 
thallium complex, 24:97 
titanium complexes, 24: 149-15 1 
titanium and vanadium complexes, 21 :84, 

C6H5, Phenyl, antimony complexes, 23: 194 
85 

C6H6, Benzene: 
chromium complex, 2 1 : 1, 2 
ruthenium complex, 22: 177 

C6H8, 1,3-CycIohexadiene, ruthenium 
complex, 21:77; 22:177 

C7HsNO3 S, o -Benzosulfimide 
(saccharin), metal complexes, 23:47 

C7H10, 1,3-CycIoheptadiene, 
ruthenium complex, 22: 179 

CsH.5, Benzene, ethynyhthenium 
complex, 2 I : 82 

CsH,, Benzene, vinyl-, ruthenium 
complex, 2 1 : 80 

-, Styrene, see -, Benzene, vinyl-, 
21:80 

CsH 10, 1,3,5-Cyclooctatriene, ruthenium 
complex, 22: 178 

C8H12, 1,5-Cyclooctadiene: 
iridium complexes, 23:127; 24:173, 174, 

rhodium complex, 23:127, 129 
ruthenium complex, 22: 178 

I75 

C8H14, Cyclooctene, iridium complex, 
21:102 

CsH16, Cyclooctane, boron complex, 
22:199 

C 1OH14, Benzene, 1 -isopropyl-4-methyl-, 
ruthenium complex, 2 1 : 75 

C1OHl6, 1,3-Cyclopentadiene, 1,2,3,4,5- 
pentamethyl-, 21:181 

cobalt complexes, 23:15-19 
hafnium, titanium, and zirconium 

complexes, 24: 152-156 

C&18, Benzene, hexamethyl-, ruthenium 

C i9H lsF, Methane, fluorotriphenyl-, 24: 66 
Ca2Mn308, Calcium manganese oxide, 

complexes, 21 : 74-77 

22:73 

aqua(7,11:20,24-dinitrilodi- 
benzo[b,rn I[ 1,4,12,15 ]tetra- 
azacyc1ododecosine)perchlorato-, 
perchlorate, 23: 175 

CdF6C2'NC5H5, Cadmium, bis(trifluor0- 
methyl)-, -pyridine, 2457 

CdF 6c 2 f OC 4H Cadmium, bis (trifluoro- 
methyl)-, -tetrahydrofuran, 24: 5 7 

CdF& - OZC4H10, Cadmium, bis(trifluoro- 
methyl)-, - 1,2-dimethoxyethane, 
24:55 

tetrakis(benzenethio1ato)-, bis(tetra- 
phenylphosphonium), 21 :26 

CdSe, Cadmium selenide, 22:82 
CdSe,Tel., , Cadmium selenide telluride, 

CdSeo.65Teo,35, cadmium selenide 

CeC13, Cerium chloride, 22:39 
CeC1402P2C36H30, Cerium(IV), 

tetrachlorobis(tripheny1- 
phosphine oxide)-, 23: 178 

hexakis (diphenyl- 
phosphinic amide)-, 
tris (hexafluorophosphate) , 
23:180 

trinitrato( 1,4,7,10- 
tetraoxacyc1ododecane)-, 
23:151 

CeN3OI4C 10H20, Cerium(III), 
trinitrato( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23 : 15 1 

(1,4,7,10,13,16-hexaoxacyclo- 
0ctadecane)trinitrato-, 23: 153 

pentanedionato)[ 5,10,15,20-tetra- 
phenylporphyrinato( 2-)I-, 
22: 160 

CeN40 14P2C 36H30, Cerium(IV), 
tetrauitratobis(tripheny1phosphine 

CdC12N609C26H20, cadmiUm(II), 

CdP2S4C7,Hm, Cadmate(II), 

22:84 

telluride, 22:8 1 

CeF18N606P12C72H72, CeriUm(III), 

CeN 30 13C *H 16, Cetium(II1) , 

CeN3Ol5Cl2HZ4, Cerium(III), 

CeN404Cs4H42, Cerium, bis(2,4- 

iridium and rhodium complex, 22: 173,174 oxide)-, 23:178 
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C e N l ~ 0 ~ o C ~ H 3 z ,  Cerium(IV), 
tetrakis( 2,2'-bipyridine 1,l'- 
dioxide)-, tetranitrate, 23: 179 

trimethyl-3,5 -0ctanedionato)-, 
23: 147 

tris ( 1,4,7,10,13,16 -hexaoxacy clo- 
octadecane )dodecanitratotetra-, 
23: 155 

aminoethy1)imino ]ethyl 1phenolato)- 
(1,2-ethanediamine)ethyl-, 
perchlorate, 23-169 

CICoN40zSC6H18, Cobalt(III), bis( 1,2- 
ethanediamine)(2-mer- 
captoacetato( 2-)-0, S)-, perchlorate, 
21:21 

diammine( carbonato)bis(pyridine)-, 
cis,cis-, chloride, monohydrate, 
23:77 

aqua(glycinato)( 1,4,7- 
triazacyc1ononane)-, perchlorate, 
dihydrate, 23:76 

aquachlorobis( 1,2-ethanediamine)-, 
dithionate, trans-, monohydrate, 
21:125 

(glycinato)nitro( 1,4,7-triaza- 
cyclononane)-, chloride, monohydrate, 
23:77 

Ce08C~H76, Celkllll(IV), tetrakis(2,2,7- 

C%Niz054C36H7z3 CeriW(III), 

ClCoNOSC14Hz6, CObalt(III), [2-[1-[(2- 

CICON403CllH16 * HzO, Cobalt(III), 

C ~ C O N ~ O ~ C ~ H Z ~ . ~ H ~ O ,  Cobaltate(III), 

C I C O N ~ O ~ S Z C ~ H ~ ~ .  HzO, CObalt(III), 

C I C O N S O ~ C ~ H ~ ~  * H20, CObalt(III), 

ClF, Chlorine fluoride, 24: 1 , 2  
ClFOz, Chloryl fluoride, 24:3 
ClF03S, Chlorine fluorosulfate, 24:6 
ClFzNS, Imidosufirous difluoride, 

ClF30C, Hypochlorous acid, trifluoromethyl 

ClFsS, Sulfur chloride pentduoride, 24:8 
CIFSTe, Tellurium chloride pentafluoride, 

chloro-, 24: 18 

ester, 24:60 

24:31 

chlorobis( 1 ,2-ethanediamine)(trii- 
fluoromethanesulfonato-0 )-, tmns-, 
trifluoromethanesulfonate , 
24:289 

chlorobis( 1 ,2-ethanediamine)(trii- 

C ~ F , ~ I ~ N ~ O ~ S Z C ~ H  16, IridiUm(III), 

ClF6N4O,jRhS2C&16, RhodiUm(III), 

fluoromethanesulfonato-0)-, trans-, 
trifluoromethanesulfonate, 24: 285 

ClF6N4PZnCz4Hz8, Zinc(II), chloro(2,g- 
dimethyl-3,lO-diphenyl- 1,4,8,11- 
tetraazacyclotetradeca- 1,3,8,10- 
tetraene)-, hexduorophosphate( 1 -), 
22:111 

chlorobis( 2,3,4,6-tetrafluorophenyl-), 
21:73 

ClF90C4, Hypochlorous acid, peffluoro-tert- 
butyl ester, 24:61 

CIFloTIC 12, Thallium(III), chlorobis(penta- 
fluoropheny1)-, 21:71, 72 

ClFeO, Iron chloride oxide: 

ClF8TlC 1zH2, Thallium(III), 

intercalate with 4-aminopyridine(4: l), 

intercalate with pyridine (4: l),  22:86 
intercalate with 2,4,6-trimethylpyridine 

22:86 

(6: l), 22:86 

diammineaquachloro-, trans-, nitrate, 
22:125 

carbonylchlorobis(dimethylpheny1- 
phosphine)-, tmns-, 21:97 

ClIr02P4C13H3z, Iridium(l+), (carbon 
dioxide)bis[ 1,2-ethan-diylbis(di- 
methy1phosphine)l-, chloride, 
21:100 

ClIr04P3C, 1Hz7, Iridium, chloro[(formyl- 

ClH8N304Pt, Platinum(II), 

ClIrOPC 17 H zz, Iridium( I), 

KC-oXy)fonnato-K0-( 2-)]tris(tri- 
methy1phosphine)-, 21 : 102 

CIIrP3C1,H4,, Iridium, chloro(q2-cyclo- 
0ctene)tris (trimethy1phosphine)-, 
21:102 

ethandiylbis(dimethy1phosphine)-, 
chloride, 2 1 : 100 

molybdenum and tungsten complexes, 
23:lO 

Cl"iPSezC lH2S, Nickel(II), chloro- 
(N,N-diethyldise1enocarbamato)- 
(triethy1phosphine)-, 21 :9 

perchlorate, 24: 135 
ClNPPdSezCz3HzS, Palladium, chloro- 

(N,N-diethyldiselenocarbamato)(tri- 
pheny1phosphine)-, 21 : 10 

C1IrPrClzH3,, Iridium( l+), bis[ 1,2- 

ClNC7H4, Benzene, 1-chloro-4-isocyano- 

CM04C16H36, AHlIXl~Um, tetrabutyl-, 

ClNPPtSezCZ3Hz5, Platinum(II), chloro- 
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C I Z H ~ N ~ P ~ ,  Platinum(II), triamminechloro-, 
chloride, 22: 124 

C ~ Z H I ~ N ~ O S ,  O~mium(II), pentaammine(di- 
nitrogen)-, dichloride, 24:270 

C12HfCzoH,, Hafnium, dichlorobis( 5- 

pentamethylcyclopentadienyl )-, 
24:154 

ClzMozN4C8Hz4, Molybdenum, 
dichlorotetrdcis( dimethy1amido)di-, 
(M-*-Mo), 21:56 

isocyano-, molybdenum and tungsten 
complexes, 23: 10 

chloro(pheny1imido)tris (trimethyl- 
phosphine)-, 24: 198 

chloro(pheny1imido)tris (triethyl- 
phosphine)-, 24: 198 

chlorotris(dimethylpheny1- 
phosphine)(phenylimido)-, 24: 198 

C12NP3WC45H44, Tungsten(IV), di- 
chlorotris (methy ldipheny lphos - 
phine)(phenylimido)-, 24: 198 

C12NzPtCloHz4, Platinum(II), [N,N'-bis( 1- 
methylethyl)- 1,2-ethanediamine)di- 
chloro(ethene)-, 21 :87 

ClzNZPtClZHZB, Platinum(II), di- 
chloro[N,N'-dimethyl-N,N'- 
bis( 1-phenylethy1)- 1,2-ethanedi- 
amine]dichloro( ethene) -, 
21:87 

tetraethyl- 1,2-ethanediamine)-, 
21:86, 87 

C12NzPtCzoHz~. Platinum(II), [(S,S)N,N'- 
bis( 1-phenylethy1)- 1,-ethanedi- 
amine]dichloro(ethene)-, 
21:87 

C12NzPtC2zH32, Platinum(II), 
dichloro[ (R,R )-N,N'dimethyl-N,N'- 
bis( 1 -phenylethyl)- 1,2-ethanedi- 
amine](ethene)-, 21:87 

bis( 2,2'-bipyridine-N,N' )dichloro-, 
cis-, 24:294 

C12N4PdC 12H30, Palladium(II), [NN-bis[ 2- 
(dimethylamino)ethyl]-N:"- 
dimethyl- 1,2-ethanediamine]chloro-, 
chloride, 21:129 

CIzNC7H3, Benzene, 1,3-dichloro-2- 

CIzNP3WC15H32, Tungsten(IV), ki- 

C12NP3WCz4H50, Tungsten(IV), di- 

C1zNP3WC30H38, Tungsten(IV), di- 

-, dichloro(ethene)(N,N,N',N'- 

C ~ Z N ~ O S C Z ~ H I ~ ,  o~mi~m(II ) ,  

(N,N-diethyldiselenocarbamato)- 
(tripheny1phosphine)-, 21: 10 

ClN4OzReCzoHz0, Rhenium(V), dioxotetra- 
kis(pyridine)-,chloride,trans-, 21:116 

dioxotetrakis(pyridine)-, perchlorate, 
trans-. 21:117 

ethanediamine)(oxalato)-, perchlorate, 
24:227 

C104H, Perchloric acid, cadmium complexes, 
23: 175 

C104Se8Cz0H24, 2,2'-Bi- 1,3- 
diselenolylidene, 4,4',5,5 '- 
tetramethyl-, radical ion( 1 +), 
perchlorate (2: l), 24: 136 

ClpSiC 14, Phosphinous chloride, 
[phenyl(trimethylsilyl)methylene I-, 
24:111 

ClPSi4C 14H36, Phosphine, bis(trimethy1- 
silyl)methylene] [chlorobis(tri- 
methylsily1)methyl-, 24: 119 

methy1silyl)methylene ]chloro]-, 
24:120 

C1P2RuC4,H3,, Ruthenium@), chloro- 
( q5-cyclopentadienyl)bis(tri- 
pheny1phosphine)-, 21 :78 

CITiCloHlo, Titanium(III), chlorobis( ~ 5 -  
cyclopentadieny1)-, 2 1 : 84 

ClVC loHlo, Vanadium(III), chlorobis( t75- 

cyclopentadieny1)-, 21 : 85 
ClZr , Zirconium chloride, 22: 26 
C10.30Cs2N4PtC4, Platinate, tetra- 

C ~ ~ O ~ & C Z O H ~ ,  RheIliUm(v), 

Cw408RhC6Hl6, RhodiUm(III), bis( 1,2- 

-, Phosphorane, bis [bis (tri- 

cyano-, cesium chloride (1 :2:0.30), 
21:142 

CIo.30N4PtRb2C4- 3Hz0, Platinate, 
tetracyano-, rubidium chloride 
(1:2:0.30), trihydrate, 21:145 

amincethanethiolato-N,S)bis( 1,2- 
ethanediamine)-, diperchlorate, 21 : 19 

aqua(methanol)( 5,5a-dihydro-24- 
methoxy-6,lO: 19,23-dinitrilo-24H- 
benzimidazo[2,1-h][ 1,9,17]- 
benzotriazacyc1ononadecine)-, 
diperchlorate, 23 : 176 

diamminechloroiodo-, trans-, chloride, 
22:124 

Cl2CON5 0 8  SC~HZZ,  Cobalt(III), (2- 

C ~ ~ C O N ~ O I ~ C ~ ~ H Z ~ ,  Cobalt(l1). 

C12H21NzPt, Platinum(II), 
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C12N4RuC20H16 - 2H20, Ruthenium(II), 
bis( 2,2 '-bipyridine-N,N' ]dichloro-, 
cis-, dihydrate, 24:292 

C12N4WC18H32, Tungsten(IV), di- 
chlorotris(2-isocyano-2-methyl- 
propane)(phenylimido)-, 24: 198 

dichlorotris( 1 -isocyano-4-methyl- 
benzene)@henylimido)-, 24: 198 

C12N5RuC2,HI9 * 2.5H20, Ruthenium(II), 
('t,Z'-bipyridine-N,N )- 
chloro( 2,2': 6',2"-terpyridine- 
N,N,N')-, chloride, 2.5 hydrate, 
24: 300 

CI2N4WcmHz6, Tungsten(IV), 

C I Z N ~ N ~ P ~ C  18H24, Nickel(II), 
diChlOrobis(3,3',3"- 
phosphinidynetripropionitxile)-, 
22: 113 

tris(2,2'-bipy~idine)-, dichloride, 
hexahyudrate, 21:127 

pentaammine(pyrazine)-, dichlonde, 
24:259 

p-carbonyl-dichlorobis [ methylene - 
bis(diphenylphaphine)]di-, 2 1 : 49 

methy1ene)triphenyl-, 24: 108 

chlorobis-p(methylenebis(dipheny1- 
ph0sphine))-di-, (Pd-Pd), 21:48 

rnethylene)bis[trirnethyl-, 24: 1 18 

C12N6hC&24 - 6H20, Ruthenium(II), 

C12N7 RuC4H 9, Ruthenium( 11), 

C120P4Pd2C5 H u ,  Palladium(I), 

C12PC19H15, Phosphorane, (dichloro- 

C I Z P ~ P ~ ~ C S ~ H M ,  Palladium(I), di- 

C12Si2C7H18, Silane, (dichloro- 

ClzTi, Titanium dichloride, 24:181 
CIzV, Vanadium chloride, 21 : 185 
C I ~ C O N ~ O H I ~ ,  CObalt(III), 

triammineaquadichloro-, mer-, 
chloride, 23: 1 10 

p-( carboxy1ato)di-p-hydroxo- 
bis [triammine-, triperchlorate, 
23:107, 112 

tri-p-hydroxo-bis[tammbe-, 
fac-, triperchlorate, dihydrate, 
23: 100 

C ~ ~ C O ~ N ~ O I ~ C H ~ ~ ,  Cobalt(III), 

c13C02N601~H21 * 2H20, Cobalt(III), 

C13C02N60&H23 * 2H20. Cobalt(III), 
(/.L-Wtato)di-/.L-hydroxo- 
bis[triammine-, triperchlorate, 
dihydrate, 23:112 

C13C02N601~H21 * 0.5H20, Cobalt(III), 
p-( hydrogenoxalat0)di -p-hydroxo- 
bis[triammine-, triperchlorate, 
hemihydrate, 23:113 

C~~CSSC,  Cesium scandium chloride, 22:23 
C13Dy, Dyprosium chloride, 22:39 
C13Er, Erbium chloride, 22:39 
C13Eu, Europium chloride, 22:39 
CI,Gd, Gadolinium chloride, 22:39 
C13H 12N4RhI Rhodium( 111), 

tetraaunninedichloro-, cis-, chloride, 
24:223 

amminechloro-, dichlonde, 24:222 

amminechloro-, dichloride, 24:255 

m e a q u a - ,  triperchlorate, 24:254 

trichloride, 24:267 

hexaammine-, triperchlorate, 24255 
C13H 180~ ,  Osmium(III), hexaammine-, 

trichloride, 24:273 
CI~HO, Holmium chloride, 2239 
C1 3IrN ,C 4H 6 . HCl 2H 20, Iridium(II1) , 

C13H15N5Rh, Rhodium(III), penta- 

C13H15NsRu, Ruthenium(III), penta- 

C13H 7N5 0 3Rh, Rhodium(III), penta- 

C13H 181rN6, Iridium(III), hexaammine-, 

CI3H 1 12Rh, RhodiUm(III), 

dichlorobis ( 1,2- ethan4iamine)- , 
trans-, chloride, monohydrochloride, 
dihydrate, 24287 

dichlorobis( 1,2-ethanediamine)-, cis-, 
chloride, monohydrate, 24287 

Cl3IrN4C4HI6 .HzO, Iridim(III), 

C13La, Lanthanum chloride, 22:39 
C13Lu, Lutetium chloride, 22:39 
C13Mo03C 12824 ,  Molybdenum(III), 

trichlorotris(tetrahydrorahydrofuian)-, 2 4  193 
CI 3NP2ReC q2H 35, Rhenium(V), 

trichloro(phenylimido)bis(triphenyl- 
phosphine)-, 24:196 

trichloro(pheny1imido) bis( trimethyl- 
phosphine)-, 24196 

chloro( phenyliiido) bis(triethy1phos- 
phine)-, 24:196 

Cl 3NP2 WC 22H 27, Tungsten(V), tri- 
chlorobis(dimethylpheny1phos- 
phine)(phenylimido)-, 2 4  196 

C13NP2WC42H35, Tungsten(V), tri- 
chloro(phenyliiido)bis(triphenyl- 
phosphine)-, 24: 196 

C13m2WC 12H32r Tun~*n(W, 

C13NP2WC I8H35, Tungsten(V), tri- 
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C1,NPtSC gH42, Platinate(II), trichloro(di- 
methyl sulfide)-, tetrabutylammonium, 
22: 128 

bipyridine-N,N' )dichloro-, cis-, 
chloride, 24293 

bis( 2,2'-bipyridine-N,N')dichloro-, 
cis-, chloride, dihydrate, 24:293 

C13N4RhC4H 16 .HC1. 2H20, Rhodium(III), 
dichlorobis( 1,2-ethanediamine)-, 
trans-, chloride, monohydrochloride, 
dihydrate, 24283 

CI$J,RhC,H 16 . H 2 0 ,  Rhodium(III), 
dichlorobis( 1,2-ethanediamine)-, cis-, 
chloride, monohydrate, 24283 

C13N4RuC20H16 * 2H20,  Ruthenium(III), 
bis( 2,2'-bipyridine-N,N')dichloro-, 
cis-, chloride, dihydrate, 24:293 

Cl3N,OsC2,,H 16, Osmium(III), bis(2,2'- 

C13N,OSC2@16'2H20, Osmium(III), 

C13Nd, Neodymium chloride, 22:39 
cl303SCc 12H24, Scandium(III), trichloro- 

tris( tetrahydrofuran)-, 2 1 : 1 39 
C1303TiC 12H24, Titanium(III), trichlorw 

tris( tetrahydrofuran)-, 21 : 1 37 
C1303VC IzH24, Vanadium(III), trichloro- 

tris(tetrahydrofuran)-, 21:138 
C13Pr, Praseodynium chloride, 22:39 
C13SbC 12H10, Antimony(V), trichloro- 

diphenyl-, 23:194 
C13Sc, Scandium chloride, 22:39 
C13Sm, Saramium chloride, 22:39 
C13Tb, Terbium chloride, 22:39 
C13Tl, Thallium chloride, 21:72 
C13Tm, Thulium chloride, 22:39 
C13Y, Yttrium chloride, 22:39 
CI,Yb, Ytterbium chloride, 22:39 
C14C02N6020H24 * 5H20,  Cobalt(III), di-p- 

hydroxo-bis [ triammineaqua- , tetra- 
perchlorate, pentahydrate, 23: l l l  

C14C~2N7020C6H25, Cobalt(III), di-p- 
hydroxo-p-(4-pyridinecarboxy- 
lato)bis[triammine-, tetraperchlorate, 
23:113 

I*- hydmxo- p-( pyrazinecarboxy- 
lato)bis[triammine-, tetraperchlorate, 
monohydrate, 23:114 

C1,CrN 2C 2H 2, Chromate( 11), tetrachloro- , 
bis(methylammonium), ferromagnets, 
24: 188 

C14CrN2C4H 16, chromate@), tetrachloro-, 

CI,CO2N80&5H24*H20, CObalt(III), di- 

bis(ethylammonium), ferromagnets, 
2 4  188 

Cl,Hl5N5Pt, Platinum(IV), pentaammine- 
chloro-, trichloride, 24277 

Cl,Hf02C8H 16, Hafnium(IV), tetrachloro- 
bis(tetrahydr0furan)-, 21:137 

C1,GaNC 16H36, Gallate( 1-), tetrachloro-, 
tetrabutylammonium, 22: 139 

Cl,MoO, Molybdenum chloride oxide, 
23:195 

C1,NOTcC &36, Technetate(V), tetra- 
chlorooxo-, tetrabutylammonium 
(l:l), 21:160 

C14NReC6H5, Rhenium(vI), tetra- 
chloro(phenylimid0)-, 2 4  195 

C1,NWC 6H 5 ,  Tungsten( vI), tetra- 
chloro(pheny1imido)-, 24: 195 

Cl,NbO,,C,H 16, Niobium(IV), tetrachloro- 
bis(tetrahydrofuran)-, 21 : 138 

Cl,0P4Ru2C +30, Ruthenium, carbonyltri- 
p-chloro-chlorotetrakis( triphenyl- 
phosphine)di-, compd. with acetone 
(1:2), 21:30 

Cl,OW, Tungsten chloride oxide, 23:195 
C1,O2TiC8H 16, Titanium(IV), tetrachlore 

bis(tetrahydmfuran)- , 2 1 : 1 35 
Cl,02ZrC,H16, Zirchonium(IV), tetra- 

chlorobis(tetrahydrofuran)-, 21:136 
C1,PC 19H 15, Phosphonium, triphenyl(tri- 

chloromethy1)-, chloride, 2 4  107 
C14P2C2H4, Phosphine, 1,2-ethanediyl- 

bis(dichlor0-, 23:141 
CI,P,Ru2SC 73H60, Ruthenium, tri-p-chloro- 

chloro(thiocarb0ny l)tetrakis(tri- 
pheny1phosphine)di-, compd. with 
acetone, 21:39 

Cl,Pt2S2C4H 12, Platinum(II), di-p-chlore 
dichlorobis(dimethy1sulfide)di-, 
22: 128 

bis[chloro($- 1-isopropyl-4-methyl- 
benzene)-, 21:75 

bis[ chloro( q6-hexamethylbenzene)-, 
21:75 

C ~ , R U ~ C ~ O H ~ ~ ,  Ruthenium(II), di-p-chlore 

CI,Ru2C2,H2,, Ruthenium(II), di-p-chlore 

Cl,U, Uranium(1V) chloride, 21:187 
C1,Cs2Lu, Cesium Lutetium chloride, 22% 
C I ~ C O ~ N ~ ~ O ~ ~ C ~ H M  a 4H20, Cobat(III), 

tetra-p-hydroxo( p4-oxalato)-tetra- 
kis [triammine-, hexaperchlorate, tetra- 
hydrate, 23:114 
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C I ~ C O ~ N ~ ~ O ~ ~ H M  * 5H2O, CObalt(III), 
p4-( acetylenedicarboxy1ato)tetra-p- 
hydroxo-tetrakis [ triammine- , 
hexaperchlorate,pentahydrate, 23:115 

chloride, 21:lO 
C16Cs2LiTm, Cesium lithium thulium 

cl&S3Lu, Cesium lutetium chloride, 22:6 
CI,jGa2P$@32, Gallate(2-), hexachloro- 

di-, bis(triphenylphosphonium), 
22:135, 138 

C16N202Pt, Platinate(IV), hexachloro-, 

C16N2PbCloH12, Plumbate(IV), hexachloro- 

Rhodium(III), dichloro- 

dinitrosyl, 24217 

dipyridinium, 22: 149 

bis( 1,2-ethanediamine)-, chloride 
perchlorate (2:1:1), 24:229 

bis[ 1,2-ethanediyIbis(diphenylphos- 
phine)]di-, 21:18 

CI6Nb2S3C6H 18, Niobium(III), di-p-chloro- 
tetrachloro-p-( dimethylsulfide)- 
bis(dimethy1 sulfide)&-, 21:16 

C17CsPr2, Cesium praseodymium chloride, 
22:2 

C17Dy2K, Potassium dyprosium chloride, 
22:2 

C18EuN402C49H2,, Europium, (2,4- 
pentanedionato)[5,10,15,2O-tetra- 
kis( 3,5 -dichlorophenyl)por- 
phyrinato(2-)]-, 22: 160 

C18N2Re2C32H72, Rhenate(III), octa- 
chlorodi- , bisftetrabutylammonium), 
12:116 

C19Cs3Lu2, Cesium lutetium chloride, 22:6 
C19Cs3Sc2, Cesium scandium chloride, 22:25 

bis(glycinato)dinitro-, cis(NO), 
trons(N)-, silver(I), 23:92 

CoB9C7H 16, 1,2-Dicarba-3-cobalta-closo- 
dodecaborane( 1 I), 3-(q5-cyclo- 
pentadieny1)-, 22:235 

aminoethyl)imino]ethyl] pheno- 
lato]( 1,2-ethanediamine)ethyl-, 
bromide, 23:165 

(carbonato)bis( 1,2-ethanediamine)-, 
bromide, 2 1 : 120 

aquabromobis( 1,2-ethanediamine)-, 

C16Nb2P2C3&24, Niobium(I11). hexachloro- 

C O A ~ N ~ O ~ C ~ H S ,  Cobaltate(III), 

C O B ~ N ~ ~ C , , H ~ ~ ,  CObalt(III), [2-[l-[(2- 

CoBrN40,C,H, 6,  Cobalt(III), 

CoBrN407S2C4H18. H 2 0 ,  Cobalt(III), 

dithionate, tmns-, monohydrate, 
21:124 

CoBr3N4C4H 16, Cobalt(III), dibrome 
bis( 1J-ethanediamine)-, bromide, 
trans-, 21:120 

bis( 1,2-ethanediamine)-, bromide, 
cis-, monohydrate, 21:121 

CoBr3N40C4H18 -H20,  Cobalt(III), aqua- 
bromobis( 1 ,I-ethanediamine)-, di- 
bromide, cis-, monohydrate, 21:123 

Cobalt(I), bis(q2-ethene)(qS- 
pentamethylcyclopentadieny1)-, 23: 19 

CoClN4O2SC6HIs, Cobalt(II1). bis(l,2- ' 

ethandiamine)( 2-mercaptoace- 
tato(2-)-0,S)-, perchlorate, 21:21 

&ammine( carbonato)bis(pyrid?ne)-, 
cis,cis-, chloride, monohydrate, 23:77 

aqua( glycinato)( 1,4,7-triazacyclo- 
nonane)-, perchlorate, dihydrate, 
23:76 

CoClN407S2C4H .H20,  Cobalt(III), 
aquachlorobis( 1,2-ethanediamine)-, 
dithionate, trans-, monohydrate, 
21:125 

(glycinato)nitro( 1,4,7-triazacycle 
noname)-, chloride, monohydrate, 
23:77 

CoClN loO&$2s, Cobalt(III), bis(S- 
arginine)dinitro-, A-( -)-cis(N02), 
tmns(N)-, chloride, 23:91 

ethanethiolato-N, S)bis( 1,2-ethane- 
diamine)-, diperchlorate, 21:19 

aqua(methanol)( 5,5a-dihydro-24- 
methoxy-6,lO: 19,23-dinitri!o-24H- 
benzimidazo[2,2-h] [ 1,9,1 7l-benz0- 
triazacyc1ononadecine)-, 23: 176 

CoC13N30H, l ,  Cobalt(III), triammineaqua- 
dichloro-, mer-, chloride, 23:llO 

CoCsN208C Cobaltate(III), [N,N'- 
ethanediylbis[N-(carboxymethyl) gly- 
cinato](4-)]-, trans-, cesium, 23:99 

CoCsN208CllH14, Cobaltate(III), [N,N'- 
(1-methyl- 1,2-ethanediyl)bis[N- 
( carboxymethyl) glycinato] (4-)I-, 
cesium, 23:lOl 

CoBr3N4C4H 16 * H 2 0 ,  Cobalt( 111). dibromo- 

CoCM403C 1 ]Hi6 *H20,  CObalt(III), 

CoClN407C8H21* 2H20, Cobalt(III), 

CoClN5O4CsH 19 - H 2 0 ,  Cobalt(III), 

C&l2N50&&22, Cobalt(III), (2-amhW 

CoCl2N60,1C2sH28, Cobalt(II), 
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-, [ [R-(-)]-N,N’-( l-methyl-1,2- 
ethanediy1)bis [N-( carboxymethy1)gly- 
cinato](4-)]-, [A-(+)I-, cesium, 
23: 101 

-, [[S-(+)-N,N’-(l-methyl-1,2- 
ethanediyl)bis[N-(carboxymethy1)gly- 
cinato](4-)-. [A-(-)I-, cesium, 
23: 101 

CoCsN2O8C 14H18, Cobaltate.(III), [NJV”’ 
1,2-cyclohexandybis[N-( carboxy- 
methy1)glycinatol (4-)I-, fmns - , 
cesium, 23:96 

diylbis[N-(carboxymethy1)glycin- 
ato](4-)], [A-(+)I-, cesium, 23:97 

C O F , O ~ P ~ C ~ ~ H ~ , ,  Cobalt(I), dicarbonyl- 
(pentafluorophenyl) bis(tripheny1- 
phosphine)-, 23:25 

COF,O~PC,~H,~, Cobalt(I), tricarbonyl- 
pentatluorophenyl)(triphenylphos- 
phine)-, 23:24 

fluoropheny1)- , 23 :23 

aminoethy1)- 1,2-ethanedi- 
mine] tris(trifluoromethane- 
sulfonato)-,fuc-, 22:106 

COF,N,O~S~C,H,~, Cobalt(III), bis( 1,2- 
ethanediamine) bis(trifluoromethane- 
sulfonat0)-, cis-, trifluoromethane- 
sulfonate, 22:105 

CoF9N5O9S3C3HI5, Cobalt(III), penta- 
ammine(trifluoromethanesu1fonato)-, 
trifluoromethanesulfonate, 22:104 

kis (methanmuhe)( trifluoromethane- 
sulfonato-0)-, bis(trifluoromethan& 
sulfonate), 24:281 

aminoethyl)imino]ethyl]- 
phenolate]( 1,2-ethanediamine)ethyl-, 
iodide, 23:167 

aminopropyl)imino]ethyl]phenol- 
ato]methyl]( 1,3-propanediamine)-, 
iodide, 23: 170 

[ 2- [ 1 - [ (3 -aminopropy 1) imino ] ethyl] - 
phenolato]ethyl( 1,3-propanediamine)-, 
iodide, 23: 169 

-, [ [R,R-(-)]-N,N’-1,2-cyclohexane- 

CoF 504C ,,,, Cobalt(I), tetracarbonyl(penta- 

COF9N309S3C7H16, Cobalt(III), [N-(2- 

COF 9N 5 0  9 S 3C 8H25, Cobalt( 111), penta- 

COm40C14H26, CObalt(III), [2-[ 1-[(2- 

C O I N ~ O C , ~ H ~ ~ ,  Cobalt(III), [2-[ 1-[(3- 

cO~4oc I$,,, CObalt(III), 

C O I N ~ O ~ C ~ H ~ ~ .  H20 ,  Cobalt(III), 

ammine(glycinato)( 1,4,7-tri~acyclo- 
nonane)-, iodide, monohydrate, 
23:78 

iodo( t+-pentamethylcyclopenta- 
dienyll-, 23: 16 

diamminebis(carbonato)-, cis-, 
potassium, 23:62 

bis(carbonato)( 1,2-ethanediamine)-, 
potassium, 23:64 

1,2-ethanediylbis[N- 
carboxymethyl )glycinato ] ( 4 3 )  -. 
potassium, 23:99 

IIR-(-)]-N,N’-(l -methyl- 
1,2-ethanediyI)bis[N-(carboxy- 
methyl)glycinato](4-)-, 
[A-(+)I-, potassium, 23:lOl 

C0120C 11H15, Cobalt(III), carbonyldi- 

COKN20&2H, Cobaltate(III), 

COKN206C4H8, Cobaltate(III), 

C O K N ~ O ~ C  loHl2, CObaltate(III), [q,N’- 

CoKN208C ,H ~ 4 ,  Cobaitate(III), 

CoKN 0 C 4H 8, Cobaltate( 111), 

cyclohexanediylbis( carboxy- 
methyl)glycinato](4-)]-, [A-(+)I-, 
potassium, 23:97 

diammine(carbonato)dinitro-, cis,cis-, 
potassium, hemihydrate, 23 : 70 

diamminediitro(oxalato)-, cis, cis -, 
potassium, hemihydrate, 23:71 

[[R,R-(-)]-N,N-1,2- 

COKN,O$H6 ’ 0.5H20, Cobaltate(III), 

COKN40sC2H6.O.5H2O, Cobaltate(III), 

CoK02, Potassium cobalt oxide, 2258 
CoK0.5O2, Potassium cobalt oxide, 22:57 
C O K ~ . ~ , ~ ~ ,  Potassium cobalt oxide, 

CoK309C3, Cobaltate(III), tris(carbonato)-, 
22:57 

potassium, 23:62 

diamminebis (carbonat0)-, cis-, lithium, 
resolution of, 23:63 

tridecacarbonylcobalttri-, p-nitrido- 
bis(triphenylphosphorus)( l-k),, r21:61 

bis(carbonato)dicya-, cis-, tris( 1,2- 
ethanediamine)cobalt(III), dihydrate, 
23:66 

CoN20sC6Hs, Cobaltate(III), (1,2- 
ethanediamine)bis(oxalato)-, as 
resolving agent, 23:74 

COLW 2 0 6 c  2H 6 ,  Cobaltate(II1) , 

CoNOl3P2Ru3C49H3,, Ruthenate( 1-), 

CON206c4, Cobaltate(III), 
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C O N ~ O ~ R ~ C ~ O H I ~ ,  Cobaltate(III), 
[N,N'- 1,2-ethanediyIbis [N-(carboxy- 
methyl)glycinato](4-)]-, rubidium, 
23:loO 

[[R-(-)]-N,N'-(l-methy1-1,2- 
ethanediyl)bis[N-(carboxy - 
methy1)glycinato ] (4-) ] -, [A -( + )] -, 
rubidium, 23:lOl 

CoNz08RbC 1 1 H14, Cobaltate(III), 

CoN20 8RbC 4H 8, Cobaltate( III), 

cyclohexanediylbis [N- 
(carboxymethyl )glycinato]( 4-)I-, 
[A-(+)I-, rubidium, 23:97 

CoN4Na03C3H6. 2H20, Cobaltate(III), 
diammine( carb0nato)dic yano-, 
cis,&-, sodium, dihydrate, 
23:67 

CoN4Na04C4H6. 2H20, Cobaltate(III), 
diamminedicyano(oxa1ato)-, cis,&-. 
sodium, dihydrate, 23:69 

bis( 1,2-ethanediamine)(oxalato)-, as 
resolving agent, 23:65 

tetraaquabis(0 -sulfobenzoimidato)-, 
dihydrate, 23:49 

diammine[N,N'-bis( 2-aminoethy1)- 
1,2-ethanediamine]-, trans-, 23:79 

bis( carbonato)dicyanocobaltate (111), 
dihydrate, 23:66 

CoN~06H9 , Cobalt(II1) , triamminetrinitro- , 
mer-, 23:109 

CoN60~S2CgH12, Cobalt@), bis( 1 3 -  
dihydro- 1 -methyl-2H-imidazole- 
2-thione)dinitrato-, 23: 171 

CoN&C,H6, Cobalt(II), bis(thi0cyanato- 
N)-bis-(p-lH-l,2,4-triazole- 
NZ.W)-,poly-, 23:159 

tetrakis( 1,3-dihydro-l-methyl-2H- 
imidazole-2-thione)dtrato-, 23: 171 

[[R,R-(-)]-N,N-l,2- 

CON404C6H16, Cobalt(III), 

CoN4010S2C14H16.2H20, Cobalt(III), 

CON&6H24, Cobalt(III), 

-, tris( 1,2-ethanediamine)-, cis- 

C O N ~ O O ~ S ~ C ~ ~ H ~ ~ ,  CObalt(II), 

CoNaO2, Sodium cobalt oxide, 2256 
CoNa0.60~, Sodium cobalt oxide, 22:56 
C O N Q . ~ O ~ ,  Sodium cobalt oxide, 22:56 
CONa@7402, W u m  cobalt oxide, 2256 
cONQ.7702, Sodium cobalt oxide, 22:56 
CoOzC 12H Cobalt(I), dicarbonyl(q5- 

pentamethy Icyclopentadieny1)-, 
23:15 

pentanedionato)-, 23:94 

butanediyl)( q s-cyclopenta- 
dienyl)(triphenylphosphine), 
22:171 

tetrakis(benzenethio1ato)-, bis(tetra- 
phenylphosphonium), 2 1 : 24 

p-( carboxy1ato)di-p-hydroxo- 
bis[triammine-, triperchlorate, 
23:107, 112 

Co2Cl3N6OISHz1 * 2H20, Cobalt(III), 
tri-p-hydroxo-bis[triammine, fac-, 
triperchlorate, dihydrate, 23: 110 

(p-acetato)di-p-hydroxo- 
bisltriammine-, triperchlorate, 
dihydrate, 23:112 

C O ~ C ~ ~ N ~ O ~ ~ H ~ ~  . 0.5H20, Cobalt(III), 
(p-hydrogenoxalat0)di-p- 
hydroxobis [triammine-, triperchlorate, 
hemihydrate, 23:113 

di-p-hydroxo-bis[triammineaqua-, 
tetraperchlorate, pentahydrate, 23: 11 1 

C O ~ C ~ ~ N ~ O ~ ~ C ~ H ~ ~ ,  Cobalt(III), 
di-p- hydroxo-p-( 4-pyridine- 
carboxylato)bis[triammine-, 
tetraperchlorate, 23: 11 3 

di-p-hydroxo-p-(pyrazine- 
carboxy1ato)bis [triammine-, 
tetraperchlorate, monohydrate, 
23: 114 

bis[iodo( q5-pentamethylcyclopenta- 
dieny1)-, 23:17 

tris( 1,2-ethanediamine)-, cis- 
bis(carbonato)dicyaobaltate(III), 
23:66 

tetra-p-hydroxo-(p4-oxalato)- 
tetrakis[triammine-, hexaperchlorate, 
tetrahydrate, 23: 114 

C00gC15H21, Cobalt(III), tri~(2,4- 

C O P C ~ ~ H ~ , ,  Cobalt, (1,4- 

C O P ~ S ~ C , ~ H ~ O ,  Cobaltate(II), 

C02Cl3N60 14CH20, Cobalt(III), 

C02CI3N6016C2H23 * 2H20, Cobalt(III), 

COzC14N6OzoH24' 5H20, Cobalt(III), 

C02C14N802oC5H24' H20, CObalt(III), 

Co214CmH~. Cobalt(III), di-p-iodo- 

COzN806C 10H24, Cobalt(III), 

C04Cl~N12032C2Ha * 4H2O, CObalt(III), 

C04Cl6N12O32C4Ha * 5HzO, CObalt(III), 
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p4-(acetylenedicarboxylato)tetra- 
p-hydroxo-tetrakis [triarnmine-, 
hexaperchlorate, pentahydrate, 23: 1 15 

C T A S O ~ P C ~ ~ H ~ ~ ,  Chromium, tetra- 
carbonyl(tributylphosphine)(tri- 
pheny1arsine)-, trans-, 23: 38 

C ~ A S O ~ P C ~ ~ H ~ ~ ,  Chromium, tetra- 
carbonyl(trimethy1 phosphite)(tri- 
pheny1arsine)-, trans-, 23:38 

CrAs07PCmH,, Chromium, tetra- 
carbonyl (triphenylarsine)( triphenyl- 
phosphite)-, tmns-, 23:38 

tetrachloro-, bis(methylammonium), 
ferromagnets, 24: 188 

tetrachloro-, bis(ethylmmonium), 
ferromagnets, 24: 188 

ethanediamine)difluoro-, (*)-cis-, 
iodide, 24: 186 

CrCl4N2C2HI2, Chromate(II), 

CrC14N2C4H16, Chromate(II), 

CrF21N4C4H16, Chromium(III), bis( 1,2- 

CrF202, Chromium fluoride oxide, 24:67 
CrF9N409S3C,H 16, Chromium(III), bis- 

(1,2-ethanediamine)-bis(trifluoro- 
methanesulfonato-0)-, cis-, 
trifluoromethanesulfonate, 24: 25 1 

CrF9N,O9S3C3HIS, Chromium(III), 
pentaammine(trifluoromethane- 
sulfonato-0)-, bis(trifluor0- 
methanesulfonate), 24: 250 

pentakis(methanamine)(trifluoro- 
methanesulfonato-0 )-, bis (trifluoro- 
methanesulfonate), 24:280 

CrK02, Potassium chromium oxide, 22:59 
CrKo.,02, Potassium chromium oxide, 

2 2 5 9  
CrK0.,O2, Potassium chromium oxide, 

22:59 
CrK,. 7 0 2 ,  Potassium chromium oxide, 

2 2 5 9  
CrK,. 7 7 0 2 ,  Potassium chromium oxide, 

22:59 
CrK3N60Cs, chromate(I), penta- 

cyanoNtrosyl-, tripotassium, 23: 184 
CrNOSP2C4,H3,, Chromate(1-), penta- 

carbonylhydrido-, p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 22: 183 

CrN20sSC6H4, Chromium(0). penta- 
carbonyl(thiourea)-, 23 : 2 

CrF9NSO9S3C8H2,, Chromium(III), 

CrN2OSSCl4H2,, Chromium(O), penta- 
carbonyi(N,N'di-tert- buty1thiourea)-, 
23:3 

carbonyl(N,N'di-p -tolylthiourea)-, 
23:3 

methy1thiourea)-, 23 :2 

carbonyl[q6-2-methylbemaldehyde 
5 -( a-methylbenzyl)semioxamazone]-, 
23:81 

CrN$h$21H 19, chromium, ~carbonyl[ q6- 
2-methoxybenzaldehyde 5-(a- 
methylbenzyl ]semioxamazone]-, 
23:88 

2,3-dimethoxybenzaldehyde 
5 -(a-methy1benzyl)semi- 
oxamazonel-, 23:88 

-, tricarbonyl[ q6-3,4-dimethoxy- 
benzaldehyde 5 -(a methyl- 
benzyl)semioxamazone]-, 23:88 

CrN50S2C12H8, Chromium(I), (2,2'- 
bipyridine)nitrosylbis(thiocyanato)-, 
23: 183 

CrN,0S2C 14He, Chromium(I), 
nitrosyl( 1 ,lo-phenanthroline)bis(thio- 
cyanat0)-, 23:185 

benzene)dicarbonyl(selenocarbonyl)-, 
21:l, 2 

carbonyl(tributylphosphine)(tri- 
pheny1phosphine)-, trans-, 
23:38 

Cr05SeC6, Chromium(O), penta- 
carbonyl(selenocarbonyl)-, 21 : I ,  4 

tetramethy1-3,5-heptanedionato)-, 
24: 183 

carbonyl(trimethy1 phosphite)(tri- 
pheny1phosphine)-, trans-, 23:385 

carbonyl(tibutylphosphie)(triphenyl 
phosphite)-, trans-, 23:38 

carbonyl(triphenylphosphine)(tri- 
phenyl phosphite)-, trans-, 23:38 

CrN20, SC 2,l-I 16, Chromium( o), penta- 

-, pentacarbonyl(N,N,N',N'-tetra- 

C T N ~ O ~ C ~ ~ H ~ ~ ,  Chromium, tri- 

CrN307C2,H2,, Chromium, tricarbonyl[q6- 

Cfi2SeC&j,  Chro~Um(O), (V6 -  

Cr04P2C34H32, Chromium, tetra- 

Cfl&33H3,, chrotIliUm(~I), tri~(2,2,6,6- 

Cr07P2C2,H24, Chromium, tetra- 

Cr07P2C34H32, Chromium, tetra- 

Cr07P2CmHm, Chromium, tetra- 
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CrOl~P2C2sH24, Chromium, tetra- 
carbonyl(trimethy1 phosphite)(tri- 
pheny1phosphite)-, trans-, 23:38 

ethanediamine)difluoro-, cis-, 
( 1,2-ethanediamine)tetrailuoro- 
chromate(III), 24: 185 

Cr2HKOloClo, Chromate, p-hydrido- 
bis[pentacarbonyl-, potassium, 23:27 

CsC13Sc, Cesium scandium chloride, 22:23 
CsC17Pr2, Cesium praseodymium chloride, 

CsF04S, Cesium fluorine sulfate, 24:22 
Cs2Clo. 30N4PtC4, Platinate, tetra- 

Cr2F6N&6H24, ChOmiUm(III), bis( 1,2- 

22:2 

cyano-, cesium chloride (1 :2:0.30), 
21:142 

C S ~ C ~ ~ L U ,  Cesium lutetium chloride, 22:6 
CszC16LiTm, Cesium lithium thulium 

CS2F&h, Manganate(IV), hexailuoro-, 

Cs2N4. 7soPtc4 * XH20, Platinate, tetra- 

chloride, 20: 10 

dicesium, 24:48 

cyano, cesium azide (1 :2:0.25), 
hydrate, 21:149 

cs3cl&u, Cesium lutetium chloride, 
22:6 

Cs3C19Lu2, Cesium lutetium chloride, 
22% 

Cs3C19Sc2; Cesium scandium chloride, 
22:25 

CsCoN208C loH12, Cobaltate(III), [N,N'- 
1,2 -ethanediylbis [ N-( carboxy- 
methyl )glycinato](4-)-, trans-, 
cesium, 23:99 

CsCoN2O8CIIHL4, Cobaltate(III), 
[N,N'( 1 -methyl- 1,2- 
ethanediyl) bis [ N- (carbox y - 
methyl]glycinato] (4-)I-, cesium, 
23:lOl 

-, [[R-(-)I-N,N'-( 1-methyl-1,2- 
ethanediy1)bis [N-(carboxy- 
methyl )glycinato] (4-)I-, [ A-( +)I-, 
cesium, 23:lOl 

ethanediy1)bis [N-(carboxy - 
methyl )gly cinato]( 4-)I-, [ A-( - )I-, 
cesium, 23:lOl 

[N,N'-1,2-cyclohexanediylbis [N-  
(carboxymethyl)glycinato] (4-)I-, 
trans-, cesium, 23:96 

-, [[S-(+)]-N,N'-(l-methy1-1,2- 

CsCoN208C 14H Cobaltate(III), 

, [[R,R-(-)]-N,N'- 1,2-cyclo- 
hexanediylbis [ N-( carboxy - 
methy I )glycinato] (4 - ) ] -, [A -( + ) ] -, 
cesium, 23:97 

tetracyano-, cesium [hydrogen- 
bis(sulfate)] (1 : 3:0.46), 
21:151 

drotris(pyrazolato)borato]-, 
21:108 

carbonyl[ hydro-tris( 3,5dirnethyl- 
pyrazolato)borato]-, 21 : 109 

CuBN90C 3H12, Copper(I), carbonyl[tetra- 
kis(pyrazolato)borato]-, 21: 110 

CuF l2N4PzC24H28, COPPWI), W- 
dimethyl-3,lO-diphenyl- 
1,4,8,1 l-tetraazacyclotetradeca- 
1,3,8,10-tetraene)-, bis[hexafluoro- 
phosphate(1-)], 22: 10 

CuI, Copper iodide, 22:lOl 
Ca307SC ISH 14, COPW~(II), ( 1 ,lo- 

phenanthroline)[serinato( 1 -)]-, 
sulfate, 2 1 : 1 15 

tetrazacyclotetradecane-5,7- 
dionato( 2-)] -, 23 : 83 

N)-bis-p-( 1H- 1 ,2,4-triazole-N2:N4)-, 

Cs3N403. a8PtSo. 92C4HO.46, Platinate, 

CllBNsOC loHlo, Copper(I), carbonyl[hy- 

CdN60Ci6H32, CoPper(I), 

CuN402CloH18, CoppeWI), [1,4,8,11- 

CllN8S2C&j, COpper(II), bis(thi0cyanato- 

poly-, 23~159 
Cu04C22H28, Copper(II), bis(2,2,7- 

trimethyl- 3,5 -0ctanedionato)-, 
23: 146 

DyC13, Dyprosium chloride, 22:39 
DYF 18N606P 12C72H72, Dyprosium(III), 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

DyN30 3c 8H 6, Dyprosium(III), tri- 
nitrato( 1,4,7,10-tetraoxacyclo- 
dodecane)-, 23 : 15 1 

DyN30 4C loH20, Dysprosium(III), 
trinitrato( 1,4,7,10,13-pentaoxacyclo- 
pentadecanef-, 23 : 15 1 

DyN,O 15C 2H24, Dysprosium(III), 
( 1,4,7,10,13,16-hexaoxacyclo- 
0ctadecane)trinitrato-, 
23: 153 

DyN402C49H3s, Dyprosium, (2,4- 
pentanedionato)[5,10,15,10- 
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tetraphenylporphyrinato (2-)I-, 
22: 166 

tetramethyl- 3,5-heptane- 
dionato)[5,10,15,2O-tetraphenyl- 
porphyrinato(2-)]-, 22: 160 

Dy2C17K, Potassium dysprosium chloride, 
22:2 

Dy4N 12051  C 30H60, Dysprosium(III), 
dodecanitratotris( 1,4,7,10,13- 
pentaoxacyc1opentadecane)tetr a-, 
23:153 

tris( 1,4,7,10,13,16-hexa- 
oxacyc1ooctadecane)dodecanitrato- 
tetra-, 23: 155 

D Y N ~ O ~ C ~ ~ H ~ ~ ,  Dysprosium, (2,2,6,6- 

D Y P  12054C36H72, Dysprosium(III), 

ErCI,, Erbium chloride, 22:39 
ErF4N402C49H31, Erbium, (2,4- 

pentanedionato)[5,10,15,2O-tetra- 
kis( 3-fluoropheny1)- 
porphyrinato(2-)]-, 22: 160 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

nitrate( 1,4,7,1O-tetraoxacyclodode- 
cane)-, 23: 151 

trinitrato( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23: 15 1 

( 1,4,7,10,13,16-hexaoxacyclo- 
0ctadecane)trinitrato-, 23: 153 

pentanedionat0)[5,10,15,20-tetra- 
phenylporphyrinato( 2 -)] -, 
22: 160 

dodecanitratotris( 1,4,7,10,13- 
pentaoxacyc1opentadecane)tetr a-, 
23: 153 

tris( 1,4,7,10,13,16-hexa- 
oxacyc1ooctadecane)dodecanitrato- 
tetra-, 23: 155 

ErF 18N606P12C72H72, Erbium(III), 

ErN30 I 3C8H 16, Erbium(III), tri- 

ErN30 14C Erbium(III), 

ErN30 12H24, Erbium(III), 

ErN402C4,H3,, Erbium, (2,4- 

ErN4N12Olil C30H60, Erbium(III), 

Er4N I ~054C36H72, Erbium(III), 

EuC13, Europium chloride, 22:39 
E u C I ~ N ~ O ~ C ~ ~ H ~ ~ ,  Europium, (2,4- 

pentanedionato)[5,10,15,20-tetra- 
kis( 3,5-dichlorophenyl)pr- 
phyrinato(2-)I-, 22: 160 

EuF 18N6O6P 12C72H72, Europium(III), 
hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

niitrato( 1,4,7,1O-tetraoxacyclodo- 
decane)-, 23:151 

nitrate( 1,4,7,10,13 -pentaoxacyclo- 
pentadecane)-, 23: 151 

( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)trinitrato-, 23: 153 

EuN402C49H35, Europium, (2,4-pentane- 
dionato)[5,10,15,2O-tetraphenyl- 
porphyrinato(2-)]-, 22: 160 

E u N ~ O ~ C ~ ~ H ~ ~ ,  Europium, (2,4-pentane- 
dionato)[5,10,15,2O-tetrakis( 4- 
methylphenyl)porphyrinato( 2-)I-, 
22: 160 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23:155 

EuN 3 0  3c 8H 16, Europium(III), tri- 

EuN3014C 10H20, Europium(III), tri- 

E U N ~ O ~ ~ C ~ ~ H ~ ~ ,  Europium(III), 

Eu4N 12054C36H72, Europium(III), 

FC19HIS, Methane, fluorotriphenyl-, 24:66 
FCI, Chlorine fluoride, 24:1, 2 
FCIO2, Chloryl fluoride, 24:3 
FC103S, Chlorine fluorosulfate, 24:6 
FCs04S, Cesium fluorine sulfate, 24:22 
FNC2H6, Dimethylamine, N-fluoro-, 24:66 
FNS, Thiazyl fluoride, 24: 16 
F03PC4H lo, Phosphorofluoridic acid, 

diethyl ester, 24:65 
F O . ~ ~ N ~ O R C ~ H ~ ~ . ~ ~ .  l.8H20, Platinate, 

tetracyano-, guanidinium (hydrogen 
difluoride) (1:2:0.27), hydrate 
(1:1:8), 21:146 

Fo. aoK,N4PtC4Ho. 30'3H,0, Platinate, 
tetracyano-, potassium (hydrogen di- 
fluoride) (1:2:0.30), 21:147 

F,BrNS, Imidosulfurous diiluoride, bromo-, 
24:20 

F2CINS, Imidosulfurous difluoride, chloro-, 
24: 18 

F2CrIN4C&16, chromium(In), bis(l,2- 
ethanediamine)difluoro-, (*)-cis-, 
iodide, 24: 186 

24:67 

complex, 24: 1 4 

F,CrO,, Chromium difluoride dioxide, 

F,HNS, Imidosulfurous difluoride, mercury 
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F,OSe, Selenium difluoride oxide, 24:28 
F,CH, Methane, trifluoro-: 

cadmium complex, 2455,59 
mercury complex, 2452 

complex, 2 1 :7 3 

ester, 24:60 

tricarbonyl( +-cyclopenta- 
dienyl)iron(l+), 24:161 

F ,NOSC , Imidosulfurous difluoride, 
(fluorocarbony1)-, 24:lO 

F,NS, Thiazyl trifluoride, 2412 
F,O,SC, Methanesulfonate, trifluoro-, metal 

complexes and salts, 24243-306 
F,O,SCH, Methranesulfonic acid, trifluoro-, 

cobalt(I1,I). amine complexes, 22:104, 
105 

F,BFe02C,1H13, Borate(1-), tetrafluoro-, 
dicarbonyl( +cyclopentadienyl)( q2- 
2-methyl-l-propenyl)iron( l+), 
2 4  166 

F4BNC 16H36, Borate( 1-), tetrafluoro-, 
tetrabutylammonium, 24: 139 

F4BSeECmOZ4, Borate(1-), tetrafluoro-, 
4,4’,5,5’-tetramethy1-2,2’-bi-1,3- 
diselenolylidene, radical ion( 1+) (1:2), 
2 4  139 

F4C6H3, Benzene, 1,2,3,5-tetrafluoro-, 
thallium complex, 21:73 
, 1,2,4,5-tetrafluoro-, thalium 
complex, 21:73 

F,HgN,S,, Mercury(II), bis(imidosulfur0us 
difluoridato-N)-, 2414 

F4N40,YbC,,H43, Ytterbium, [ 5 ,lo, 15,20- 
tetrakis( 3-fluoropheny1)por- 
phyrhato( 2 - )] [ 2,2,6,6 -tetramethyl- 
3,5-heptanedionato)-, 22: 160 

F40W, Tungsten fluoride oxide, 24:37 
F4Se, Selenium tetrafluoride, 2428 
F,C6H, Benzene, pentatlwro-: 

cobalt complexes, 23:23-25 
lithium and thallium complex, 21:71, 72 

F,CIS, Sulfur chloride pentatluoride, 24:8 
F5ClTe, Tellurium chloride pentatluoride, 

F,HOTe, Tellurate(VI), pentafluorooxo-, 

F,HEN2Mn, Manganate(III), pentatluoro-, 

F,C6H2, Benzene, 1,3,5-trifluoro-, thallium 

F3C10C, Hypochlorous acid, trifluoromethyl 

F 3Fe0 ,SC ,H , , Methanesulfonate , trifhoro- 

24:31 

hydrogen, 24:34 

diammonium, 24:5 1 

F5KzMn .H,O, Manganate(III), penta- 
fluoro-, dipotassium, monohydrate, 
24:51 

21:72 

dipotassium, 21:170 

F ,LiC 6 ,  Lithium, ( pentatluoropheny 1)- , 

FSMoOK2, Molybdate(V), pentatluorooxo-, 

F,U, Uranium(V) fluoride, -, 21:163 
F6AgAs, Arsenate, hexafluoro-, silver, 

F6AgAsS 16, Arsenate, hexatluoro-, 
2474 

bisfcyclo-octasulfur)silver( 1 +), 
2474 

F6AsBr3S, Arsenate, hexafluoro-, tribromo- 
sulfur(IV), 24:76 

F&NC laH36, Arsenate, hexafluoro-, tetra- 
butylammonium, 2 4  138 

F6AsN0, Arsenate, hexafluoro-, nitryl, 
24:69 

F &sSe EC ,,H 24, Arsenate, hexafluoro- , 
4,4’,5,5’-tetramethyI-2,2’-bi-1,3- 
diselenolyldene radical ion( 1 +) ( 1 :2), 
24:138 

F &dC NC ,H, , Cadmium, bis(triflu0ro- 
methyl)-, -pyridine, 24:57 

F6CdC,*OC4HE, Cadmium, b is ( tduom 
methyl)-, -tetrahydrofuran, 2457 

F&dC ,. 0,C 4H 0, cadmium, bis( trifluore 
methyl)-, - 1,2-dimethoxyethane, 
24:55 

ethanediamine)difluoro-, cis-, (1,2- 
ethanediamine) tetrafluoro- 
chromate(1II). 2 4  185 

F&SzMn, Manganate(IV), hexafluoro-, 
dicesium, 2448 

diflwride), 24:43 
F6HgC2, Mercury, bis( trifluoromethy1)-, 

24:52 
F61rNP2C3,H,o, Iridium(I), (q4-1 ,S-cyclo- 

octadiene)(pyridine)(tricyclohex yl- 
phosphine)- , hexafluorophos- 
phate( 1 -), 24: 173. 175 

F&rzN&H24, chromiUm(In), bis( 1.2- 

F,jHN, AIIIDION~~, t e tra f l~OrO- ,  (hydrogen 

F6IrNzPC &Iz,, Phosphate( 1 -), hexa- 
fluow-, ( ~ 4 - 1 , 5 - ~ y ~ l o o ~ t a -  
diene)bis(pyridine)iridium(I), 2 4  174 

F&U, uranate(v), hexafluoro-, potassium, 
21:166 

tetrabutylammonium ,24: 14 1 
F,jNPC I&,,, Phosphate( 1-), hexafluoro-, 
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ammine-, tris(trifluoromethane- 
sulfonate), 24:267 

F9NOW, Tungstate(VI), pentafluoro- 
0x0-, tetrafluoroammonium (1 :), 
24:47 

bis( 2,2'-bipyridine-N.N')bis(tri- 
fluoromethanesulfonato-0)-, cis-, 
trifluoromethanesulfonate, 24295 

bis( 1,2-ethanediaminc)bis(trifluore 
methanesulfonato-0)-, cis-, trifluore 
sulfonate, 24:285 I 

F9N409OSS3C23H16, OSIIliUm(III), 

F9N4O9RhS3C7Hl6, Rhodium(nI), 

Ffl4O9RuS3CZ3Hl6, Ruthenium(III), 
bis( 2,2'-bipyridine-N,N')bis(tri- 
fluoromethanesulfonato-0)-, cis-, 
ttifluoromethanesulfonate, 24295 

,C 23HZ0, Osmium(III), di- 
aquabis( 2,2'-bipyridine-N.N)-, cis-, 
tris( trifluoromethanesulfonate), 
24296 

bipyridine-N.N')(2,2' :6',2"-terpyri- 
dine-N,N'JV"')( trifluoromethane- 
sulfonato-0)-, bis(trifluoromethane- 
sulfonate), 24301 

'qN509RhS3C3H15, Rhodium(III), penta- 
ammine(trifluoromethanesu1fonato- 
9)-, bis(trifluoromethanesulfonate), 
i 253 

kis(mek mamine)(trifluoromethane- 
sulfonato-, ' I-, bis(triflu0romethane- 
sulfonate), 24 '81 

(2,2'-bipyridine-&.. ")(2,2':6',2"- 
terpy-ridine-N,N',N")~ ifluoro- 
methanesulfonato-0)-, b. (trifluoro- 
methanesulfonate), 24:301 

F9N5O9S3OsC3H1,, Osmium(III), p ita- 
ammine(trifluoromethanesulfonatc 
0)-, bis(trifluoromethanesulfonate), 
24:27 1 

ammineaqua-, tris(triflu0romethane- 
sulfonate), 24273 

aqua( 2,2'-bipyridine- 
N,N')( 2,2':6',2"-terpyridine- 
N,N"N")-, tris(trifluoromethane- 
sulfonate), dihydrate, 24:304 

F 9N40 

F ~ N S O ~ O S S ~ C ~ ~ H  19, Osmium(III), (2,2'- 

FgN509&, '~C8H25, RhodiUm(III), penta- 

F # N , O ~ R U S ~ C ~ ~ H ~ , ,  'uthenium(III), 

F9N50 ,oOsS3C ,H1 7, Osmium(III), penta5 

F 9N5O 1oOSS 3C28H21' 2H20,Osmium(III), 

F6NPSe2C7H12, Methanaminium, N-(4,5- 
dimethyl- 1,3-diseleno1-2-ylidene)-N- 
methyl-, hexafluorophosphate, 24:133 

p-nitrido-bis(tripheny1phos- 
phorus)(l+), 21:166 

bipyridine-N,N')(2,2' :6,2"- 
tetpyridine-N,N',N'')(trifluoro- 
methanesulfonato-0)-, trifluore 
methanesulfonate, 24:303 

F6h, X,RuS2CZ7Hl9, Ruthenium(II), 
(. '2'-bipyridine-N,N')(2,2':6',2"- 
terp, +dine-N,N',N")(trifluoro- 
metha dfonato-O)-, trifluore 
methanesL 'onate, 24302 

F6N5O7OsS2CZ7h, .H,O, Osmium(II), 
aqua( 2,2'-bipy. 'be- 

N,N')(2,2':6',2"-r, qyridine- 
N,N',N")-, bis(triflur. .methane- 
sulfonate), monohydrate, '4304 

21:166 

F ~ N P Z U C ~ ~ H ~ O ,  U~anate(V), hexafluoro-, 

F6N5060SS2C&19, oSIl3iUm(II), (2,2'- 

F6NaU, uranate(V), hexafluoro-, -dim, 

F60s, Osmium(VI) fluoride, 24:79 
F6PSe&2&24, Phosphate( I-), hexafluorc 

4,4',5,5'-tetramethyl-2,2'-bi- 1,3- 
diselenolylidene radical ion( 1+) (1:2), 
24142 

F6P3RuC49H41 , Ruthenium(II), (qs-cycle 
pentadienyl)(phenylvinylene)bis( tri- 
pheny1phasphine)-, hexatluorophos- 
phate(1-), 21:80 

F,BN, Borate(III), tetrafluom-, tetrathore 
ammonium (l:l), 2442 

F8B 2N7RuC 4H 19, Borate( 1 - ), tetrafluoro-, 
pentaammine(pyrazine)ruthenium(n) 
(2:1), 24259 

F9CIOC4, Hypochlorous acid, perfluoro-tea- 
butyl ester, 246  1 

F91rN409S3C7H16, Iridium(III), bis( 1,2- 
ethanediamine) bis(trifluoromethane- 
sulfonato-0)-, cis-, trifluoromethane- 
sulfonate, 24290 

ammine(trifluoromethanesulfonato- 
0)-, bis( trifluoromethanesulfonate), 
24264 

ammineaqua-, tris(trifluoromethana 
sulfonate), 24:265 

F91rN509S 3C 3H 15, Iridium(III), penta- 

F91rN50 loS3C3H17, Iridium(III), penta- 

F91rN&S 3C3H 18, Iridium(III), hexa- 
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F9N~Ol&S3C28H2~ * 3H20, 
Ruthenium(III), aqua( 2,2'-bipyridine- 
N,N')( 2,2':6',2"-terpyridine- 
N,N',N")-, tris(trifluor0methane- 
sulfonate), trihydrate, 24:304 

F9N5RuS3C3H15, Ruthenium(III), penta- 
ammine(trifluoromethanesulfonato- 
0)-, bis(trifluoromethanesulfonate), 
24258 

FgN6090sS3C3H Is, Osmium(III), hexa- 
ammine-, tris(trifluor0methane- 
sulfonate), 24:273 

nitri1e)pentaammine-, tris(trifluoro- 
methanesulfonate.), 2 4  2 7 5 

F9N609RhS3C3H,8, Rhodium(III), hexa- 
ammine-, tris(trifluoromethane- 
sulfonate), 24:255 

F ,,NSb, Antimonate(V), hexduoro-, tetra- 
fluoroammonium (l:l),  2441 

F ,,02Se2Xe, Selenate(VI), pentafluorooxo-, 
xenon(2+) (2:1), 24:29 

F lo02Te2Xe, Tellurate(VI), pentafluorooxo- 
xenon(2+) (2:1), 24:36 

trifluoroethoxy)-, trans-, 24:63 
F 12FeN6PC28H34, Iron(II), bis(acet0- 

nitrile)(2,9-dimethyl- 3,l O-diphenyl- 
1,4,8,1 I-tetraazacyclotetradeca- 
I ,3,8,1O-tetraene)-, bis[ hexafluore 
phosphate(1-)], 22:108 

F 12Fe2N2P2S2C 18H36, Iron(2+), bis(acete 
nitrile)bis( q5-cyclopentadienyl)bis-j~- 
(ethanethio1ato)-di-, bis(hexduoro- 
phosphate), 21:39 

F12Fe4P2SsC20H20, Iron(2+), tetrakis(q5- 
cyclopentadieny1)-p3-( disulfur) tri-p3- 
thio-tetra-, bis(hexduorophosphate), 
2 1 :44 

F 121rN40P4C4&46, Iridium(III), tris(acete 
nitrile)nitrosylbis( triphenylphos- 
phine)-, bis[hexafluorophosphate], 

\21:104 
F12N4P2PdC 12H30, Palladium(II), [N,N'- 

bis[ 2-(dimethylamino)ethyl]-N,N' - 
dimethyl- 1,2-ethanediamine]-, 
bis(hexduorophosphate), 21: 133 

F 12N50 12S4PtC4H 15, Platinum(IV), penta- 
ammine( trifluoromethanesulfonato- 
U)- ,  tris(trifluoromethanesulfonate), 
24218 

F9N60g0sS3C5H18, Osmium(III), (aceto- 

F1 I O ~ P C ~ H ~ ,  Phosphane, difluorotris(2,2,2- 

F 14MnN2, Manganate(IV), hexafluoro-, 
bis(tetrafluoroammonium), 24:45 

F 14N2Si, Silicate(IV), hexafluoro-, bis(tetra- 
fluoroammonium), 2446 

F 1SB03Te3, Tellurate(VI), pentafluorooxo-, 
boron(3+) (3:1), 24:35 

F SGdN 6 0  6P 
hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

hexalus( diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

hexakis(dipheny1phosphinic amide)-, 
tri6(hexafluorophasphate), 23: 180 

F 18N,jNd06P12C72H72, Neodymium(III), 
hexakis(dipheny1phosphinic 
amide)-, tris(hexafluorophosphate), 
23: 180 

hexakis(dipheny1phosphinic amide)-, 
tris(hexduorophosphate), 23:180 

F 18N606P12SmC72H72, Samarium(III), 
hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F 18N60SP12TbC72H72. Terbium(III), hexa- 
kis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F 8N6O6P 12TmC 72H72, Thulium(III), hexa- 
kis(dipheny1phosphc amide)-, 
tris(hexafluorophosphate), 23: 180 

hexakis(dipheny1phosphinic amide)-, 
tris(hexduorophosphate), 23: 180 

carbonyl( qs-cyclopentadienyl)(q 2- 

2-methyl- 1-propeny1)-, tetrduoro- 
borate( 1 -), 24: 166 

FeB2N606C+34, ([tris[p-[(~,2-cyc~o- 
hexanedione dioximato)-0 :O']di- 
phenyIdiirato(2-)]-N,N',N'', 

FeB4C 12H30, [ 1,l '-commo-Bis(2,3-dicarba- 

72H72, Ga&liium(III), 

F 18HON606P12c72H72, Holmium(III), 

F 18~606P12c72H72,  Lanthanium(II1). 

F 18N606P12hC72H72, PraSeodymilUIl(III), 

F18LUN606P12C72H72, htetiUm(III), 

F 18N606P12YbC72H72, YtterbiUm(III), 

FeBF4O2CI1H13, Iron(l+), di- 

N"',N"',N""')-, 21:112 

1 -ferra-closo-heptaborane)]( 12), 
2,2',3,3'-tetraethyl- 1,l -dihydro-, 
22:215 

cyclopentadienyl)[ 1,2-ethanediyl- 
FeBrMg02PC39H4s, Magnesium, bromo( q5- 
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bis( diphenylphosphine)] bis( 2,4- 
pentanedionato)-, 21 : 94 

FeOSPSC,,H57, Iron, bis[ 1,2-ethanediyl- 
bis( diphenylphosphine)]( trimethyl- 
phosphito)-, 21:93 

FeO 1 3 0 ~ 3 C  13H2, Osmium, tridecacarbonyl- 
dihydridoirontri-, 21:63 

FeO 13Ru3C 13H2, Iron, tridecacarbonyldi- 
hydridotriruthenium-, 2158 

FeP, s4c 72H60, Bis (tetraphenylphos - 
phonium) tetrakis(be.nzene- 
thiolato)ferrate(II), 21 :24 

FeP4C52H48, Iron, [ [2-[2-(diphenyl$hos- 
phino) ethyl] phenylphosphino] phenyl- 
C,P,P]( 1,2-ethanediylbis(diphenyl- 
phosphine)] hydrido-, 21 :92 

FeP4CS4HS2, Iron, bis[ 1,2-ethanediyIbis(di- 
phenylphosphine)](ethene)-, 2 1:91 

FeS4C 14H20, Iron, bis( q5-cyclopentadieny1)- 
p-(disu1fur)bis-p-(ethanethio1ato)-di-, 
21:40,41 

Fe2F 12N2P2S2C IsH36, Iron(2+), bis(acete 
nitrile) bis( q5-cyclopentadienyl) bis-p- 
(ethanethio1ato)-di-, bis(hexafluoro- 
phosphate), 21:39 

disodium , 24: 1 5 7 
Fe2Na208C8, Ferrate(2-), octacarbonyldi-, 

Fe204, Iron oxide, 22:43 
Magnetite, 22:43 

Fe204C2H4, Iron, [ 1,2- 
ethanediolato(2-)]dioxodi-, 22:88 

Fe2P2S6c,,Hm, Ferrate(III), tetrakis(ben- 
zenethio1ato)di-p-to-di-, bis(tetra- 
phenylphosphonium), 2 1:26 

Fe3N201 1P4C83Hm, Ferrate(2-), undeca- 
carbonyltri-, bis[p-nitrido-bis(tri- 
phenylphosphorus)( 1 +)I, 24:157 

Fe3Na20, ,Cl1, Ferrate(2-), undeca- 
carbonyltri-, disodium, 24:157 

Fe4F,2P2S,C20H20, Iron(2+), tetrakis(q5- 
cyclopentadienyl)-p3-(disulfur)tri-p3- 
thio-tetra-, bis(hexafluorophosphate), 
21:44 

Fe4N20,3P4C85H60, Fenate( 1-), trftieca- 
carbonyltetra-, p-nitrido-bis(tri- 
phenylphosphorus)(l+) (1:2), 21:66, 
68 

Fe4N2S4Se4C48Hlo8, Ferrate(2-), tetra- 
kis( 1,l -dimethylethanethiolato)tetra- 
p-selenotetra-, bis(tetrabuty1- 
ammonium), 21:37 

-I 

bis( diphenylphosphine)] bis( tetra- 
hydr0furan)iron-, (Fe-Mg), 24:172 

dienyl)[ 1,2-ethane&ylbis(diphenyl- 
phosphine)]-, 2 4  170 

FeClO, Iron chloride oxide: 

FeBrP2C 31H29, Iron, bromo(tl5-cyclopenta- 

intercalate with 4-aminopyridine (4: I) ,  

intercalate with pyridine (41), 22:86 
intercalate with 2,4,6-trimethylpyridine 

FeF3O6SC9H5, Iron(l+), tricarbonyl(qs- 

22:86 

(6:1), 22936 

cyclopentadieny1)-, trifluoromethane- 
sulfonate, 24:161 

nitrile)(2,9-dimethyl- 3,l O-diphenyl- 
1,4,8,1 l-tetraazacyclotetradi- 
1,3,8,1O-tetraene)-, bis[ hexatluoro- 
phosphate(1-)], 22:107, 108 

FeH, .94Ti, Iron titanium hydride, 22:90 
FeNO13P2Ru3C49H31. Ruthenate( 1-), tri- 

decacarbonylhydridoirontri-, p- 
nitrido-bis(triphenylphosphorus)( 1 +), 
21:60 

FeN204P2C39H30, Ferrate( 1-), tricarbonyl- 
nitrosyl-, p-nitrido-bis-(triphenyl- 
phosphoms)(l+), 22:163, 165 

. H20,  Iron(LII), aqua[ [ 1,2- 
ethanediyldinitrilo)tetraacetato]( 3-)I-, 
monohydrate, 24:207 

(&nitrogen)[[ 1,2-ethanediyldini- 
trilo)tetraacetato] (4-) ] -, disodium , 
dihydrate, 24:208 

[ [ 1,2-cyclohexanediyldinitrilo)tetra- 
acetate]( 4-)]( dinitrogen)- , disodium , 
dihydrate, 24210 

aquabis(o -sulfonbe.nzoimidato)-, 
dihydrate, 23:49 

FeN&C,&, Iron(II), bis(thiocyanat0-N)- 
bis-p-( 1H- 1 ,2,4-triazole-N2f14)-, 

FeNa204C4, Ferrate(2-), tetracarbonyl-, 

Fe02CH3, Iron, methoxyoxo-, 22337 
FeO2C1,Hl2, Iron, dicarbonyl(q5-cycb 

FeF 12N6PC28H34, Iron(II), bis(acete 

FeN20 ,C 

FeN4Na208C ,$-Il2. 2H20, Ferrate(II), 

FeN4Na208C,4H,8 .2H20, Ferrate(II), 

FeN4OIoS2Cl4Hl6 .2H20,  Iron(II), tetra- 

P O Z Y - ,  23~185 

discdium, 24157 

pentadienyl)(2-methyl- 1 -propenyl- 
 KC^)-, 24:164 

Fe04P$3&38, Iron, [ 1.2-ethanediyl- 
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Fe4N2S4Se4C56H92. Ferrate(2-), tetra- 
kis(benzenethio1ato)tetra-p-selene 
tetra-, bis(tetrabutylammonium), 
21:36 

dimethylethmethiolato)tetra~p-thio- 
tetra-, bis(tetramethylammonium), 
21:30 

kis(benzenethio1ato)tetra-p-thiotetra-, 
bis(tetrabutylammonium), 21: 35 

Fe4P2S&72H,, Fernate@, In), tetra- 
kis(benzenethiolato)-p3-thiotetra-, 
bis(tetraphenylphosphonium), 21 :27 

Fe4S5CmHzo, Iron, tetrakis(qLyclopenta- 
dienyl)-p3-(disulfur)tri-p3-thio- 
tetra-, 21:45 

dienyl)bis-p3-(dis~)-di-p3-thio- 
tetra-, 21:42 

Fe4N2S8C2,Hm, Ferrate(2-), tetrakis(1,l. 

Fe4N2S8C56H92, Ferrate(2-), tetra- 

Fe4S6C2$Izo, Iron, tetrakis(q5-cyclopenta- 

GaBr4NC8H2*, Gallate( 1-), tetrabromo-, 
tetraethylammonium, 22: 141 

tetrabutylammonium, 221 39 

tetrabutylammonium, 2 2  139 
GaCl4NCI6H36, Gallate( 1-), tetrachloro-. 

tetrabutylammonium, 22:140 
Ga2Br2P2C36H32, Gallate(2-), hexabrome 

di-, bis(triphenylphosphonium), 
22:135, 138 

Ga2Br6P2C48H4, Gallate( 2-), hexabromo- 
di-. bis(tetrapheuylphosphonium), 
22: 139 

di-, bis(triphenylphosphonium), 
22135, 138 

bis(triphenylphosphonium), 221 35, 
138 

GBBr4NC16H36, Gallate(1-), tetrabromo-, 

GaC14NC,,H3,, Gallate( I+), tetraChlOrO-, 

Ga2CI6P2C36H32, Gallate(2-), hexachloro- 

Ga216P2C36H32, Gallate(2-), hexaiododi-, 

GdCI,, Gadolinium chloride, 2239 
GdF l@&jP&72H72, G@liniU(nI), 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophaphate), 23: 180 

at@ 1,4,7,10-tetraoxacyclod~ 
decane)-, 23:151 

ato( 1,4,7,10,13-pentaoxacyclopenta- 

GdN3O13C8Hl6, Gadolinium(III), trinitr- 

GdN3014CI$I20, GadoliniW(III), trhitr- 

&cane)-, 23:151 

GdN402C4,H3,, Gadolinium, (2,4-pentane- 
dianato)[ 5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22:160 

Gd4N 12051C3$I60, Gadolinium(III), dode- 
canitratotris( 1,4,7,10,13-pentaoca- 
cyc1opentadecme)tetra-, 23: 15 1 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23:155 

HCrN05P2C41H30, Chromate( 1 -), penta- 
carbonylhydrido-, p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 22: 183 

HCr2KOIOClo, Chromate, p-hydrido- 
bis[pentacarbonyl]-, potassium, 23:27 

HFzNS, hidosulfurous difluoride, mercury 
complex, 24:14 

HF50Te, Tellurate(VI), pentatluorooxo-, 
hydrogen, 24:34 

HFsN, Ammonium, tetrafluoro-, (hydrogen 
difluoride), 24:43 

HFeNO13P2Ru3C49H30, Ruthenate( 1-), 
tridecacarbonylhydridoirontri-, 
p-nitrido-(triphenylphosphorus)( 1 +), 
21:60 

phosphino)ethyl] phenylphos- 
phino]phenyl-C,P,P'] [ 1,2-ethauediyl- 
bis( diphenylphosphine)] hydrido-, 
21:92 

bis[pentacarbonyl-, potassium, 
23:27 

H M O N O ~ P ~ C ~ ~ H ~ ,  Molybdate( 1-), penta- 
carbonylhydrido-, p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 22: 183 

carbonylhydrido-, p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 22: 182 

HNO1lRu3C19H20, Ruthenate(1-), p- 
carbonyl- 1 ~c :2~cdecaca rbony~-  
l~3C,2~3C,  3~4C-p-hydrido-1~:2~- 
hiangulo-tri-, tetraethylammonium, 
24: 168 

HNb05Ti, Hydrogen pentaoxoniobatenio- 
batetitanate(1-), 22:89 

intercalate with 1-butmamine, 22:89 
intercalate with ethanarmn e, 22:89 
intercalate with methanamine, 22:89 
intercalate with NHJ, 22:89 
intercalate with 1-propmamine, 22:89 

Gd4N 120&36H72, Gadolini~~n(III), 

HFeP4C5,H4, Iron, [[2-[2-(diphmyl- 

HKO~OW~CIO,  Tungstate, p-hydrido- 

H N O S P ~ W C ~ ~ H ~ O ,  Tungstate(1-). penta- 
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HO, Hydroxo, cobalt complexes, 23:107, 

H08S2, [hydrogen bis(sulfate)], 
platinum chain complexes, 2 1 : 1 5 1 

HI.94FeTi, Iron titanium hydride, 22:W 
H2Fe0 130s 3C 3, Osmium, tridecacarbonyl- 

H2FeO13Ru3C 13, Iron, tridecacarbonyl- 

H20, Water, iridium, osmium, and 

H20130s3RuC13, Osmium, trideca- 

111-115 

dihydridoirontri-, 21:63 

dihydridotriruthenium-, 2 1 : 5 8 

rhodium complexes, 24:254, 265 

carbonyldihydridorutheniumtri-, 
21:64 

H3N, Ammonia, intercalate with 
HNbTiO,, 22:89 

H4AlLaNi4, Aluminum lanthanum nickel 
hydride, 22:96 

H40SP2, Diphosphorous acid, platinum 
complex, 24:211 

diammonium, 24:51 
HBK4OmP8Pt, Platinate(II), tetra- 

kis[dihydrogen diphosphito(2-)-], 
tetrapotassium, 24:211 

HsFsN,Mn, Manganate(III), pentaflUOrO-, 

H804Pt, Platinum(II), tetraaqua-, 21: 192 
HIsN4O8S2IU1, Rhodium(III), tetraammine- 

aquahydroxo-.cis-. dithionate, 24:225 

21:157 
H16N407P2, Ammonium diphosphate, 

2H3BNNaC, Borate(1-), cyanotri[(2H)hy- 

HfC12CmH30, Hafnium, dichlorobis($- 
h ] - ,  sodium, 21: 167 

pentamethylcyclopentadienyl)-, 
24: 154 

chlorobis(tetrahydrohran)-, 2 1 : 137 
HfD2C 12H10, Hafnium, dicarbonylbis( ~ 5 -  

cyclopentadieny1)-, 24: 15 1 
HfD2C22H30, Hafnium, dicarbonyl- 

bis( tl5-pentamethylcyclopentadienyl)-, 
24:151 

HgF4N2S2, Mercury(II), bis(imidosu1furous 

H@&, Mercury, bis(trifluoromethy1)-, 

HgICH3, Mercury(II), iodomethyl-, 24: 143 
HgN03CH3, Mercury(II), methylnitrato-, 

HfC14O 2C 8H I 6, Hafnium( IV), tetra- 

dih~ridato-N)-, 24: 14 

24:52 

24: 144 
H@2C,H6, Mercury(II), acetatomethyl-, 

HoCI,, Holmium chloride, 22:39 
H O F ~ ~ N ~ O ~ ~ P I Z C ~ ~ H ~ ~ ,  Holmium(m). 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

trinitrato( 1,4,7,1O-tetraoxacyclodo- 
decane)-, 23: 15 1 

HoN3014C10H10, Holmium(III), tri- 
nitrate( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23:151 

( 1,4,7,10,13,16-hexacyclo- 
octadecane)trinitrato-, 23: 152 I 

pentandonato)[ 5,10,15,20-te~a- 
phenylporphyrinato(2-)). 22: 160 

methyl-3,5-heptane- 
dionato)[ 5,10,15,20-tetraphenyl- 
porphyrina~(2-)]-, 22:160 

Ho4N 12051C30H30, H o l m i W W  
dodecanitratotris( 1,4,7,10,13- 
pentaoxacyc1opentadecane)tetra-. 
23: 153 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23: 155 

HoN3O 13CBH16, HolmiW(III), 

H o N ~ O ~ ~ C ~ ~ H X ,  H~lmium(III), 

H o N ~ O ~ C ~ ~ H ~ S ,  Holmium, (2,4- 

HoN402C5sH47, Holmium, (2,2,6,6-tetra- 

Ho4N 32054C 3&72, HoMum(m), 

I B M O N , O ~ C ~ ~ H ~ ~ ,  Molybdenum, 
ethoxyiodonitrosyl(tris( 3.5-dimethyl- 
pyrazolyl)hydroborato)-, 23:7 

(ethylamido)iodonitrosyl(tris( 3,s- 
dimethylpyrazolyl)hyhborato)-, 
23:8 

bis( 1,2-ethanediamine)dom-, 
(*)-cis-, iodide, 24:186 

IBMoNsOC 17H28, Molybdenum, 

ICrF2N4C4H16, Chromium(III), 

MgCH3, Mercury(II), iodomethyl-, 24: 143 
12BMoN70C 1sH22, Molybdenum, diiodo- 

pyrazo1yl)hydroborato)-, 23:6 
12La, h t h a n i u m  iodide, 22:36 
12Mn208Cs. Manganese, octacarbonyldi- 

nitrosyl (tris (3 ,s -dimethyl- 

iododi-, 23:34 

(dimethylamino)ethyl]-N',N'- 
dimethyl- 1,2-ethanediamine]iodo-, 
iodide. 21:130 

I2N4PdC 12H30, Palladi~m(II), [N,N-bis[Z- 

24: 145 I& hdium'iodide, 24:87 
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I3La, Lanthdum iodide, 22:31 
IsN12Ru2C4H34, Ruthenium( 5 +), 

decammine(p-pyrazine)-di-, 
pentaiodide, 24:261 

[ [4,4’,4”,4”‘-porphyrin-5,10,15,20- 
tetrayltetrakis( 1 -methyl- 
pyridiniumato)](2-)]-, 
pentaperchlorate, 23:55,57 

hC15N@&~H36, hdiUm(In), 

I d 3 ,  Indium iodide, 24937 
InSi,C 2H33, Indium(III), 

tris[ (trimethylsilyl)methyl]-, 24: 89 

chlorobis( 1 ,2-ethanediamine)(triri- 
fluoromethanesulfonato-0 )-, trans-, 
trifluoromethanesulfonate, 24:289 

carbonylchlorobis(dimethylpheny1- 
phosphine)-, bum-, 21:97 

IrCI02P4C13H32, Iridium( 1 +), (carbon- 
dioxide)bis[ 1,2-ethanediylbis(di- 
methylphosphine)]-, chloride, 21: 100 

IrCw6N,06S2C,jH16, IridiUll(IU), 

IrClOPC 7H22, Iridium(I), 

IrClO4P3C H27, Iridium, chloro[ (fonnyl- 
Kc-OXy)fOrmatO-K0-( 2-)]MS(tri- 
methy1phosphine)-, 2 1 : 102 

IrClP3C17H41, Iridium, chloro(q2cyclo- 
octene)tris( trimethy1phosphine)-, 
21:102 

ethanediylbis(dimethylphosphhe)]- , 
chloride, 21 : 100 

hichloride, 24:267 

dichlombis( 1,2-ethanediamine)-, 
tmns-, chloride, monohydrochloride, 
dihydrate, 24:287 

dichlorobis( 1 ,I-ethanediamine)-, 
cis-, chloride, monohydrate, 

IrCp4C12H32, Iridium( l+), bis[l,2- 

IrCl3H 1 EN,, Iridium(III), hexaammine-, 

I I C ~ ~ N ~ C ~ H ~ ~ * H C ~ .  2H20, h i d i ~ ( I I I ) ,  

IrC13N4C4H16 ’ H20, Iridium(m), 

24287 
I ~ F ~ N P ~ C ~ ~ H S O ,  IridiUm(I), ( ~ 4 - 1  ,5- 

cyclooctadiene)(pyridine)(tricyclo- 
hexylph0sphine)-, hexafluoro- 
phosphate( 1 -), 24: 173, 175 

cyclooctadiene)bis(pyridine)-, 
hexafluorophosphate( 1 -), 24: 174 

bis( 1,2-ethanediamine)bis(tri- 

kF,jPN2C&,2, Iridium(I), ( ~ ~ - 1 , s -  

IrFgN409S3C7H16, IridiUm(III), 

fluoromethanesulhnato-0 )-, 
cis-, trifluoromethanesulfonate, 
24:290 

pentaammine(trifluoromethane- 
sulfonato-0 )-, bis(triflu0mmethane- 
sulfonate), 24:264 

pentaammineaqua-, tris(trifluoro- 
methanesulfonate), 24: 265 

IrF9N6O9S3C3Hl8, Iridium(III), 
hexaammine-, tris(trifluor0- 
methanesulfonate), 24:267 

IrF 12N40P4C40H36, Iridium(III), 
tris(acetonihile)nitrosyIbis(triphenyl- 
phosphine)-, bis[hexafluorophos- 
phate], 21:104 

pentamethylcyclopentadienyl )(tri- 
phenylphosphine), 22: 174 

cyclooctadiene)-di-p-methoxy -di-, 

I ~ F ~ N S O , S ~ C , H ~ S ,  Iridium(III), 

I ~ F ~ N s O ~ ~ S ~ C ~ H I ~ ,  Iridim(III), 

bPC32H38, Iridium, (1,3-b~tanediyl)(~s- 

Ir20 2C 8Hw, Iridium(I), bis ( q4- 1,s - 
23:128 

KCoN208C Cobaltate(III), 
[N,N‘-l,2-ethanediylbis[N- 
(carboxymeth~l)gl~catoI(4-)1-, 
potassium, 23:99 

[ [R-(-)]-N,N’-( 1-methyl-1,2- 
ethanediy1)bis [N-( carboxy- 

KCoN208C 1 1H 14, CObaltate(III), 

methyl )glycinito~ (4- 11 -, [A -(+ I-, 
23:lOl 

K C O N ~ O ~ C  14H18, CObdtate(III), 
[[R,R-(-)I-”- 1.2-cyclo- 
hexanediylbis( carboxy- 
methyl)gl~cinato1(4-)1-, IA-(+)I-. 
23: 101 

diammine(carbonato)dinitro-, &,cis-, 
potassium, hemihydrate, 23:70 

KCoN408C2H6. 0.5H20, Cobdtate(III), 
diamminedinitro( oxdab)-, cis, cis-, 
potassium, hemihydrate, 23:71 

K C O N ~ O ~ C H ~  7 b.5H20, Cobaltate(III), 

KC002, Potassium cobalt oxide, 2258 
KC17Dy2, Potassium dysprosium chloride, 

KCrO2, Potassium chromium oxide, 2259 
KCr2H0 loC Chromate, p-hydrido-bis- 

22:2 

(pentacarbonyl-, potassium, 23:27 
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w 6 u ,  Uranate(V), hexafluoro-, 
potassium, 21: 166 

bis[pentacarbonyl-, potassium, 23:27 
KNb05Ti, Potassium, 

pentaoxoniobatetitanate( 1 -), 22:89 
&.5CoOz, Potassium cobalt oxide, 2257 
&.5Cfl2, Potassium chromium oxide, 

&.67COO2, Potassium cobalt oxide, 

KO. 6Cfl2, Potassium chromium oxide, 

&.,CrO2, Potassium chromium oxide, 

&. 77cfl2, Potassium chromium oxide, 

K2A14Nbia036Si14C4H 12 * 7H20, 

~ O I O W ~ C ~ O ,  Tmgtate, p-hydrido- 

2259 

22:57 

22:59 

2259 

2259 

Potassium sodium tetramethyl- 
ammonium aluminum silicate hydrate, 
22:65 

(4,7,13,16,21,24-hexaoxa- 1 ,lo- 
diazabicyclo[ 8.8.8]hexacosane)-, 
tetrabismuthide, 22: 15 1 

tetracyano-, potassium (hydrogen 
difluoride) (1:2:0.30), trihydrate, 
21:147 

K2F5Mn. H20, Manganate(LII), 
pentatluoro-, dipotassium, 
monohydrate, 2451 

K2F MOO, Molybdate( V), pentatluorooxo, 
dipotassium, 21:170 

K2Sb20 12CgH4, Antimonate(2-), 
bis[taratrato(4-)]di-, dipotassium, 
as resolving agent, 23:76-81 

K4H8OmP8Pt, Platinate(II), tetra- 
kis [dihydrogen diphosphito( 2-)]-, 
tetrapotassium, 24211 

tungstophosphato)-, decapotassium, 
23: 189 

tungstophosphato)-, decapotassium, 
23:186 

tungstoborato)-, tetTadecapotassium, 
23: 189 

K2Bi4N20 2C s6H7z. Potassium, 

K2F0. aoN 4RC rHO. 30 - 3H20, Platinate, 

Klo078P2ThW22, Thorate(IV), bis(undeca- 

K10078P2UW22, Uranate(IV), bis(undeca- 

K14B2078ThW22, Thorate(IV), bis(undeca. 

decatungstodiph0sphato)-, hexa- 
decapotassium , 2 3  : 1 90 

K@]22P4w34, Uranate(W). bis 
(heptadecatungstodiphosphato)-, 
hexadecapotassium, 23: 188 

LaAlH4Ni4, Aluminum lanthanum nickel 

LaC13, Lanthanum chloride, 22:39 

hexakis(dipheny1phosphinic 
amide)-, tris(hexafluorophosphdte), 
23:180 

hydride, 22:96 

m18N606P12C72H72, hthanium(III), 

LaI2, Lanthanum iodide, 22:36 
LaI,, Lanthanum iodide, 22:31 

trinitrato( 1,4,7,10- 
tetraoxacyc1ododecane)-, 23: 15 1 

m 3 O i 4 C  loH20, h thaniWIII1 ,  
trinitrato( 1.4,7,10,13-penta- 
oxacyc1opentadecane)-, 23: 15 1 

LaN30 15C 12H24, Lanthanium(III), 
( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)trinitro-, 23: 153 

m402C49H35, Lanthanum, (Z4- 
pentanedionat0)[5,10,15,2O-tetra- 
phenylporphyrinato(2-)], 22: 160 

(2,2,6,6-@traphenyl- 
porphyrinato(2-)]-, 22: 160 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23:155 

LiC16Cs2Tm, Cesium lithium thulium 
chloride, 22: 10 

LiF5c6, Lithium, (penWuorophenyl)-, 
21:72 

Li03Re, Lithium rhenium trioxide, 24:205 
Li05V2, Lithium divanadium pentaoxide, 

24:202 
LiSiC4HlI, Lithium, [(trimethyl- 

silyl)methyl]-, 24:95 
Lio.ZO,Re, Lithium rhenium trioxide, 

24:203,206 
Li,O3Re, Dilithium, rhenium ttioxide, , 

24:203 
LiqN, Lithium nitride. 22:48 

LaN3013C8H16, hfianium(III), 

m402C55H47, h t h m u m ,  

h4N12054C36H72. k&anium(m), 

K160122P4ThW34, Thorate(IV), bis(hepta- LuC13, Lutetium chloride, 22:39 
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LuC1sCs2, Cesium lutetium chloride, 

LuclgCs3, Cesium lutetium chloride, 
22:6 

22:6 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 
23:180 

trinitrato( 1,4,7,10-tetraoxacyclo- 
dodecane)-, 23 : 15 1 

LUN3O14C loH20, Lutetium(IXI), 
trinitrato( 1,4,7,10,13- 
pentaoxacyc1opentadecane)-, 23 : 15 1 

( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)trhitrato-, 23: 153 

pentanedionato)~5,10,15.20- 

LuF I sN606P 12C72H72, htetiUm(III), 

LUN3 0 1 3c 8H 16, YtkrbiUm(III), 

LuN301sC12H24, Lutetium(III), 

LUN402C49H35, Lutetium, (2,4- 

tetraphenylporphyrinato( 2-) ] -, 
22: 160 

Lu2C19Cs, Cesium lutetium chloride, 22:6 
Lu4N 12 0, C 30HbO, Lutetium (111), 

dodecanitratotris( 1,4,7,10,13- 
pentaoxacyclopenta&cane)tetra-, 
23: 153 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dcdecauitratotetra-, 
23:155 

h4Ni2054C36H72, LUtetium(m), 

Me2Ph2[ 141- 1,3,8, 10-tetraeneN4, see 
1,4,8,11 -Tetraazacyclotetradeca- 
1,3 ,I,lO-tepene, 2,g-dimethyl- 
3,10-diphenyl-, 22: 107 

MgBrFe02PC39H45, Magnesium, 
bromo($-cyclopentadienyl)[ 1,2- 
ethanediylbh(dipheny1phos- 
phine) ] bis( tetrahydrof’uran)iron-, 
(Fe-Mg), 24: 172 

khcs2F6, Manganate(IV), hexduoro-, 
dicesium, 24:48 

MnF5HaN2, Manganate(III), pentafluoro-, 
diammonium, 24:51 

MnFSK2 H20, Manganate(III), penta- 
fluoro-, dipotassium, monohydrate, 
2 4 3  1 

MnF 14N2, Manganate(IV), hexafluoro-, 
bis(tetrafluoroammonium), 
24:45 

hfd8S2C6H6, Manganese(II), 
bis(thiocyanato-N)-bis-p-( 1H- 1,2,4- 
triazole-I@:N4)-,poly-, 23: 158 

MnO6C 33H57, Manganese(III), tris( 2,2,7- 
trimethyl-3,5 -0ctanedionato)-, 
23:148 

phonium) tetrakis(benzene- 
thiolato)manganate(II), 21 :25 

octacarbonyldi-, 23 : 3 3 
Mn21208C8, Manganese, 

octacarbonyldiiododi-, 23:34 
Mn3Ca2O8, Calcium manganese oxide, 

22:73 
MoBF4N 2P4C56Hs5, Molybdenum(III), 

bis[ 1,2-&anediylbis( 1,2- 
dipheny lphosphine) ] (isocyano- 
methane)[ (methylamino)methylid~me]-, 
mns-, tetr&uoro&rate(l-), 23: 12 

ethoxyiodonitrosyl {tris( 3,5 -dimethyl- 
pyrazo1yl)hydroboratoJ-, 23: 7 

(ethylamido)iodonitrosyl{tris( 3,s- 
dimethylpyrazolyl) hydroborato)-, 
23:s 

diiodonitrosyl(tris( 3,s -dimethyl- 
pyrazolyl)hydroborato)-, 23: 6 

carbonylnitrosyl(tris( 3,5-dimethyl- 
pyrazoly1)hydroborato)-, 23 :4 

bis[ 1,2-ethanediylbis(diphenyIphos- 
phine)] bis[ (methylamino)methyl- 
idynel-, tmns-, bis [tetrafluom- 
borate(1-)], 23:14 

bis( 1 -chloro-4-isocyanoben- 
zene)bis[l.2-ethanediylbis(di- 
phenylphosphine)]-, mns-, 23: 10 

MoC1303C 12H24, Molybdenum(III), 

MnPzS.& 7 2 H ~ ,  Bis (tetraphenylphos ~ 

kh2Br208C8, Mm@LI=, dibromo- 

M O B I N ~ O ~ C ~ ~ H ~ ~ ,  Molybdenum, 

MoBIN80C l7H28, Molywenum, 

MoB12N70C ISH22, Molybdenum, 

MoBN703C17H22, Molybdenum, di- 

MOB# 8N2P& &56, Molybdenum(IV), 

M ~ C I ~ N ~ P ~ C ~ ~ H S ~ ,  Molybdenum(O), 

trichlorotris(tetrahydroiilran)-. 
24: 193 

bis( 1,3-dichloro-2-isocyano- 
benzene)bis[ 1,2-ethanediyl- 
bis(diphenylphosphine)]-, mns-, 
23: 10 

MoCl&P4C66H54, Molybdenum(O), 
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MoCl40, Molybdenum, chloride oxide, 

MoF50K2, Molybdate(V), pentafluorooxo, 

M O N O ~ P ~ C ~ ~ H ~ ~ ,  Molybdate( 1-), penta- 

23:195 

dipotassium, 21:170 

carbonylhydrido-, p-nitrido-bis(tri- 
phenylphosphorus)( 1 +), 22: 183 

bis[ 1,2-ethanediylbis(diphenyl- 
phosphine)]bis( 1 -isocyano-4- 
methoxybenzene)-, trans-, 23: 10 

M O N ~ P ~ C ~ ~ H S ~ ,  Molybdenum(O), bis[ 1,2- 
ethanediylbis(dipheny1phos- 
phine)]bis(isocyanomethane)-, tmns-, 
23: 10 

bis [ 1,2-ethanediylbis (diphenylphos - 
phine)]bis( 2-isocyano-2-methyl- 
propane)-, hnns-. 23:lO 

bis[ 1,2cthanediylbis(diphenylphos- 
phine) ] bis( isocyanobenzene)-, 

MON&P4C68H62, Molybdenum(O), 

M o N ~ P ~ C ~ ~ H , ,  Molybdenum(O), 

MoN2P4C,H58, Molybdenum(O), 

hums-, 23:lO 
M O N ~ P ~ C ~ & Q ,  ~ O l y b d e ~ ~ ( o ) ,  

bis [ 1,2-ethanediylbis(diphenyIphos- 
phine)]bis( 1 -isocyano-4-methyl- 
benzene)-, trans-, 23: 10 

ion, 23: 139 

dihydrate, 24:191 

ion, 23: 133 

Mo03H, Molybdenum(VI), hydroxodioxo-, 

Mo03 * 2H20, Molybdenum(VI) oxide, 

Md6H12, Molybdenum(III), hexaaqua-, 

M o 0  12, Molybdenum(V), hexaaqua-di- 

Mo2C12N4C8HZ4, Molybdenum, dichloro- 
p - ~ ~ ~ - d i ~ ~ o d i - ,  23: 137 

tetrakis(dimethy1amido)di-, 
(Mo=Mo), 21:56 

Mo2N5C Molybdenum, hexakis(di- 
methy1amido)di-, ( M o ~ I ~ o ) ,  
21:43 

hexacarbonyl-tris[p- 1,3,5,7-tetra- 
methyl- lH, 5H-( 1,4,2,3]diazadi- 
phospholo[2,3-b][ 1,4,2,3]diaza- 
diphosphole-2,6-( 3H, 7H)dione]di-, 
24: 124 

Mo202H2* XH20, Molybdenum(III), 
di-p-hydroxo-di-, ion, hydrate, 
23:135 

MozN 1 2 0  12P6C24H36, Molybdenum, 

MozO4 * X H 2 0 ,  Molybdenum(V), di-p-oxo- 
dioxodi-, ion, hydrate, 23: 137 

Mo206H, Molybdenum(VI), hydroxopenta- 
oxodi-, ion, 23:139 

M0206H2, Molybdenum(VI), 
dihydroxotetraoxodi-, ion, 23: 139 

trioxodi-, ion, 23: 139 
Mo208H 16, Molybdenum(II), octaaquadi-, 

ion, 23:131 
Mo304 *XH20, Molybdenum(IV), tetra-p3- 

0x0-tri-, ion, hydrate, 23:135 
M030 13H 18, Molybdenum(IV), nonyqua- 

tetra-p3-oxo-tri-, ion, 23: 135 
M O ~ P ~ S ~ Z C ~ ~ H ~ .  Moh'Maum(V), p- 

(diethylphosphinodithi0ato)- 
tris (diethy1phosphinodithioato)-tri -p- 
thi0-p3-thi0-tnangu10-tri-, 23: 121 

tr is(diethy1phosphoa~)tris-p-  
(disulfido)-p+io-triangulo -tri - , 
d i e t h y l p h o s p h a t e ,  23: 120 

NAsF6C Ammonium, tetrabutyl-, 
hexafluuroarsenate, 24: 138 

NAsF,O, Arsenate, hexafluoro-, 
nitryl, 24:69 

tetrafluoroborate( 1-), 24: 139 

tetrafluoroammonium (1 : l), 24:42 

24: 20 

M0206H3, MolyMenum(VI), trihydroxo- 

Mo3p4s15c 16H40, MolYbdenumW), 

NBF4C16H36, h X U O d U m ,  tetrabutyl-, 

NBF8, Borate(III), tetrafluoro-, 

NBrF2S, Imidosufirous diiluoride, bromo-. 

NC, Cyanide, cobalt complexes, 23:66-69 
-, cyano: 
boron complex, 2 1 : 167 
chromium complexes, 23: 184 
platinum chain complexes, 21:142-156 

chromium, cobalt, and rhodium complexes, 

intercalate with HNbTiO, 22:89 

copper, iron, and zinc complexes, 22: 108, 

iridium complex, 2 1 : 1 04 
iron complexes, 21:39-46 
osmium complex, 24:275 

NCH5 , Methanamine: 

24: 280-28 1 

NC2H3, Acetonitrile: 

110,111 

-, Methane, isocyano-, molybdenum 
and tungsten complexes, 23:lO-13 



370 Formula Index 

NCzH7, Ethanamine: 
intercalate with HNbTiO,, 2239 
molybdenum complexes, 23:8 

-, Methaneamine, N-methyl-, 
molybdenum complex, 2 1 : 54 

NCzH Methanamine, N-methyl-, 
molybdenum and tungsten complexes, 
23: 11-1 3 

NC3H9, 1-Propanatnine, intercalate 
with HNbTiO,, 22:89 

NC4H9, Propane, 2-isocyano-2-methyl-, 
tungsten complex, 24: 198 

NC4H I 1 -Butanatnine, intercalate with 
HNbTiO,, 22:89 

NC5H5, Pyridine: 
cobalt complexes, 23:73 
intercalate with FeClO (1:4), 22:86 
iridium complexes, 24:173, 174, 175 
rhenium complex, 21:116, 117 

NC5H5.CdF6Cz, Pyridine, 
- bis (trifluoromethyl )cadmium , 
2457 

rhodium complex, 2 1 : 49 
, Propane, 2-isocyano-2-methyl-, 
molybdenum and tungsten complexes, 
23:lO-12 

tungsten complexes, 24: 195, 196,198 

molybdenum and tungsten complexes, 
23: 10 

NC5Hg, Butane, 1-isocyano-, 

NC6H7, Benzenamine, rhenium and 

NC7H5, Benzene, isocyano-: 

tungsten complex, 24: 198 
NC8H7, Benzene, 1 -isocyano-4-methyl-: 

molybdenum and tungsten complexes, 

tungsten complex, 24:198 
23:lO 

NC,H I I ,  Benzenamine, N, 4-dimethyl-, 
tungsten complexes, 23: 14 

-, mdine ,  2,4,6-trimethyl-, 
intercalate with FeClO (1 :6), 
22:86 

NClF2S, Imidosulfurous ditluoride, 
chloro-, 24: 18 

NC104C6H3,, Ammonium, tetrabutyl-. 
perchlorate, 24:135 

24:66 
NFCzH6, Diethylamine, N-flUOKO-, 

NFS, Thiazyl fluoride, 24: 16 
NF2HS. Imidosdfurous difluoride, 

mercury complex, 24: 14 

NF30SC, Imidosulfurous difluoride, 

NF$, Thiazyl trifluoride, 24: 12 
NF6H, Ammonium, tetrafluoro-, 

(fluorocarbony1)-, 24: 10 

(hydrogen ditluoride), 24:43 

hexafluoroammonium, 24: 141 
NF6PSe2C ,H 12, Methanaminium, N-( 4,5- 

dimethyl- 1,3-diseleno1-2-ylidene)-N- 
methyl-, hexafluorophosphate, 24: 133 

NFgOW, Tungstate(VI), pentafluorooxo-, 
tetrafluoroamnonium (l:l), 24:47 

NF loSb, Antimonate(V), hexafluoro-, 
tetrafluoroamnonium (l:l), 24:41 

NHg03CH3, Mercury(II), methylnitrato-, 
24: 144 

NO, Nitrogen oxide: 

NF6PC l6H36, h O l l i U m ,  tetrabutyl-, 

chromium complexes, 23 : 1 8 3 
iridium complex, 2 1 : 104 
iron and mthenium, 22:163 
molybdenum complexes, 23:4-9 

NOC, Cyanato, silicon complex, 
24:99 

NOCgH7, Benzene, l-isocyano-4-methoxy-, 
molybdenum and tungsten complexes, 
23:lO 

NOPClzH12, Phosphinic amide, diphenyl-, 
lanthanoid complexes, 23: 180 

NOSe2C7Hl3, Carbamodiselenoic acid, 
dimethyl-, 1 -methyl-2-oxopropyl 
ester, 24:132 

NO2, Nitrite, cobalt complexes, 23:70-71, 
77,91, 109 

N02C2H5, Glycine, cobalt complexes, 
23:75,92 

NO2C6H5, 4-Pyridinecarboxylic 
acid, cobalt complexes, 23: 11 3 

N02SC3H7, L-Cysteine, gold complex, 
21:31 

N03C3H7, Serine, copper complex, 21:115 
N03H, Nitric acid: 

cerium complexes, 23:178 
cobalt complexes, 23: 17 1 

N03SC7H,, o-Benzosulfimide (saccharin), 

N 0 4 P C ~ H  18, Phosphonic acid, [(N,N-di- 
metal complexes, 23:47 

diethylcarbamoy1)methyl I-, dimethyl 
ester, 24: 101 

N04PC loH22, Phosphonic acid, [(N,N-di- 
diethylcarbamoy1)methyl-1, 
diethyl ester, 24:lOl 
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N04PC12H26, Phosphonic acid, [(N,N-di- 
ethylcarbamoy1)methylj-, bis( 1 - 
methylethyl) ester, 24: 101 

ethylcarbamoy1)methyI I-, dibutyl 
ester, 24: 101 

diethylcarbamoy1)methyl-J, 
dihexyl ester, 24: 101 

N O S P ~ W C ~ I H , , ,  Tungstate(1-), penta- 
carbonylhydrido-, p-nitrido-bis 
(triphenylphosphorus)( 1 +), 
22: 182 

NO11Ru3C19HZ1, Ammonium, tetraethyl-, 

N04PCl4H30, Phosphonic acid, [(N,N-di- 

N04PC16H34, Phosphonic acid, [ (N ,Ndi -  

pcarbonyl- 1KC : 2~Cdecarbmyb 
1 K3c, ~ K ~ C ,  3~4C-p-hydridO- 1 K : 2K- 
hianguJo-triruthenate( 1-), 24: 168 

NPPtSe2C24H28, Platinum(II), (N, N- 
diethyldise1enocarbaato)methy l(tri- 
pheny1phosphine)-, 2 1 : 10 

(NS),, Sulfur nitride, polymer, 
22: 143 

NSC, Thiocyanate, cobalt, copper, iron, 
manganese, nickel, and zinc 
complexes, 23: 157 

NSCH, Thiocyanic acid: 
chromium complexes, 23: 183 
palladium complex, 21:132 

NSC2H7, Ethanethiol, 2-amino- 
cobalt complex, 2 1 : 19 

NSe2CSHlI, Diselenocarbamic acid, 
N,N-diethyl-, nickel, palladium, 
and platinum complexes, 2 1 :9 

N2, Dinitrogen: 
iron complexes, 24:208,210 
osmium complex, 24:270 

N2C2H8, 1.2-Ethanediamine: 
chromium complexes, 24:185, 186 
chromium, iridium, and rhodium 

complexes, 24:251,283-290 
cobalt complexes, 21:19, 21, 120-126; 

23:64, 165 
cobalt(III) tdluoromethanesulfonate 

complexes, 22: 105 
rhodium complex, 24:227,229-231 

N2C3H4, 1H-Pyrazole, boron-copper 

N2C3H10, 1,3-Propanediamine, cobalt 

N2C4H4, Pyrazine, ruthenium complexes, 

complex, 21 : 108, 1 10 

complexes, 23: 169 

24:259 

N2CsH6, PYIidine, 4-amino-, 
intercalate with FeCIO, 22:86 

boron-copper complex, 
21:109 

tetramethyl-, palladium complex, 
22:168 

methylethyl)-, platinum complex, 
21:87 

N2CsH8, lti-Pyrazole, 3,5-dimethyl-, 

N2C6H 16, 1,2-Ethanediamine, N,N,N,N-  

N2C8H20, 1,2-Ethanediamine, N,N-bis(1- 

N2C loH8, 2,2'-Bipyridine : 
osmium and ruthenium complexes, 

palladium complex, 22: 170 
ruthenium complex, 2 1 : 1 27 

24: 291-298 

N2C 2,2’-Bipyridine, 
chromium complexes, 23: 180 

N2C10H24, 1,2-Ethanediamine, N,N- 
dimethyl-N,N’-bis( 1 -methylethyl), 
platinum complex, 21:88 
, N,N,N,N-tetraethyl-, platinum 
complex, 21:86, 87 

N2C 12H8, 1,lO-Phenathroline: 
chromium complexes, 23: 185 
copper complex, 2 1 : 1 15 

N2CI8H24, 1,2-Ethanediamine, N,N-bis(1- 
phenylethy1)-, (S,S)-, platinum 
complex, 2 1 : 87 

NZC2&Iz8, 1,2-Ethanediamine, N,N-di- 
methyl-N,N-bis( 1 -phenylethyl)-, 
(R,R)-, platinum complex, 21:87 

N2C14CrC 2H 12, Chromate(II), tetra- 
chloro-, bis(methylammonium), 
ferromagnets, 24: 188 

chlorochromate(I1) (2: l),  
ferromagnets, 24:188 

(2:1), 24:217 

diamminedicarbonato-, cis-, 
potassium, 23:62 

N2CoKO6C4H8, Cobaltate(III), 
dicarbonato( 1 ,2-ethanediamine)-, 
potassium, 23:64 

diamminebis(carbonato)-, cis-, 
lithium, resolution of, 23:62 

furms difluoridato-N)-, 24: 14 

N2C14Crc4H16, Ammonium, ethyl-, tetra- 

N 2C1602Pt, Nitrosyl hexachloroplatinate( IV) 

N ~ C O K O ~ C Z H ~ ,  Cobaltate(III), 

N2COLi06C2H6, Cobaltate(III), 

N2F4HgS2, Mercury(II), bis(imidosu1- 
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N2F5 HsMn, Manganate(III), pentafluoro-, 
diammonium, 24:51 

N2F 14Mn, Manganate(IV), hexafluoro-, 
bis(tetrafluoroammonium), 24: 45 

N2F 14%. Siicate(IV), hexafluoro-, 
b i s ( t ) ,  24:46 

N2Fe3011P4C83H60, Phosphorus( 1 +), 
p-nitrido-bis(tripheny1-, 
undecacarbonyltriferrate( 2-) 
(2:1), 24:157 

ethyl)imino]ethyl]-, cobalt complexes, 
23:165 

propyl)imino]ethyl-, cobalt 
complexes, 23: 169 

N20Si2C9H24, Urea, N,N'-dimethyl-N,N'- 
bis(trimethylsyly1)-, 24: 120 

N202C4H4, Pyrazinecarboxylic acid, 
cobalt complexes, 23: 114 

N202C6Hlo, 1,2-Cyclohexanedione, 
dioxime, boron-iron complex, 
21:112 

p-nitrido-bis(tripheny1-, 
nitrite, 22:164 

ethanediy1dinitrilo)tetra-, iron 
complex, 24:204, 208 

-, Glycine, N,N'-1,2-ethanediyl- 
bis [N-(carboxymethy1)-, 
cobalt complexes, 23:99 

N 2 0  8C H 8, Glycine , N,N'-( 1 -methyl- 
1,2-ethanediyl)bis[N-(carboxy- 
methyl)-, cobalt complexes, 23: 101 

N208C14H22, Acetic acid, (1,l-cyclo- 
hexanediy1dinitrilo)tetra-. iron 
complex, 24:210 

-, Glycine, N,N'-1,2-cyclohexanediyl- 
bis[N-(carboxymethy1)-, cobalt 
complexes, 23:96 

N2011P2Ru3C,sH,, Ruthenate(1-), 
decacarbonyl-p-nitsyl-tri-, 
p-nitrido-bis(tripheny1-' 
phosphorus)(l+), 22:163, 165 

N2PSiC 14H27, Phosphonous diamide, 
N.N,N',N'-tetramethyl-p - [phenyl(tri- 
methylsily1)methyl-1, 24: 110 

butanediyl)(N,N,N',N'-tetramethyl- 
1,2-ethanediamine)-, 22: 168 

N20CloH14, Phenol, 2-[1-[(2-amino- 

N20C H 16, Phenol, 2-[ 1 -[ (3-amino- 

N ~ O ~ P Z C ~ ~ H ~ ,  PhOSphOrUS( l+), 

N2O&loH16, AEtk  acid, (1,2- 

N2PdCIfl24, Palladium, (1,4- 

N,PdCI4H,,, Palladium, (2,2'- 
bipyridine)( 1,4-butanediyl)-, 22: 170 

sulfid0)-, diammonium, non- 
stoichiometric, 2 1 : 14 

fido)-, bis(tetrapropylammonium), 
21:13 

N2PdS ]HE, Palladate(II), bis( hexa- 

N2PtS PlatinateQI), bis(pentasu1- 

N2PtSl5Hs, Platinate(IV), tris(penta- 

N2SCH4, Urea, thio-, chromium(0) 

N2SC2, Sulfur dicyanide, 24: 125 
N2SC4H6, W-Imidazole-2-thione, 

SulfidO)-, di-oni~m. 21: 12, 13 

complexes, 23:2 

1,3-dihydro-l-methyl-, cobalt 
complexes, 23:171 

methyl-, chromium(O), complexes, 
23:2 

butylchromium(0) complexes, 23:3 

chromium(0) complexes, 23:3 

N2SC5H12, Thiourea, N,N,N,N'-tetra- 

N SC 9H 20, Thiourea, N,N'-di-tert- 

N2SClsH16, Thiourea, N,N'-di-p-tolyl- 

N2S5HE, Ammonium pentasuffide, 21 : 12 
N3, Azido, platinum chain complexes, 

21:149 
N3C2H3, 1H-Triazole, cobalt, copper, 

iron, manganese, nickel, and zinc 
complexes, 23:157 

N3C4HI3, 1,2-Ethanediamine, N-(2- 
aminoethyl)-, cobalt(III) MUO~O- 
methanesulfonate complexes, 22: 106 

N3C6H 1,4,7-Triazacyclononanne, cobalt 
complexes, 23:75 

N3Cl5Hll, 2,2':6', 2"-Terpfidine, osmium 
and ruthenium complexes, 

N3NdOl3CsHI6, Neodymium(III), tri- 
24~291-298 

nitrate( 1,4,7,1 O-tetraoxacyclo- 
d0decane)-, 23:151 

N3NdOl,CloH,, Neodymium(III), tri- 
nitram( 1,4,7,10,13 -pentaoxacycle 
pentademme)-, 23:151 

N3NdO15C 12Hw, NeodymiWIW, 
( 1,4,7,10,13,16- hexaoxacycloocta- 
decane)trinitrato-, 23: 153 

N302ClEH19, Benzaldehyde, 2-methyl-, 5-  
(a-methylbenzy1)semioxamazone. 
chromium complexes, 23:87 

(a-methylbenzyl) semioxamazone , 
N303C I ,H 19, Benzaldehyde, 2-methoxy-, 5-  
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(1.4,7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-, 23:153 

N3PC9HlZ, Propionitrile, 3,3',3"-phos- 
phinidynetri-, nickel complex, 22: 1 13, 
115 

d ido ) - ,  t r i ~ ~ ~ ~ ~ o n i ~ m ,  21:15 
N3RhS15HlZ, Rhcdate(II1). tris(penta- 

N4C6HlE, 1,2-Ethanediamine, N,N'-bis(2- 
aminoethy1)-, cobalt complexes, 23:79 

N4C i2H30, 1,2-Ethanediamine, N,N-bis[Z- 
(dimethy lamino) ethyl] -N," -di- 
methyl-, palladium complex, 

-, N,N'-bis[2-(dimethylamino)ethyIJ- 
N,N'-dimethyl-, palladium complex, 
21:133 

21~129-132 

N4C2#14, PorphYM: 
actinide and lanthanide complexes, 22156 
indium(1II) complexes, 23:55 

-, 5,10,15,20-tetraphenyl-,actinideand 
lanthanide complexes, 22156 

N4C24H2E, 1,4,8,11 -Tetraazacyclotetra- 
deca-l,3,8,10-tetraene, 2,9-dimethyl- 
3,1O-diphenyl-, copper, iron, and zinc 
complexes, 22108, 110, 11 1 

N4C48H3E, Porphwe, 5,10,15,20-tetra- 
kis(4-methylphenyl)-, actinide and 
lanthanide complexes, 22:156 

N4C13H12Rh, Rhodium(1II). tetraammine 
dichloro-, cis-, chloride, 24223 

diamminecarbonatodiitm-, cis&-, 
potassium, hemihydrate, 23:70 

diamminedinitro(oxalato)-, cis&-, 
potassium, hemihydrate, 23:71 

ethanediamine)(oxalato)-, as resolving 
agent, 23:65 

N4H 150 S ,Rh , Rhodium(III), tetraammine- 
aquahydmxo-,cis-, dithionate, 24:225 

N4Nd02C 15H47, Neodymium, (2,2,6,6- 
tetramethyl- 3.5-heptane- 
dionato)[ 5,10,15,20-tetraphenyI 
porphyrinato(2-)]-, 22: 160 

pentanedionato)[ 5.1 0,15,20-tetra- 
phenylporphyrinato( 2-)]-, 
22:160 

23:91 

N ~ C O K O ~ C H ~ .  O.sHzO, CObdtate(III), 

N ~ C ~ K O B C ~ H ~  * 0.5H20, Cobaltate(III), 

N4Cd4C6H16, Cobalt(III), bis( 1.2- 

N4Nd02C4#35, Neodymium, (2.4- 

N402C6H14, Arpinine, S-, cobalt complexes, 

chromium complexes, 23:87 
N304C 9H21, Benzaldehyde, 2,3- 

dimethoxy-, 5-(a-methylbenzyl)seni 
oxamazone, chromium complexes, 
23:88 

N3O4Cl9HZ1, Benzaldehyde, 3,4-dimeth- 
oxy-, 5-(a-methylbenzyl)semioxam- 
azone, chromium complexes, 
23:88 

complexes, 2354 

nitrate( 1,4,7,1 O-tetraoxacyclodo- 
decane)-, 23:152 

nitrate( 1,4,7,10-tetraoxacyclod~ 
decane)-, 23:151 

trinitrato( 1,4,7,10-tetraoxacyclo- 
decane)-, 23:151 

trinitrato( 1,4,7,10-tetraoxacyclodo- 
decane)-, 23:151 

nitrate( 1,4.7,10-tetraoxacyclodo- 
decane)-, 23: 15 1 

N3014PrC10H20, Praseodymium(II1). tri- 
nitrate( 1,4,7,10,13-pentaoxacyclo- 
penmecane)-, 23:151 

N30  ,4SmCloH20, Samarium(III), tri- 
nitrate( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23:15 1 

trinitrato( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23:151 

trinitrato( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23: 15 1 

trinitrato( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23:151 

N3015PrC12H24, f i ~ ~ y m i u m ( I I I ) ,  
( 1,4,7,10,13,16-hexacycloocta- 
decane)trinitrato-, 23: 153 

N 3 0  15TbC i2H24, Terbium(III), 
( 1,4,7,10,13.16-hexaoxacycloocta- 
decane)trinitrato-, 23: 153 

(1,4.7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-. 23: 153 

N305C9H13, Cytidine, palladium(I1) 

N3013PrCEH16, Praseodymium(III), tri- 

N3013SmCgH16, SamanW(III), tri- 

N3O lJTbcSH16, Terbium(m). 

N 3 0  13TmCsH 16. ThUhm(III), 

N3013YbC~H16, YtteIbiWU(III), tri- 

N 3 0  14Tbc loHm, Terbium(III), 

N3O ,4TmC l#zo, ThuliWIII), 

N3014YbC 1#20. Yt te rb iWW 

N 3 0  15TmC iZH24, Thulium, 

N3015YbC 12H249 Ytterbium(III), 
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N402C lflzo, 1,4,8,1l-Tetrazacyclotetra- 
decane-5,7-dione, copper complexes, 
23:82 

diphospholo[2,3-b][ 1,4,2,3]diazadi- 
phosphole-2,6-( 3H. 7ff)dione, 
1.3,5,7-tetramethyl-, 2 4  122 

pentanedionato)[5,10,15,20-tetra- 
phenylporphyrinato(2-)]-, 22: 160 

N4O2PrCS3H4,, Praseodymium, (2,4- 
pentanedionato)[5,10,15,20-tetra- 
kis( 4-methy1phenyl)por- 
phyrinato(2-)]-, 22:160 

N402SmC4,H3,, Samarium, (2,4-pentane- 
dionato)[5.10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22:160 

methyl- 3,5 -heptane- 
dionato)[ 5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22160 

N402TbC4,H3,, Terbium, (2.4-pentme- 
dionato)[5,10,15,20-tetraphenylpor- 
phyrinato(l-)]-, 22:160 

methyl- 3.5 - heptane- 
dionato)[ 5,20,25,20-tetraphenyI- 
porphyrinato(2-)]-, 22:160 

N402TmC5,H47, Thulium,(2,2,6,6-tetra- 
methyl-3,s-heptane- 
dionato)[5 ,10,15,20-tetraphenyl- 
porphytinato(2-)]-, 22:160 

N4OzYC4,H3,, Yttrium, (2,4-pentane- 
dionato)[ 5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22: 160 

N402YbC53H43, Ytterbium, (2,4-pentane- 
' dionato)[ 5,10,15,20-tetrakis44- 

N4O2P2C6Hl2, 1H,5H-[ 1,4,2,3]Diaza- 

N402PrC4,H3,, Praseodymium, (2,4- 

N402SmC,,H47, Samarium, (2,2,6,6-tetra- 

N402TbC55H47, Terbium, (2,2,6,6-tetra- 

methylphenyl)porphyrhato(2-) I-, 
22: 156 

N402YbC5$55, Ytterbium. (5,10,15,20- 
tetrakis(4-methy1phenyl)por- 
phyrinato(2-) ]( 2,2,6.6-tetramethyl- 
3,s- heptanedionat0)- , 22: 156 

N403PtT14Cs, Platinate(II), tetracyano-, 
thallium carbonate (1:41), 21:153, 
154 

N404SiC4, Silane, tetraisocyanato-, 24:99 
N404ThC 54H42, Thorium, bis( 2,4-pentane- 

dionato)[ 5,10,15,2O-tetraphenyl- 
porphyrinato(2-)]-, 22:160 

N4O5CIOHI2. Inosine, palladium(I1) 
complexes, 2351-54 

N406Clfl12, Xanthosine, palladium(I1) 
complexes, 23:54 

N40 ,RhS2C4H Rhodium(III), aqua- 
bis( 1,2-ethanediamine)hydroxo-, 
dithionate, 24:230 

N4PrC4,H3,, Praseodymium, [5,10,15,20- 
tetrakis(4-methy1phenyl)por- 
phyrinato(2-)]-, 22160 

N4PtT12C4, Platinate(II), tetracyano-, 
dithallium, 21:153 

N,Cl3H1,Rh, Rhodium(III), pentaammine 
chloro-, dichloride, 24:222 

N50,C 3, Guanosine, palladium(I1) 
complexes, 22:51-54 

benzo[b,m ] [ 1,4,12,1 5ltetraazacyclo- 
docosine, barium and cadmium 
complexes, 23: 174 

benzimidazo[2,1-R][ 1,9,1 irlbenzotri- 
azacyclononadecine, 5,s a-dihydro- 
24-methoxy-, 23:176 

N6P2C 13H36, Phosphormetriamine, p,P'- 
methanetetraylbis[N,N,N:N',N"J"'- 
hexamethyl-, 2 4  114 

N6PdS2C14H30, Palladium(II), [N,N-bis[Z- 
(dimethylamino) ethyl] -N',N' -di- 
methyl- 1,2-ethanediamine](thie 
cyanato-N)-, thiocyanate, 21:132 

N8Br4HZ6O2Rh2, Rhodium(1II). di-p- 
hydroxo-bis[tetraammine-, tetra- 
bromide, 24226 

N,jC2&1,, 7,11:20,24-DL&dodi- 

N6OC27H22, 6,10:19,23-Dinitril0-24H- 

N8C4flZ6, Porphytin, 5,10,15,20-tetra- 

N8Nd3030C12H24. Neodymium(III). 
( 1,4,7,10,13,16-hexaoxacyc1~- 
decane)dinitrato- , bis [trhitrato- 
neodymate(1II)). 23: 150 

N8NiS2C6H6, Nickel(III), bis(thiocynate- 
N)-bis-p-( 1H- 1,2,4-triazole- 

N,O 12C72H,56, Pyridinium, 4,4',4",4"'-por- 

ki~(4-~yridhyl)-, 2356 

N2f l4 ) - ,  P-poly-, 23:159 

phyrin-5,10,15,20-tetrayltetrakis( 1 - 
methyl-, tetrakis(4-methylbenzene- 
sulfonate), indium complexes, 23:55 

N&ZnC6H,, Zinc(II), bis(thiocyanato- 
N)-bis-p-( 1H- 1,2,4-triazole- 
N2fl4)-,p0ly-, 23~160 
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N 12M020 12P6C24H36, Molybdenum, hexa- 
carbonyl-tris[p- 1,3,5,7-tetramethyl- 
lH,5H-[1,4,2,3]diazadi- 
phospholo[ 2,3-b][ 1,4,2,3]diazadi- 
phosphole-2,6-( 3H. 7H)dione Jdi-, 
2 4  124 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra- , 
23:155 

N 1 2 0 5  Tb4C 30H60, Terbium(III), dodecani- 
tratotris( 1,4,7,10,13-pentaoxacycle 
pentadecane)tetra-, 23: 153 

tratotris( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)tetra-, 23: 153 

N12051Yb4C3&60, Ytterbium(III), dode- 
canitratotris( 1,4,7,10,13-pentaoxa- 
cyc1opentadecane)tetra-, 23: 153 

N 12054Pr4C 36H72, Praseodymium(III), 
tris( 1,4,7,10,13,16- hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23:155 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitrate 
tetra-, 23:155 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane) dodecanitratotetra- , 
23:155 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23: 155 

tris( 1,4,7,10,13,16-hexaoxacycl~ 
octadecane)dodecanitratotetra-, 
23:155 

N24Ni$& 18H18, Nickel(II), hex&is(thie 
cyanato-N)-hexakis-p-(4H- 1,2,4- 
triazole-NI:Nz)-tri-, 23:160 

NaA104Si - 2.25H20, Sodium aluminum 
silicate, 22:61 

NaA14K2NO&i14C4H12 * 7H20, 
Potassium sodium tetramethyl- 
ammonium aluminum silicate 
hydrate, 22:65 

N12Nd4054C36H72, NeodymiumUII), 

N 120 51Tm4C Thulium(III), dodecani- 

N lz054Sm4C &72, Samarium(III), 

N 12054Tb4C 36H72, Terbium(III), 

N12°54Tm4C36H72~ n d i m ( n I ) ,  

1zo54n4c  36H72, ytterbium(nI), 

NaBNCZH,, Borate(1-), cyanotri 
[(2H)hydro]-, sodium, 21:167 

NaCoN4O3H6. 2H20, Cobaltate(III), di- 
ammine(carbonat0) dicyano- , cis, cis-, 
sodium, dihydrate, 23:67 

NaCoN404C4H6 -2H20, Cobaltate(III), di- 
amminedicyano(oxalat0)-, cis,cis-, 
sodium, dihydrate, 23:69 

NaCoO,, Sodium cobalt oxide, 2256 
NaF6U, Uranate(V), hexafluoro-, sodium, 

NabC606, Nobate(-I), hexacarbonyl-, 
21:166 

sodium, 23:34 
Nao.&&2, Sodium Cobalt oxide? 2256 
Nao.64Co02, sodium cobalt oxide, 2256 
Nao.74Co02, Sodium cobalt oxide, 2256 
Nao.77Co02, Sodium cobalt oxide, 2256 
Na2Al20,,Si.XH20, Sodium aluminum 

Na2FeN408Cl&12.2H20, Ferrate(II), 
silicate hydrate, 22:64 

(dinitrogen)[ [ 1,2-ethanediyldini- 
trilo)tetraacetat0](4-)]-, disodium, 
dihydrate, 24:208 

[ [ 1,2-cyclohexanediyldinitrilo)tetra- 
acetate]( 4-)](dinitrogen)-, disodium, 
dihydrate, 24:210 

disodium, 24:157 

disodium, 24: 157 

carbonyltri-, disodium, 24: 157 

tetrapropylammonium aluminum 
silicate, 2267 

NbC1402C4H 16, Niobium(IV), tetrachlore 
bis(tetrahydrofuran)-, 21:138 

NbH05Ti, Hydrogen, pentaoxoniobate- 
titanate( 1-), 2289 

NbK05Ti, Potassium, pentaoxoniobate- 
titanate( 1-), 2289 

NbNaC 606, Niobate (- I), hexacarbonyl- , 
sodium, 23:34 

N ~ , A s , C ~ ~ C ~ , , H ~ ~ ,  Niobium(III), hexa- 
chlorobis [o -phenylenebis(dimethyl- . 
arsine)]di-, 21:18 

chlorobis[ [2-[ (dimethyl- 
arsino)methyl]-2-methyl-l,3- 
propanediyl]bis( dimethylmine)]-, 
21:18 

Na,FeN408C I4H18 - 2H20, Ferrate(II), 

Na2Fe04C4, Ferrate( 2-), tetracarbonyl-, 

Na2Fe208C8, Ferrate( 2-), octacarbonyldi-, 

Na2Fe3011C11, Ferrate(2-), undeca- 

Naz . 4A12.6N3. 6020,Si1&43H1~, Sodium 

NbzAS&1&2H,4, Niobium(m), hexa- 
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Nb2CI6P2C3,,H2,, Niobium(III), hexachloro- 
bis[ 1,2-ethanediylbis(diphenylphos- 
phine)]di-, 21:18 

Nb2CI6S3C l6H18, Niobium(III), di-p- 
chloro- tetrachloro-p(dimethy1 
sulfide)-bis(dimethy1 su1fide)di-, 
21:16 

NdCl,, Neodymium chloride, 22:39 
NdF 18N606P12C72H721 NeodymiumWI), 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23:180 

NdN3013C,H16, Neodymium(III), tri- 
nitrate( 1,4,7,10-tetraoxacyclodo- 
decane)-, 23:151 

NdN,O 14C loH20, Neodymium(III), tri- 
nitrate( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23: 15 1 

NdN,O,,C 12H24, Neodymium(III), 
( 1,4,7,10,13,16- hexaoxacycloocta- 
decane)trinitrato-, 23:153 

NdN402C I@,$,, Neodymium, (2,2,6,6- 
tetramethyl- 3,5 - heptane- 
dionato)[ 5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22: 160 

dionato)[ 5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22: 160 

( 1,4,7,10,13,16-hexaoxacycloocta- 
decane)dinitrato-, bis [trinitrato- 
neodymate(III)], 23: 150 

Nd4N,205&@,2, Neodymium(III), 
tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23:155 

bis( 3,3’,3”-phosphinidynetripropio- 
nitrile)-, 22: 11 3, 1 15 

bis( 3,3 ’ ,3 ” - phosphinidyne(tripropio- 
nitrile)-, 22115 

diethyldiselenocarbamato)(triethyl- 
phosphine)-, 21:9 

Nic12N6P2C 18H24, Nickel(II), dichloro- 
bis( 3.3 ‘,3”-phosphinidynetripropio- 
nitrile)-, 2 2 1  13 

NiN4010S2C 14H16. 2H20, Nickel(II), tetra- 
aquabis(0- sulfobenzoimidato)-, 
dihydrate, 23:48 

NdN4O2C4,H,,, Neodymium, (2,4-pentane- 

Nd3N8030C12H24, Neodymium(III), 

NiBr2N6P6C 18H24, Nickel(II), dibromo- 

( N ~ B ~ z N ~ P ~ C  1 8 H 2 4 ) ~ ,  Nickel(II), dibromo- 

NiCINPSe,C 11H2s, Nickel(II), chloro(N,N- 

Ni“,S&,jH6, Nickel(II), bis(thiocyanat0- 
N)-bis-p-( 1H- 1,2,4-triazole- 

Ni3N24S6C18Hls, Nickel(II), hexakis(thi0- 
N2:N4)-, B-poly-, 23~159 

cyanato-N)-hexakis-p-(4H- 1,2,4- 
triazole-N1:N4)-tri-, 23: 160 

Ni4AIH4La, Aluminum lanthanum nickel 
hydride, 22:96 

OAsF6N, Arsenate, hexafluoro-, nitryl, 

OB2C8H2,, Diboroxane, tetraethyl-, 24:85 
OC, Carbon monoxide: 

2469 

chromium complex, 2 1 : 1, 2 
chromium and tungsten complexes, 23:27 
cobalt complexes, 23:15-17, 23-25 
cobalt, iron, osmium, and ruthenium 

iron complex, 21:66, 68 
iron complexes, 24:161, 164, 166 
manganese complexes, 23:34 
molybdenum complexes, 23:4-9 
niobium complexes, 23:34 
palladium complex, 21:49 
rhodium complexes, 23: 124 
ruthenium complex, 21:30 
ruthenium complexes, 24168, 176 

indium complexes, 23:127 
rhodium complexes, 23:127, 129 

complexes, 2 1:58-65 

OCH,, Methanol: 

OC3H6, Acetone, compd. with carbonyltri- 
p-chloro-chlorotetrakis( triphenyl- 
ph0sphine)diruthenium (1:2), 21:30 

~, compd. with tri-p-chloro(thio- 
carbonyl)tetrakis( triphenylphos- 
phine)diruthenium (l:l),  21:29 

hafnium, niobium, scandium, titanium, 
OC4H8, Furan, tetrahydro-: 

vanadium, and zirconium complexes, 
21~135-139 

iron-magnesium complexes, 2 4  172 
molybdenum complex, 2 4  193 

OC4H8*CdF&2, Fllfall, tetrahydro-, 
- bis(trifluoromethyl)cadmium, 
24:57 

OClF3C, Hypochlorous acid, trifluoromethyl 
ester, 2460 

OClF,C,, Hypochlorous acid, perfluoro- 
tert-butyl ester, 24:61 

OF2Se, Selenium difluoride oxide, 24:28 
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OF3NSC, Imidosulfurous difluoride, 
(fluorocarbony1)-, 24:lO 

OF4W, Tungsten fluoride oxide, 24:37 
OF5HTe, Tellurate(VI), pentafluorooxo-, 

OF 9NW, Tungstate( VI), pentafluorooxo- , 

OH, Hydroxide: 

hydrogen, 24:34 

tetrafluoroammonium (1: I), 24:47 

molybdenum complexes, 23:135-139 
rhodium complexes, 23:129 

cadmium and cobalt complexes, 23:175 
cobalt complexes, 21:123-126; 23:76, 

iridium, osmium, and rhodium complexes, 

molybdenum complexes, 23: 130- 139 
platinum complex, 21:192 

ONC, Cyanato, silicon complex, 24:99 
ONPC 12H12, Phosphinic amide, diphenyl- 

lanthanoid complexes, 23: 180 
ONSe,C,H, 3,  Carbamodiselenoic acid 

dimethyl-, 1 -methyl- 2-oxopropyl 
ester, 24132 

ONz Si2C ,H2,, Urea, N,N'-dimethyl-N,N'- 
bis(trimethylsyly1)-, 24: 120 

OPC ,,H15, Phosphine, triphenyl-, oxide, 
cerium complexes, 23: 178 

OPC ,,HI,, Benzaldehyde, 2-(diphenylphos- 

OS,, cyclo-Octasulfur monoxide, 21: 172 
02BCzH7, Boronic acid, ethyl-, 24:83 
OzBF4FeC,,H13, Iron(l+), dicarbonyl(q5- 

OH,, Water: 

110 

24:254, 265 

phino)-, 21~176 

cyclopentadienyl)( q2-2-methyl- 1 - 
propeny1)-, tetrafluoroborate( 1 -), 
24: 166 

hydroxo-bis[ tetraammine-, tetra- 
bromide, 24226 

24145 

OzBr4H26NsRhz, Rhodlum(III), di-p- 

0,C,H4, Acetic acid, mercury complex, 

O$&, 1,2-Ethandiol, 22236 
02C4H6, Acrylic acid, methyl ester, 

OzC4Hlo* CdF6c2, Ethane, 1,2-dimethoxy-, 

O,C,H,, 2,4-Pentanedione: 
actinide and lanthanide complexes, 22:156 
cobalt complexes, 23:94 

ruthenium complex, 24:176 

bis(trifluoromethyl)cadmium, 24: 55 

0 2 C  I Hzo, 3 3  -Heptanedione, 2,2,6,6- tetra- 
methyl-: 

22:156 
actinide and lanthanide complexes, 

chromium complex, 24181 
__, 3 3  -Octanedione, 2,2,7 -trimethyl- 

cerium, copper, and manganese, 
complexes, 23:144 

OzCIF, Chloryl fluoride, 24:3 
OzC12N2Pt, Nitrosyl hexachloro- 

platinate(1V) (2:1), 24217 
O,CrF,, Chromium fluoride oxide, 2467 
0,F loSe2Xe, Selenate(VI), penduorooxo-, 

OzF loTe,Xe, Tellurate(VI), pentafluoro- 

OzFeC ,,Hlz, Iron, dicarbonyl(q~-cyclo- 

xenon(2+) (2:1), 24:29 

0x0-, xenon(2+) (2:1), 24:36 

pentadienyl)( 2-methyl- 1 -propenyl- 

OzHfCl2Hl0, Hafnium, dicarbnylbis(v5- 

02HfC22H30, HaFnium, dicarbonylbis( q5- 

KC')- ,  24~164 

cyclopentadieny1)-, 2 4  15 1 

pentamethylcyclopentadieny1)-, 
24:155 

24: 145 

phospholo[2,3-b][ 1,4,2,3]diazadi- 
phosphole-2,6-( 3H. 7H)-dione, 
1,3,5,7-tetramethyl-, 24:122 

phosphino)-, 21:178 

decane, 1 , 1 , 10,lO-tetraphenyl-, gold 
complexes, 23:193 

cyc1ooctadiene)-di-p- hydroxo-di-, 
23:129 

cyc1ooctadiene)-di-p-methoxy-di-, 
23:127 

O2SCZH4, Acetic acid, 2-mercapto-, cobalt 
complex, 21:21 

OzTiC 12H10, Titanium, dicarbonylbis(q5- 
cyclopentadieny1)-, 24: 149 

02TiCzzH30, Titanium, dicarbonylbis( q5- 
pentamethylcyclopentadieny1)-, 
24:152 

02HgC3H6, Mercury(II), acetatomethyl-, 

OzN4PzC&12, 1H,5H-[ 1,4,2,3]Diazadi- 

O,PCI9Hl5, Benzoic acid, 2-(diphenyl- 

O,P,C 3oH32, 4,7-Dioxa- 1,lO-diphospha- 

O,Rh,C Rhdium(I), bis(v4- 1,5- 

O,Rh,C leH30, Rhodium(I), bis(q4- 13- 

0,ZrC,H5, Zirconium, dicarbonylbis(q5- - .  
iron complex, 21:94 cyciopentadieny1)-, 2 4  150 
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0,ZrC z2H30, Zirconium, dicarbonylbis( q5- 
pentamethylcyclopentadieny1)-, 
24:153 

03BF 15Te3, Tellurate(VI), pentatluorooxo-, 
boron(3+) (3:1), 2435 

O ~ B ~ C ~ H ~ S ,  Boroxin, tdthyl-, 2485 
03CH2, Carbonic acid: 

cobalt complexes, 21:120; 23:107, 112 
platinum chain complex, 21:153, 154 

03ClFS, Chlorine fluorosulfate, 24:6 
03FPC4H Phosphorofluoridic acid, 

03F3SC, Methanesulfonate, trifluoro-, metal 
diethyl ester, 24:65 

complexes and salts, 24:243-306 

tris(2,2,2-trifluoroethoxy)-, trans-, 
2463 

03HgNCH3, Mercury(II), methylnitrato-, 
24: 144 

O,LiRe, Lithium rhenium trioxide, 24205 
O3LiO.,Re, Lithium rhenium trioxide, 

24203,206 
03Li2Re, Dilithium, rhenium trioxide, 

24203 
03Mo-  2H20, Molybdenum(V1) oxide, 

dihydrate, 24:191 
03NSC ,H5, o-Benzosultinide (saccharin), 

metal complexes, 23:47 
03PC3Hg, Trimethyl phosphite: 

chromium complexes, 23:38 
iron complex, 21:93 
rhodium complexes, 23:123, 124 

O3F, lPC6H6, Phosphane, difluoro- 

O3PCI8Hl5, Triphenyl phosphite, chromium 

O4C2H2, Formic acid, (formyloxy)-, iridium 

-, Oxalic acid: 

complexes, 23:38 

complex, 2 1 : 1 02 

cobalt complex, as resolving agent, 23:65 
cobalt complexes, 2369, 113, 114 
rhodium complex, 24227 

O.&& Acetylenedicarboxylic acid, cobalt 
complexes, 23:115 

0 4 C  8H 16, 1,4,7,1O-Tetraoxacyclododecane, 
lanthanoid complexes, 23: 149 

04ClNC16H36, Ammonium, tetrabutyl-, 
perchlorate, 24: 135 

04ClSe8C20H24, 2,2'-Bi- 1,3-diselenol- 
ylidene, 4,4',5,5'-tetramethyl-, radical 
ion(l+), perchlorate (2:1), 24:136 

04CsFS, Cesium fluorine sulfate, 24:22 

04FeNa2C4, Ferrate(2-), tetracarbonyl-, 

04NPC8Hl,, Phosphonic acid, [(N,Ndi- 
disodium, 24:157 

diethylcarbamoy1)methyhyll-, dimethyl 
ester, 24: 101 

04NPCloHz2, Phosphonic acid, [(N,N-di- 
diethylcarbamoyl)methyl]-, bis( 1 - 
methylethyl) ester, 24: 101 

04NPC12H26, Phosphonk acid, [(N,N- 
diethylcarbamoyl)methyl]-, bis( 1 - 
methylethyl) ester, 24: 101 

diethylcarbamoyl) methyl] - , dibutyl 
ester, 24:lOl 

diethy1carbamoyl)methylJ-, dihexyl 
ester, 24:lOl 

04N4SiC4, Silane, tetraisocyanato-, 24:99 
0 5 C  loH20, 1,4,7,10,13-Pentaoxacycl+ 

pentadecane, lanthanoid complexes, 
23:149 

complex, 24:2 1 1 

24:202 

complexes, 2 3: 5 4 

complexes, 23:51-54 

complexes, 23:5 1-54 

21:165 

octadecane, lanthanoid complexes, 
23:149 

cyclopentadieny1)-, trifluoromethane- 
sulfonate , 2 4  16 1 

complexes, 23:54 

04NPC14H30, PhOSphOniC wid, ((N.N- 

04NPC16H34, Phosphonic acid, [(N,N-di- 

05H4P2, Diphosphorous acid, platinum 

05LiV,, Lithium divanadium pentaoxide, 

05N3C9H 13, Cytidine, palladium(I1) 

05N4Cl&I12, Inosine, palladium(I1) 

05H5C 1$13, Guanosine, palladium(I1) 

05UC loH25, Uranium(V), pentaethoxy-, 

06C I2H24, 1,4,7,10,13,16-Hexaoxacycl+ 

06F3FeSCgH5, Iron( I+) ,  tricarbonyl-(q5- 

06N4C Xanthosine, palladium(I1) 

0,P2, Diphosphate, 21:157 
08Fe2NaC8, Fenate(2-), octacarbonyldi-, 

disodium, 24: 157 
0 8 H  15N$,Rh, Rhodium(III), tetraammine- 

aquahydroxo-,cis-, dithionate, 24:225 
08N2CloH16, Acetic acid, (1,2-ethane- 

diy1dinitrilo)tetra-, iron complexes, 
24:204, 208 

0,N2C 14H22, Acetic acid, (1,2-cyclohexane- 
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diyldinitri1o)tetra-, iron complex, 
24210 

bis-p-( 2-methyl-2-propanethh 
lato)bis(trimethyl phosphite)di-, 
23:124 

carbonyltri-, bis[p-nitrido-bis(tri- 
phenylphosphorus)( 1 +)I, 24:157 

carbonyltri-, disodium, 24:157 

O S P ~ R ~ ~ S ~ C  ,4336, RhdUm(I), dicarbonyl- 

0, ,Fe3N2P4CS3Hm. Ferrate(2-), undeca- 

0, ,Fe3Na2C Ferrate(2-), undeca- 

0, ,NRu3C i9H21, Ruthenate( I-), 
CarboIIyl- 1 ~C:2~C-decacarbonyl- 
1 K ~ C ,  2K3C, 3~W-p-hydrido- 
1 ~:2~-tr iangulo -tn-, tetraethyl- 
ammonium, 24: 168 

carbonyl-tris[p- 1,3,5,7-tetramethyl- 
1H. 5H-[ 1,4,2,3]diazadi- 
phospholo[2,3-b][ 1,4,2,3]diazadi- 
phosphole-2,6-( 3H. 7H)dioneI-di-, 
24: 124 

phyrin-5,10,15,2O-tetrayltetrakis( 1 - 
methyl-, tetrakis(4-methylbenzene- 
sulfonate), 2 3: 5 7 

methyl-2-propanethiolato)-tetra- 
kis(trimethy1 phosphite)di-, 23: 123 

OI30s3R~C13H2,  Osmium, tridecacar- 
bonyldihydridorutheniumtri-, 21 :64 

039Pwl I ,  Undecatungstophosphate(7-), 
thorium and uranium complexes, 
23:186 

phate(l0-), thorium and uranium 
complexes, 23: 188 

OsC12H IsN,, Osmium(II), penta- 
ammine(dinitr0gen)-, dichloride, 
24:270 

bipyridien-N, N’ ) dichloro- , cis - , 
24:294 

trichloride, 24:273 

bipyridine-N,N’)dichloro-, cis -, 
chloride, 24:293 

bis( 2,2’-bipyridine-N,N’)dichloro-, 

012M02N 12PsC24H36, Molybdenum, hexa- 

OIZNsC72H66, Pyridinium, 4,4’,4“,4”’-por- 

012P4Rh2S,C20Hs4. Rhodium(I), bis-p-(2- 

061 P,W , 7, Heptadecatungstodiphos- 

OSCI ,N,C~~H,~,  Osmium(II), bis(2,2’- 

O S C I ~ H ~ S N ~ ,  Osmium(III), hexaammine-, 

O S C ~ , N ~ C ~ ~ H  16, Osmium(II), bis(2,2’- 

O S C I ~ N ~ C ~ O H , ~  -2H20, OSmiUm(III), 

cis-, chloride, dihydrate, 
24293 

OsF6, Osmium fluoride(M), 24:79 

bipyridine-N.N)(2,2’:6,2”- 
terpyridine-N, N’,N”)( trifluoro- 
methanesulfonato-0)-, trifluoro- 
methanesulfonate, 24303 

OsF6Ns07S2C27H21 .H20,  Osmium(II), 
aqua(2,2’-bipyridine- 
N,N’)(2,2’:6’,2”-terpyridine- 
N, N:N’ )- , bis (tdluoromethane- 
sulfonate), monohydrate, ’ 
24:304 

bis(2,2’-bipyridine-N,N’)bis(tri- 
fluoromethanesulfonato-0)-, cis-, 
trifluoromethanesulfonate, 
24:295 

OsF9N401 lS3C23H20. Osmium(III), di- 
aquabis( 2,2’- bipyridine-N,N)-, 
cis-, tris(trifluor0methane- 
sulfonate), 24:296 

OsF9NSO9S3C3HIS, Osmium(III), penta- 
amrnine(trifluoromethanesulf0nato- 
0)-, bis(trifluoromethanesulfonate), 
24:211 

O S F ~ N ~ O ~ S ~ C ~ ~ H , ~ ,  Osmium(III), (2,2‘- 
bipyridine-N.N’)(2,2‘:6’,2”- 
terpyridine-N,N’,N” )( trifluoro- 
methanesulfonato-0)-, bis(trifluore 
methanesulfonate), 24:301 

3C 3H 17, Osmium(III), penta- 
ammineaqua-, tris(triflu0romethane- 
sulfonate), 24:273 

aqua( 2,2’- bipyridine- 
N,N‘)( 2,2’: 6‘,2 ”-terpyridine- 
N,N:N” )-, trifluoromethane- 
sulfonate), dihydrate, 24:304 

OsF9N6O9S3C3H 18, Osmium(III), hexa- 
ammine-, tris(triflu0romethane- 
sulfonate), 24:273 

nitri1e):)entaammine-, tris(trifluoro- 
methanesulfonate), 24:275 

Os3FeOI3C 13H3, Osmium, tridecacarbonyl- 
dihydridoirontri-, 21:63 

Os30 ,3RuC ,3H2, Osmium, tridecacarbonyl- 
dihydridorutheniumtri-, 2 1:64 

OSF,$SO,~S,C~~H~~, OSmiUm(II), (2,2’- 

OSFgN409S3C23H16, OSmiUm(III), 

OsF9Ns0 

OsF9NsOloS3C28H31 . 2H20, Osmium(III), 

OSF9N,jO9S3C SH 18, OSmiLUn(III), (aCet& 
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PC2H7, Phosphine, dimethyl-, 21:180 
PC3H9, Phosphine, trimethyl-: 

iridium complex, 21:102 
tungsten complexes, 24: 196, 198 

PC6H 15, Phosphine, triethyl-: 
nickel complex, 21:9 
platinum(0) complex, 24:214 
tungsten complexes, 24: 196, 198 

PC8H ,, Phosphine, dimethylphenyl-, 
22:133 

iridium complex, 21:97 
tungsten complexes, 24: 196, 198 

PC9HZ1, Phosphine, tris( 1 -methylethyl)-, 
platinum(0) complex, 24:215 

PCl,H15, Phosphine, diethylphenyl-, 
platinum(0) complex, 24:216 

PCl,H,7, Phosphine, tributyl-, chromium 
complexes, 23:38 

PC 13H13, Phosphine, methyldiphenyl-, 
tungsten complex, 24: 198 

PC,,H,,, Phosphine, triphenyl-, 21:78; 
23:38; 24216 

cobalt complexes, 23:34-25 
cobalt, iridium, and rhodium complexes, 

22:171. 173, 174 
iridium complex, 2 1 : 104 
palladium complex, 2 2  169 
palladium and platinum complexes, 21:lO 
rhenium and tungsten complexes, 24: 196 
ruthenium complex, 21:29 

PC IsH33, Phosphine, tricyclohexyl-, iridium 
complex, 24:173, 175 

PClSiC Phosphinous chloride, 
[ phenyl( trimethy lsilyl)methylene]- , 
24111 

PCISi4C 14H36, Phosphine, [bis(trimethyl- 
siyl)methylene] [chlorobis(trimethyl- 
sily1)methylj-, 24: 11 9 

-, Phosphorane, bis[bis(trimethyl- 
silyl)methylene]chloro-, 2 4  120 

PCI,C 19H15, Phosphorane, (dichloro- 
methy1ene)triphenyl-, 24: 108 

PC14C 19H 15, Phosphonium, triphenyl(tri- 
chloromethy1)-, chloride, 2 4  107 

PFO3C4H Phosphorofluoridic acid, 
diethyl ester, 24:65 

PF6IrC 18Hzz, Phosphate( 1 -), hexatluoro-, 
(v4- 1,s-cyclooctadiene)bis(pyri- 
dine)iridium(I), 24:174 

tetrabutylammonium, 2 4  14 1 
PF6NC 16H36, Phosphate( 1-), hexafluoro-, 

PF6NSe2C7HI2, Methanaminium, N-(43- 
dimethyl- 1,3 -diselenol-2-ylidene)-N- 
methyl-, hexatluorophosphate, 24: 133 

PF&&$I24, Phosphate( 1-), hexafluoro-, 
4,4’,5,5‘-tetramethyL2,2’-bi- 1,3- 
diselenolylidene radical ion( 1+) (1:2), 
24: 142 

PF, ,03C6H6, Phosphane, difluorotris(2,2,2- 
trifluoroethoxy)-, trans-, 24:63 

PNOC IzHl,, Phosphinic amide, diphenyl-, 
lanthanoid complexes, 23: 180 

PN04CsH,,, Phosphonic acid, [(N,N-di- 
diethylcarbamoyl) methyl]-, dimethyl 
ester, 24101 

PNO& l&2,, Phosphonic acid, [(N,N-di- 
diethylcarbamoyl)methyl]-, diethyl 
ester, 24:lOl 

ethylcarbamoy1)methylj-, bis( 1 - 
methylethyl) ester, 24: 101 

diethylcarbamoy I) methyl] - : 

PN04C IzH,,, Phosphonic acid, [(N,N-di- 

PN04C 14H30. Phosphonic acid, [(N,N-di- 

dibutyl ester, 24:lOl 
dihexyl ester, 24:lOl 

PN,SiC 14H27, Phosphonous diamide, 
N, N.N.N-tetramethy1-P- 
[phenyl(trimethylsilyl)methyl-] -, 
24110 

PN3C 9H 2, Propionitrile, 3,3’,3”-phos- 
phinidynetri-, nickel complex, 22:113, 
115 

POC lsH,5, Phosphine, triphenyl-, oxide, 
cerium complexes, 23:178 

P03C3H9, Trimethyl phosphite: 
chromium complexes, 23:38 
rhodium complexes, 23:123, 124 

P03C18H1,, Triphenyl phosphite, chromium 

Po39w1 1, Undecatungstophosphate(7-), 
complexes, 23:38 

thorium and uranium complexes, 
23:186 

pentamethy lcyclopentadienyl)( tri- 
pheny1phosphine)-, 22:173 

PS,C4H I, Phosphmodithioic acid, diethyl-, 
molybdenum complexes, 23: 120, 121 

PS3C ,,HZ7, Phosphorotrithious acid tributyl 
ester, 22: 13 1 

P ~ C Z H ~ , ~ ,  Phosphine, 1,2-ethanediyl- 
bis(dimethy1-, iridium complex, 
21:loo 

PRhC3,H3,, Rhodium, (1,4-butanediyl)(q5- 
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P2C6H16, Phosphine, ethylenebisfdi- 
methyl-, hazards in preparation 
of, 23:199 

phenyl-, palladium and rhodium 
complexes, 21 :47-49 

P~C26H24, Phosphine, 1,2-ethanediyl- 
bis (dipheny 1 - : 

P2C25H22, Phosphine, methylenebis(di- 

iron complexes, 21:91-94; 24:170, 172 
molybdenum and tungsten complexes, 

palladium complex, 22: 167 
platinum(0) complex, 24:216 

bis[triphenyl-, 24: 115 

bis(dichlor0-, 23: 141 

fluoro-, ( q4- 1,5-cycIooctadiene)(pyri- 
dine) (tricyclohexylphos- 
phine)iridium(I), 24:173, 175 

P2H4O5, Diphosphorous acid, platinum 
complex, 24:211 

P2K10078ThW22, Thorate(IV), bis(undeca- 
tungstophosphat0)-, decapotassium, 
23: 189 

tungstophosphat0)-, decapotassium, 
23: 186 

P2N402C6H 12, 1H. 5H-[ 1,4,2,3]Diazadi- 
phospholo[ 2,3 -b ] [ 1,4,2,3]diaza- 
diphosphole-2,6-( 3H. 7H)-dione, 
1,3,5,7-tetramethyl-, 24:122 

P2N&13H36, Phosphoranetriamine, P,P'- 
methanektraylbis [N,N,N',N', - N , N ' -  
hexamethyl-, 24: 114 

P206,  W 17, Heptadecatungstodiphosphate 
(lo-), thorium and uranium 
complexes, 23: 188 

diyl)[ 1,2-ethanediyIbis(diphenyl- 
phosphine)]-, 22: 167 

diyl )bis(triphenylphosphine)-, 
22: 169 

P2PtC 14834,  Platinum(O), (ethene)bis(tri- 
ethy1phosphine)-, 24:214 

P Z P ~ C ~ ~ H ~ ,  Platinum(0). (ethene)bis[tris( 1- 
methy1ethyl)phosphinel-, 24:2 15 

P2PtC22H34, Platinum(O), bis(diethy1- 
phenylphaphine)(ethene)-, 24:2 16 

23:lO-13 

P2C37H30, Phosphorane, methanetetrayl- 

P2C14C2H4, Phosphine, 1,2-ethanediyl- 

P2F&NC31H30, Phosphate(1-), hexa- 

P2K 1 0 0 7 8 U w 2 2 ,  Uranate(IV), bis(undeca- 

P2PdC3$i3,, Palladium, (1,4-butane- 

P 2 P d c s 3 8 ,  Palladium, (1,4-butane- 

P2PtC28H38, Platinum(O), [ 1,2-ethanediyl- 
bis(diphenylphosphine)](ethene)-, 
24:216 

P2PtC3&IJ4, Platinum(o), (ethene)bis(tri- 
pheny1phosphine)-, 24:216 

P2R~C49H40, Ruthenium(II), (q5-cyclo- 
pentadieny I )(pheny Iethynyl )bis (tri - 
pheny1phosphine)-, 21 :82 

P2S2C4H12, Diphosphine, tetramethyl-, 
disulfide, hazards in preparation of, 
23:199 

P2S4ZnC72H60, Zincate(II), tetrakis(ben- 
zenethiolat0)-, bis(tetrapheny1bhos- 
phonium), 21:25 

undecacarbonyltri-, bis[p-nitrido- 
bis(triphenylphosphorus)( 1 +)I ,  
24:157 

P4K160122ThW34, Thorate(Iv), bis(hepta- 
decatungstodiphosphat0)-, hexa- 
decapotassium, 23: 190 

P4Kl6O 122Uw34,  Uranate(IV), bis(hepta- 
decatungstodiphosphat0)-, 
hexadecapotassium, 23: 188 

hexacarbonyl-tris [p- 1,3,5,7-tetra- 
methyl-lH, 5H-[1,4,2,3]diazadi- 
phospholo[2,3-b][ 1,4,2,3]diaza- 
diphosphole-2,6-( 3 H, 7 H )dione]di-, 
24: 124 

PbC1,N2CloHl2, Plumbate(IV), hexa- 
chloro-, dipyridinium, 22: 149 

Pb02, Lead oxide, solid s o h ,  with ruthenium 
oxide (Ru~OJ), pyrochlore, 
22:69 

Pb2.67R~1.3306.5r Lead ruthenium oxide, 
pyrochlore, 22:69 

PdBr2N4C 12H30, Palladium(II), [N,N'-bis[2- 
(dimethy1amino)ethyl ] -N,N'di  - 
methyl- 1,2-ethanediamine]bromo-, 
bromide, 21:131 

PdC1NPSe2C23H25, Palladium, chloro- 
(NN-diethyldiselenocarbamato)(tri- 
pheny1phosphine)-, 21 : 10 

PdCl2N4Cl2H%, Palladium(II), [N,N-bis[Z- 
(dimethylamino)ethyl]-N:N'-di- 
methyl- 1,2-ethanediarnine]chloro-, 
chloride, 21:129 

PdC12N4010C20H24, Palladium(II), 
dichlorobis(inosine)-, cis-, and 

P4Fe3N2Ol1CE3H~, Ferrate(2-), 

P6MO 2N 1 2 0  12C 24H 36, Molybdenum, 

~PWZS-, 23~52, 53 
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PdCl2Nl0010C2~H26, Palladium(II), 
dichlorobis(guan0sine)-, cis-, and 
tmt~s-, 23:52,53 

PdCI2P4CSoH4, Palladium(I), dichloro- 
bis-p-[methylenebis(diphenylphos- 
phine)]-di -, (Pd-Pd), 21:48 

PdF 12N4P2C i2H30, Palladium(II), 
[N,N'-bis[2-(dimethylamino)ethyl]- 
N,N'-dimethyl- 1,2ethanediaminel-, 
bis(hexafluorophosphate), 21: 133 

bis [ 2-(dimethylamino)ethyl-",N'- 
dimethyl-l,2ethanediamine]iodo-, 
iodide, 21:130 

butanediyl)(N,N,N',N'-tetramethyl- 
1,2-ethanediamine)-, 22: 168 

bipyridine)( 1,4-butanediyl)-, 
22: 170 

Pd12N4C 12H30, Palladium(II), [NJ" 

PdN2CIOH24, Palladium, (1,4- 

PdN~C14H16, Palladium, (2,2'- 

P a 2  S 1 H8, Palladate(II), bis(hexa- 

nonstoichiometric, 21 : 14 

bis(inosinat0)-, cis- and trans-, 
23:52, 53 

[N,N-bis [ 2-(dimethyl- 
amino)ethyl]-N',N'dimethyl- 1,2- 
ethanediamine] (thiocyanato-N)-, 
thiocyanate, 21:132 

PdN 100 10C20H24, Palladium(II), 
bis(guanosinat0)-, cis- and trans-, 
23:52, 53 

butanediyl)[ 1,2-ethanediylbis(di- 
pheny1phosphine)l-, 22: 167 

butanediyl)bis(triphenylphos- 
phine)-, 22: 169 

Pd2C12P4C,lH,, Palladium(I), p-carbonyl- 
dichlorobis [methylenebis(diphenyl- 
phosphine)]di-, 21:49 

sultido)-, d i a ~ ~ ~ ~ ~ ~ o n i ~ r n ,  

PdN40 2oH22, Palladium(II), 

PdN&C 14H30, Palladium(II), 

PdP2C3,H3,, Palladium, (1,4- 

PdP2CwH38, Palladium, (1,4- 

M I 3 ,  Praseodymium chloride, 22:39 
fiFl8N6O6P&2H72, Praseodymium(III), 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 
23: 180 

trinitrato( 1,4,7,10-tetraoxacycIodo- 
decane)-, 23 : 15 1 

PrN3013C8H 16, PmSeodymiUm(III), 

fiN3014ClOH20, Praseodymium(III), tri- 
nitrate( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23: 151 

PrN3015C 12H24, Prasecdymium(III), 
( 1,4,7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-, 23: 153 

tetrakis( 4-methylpheny1)porphy- 
rinato(2-)I-, 22:160 

PrN402C49HJ5, Praseodymium, (2,4- 
pentanedionato)[5.10,15,20-tetra- 
phenylporphyrinato(2-))-, 22: 160 

pentanedionato)[5,10,15,20-tetra- 
kis( 4-methylphenylfporphy - 
rinato(2-)I-, 22: 160 

Pr2C17Cs, Cesium praseodymium chloride, 
22:2 

Pr4N 12O54C 36H7,, Praseodymium(III), 
tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 
23: 155 

RNqC48H36, PraseodymhUII, [ 5 ,lo, 15,20- 

PrN402C53H43, Praseodymium, (2,4- 

Pt, Platinum, microcrystals, 24:238 
F'tBClF4S 3C6H 18, Platinum( 11), 

chlorotris(dimethy1 sulfide)-, 
tetrafluoroborate( 1-), 22: 126 

aquachloro-, trans-, nitrate, 
22: 125 

cyano-, cesium chloride (1 :2:0.30), 
21:142 

PtCl0. 3oN4Rb2C4 * 3H20, Platinate, 
tetracyano-, rubidium chloride 
(1:2:0.30), trihydrate, 21:145 

(N,N-diethyldiselenoarbamato)(tri- 
pheny1phcsphine)-, 21 : 10 

diamminechloroiodo-, trans-, chloride, 
22: 124 

PtC12H9N3, Platinum(II), tri- 
amminechloro-, chloride, 22: 124 

PtC12N2C loH24, Platinum(II), [N,N'- 
bis( 1 -methylethyl)- 1,2-ethanedi- 
amine)dichloro(ethene)-, 21 :87 

(ethene)(N,N,N',N'-tetraethyl- 
1,2-ethanediamine)-, 21:86, 87 

PtC12N2C20H28, Platinum(II), [(S,S)- 
N,N-bis(phenylethy1)- 1,2- 

PtcM~N304, Platinum(II), diammine- 

PtClo. &s2N4C4, Platinate, tetra- 

PtCINPSe2C23H25, Platinum(II), chloro- 

PtCl,H,IN,Pt, Platinum(II), 

PtC12N2C 12H28, Platinum(II), dichloro- 
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ethanediamine]dichloro( ethene)-, 
21:87 

[ (R,R )-N,N’-dimethyl-N,W-bis( 1 - 
phenylethy1)- 1.2-ethane- 
diamine](ethene)-, 21 :87 

PtC12N2PtC 12H28, Platinum(II), dichloro- 
[N,N’-dimethyl-N,N’-bis( 1 -methyl- 
ethyl)-l,2-ethanediamine)(ethene)-, 
21:87 

PtC I ,NSC SH 42, Platinate (11) , trichloro- 
dimethyl sulfide)-, tetrabutyl- 
ammonium, 22: 128 

PtC14H15N5, Platinum(IV), pentaammine- 
chloro-, trichloride, 24:277 

PtC16N202, Platinate(IV), hexachlom-, 
dinitrosyl ,24: 2 1 7 

PtCs2N4.7,C4* X H 2 0 ,  Platinate, tetra- 
cyano-, cesium azide (1:20.25), 
hydrate, 21 : 149 

tetracyano-, cesium [hydrogen 
bis(sulfate)] (1 : 3:0.46), 2 1 : 15 1 

PtFo.54NloC6H12.27. l.8H20, Platinate, 
tetracyano-, guanidinium (hydrogen 
difluoride) ( 1 : 1 :0.27), hydrate 
(I:l.8), 21:146 

PtF0.aOK2N4PtC4Ho.M - 3H20, Platinate, 
tetracyano-, potassium (hydrogen 
difluoride) (1:2:0.30), trihydrate, 
21:147 

ammine( trifluoromethanesulfonato- 
0)-, tris(trifluoromethanesulfonate), 
24: 278 

PtHgK4OZoPg, Platinate(II), tetra- 
kis[dihydmgen diphosphito(2-)-], 
tetrapotassium, 24:211 

21:192 

PtC12N2C22H32, Platinum(II), dichloro- 

F’tC~3N403.68So.92C4Ho.46, Platinate, 

PtF LZNS012S4C4H15, Platinum(IV), penta- 

FW804, Platinum(II), tetraaqua-, 

F”F’SeC24H48, Platinum(II), (N,N-diethyl- 
diselenocarbamato)methyl(triphenyl- 
ph0sphine)-, 20: 10 

fido)-, bis(tetrapropylammonium), 
20: 13 

FWzS loHs, PlatinatefII), bis(pentasu1- 

PtN2S15H8, Platinate(IV), tris(penta- 

PtN403TI4C5, Platinate(II), tetracyano-, 
SUlfidO)-, diammoni~m, 21: 12, 13 

thallium carbonate (1:4:1), 21:153, 
154 

PtN4Tl2C4, Platinate(II), tetracyano-, 

PtP2c 14H34, Platinum(O), (ethene)bis(tri- 

PtP2C20H~, Platinum(O), 

dithallium, 21: 153 

ethy1phosphine)-, 24:214 

(ethene)bis [tris ( 1 -methylethyl)phos- 
phinel-, 24:215 

phenylphosphine)(ethene)-, 
24:216 

PtP2C28H28, Platinum(O), [ 1,2- 
ethanediy lbis (dipheny lphos - 
phine)]( ethene)-, 24: 2 16 

PtP2C3,H3,, Platinum(O), (ethene)bis(tri- 
pheny1phosphine)-, 24:216 

Pt2C14S2C4H12, Platinum(I1). di- -chloro- 
dichlorobis(dimethy1 su1fide)di-, 
22: 128 

PtP2CDH34, Platinum(O), bis(diethy1- 

RbCoN208CloH 12, Cobaltate(III), 
[N,N’- l,Z-ethanediylbis[N- 
(carboxymethyl)glycinato](4-)]-, 
rubidium, 23: 100 

(-)]-N,N’-( 1-methyl-1,2- 
ethanediyl)bis[N-(carboxy- 
methyl)glycinato](4-)]-, [A-(+)]-, 
rubidium, 23 : 10 1 

RbCON20&11H,4, Cobaltate(III), [[R- 

RbCoN208C 14H 18, Cobaltate(III), 
[ [R,R-(-)]-N,N’-l,2-cyclo- 
hexanediylbis[N- (carboxy - 
methyl )gly cinato] (4 - )] -, [A -( + ) ] -, 
rubidium, 23:97 

Rb2CI,-,.MN4PtC4. 3H20, Platinate, 
tetracyano-, rubidium chloride 
(1:2:0.30), trihydrate, 21:145 

ReBr05Cs, Rhenium, bromopentacarbonyl-, 
23:44 

ReC1N402CmH20, Rhenium(V), dioxotetra- 
kis(pyridine)-, chloride, trans-, 
21:116 

&CIN40& 20Hz0, Rhenium(V), dioxotetra- 
kis(pyridme)- , perchlorate, tmns-, 
21:117 

23:42,43 

chloro(pheny1imido) bis(tripheny1- 
phosphine)-, 24: 196 

ReC14NC6H5, Rhenium(m), tetra- 
chloro(phenyliiido)-, 24: 195 

ReC105C5, Rhenium, pentacarbonylchloro-, 

ReC13NP2C42H3,, Rhenium(V), tri- 
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ReI05Cs, Rhenium, pentacarbonyliodo-, 

ReLiO,, Lithium rhenium trioxide, 24:205 
ReLi0.203, Lithium rhenium trioxide, 

ReLi2O3, Dilithium rhenium trioxide, 24:203 
Re2Cl8N2C 32H72, Rhenate(III), 

octachlorodi-, bis(tetrabuty1- 
ammonium), 23: 116 

phenylenebis(dimethylamine)]-, 
chloride, 21:lOl 

R ~ A S ~ C ~ O ~ C ~ ~ H ~ ~ ,  Rhodium( 1 +), (carbon 
dioxide)bis [o -phenylenebis(di- 
methylamine)]-, chloride, 21: 101 

isocyanobutane)-, tetraphenyl- 
borate( 1 -), 2 1 : 50 

chlorobis( 1,2-ethanediamine)(t- 
fluoromethanesulfonato-0 )-, 
mm-, triilwromethanesulfonate, 
24:285 

ethanediamine)( 0xalato)-, perchlorate, 
24:227 

amminedichloro-, cis-, chloride, 
24:223 

RhCl, H 5N 5 ,  Rhodium(III), pent aammine - 
chloro-, dichloride, 24:222 

RhC13H1,N5013, Rhodium(III), penta- 
ammineaqua-, triperchlorate, 24:254 

ammine-, triperchlorate, 24:255 

didorobis( 1,2-ethanediamine)-, 
mns-, chloride, monohydrochloride, 
dihydrate, 24:283 

dichlorobis( 1,2-ethanediamine)-, 
cis-, chloride, monohydrate, 24:283 

RhF9N409S3C7H16, Rhodium(nI), bis( 1,2- 
ethanediamine) bis(trifluor0methane- 
sulfonato-0)-, cis-, 
trifluorosulfonate, 24:285 

ammine(trifluoromethanesulfonato- 
0 )-, bis(trifluoromethanesuIfonate). 
24:253 

23:44 

24:203,206 

RhAs4C1CzoH32, Rhodium( l-t), bis[o- 

RhBN4c~H56, Rhodium(I), tetrakis( 1- 

RhC~6N406S2C 6H 16, RhodiUm(III), 

RhCw40&6H,6, RhodiUm(III), bis( 1,2- 

RhC13H12N4, Rhodium(III), tetra- 

RhC13Hl8N6012, RhodiUIIl(III), hexa- 

RhCI3N4C4H16 *HCl* 2H20, Rhodi~m(III), 

RhC13N4C,H16*H20, Rbodium(IU), 

RhFgN50gS3C3H15, Rhodium(III), penta- 

RhFgNsOgS3CaH25, RhodiUm(III), penta- 
kis(methanamine)(trifluoromethane- 
sulfonato4)-, bis(trifluoromethane- 
sulfonate) , 24: 28 1 

ammine-, tris(trifluoromethane- 
sulfonate), 24:255 

ammineaquahydroxo-, cis-, dithionate, 
24:225 

RhFgN60gS3C3Hl8, RhOdiUm(nI), hexa- 

RhH 15N4O8 S2, Rhodium(III), tetra- 

RhN3SlSH12, Rhodate(III), tris(penta- 
sulfide)-, triammoni~m, 21 : 15 

RhN408S2C4H1,, RhOdiUm(III), aqua- 
bis( 1,2-ethanediamine)hydmxo-, 
dithionate, 24:230 

butanediylx -pentamethylcyclo- 
pentadienyl )(triphenylphosphine)-, 
22: 173 

Rh2B2N4P4Cl18H120 Rhodium(I), tetra- 
kis( 1 -isocyanobutane)bis[methyl- 
ene(diphenylphosphine)]di-, 
bis[tetraphenylborate( 1 -)I, 
21:49 

hydroxo-bisttetraammine-, tetra- 
bromide, 24:226 

hydroxo-bis [bis( 1,2-ethanediamine)-, 
tetrabromide, 24: 23 1 

chlorobis( 1,2-ethanediamine)-, 
chloride perchlorate (2: 1: l), 24:229 

1.5 -cyclooctadiene)-di-p-hydroxo- 

RhPC32H38, Rhodium, (1,4- 

Rh2Br4H26N802, Rhodium(III), di-p- 

Rh2Br4N802C8H34, RhodiUm(III), di-p- 

Rh2Cl6N,O4C&32, RhOdiUm(III), di- 

Rh202C16H3jr RhodiUm(I), bis(q4- 

di-, 23:129 
Rh202Cl8H30, Rhodium(I), bis(v4-1,5- 

cyc1ooctadiene)-di-p-methoxy -di-, 
23: 127 

dicarbonylbis-p-( 2-methyl-2- 
propanethiolat0)-bis(trimethy1 

m208P~S2C16H36. modium(I), 

phosphite)di-, 23~124 
Rh2012P4S2Hs4, Rhodium(I), bis-p-(2- 

methyl-2-propanethiolato)-tet~a- 
kis (trimethyl ph0sphite)di -, 
23:123 

RUB 2F 8N7C4H 19, Ruthenium(II), penta- 
ammine(pyrazine)-, bisttetra- 
fluoroborate( 1-)], 24:259 
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RuF9N509S3CZ8H 19,  Ruthenium(III), 
(2,2'-bipyridine-N,N)( 2,2':-6',2"- 
terpyridine-N,N,N' )(trifluoro- 
methanesulfonato-0)-, bis(tri- 
fluoromethanesulfonate), 24: 30 1 

Ruthenium( III), aqua( 2,2'-bipyridine- 
N,N')(2,2': 6', 2"-terpyridine- 
NJ""' )tris( trifluoromethane- 
sulfonate), trihydrate, 24: 304 

RuF9N5 S3C 3H15, Ruthenium(III), penta- 
ammine(trifluoromethanesu1fonqto- 
0 )-, bis(trifluoromethanesulfonate), 
24:258 

methyl acry1ate)-, 24: 176 
Ru0130s3C 13H2, Osmium, tridecacarbonyl- 

dihydridorutheniumtri-, 21 :64 
RuP2C49H40, Ruthenium(II), (q5-cyclo- 

pentadieny I )(phenylethy nyl ) bis (tri - 
pheny1phosphine)-, 21 :82 

oxide, pyrochlore, 22:69 
Ru2C14C20H28, Ruthenium(II), di-p- 

chloro-bis [chloro( q6- 1 -isopropyl- 
4-methylbenzene)-, 2 1 : 75 

chloro-bis [ chloro(q6-hexamethyl- 
benzene)-, 21:75 

Ru215N 12C4H34, RutheNum(5 +), deca- 
ammine( p-pyrazine)-di-, penta- 
iodide, 24:261 

RuZO3, Ruthenium oxide, solid solns. with 
lead oxide Pb02, pyrochlore, 
22:69 

R U ~ C O N O ~ ~ P ~ C ~ ~ H ~ ~ ,  Ruthenate( 1 -), tri- 
decacarbonylcobalttri-, p-nitrido- 
bis(triphenylphosphorus)( 1 +), 
21:63 

R U ~ F ~ N O ~ ~ P ~ C ~ ~ H ~ ~ ,  Ruthenate( 1 -), tri- 
decacarbonyihydridoirontri-, p- 
nitrido-bis(triphenylphosphorus)( 1 +), 
21:60 

Ru3FeO13C13H2, Iron, tridecacarbonyldi- 
hydridotriruthenium-, 21 5 8  

Ru3N01 1C19H21, Ruthenate( 1-), p- 
carbonyl-  KC :2~C-decacarbon~l- 
l ~ 3 C ,  2~3C.  3~4C-p-hydrido- 1 ~ : 2 ~ -  
triangulo-tri-, tetraethylammonium, 
24: 168 

R ~ F ~ N ~ O ~ O S ~ C Z ~ H ~ ~  .3H209 

RU06C8H6, Ruthenium, tetfaCarbonyl(q2- 

RU 1.33Pb2. 6706.5,  Lead LutheniUm 

R u ~ C ~ ~ C ~ ~ H ~ ~ ,  Ruthenium(II), di-p- 

RuC loHlo, Ruthenium, bis(q5-cyclopenta- 
dieny1)-, 22: 180 

RuC 12H14, Ruthenium, (q6-benzene)(q4- 
1,3-~yclohexadiene)-, 22: 177 

RuC 14H 18, Ruthenium, bis(q5-cyclohepta- 
dieny1)-, 22: 179 

RuC l6H22, Ruthenium, (114- 1.5-cycloocta- 
diene)(q6- 1,3,5-~yclooctatriene)-, 
22: 178 

ethylene)(q6-hexamethylbenzene)-, 
21:76 

RuC18H26, Ruthenium(O), (q4-1,3-cyclo- 
hexadiene)( q6-hexamethylbenzene)-, 
21:77 

( q5-~yclopentadienyl)bis(triphenyl- 
phosphme)-, 21:78 

RuC12N4C20HI6* 2H20,  Ruthenium(II), 
bis( 2,2'-bipyridine-N, N')dichloro-, 
cis-, dihydrate, 24:292 

R u C ~ ~ N ~ C ~ ~ H ~ ~  * 2.5H20, Ruthenium(II), 
(2,2'-bipyridine-N,N')chloro- 
(2,2':6',2"-terpyridine",N,N")-, 
chloride, 2.5 hydrate, 24:300 

RuCI2N,jC,H24. 6H20, Ruthenium(II), 
tris( 2,2'-bipyridine)-, dichloride, 
hexahydrate, 21 : 127 

RuCI2N7C4H19, Ruthenium(II), penta- 
ammine(pyrazine)-, dichloride, 
24:259 

amminechloro-, dichloride, 
24:255 

RuCI3N4CzOHl6 * 2H20, Ruthenium(III), 
bis( 2,Z'-bipyridine-N,N')dichloro-, 
cis-, chloride, dihydrate, 24:293 

RuF6N506S2C27H19, Ruthenium(II), 
(2,2'-bipyridine-N,N')( 2,2':6', 2"- 
terpy ridine-N,W,N" )(trifluoro- 
methanesulfonato-0 )-, trifluoro- 
methanesulfonate, 24: 302 

Ruthenium(II), (qs-cyclo- 
pentadienyl )(phenylvinylene)bis(tri- 
pheny1phosphine)-, hexatluorophos- 
phate(1-), 21:80 

RuF9N4O9S3CZ3Hl6, Ruthenium(III), 
bis(2,2'-bipyridme-N,N')bis(tri- 
fluoromethanesulfonato-0 )-, cis-, 
trifluoromethanesulfonate, 24: 295 

RuC 16H26, Ruthenium(O), bis( q 2- 

R U C ~ P ~ C ~ ~  H3,, Ruthenium(II), chloro- 

RuC13H 15N5, Ruthenium(III), penta- 
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Ru3NzOllP2C46H30, Ruthenate(1-), deca- 
carbonyl-g-nitrosyl-tri-, p-nitrido- 
bis(triphenylphosphorus)( 1 +), 
22:163, 165 

S, Sulfide, molybdenum complexes, 23: 120, 

-, sulfur: 
121 

iron cyclopentadienyl complexes, 21 :42 
silver complex, 24:234 

SAsBr3F6, Sulfur(IV), tribromo-, hexa- 
fluoroarsenate, 24:76 

SBrFzN, Imidosulfurous difluoride, 
bromo-, 24:20 

SC, Carbon monosulfide, ruthenium complex, 
21:29 

SCzH6, Dimethyl sulfide: 
boron complex, 22:239 
niobium complex, 21: 16 
platinum(II) complexes, 22: 126, 128 

-, Ethanethiol, iron complexes, 
2 1 : 39-46 

SC4Hlo, Ethanethiol, 1,l-dimethyl-, 
iron complex, 21:30, 37 

-, 2-Propanethio1, 2-methyl-, rhodium 
complexes, 23: 123 

iron complex, 21:35, 36 
cadmium, cobalt, iron, manganese, and 

SC6H6, Benzenethiol: 

zinc complexes, 2 1 : 24-27 

complexes, 23: 192 
SCsHlo, Benzenethiol, 4-ethyl-, gold 

SCIFO,, Chlorine fluorosulfate, 24:6 
SCIFzN, Imidosulfurous difluoride chloro-, 

SCIFS, Sulfur chloride pentatluoride, 2 4 3  
SCsF04, Cesium fluorine sulfate, 24:22 
SFN, Thiazyl fluoride, 24: 16 
SFzHN, Imidosulfurous difluoride, mercury 

complex, 24: 14 
SF3Fe06C9Hs, Methanesulfonate, tri- 

fluoro-, tricarbonyl( 95-cyclo- 
pentadienyl)iron( H ) ,  24: 161 

SF3N, Thiazyl trifluoride. 24: 12 
SF3NOC, Imidosulfurous difluoride, 

fluorocarbony1)-, 24: 10 
SF303C, Methanesulfonate, trifluoro-, 

metal complexes and salts, 24:243- 
306 

24: 18 

SNC, Thiocyanate, cobalt, copper, iron, 
manganese, nickel, andzinc complexes, 
23:157 

complex, 2 1 : 19 

metal complexes, 23:47 

23:2 

SNC2H7, Ethanethiol, 2-amino-, cobalt 

SN03C7H5, o-Benzosulfimide (saccharin), 

SNzCH,, Urea, thiochromium(0) complexes, 

SNzCz, Sulfur dicyanide, 24: 125 
SNzC4H6, 2H-Imidazole-2-thione, 1,3- 

dihydro- 1 -methyl-, cobalt complexes, 
23:171 

SN2CSH 12, Thiourea, N,N,N,N-tetra- 
methyl-, chromium(0) complexes, 
23:2 

SNzC9Hzo, Thiourea, N,N-di-tertbutyl-, 
chromium(0) complexes, 23:3 

SNzC ,5H16, Thiourea, N,N-di-p-tolyl-, 
chromium(0) complexes, 23:3 

SOzCzH4, Acetic acid, 2-mercapto-, 
cobalt complex, 21 : 2 1 

S 2 ,  Disulfde, molybdenum complexes, 
23:120, 121 

-, Sulfur, iron cyclopentadienyl 
complexes, 21 : a 4 6  

SzF 4HgNZ, Mercury (II), bis(imidosu1- 
furous difluoridato-N)-, 24: 14 

SzH ISN4OsRh, Rhodium(III), tetra- 
ammineaquahydroxo-, cis-, 
dithionate, 24:225 

S2N40&hC4H19, Dithionate, aquabis( 1,2- 
ethanediamine) hydroxorhodium( 111), 
24:230 

SzV, Vanadium disulfide, 24:201 
S3PC1zHz7, Phosphorotrithious acid, 

tributyl ester, 22: 13 1 
S4Ti5, Titanium sulfide, preparation in 

liquid tin, 23:161 
S 5 ,  Pentasulfide, platinum and rhodium 

complexes, 2 1 : 12, 13 
s6, Hexasulfide, palladium complex, 

21:172 
SsO, cyclo-Octasulfur monoxide, 21: 172 
S16AghF6, Silver( 1 +), bis(cyc1o-octa- 

sulfur)-, hexahoroarsenate, 24: 74 
SKl3CI2H,, Antimony(V), trichloro- 

diphenyl-, 23: 194 
SbF Antimonate(V), hexatluoro-, 

(SN),, Sulfur nitride, polymer, 22:143 tetratluoroammonium (1  : l), 24:41 
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SiClPC 14, Phosphinous chloride, 
[phenyl(trimethylsilyl)methylene] -, 
24:111 

SiF 14N2, Silicate(IV), hexafluoro-, 
bis(tetrafluoroammonium), 24:46 

SiLiC4HIl, Lithium, [ (trimethyl- 
silyl)methyl]-, 24:95 

SiN2PC 14H27, Phosphonous diamide, 
N,N,N',N'-tetramethyl-P- [phenyl(tri- 
methy1silyl)methyl-1, 24: 110 

SiN404C4, Silane, tetraisocyanato-, 
24:99 

si2AIBrCsHz2, Aluminum, bromobis( (tri- 
methylsily1)methyll-, 24: 94 

Si2C12C7H1,, Silane, (dichloro- 
methylene)bis[trimethyl]-, 24: 11 8 

Si2N20C9H2,, Urea, N,N'-dimethyl-N,N'- 
bis(trimethylsily1)-, 24: 120 

Si2SeH6, bisilyl selenide, 24: 127 
Si 3A1C 2H 33, Aluminum, tris [ (trimethyl - 

silyl)methyl]-, 24:92 
Si31nC 12H 33, Indium(III), tris[ (tn- 

methylsilyI)methyl]-, 24: 89 
s i4ClK 14H36, Phosphine, bis(trimethy1- 

sily1)methylene) [chlorobis(tri- 
methylsilyl)methyl]-, 24: 119 

methylsilyl )methylene]chloro-, 
24: 120 

__, Phosphorane, bis [ bis(tri- 

SmC13, Saramium chloride, 22:39 
Sfi18N606P12C72H72, samarium(III), 

hexakis(dipheny1phosphinic amide)-, 
tris(hexatluorophosphate), 23: 180 

nitrate( 1,4,7,1O-tetraoxacyclo- 
dodecane)-, 23:151 

Sd3014Cl0HzO, Samarium(III), tri- 
nitrate( 1,4,7 ,lO,l3-pentaoxacyclo- 
pentadecane)-, 23: 151 

dionato)( 5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22:160 

methyl-3 3- heptane- 
dionato)[ 5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22: 160 

tris( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane )dodecanitratotetra-, 

Sd3013C&16, Salllarium(III), !Xi- 

S I ~ N , O , C ~ ~ N ~ ,  , Samarium, (2,4-pentane- 

S I ~ N ~ O ~ C , , H ~ ~ ,  Samarium, (2,2,6,6-tetra- 

Sm4N 12O54C 36H72, Samarium(III), 

Sb2K2012C8H4, htimonate(2-), 
bis[taratrato(4-)]di-, dipotassium, 
as resolving agent, 23:76-81 

ScC13, Scandium chloride, 22:39 
ScCljCs, Cesium scandium chloride, 22:23 
ScC1303C 12H24, Scandium(III), trichloro- 

Sc2CI9Cs3, Cesium scandium chloride, 

SeC, Carbon selenide, chromium complex, 

SeF20, Selenium difluoride oxide, 24:28 
SeF4, Selenium tetrafluoride, 24:28 
SeNOC7H13, Carbamodiselenoic acid, 

tri~(tetrahydrofura~~)-, 21: 139 

22:25 

21:1,2 

dimethyl-, 1-methyl-2-oxopropyl 
ester, 24:132 

SeSi2H6, Disilyl selenide, 24: 127 
Se2C, Carbon diselenide, 21:6,7 
Se2F6NPC7HI2, Methanaminium, N-(4,5- 

dimethyl- 1,3-diselenol- 2-y1idene)- 
N-methyl-, hexafluorophosphate, 
24:133 

Se2F lo02Xe, Selenate(VI), pentafluorooxo-, 
xenon(2+) (2:1), 24:29 

Se2NC5Hll, Diselenocarbamic acid, N.N- 
diethyl-, nickel, palladium, and 
platinum complexes, 2 1 : 9 

Se C , H6, 1,3 -Diselenole - 2-selone, 
4,5-dimethyl-, 24: 133 

Se4C ,,H 12, 2,2'-Bi- 1,3-diselenolylidene, 
4,4',5,5'-tetramethyl-, 24: 131, 134 

Se8AsF6C20H24, 2,2'-Bi- 1,3-diselenol- 
ylidene, 4,4', 5,5'-tetramethyl-, radical 
ion( 1 +), hexduoroarsenate 
(2: l), 24: 138 

Se8BF4C20H24, 2,2'-Bi- 1,3-diselenolyli- 
dene, 4,4',5,5'-tetramethyl-, radical 
ion(l+), tetrduoroborate(1-) (2:1), 
24:139 

Se&104C20H24, 2,2'-Bi- 1,3-diselenolyli- 
dene, 4,4', 5,5'-tetramethyl-, radical 
ion( 1 +), perchlorate (2: I), 24: 136 

Se8F6PC20H24, 2,2'-Bi- 1,3-diselenolyli- 
dene, 4,4', 5,5'-tetramethyl-, radical 
ion( 1 +), hexafluorophosphate( 1 -) 
(2: l), 24: 142 

SiC4H12, Silane, tetramethyl-: 
aluminum complex, 24:92, 94 
indium complex, 24: 89 
lithium complex, 24: 95 23:155 
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Sn, Tin, pentatitanium tetrasulfide, 
preparation in liquid, 23 : 16 1 

SnBrzCI2Hl0, Tin, dibromodiphenyl-, 23:21 

Tbcl,, Terbium chloride, 22:39 
TbF18N606P12C72H72, Terbium(III), 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 188 

nitrate( 1,4,7,10-tetraoxacyclo- 
dodecane)-, 23:151 

TbN3014C loHzo, Terbium(III), tri- 
nitrate( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23: 151 

( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)trinitrato-, 23: 153 

pentanedionato)[5,10,15,20-tetra- 
phenylporphyrinato(2-)]-, 22: 160 

TbN402C55H47, Terbium, (2,2,6,6-tetra- 
methyl- 3,5 -heptane- 
dionato)( 5,10,15,20-tetraphenyl- 
porphyrinato(2-)]-, 22:160 

Tb4N 1205 1C30H,jo, Terbium(III), 
dodecanitratotris( 1,4,7,10,13-penta- 
oxacyc1opentadecane)tetra-, 23: 153 

tris( 1,4,7,10,13,16-hexa- 
oxacyc1ooctadecane)dodecanitrato- 
tetra-, 23: 155 

chlormxo-, tetrabutylammonium 
(l:l),  21:160 

fluoride, 24: 3 1 

hydrogen, 24:34 

fluomxo-, xenon(2-k) (2: l), 24:36 

boron(3+) (3:1), 24:35 

bis(undecatungstob0rato)-, tetra- 
decapotassium, 23 : 189 

bis(undecatungstophosphato)-, 
decapotassium, 23: 189 

ThK160 122P4W34, Thorate(IV), bis(hepta- 
decatunrrrtodiDhosphatob, hexa- 

TbN3o13csHl6, Terbium(III), tri- 

TbN3015C 12H24, Terbium(III), 

TbN402C49H35, Terbium, (2,4- 

Tb4N 12054C36H72, Terbium(III), 

TcC~~NOC 16H36, Technetate(V), tetra- 

TeClF,, Tellurium chloride penta- 

TeF5H0, Tellurate(VI), pentafluorooxo-, 

TezF 1002Xe, Tellurate(VI), penta- 

Te3BFI5O3, Tellurate(VI), pentafluormxo-, 

ThB2K14078W22, Thorate (W, 

~ 1 0 0 7 8 P 2 w 2 2 ,  Thorate(IV), 

ThN404C54H42, Thorium, bis( 2,4- 
pentanedionato)[5,10,15,2O-tetra- 
phenylporphyrinato(2-)]-, 
22: 160 

bis(q5-cyclopentadienyl)-, 21 :84 
TiCIC,oHlo, Titanium(III), chloro- 

TiCI,, Titanium chloride, 24: 181 
TiC1303C 12H24, Titanium( 111), trichloro- 

tris(tetrahydrofuran), 21: 137 
Tic14O&H16, Titanium(IV), tetrachloro- 

bis(tetrahydr0furan)-, 21 : 135 
TiFeH1.94, Iron titanium hydride, 22:90 
TiHNbo,, Hydrogen, pentaoxoniobate- 

titanate(1-), 22:89 
TiKNb05, Potassium, pentaoxoniobate- 

titanate(l-), 22:89 
Ti02C12H10, Titanium, dicarbonylbis(q5- 

cyclopentadieny1)-, 24: 149 
Ti02C 22H30, Titanium, dicarbonylbis( 115- 

pentamethy lcyclopentadienyl )-, 
24: 152 

liquid tin, 23:161 

24:97 

chlorobis (2,3,4,6 -tetratluorophenyl )-, 
21:73 

-, chlorobis(2,3,5,6-tetrafluoro- 
pheny1)-, 21:73 

TlClFlOCl2, Thallium(III), chlorobis(penta- 
fluoropheny1)-, 21:71, 72 

TlCl,, Thallium chloride, 21:72 
TlZN4PtC4, Platinate(II), tetracyano-, 

dithallium, 21:153 
fl4N403mc5, Platinate(II), tetracyano-, 

thallium carbonate (1 :4: l), 
21:153, 154 

Ti5Sn, Titanium sulfide, preparation in 

TlC6H5, Thallium(I), cyclopentadienyl-, 

TlCw4C6H5, Thallium(III), 

TmCI,, Thulium chloride, 22:39 
TmC16Cs2Li, Cesium lithium thulium 

chloride, 22: 10 

hexakis(dipheny1phosphinic amide)-, 
tris(hexatluorophosphate), 
23:180 

nitrato( 1,4,7,10-tetraoxacyclo- 
dodecane)-,23:151 

TmN3014CloH~, Thulium(III), tri- 
nitrate( 1,4,7,10,13-pentaoxacyclo- 

TmF 18N606P 12C72H 12, Thulium(In), 

TmN3013C8H16, ThUliUm(III), Wi- 

- - - , -  

decapotassium, 23:190 pentadecane)-, 23 : 15 I 
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propane)[ (methy1amino)meth- 
ylidynel-, trans-, tetrafluoro- 
borate(1-), 23:12 

ethanediylbis(dipheny1phos- 
phine)]bis[ (methy1amino)methyI- 
idynel-, trans-, bis[tetrafluom- 
borate( 1-)], 2 3 2  

\KB2F8N2P4C68H64, Tungsten(IV), 
bis[ 1,2-ethanediylbis(diphenylphos- 
phine)] bis[ (4-methyl- 
phenyl)amin~]methyIidyne]~, trans-, 
bis[tetrafluoroborate( 1 -)I, 
23:I4 

(phenylimido)tris( trimethylphos- 
phme)-, 24:198 

( phenylimido) tris( triethy1phosphine)- , 
24198 

WCI,NP3C 30H38, Tungsten(IV), dichloro- 
tris(dimethylpheny1phos- 
phine)(phenylimido)-, 24198 

WC12NP3C H , Tungsten(IV), 
dichlorotris(methyldipheny1phos- 
phine)(phenylimido)-, 2 4  198 

chloro-4-isocyanobenene)bis[ 1,2- 
ethanediyl(dipheny lphosphine) I-, 
trans-, 23:lO 

tris( 2-isocyano-2-methyl- 
propane)( phenylimid0)-, 
24:198 

tris( 1 -isocyano-4-methyl- 
bcnzene)(phcnylimido)-, 2 4  198 

( phenylimido)bis( trimethylphos- 
phine)-, 24:196 

( pheny limido)bis( triethy 1phosphine)- , 
2 4  196 

WC13NP2C22H27, Tungsten(V), trichloro- 
bis(dimethy1phenylphos- 
phine)(phenylimido)-, 2 4  196 

WC13NP2C 42H35r Tungsten( V), tricliloro- 
(phenylimido)bis( triphenylphos- 
phine)-, 24: 196 

(phenylimid0)-, 24195 

7KB2F8N2P4C56H56, Tungsten(IV), bis[ 1,2- 

WC1,NP 3C 5 H 32, Tungsten( IV), dichloro- 

WC12NP3C24H,o, Tungsten(IV), dichloro- 

WCI2N,P4C&56, Tungsten(O), bis( 1- 

WC 1,N 4C ,H 32, Tungsten( IV), dichloro- 

WC12N4C3,H2,, Tungsten(IV), dichlorc- 

WC13NP,CzzH27, Tungsten(V), trichloro- 

WC13NP2C 18H35, Tun@ten(V), trichlorc- 

WC14NC6H5, Tungsten(VI), tetrachloro- 

TmN30 lZH24, Thulium, ( 1,4,7,10,13,16- 
hexaoxac yc1ooctadecane)txinit.r ato-, 
34:153 

TmN402C55H47, Thulium, (2,2,6,6- 
tetramethyl-3,s-heptane- 
dionato)( 5,10,15,2O-tetraphenyl- 
porphyrinato(2-)]-, 22: 160 

nitratotris( 1,4,7,10,13-pentaoxa- 
cyc1opentadecane)tetra-, 23: 153 

Thulium(III), 
tris( 1,4,7,10,13,16-hexaoxa- 
cyc1ooctadecane)dodecanitratotetra-, 
23:155 

Tm4N120S1C30H60, Thulium(III), dodeca- 

UC14, Uranium(1V) chloride, 21 : 187 
UF5, Uranium(V) fluoride, p-, 21:163 
W 6 K ,  Uranate(V), hexafluoro-, potassium, 

21:166 

nitrido-bis(triphenylphosphorus)( 1 +), 
21:166 

21:166 

decatungstophosphato)-, deca- 
potassium, 23:186 

UK160 122P4w34, Uranate(IV), bis(hepta- 
decatungstodiphosphato)-, hexa- 
decapotassium, 23: 188 

21:166 

U F ~ N P Z C ~ ~ H ~ ~ ,  uranate(v), hexafluoro-, 

UF6Na, Uranate(V), hexafluoro-, sodium, 

UKlo078P2W 22, Uranate( IV), bis( un- 

UO5ClOHz5. Uranium(V), pentaethoxy-, 

VCICloHlo, Vanadium(III), chlorobis( ~ 5 -  

VCI2, Vanadium chloride, 21:185 
VC1303C 12H24, Vanadium(III), trichloro- 

bis(tetrahydrofiIran)-, 21 : 138 
VS,, Vanadium disulfide, 24:201 
V,, Divanadium, 22: 116 
VZLiO5, Lithium divanadium pentaoxide, 

cyclopentadieny1)-, 21% 

24902 

\NBF4N2P4C56H5,, Tungsten(IV), bis[ 1,2- 
ethanediylbis( dipheny1phosphine)Kio- 
cyanomethane)[(methyramino)methyl- 
idynel-, tmns-, tetrafluoro- 
borate( 1-), 23: 11 

\NBF4N2P4C64H61, Tungsten(IV), bis[ 1,2- 
ethanediylbis( diphenylphos- 
phine)](2-isocyano-2-methyl- 
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WC14N2P&&54, Tungsten(O), bis( 1,3- 
dichloro-2-isocyanobeazene)bis[ 1,2- 
ethanediylbis(dipheny1phosphine)l-, 
trans-, 23:lO 

WC140, Tungsten chloride oxide, 23:195 
WF40, Tungsten fluoride oxide, 24:37 
WF9N0, Tungstate(VI), pentatluorooxo-, 

tetrafluoroammonium (l:l), 24:47 
WNOSP2C4,H3,, Tungstate(1-), penta- 

carbonylhydrido-, p-nitrido-bis(tri- 
phenylphosphorus)(l+), 22:182 

ethanediylbis(dipheny1phos- 
phine)]bis( 1-isocyano-4-methoxy- 
benzene)-, tmns-, 23:lO 

bis[ 1,2-ethanediylbis(diphenylphos- 
phine)]bis(isocyanome~ane)-, trans-, 
23:lO 

bis[ 1,2-ethanediylbis(diphenylphhs- 
phine)] bis( 2-isocyano-2-methyl- 
propane)-, trans-, 23:lO 

bis[ 1,2-ethanediylbis(diphenylphos- 
phine)]bis(kocyanobenzene)-, tmns-, 
23:lO 

bis[ 1,2-ethanediylbis(diphenyiphos- 
phine)] bis( 1 -iocyano-4-methyl- 
benzene)-, tmns-, 23:lO 

WN 2 0  2P4c 68H 62, Tungsten( 0), bis [ 1,2 - 

WN2P4C56H54, Tungsten(O), 

WN2p4c62H66, Tungsten(O1, 

( W N Z P ~ C ~ ~ H ~ ~ ,  Tungsten(O), 

m$’&&,, Tungsten(O), 

W4Ag8016, Silver tungstate, 22:76 
W2HKOIoC Tungstate( 1 -), p-hydrido- 

bis-[pentacarbonyl-, potassium, 23:27 
W , 1B039, Undecatungstoborate(9-), 

thorium complexes, 23: 189 
W, ,O,,P, Undecatungstophosphate(7-), 

thorium and uranium complexes, 
23:186 

phate(l0-), thorium and uranium 
complexes, 23:188 

tungstoborat0)-, tetradecapotassium, 
23:189 

tungstophosphat0)-, decapotassium, 
23:189 

W, 7061P2, Heptadecatungstodiphos- 

W22B2K140,8Th, Thorate(IV), bis(undeca- 

Wz2K 10078P2Th, Thorate(IV), bis(undeca- 

W2,K 1oO78P2U, Uranate(IV), bis(undeca- 
tungstophosphato)- , decapotassium, 
23: 180 

W3,K 1 6 0  122P4Th, Thorate(IV), bis( hepta- 
decatungstodiphosphato)-, hexadeca- 
potassium, 23:190 

decatungst0diphosphato)-, hexadeca- 
potassium, 23:188 

W34K160 122P4U, Uranate(IV), bis(hepta- 

XeF ,002Se2, Selenate(VI), pentafhorooxo-, 

XeF lo02Te2, Tellurate(M), pentatluore 
xenon(2+) (2:1), 24:29 

0x0-, xenon(2+) (21), 2436 

YCI,, Yttrium chloride, 22:39 
YN402C49H35, Yttrium, (2,4-pentane- 

dionato)[5,10,15,20-tetraphenylpor- 
phyrinato(t-)]-, 22:160 

YbCl,, Ytterbium chloride, 2239 
YbF4N402Cs,H43, Ytterbium, [ 5 ,lo, 15,20- 

tetrakis( 3-fluoropheny1)porphyrin- 
ato( 2-)] (2,2,6,6 -tetramethyl- 3,s - 
heptanedionato)-, 22: 160 

hexakis(dipheny1phosphiic amide)-, 
tris(hexafluorophosphate), 23: 180 

nitram( 1,4,7,10-tetraoxacyclode 
decane)-, 23:151 

YbN3014Cl&20, Ytterbium(III), tri- 
nitrato( 1,4,7,10,13-pentaoxacycle 
pentadecane)-, 23:151 

(1,4,7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-, 23: 153 

&onatof[ 5,10,15,20-tetrakis(4- 
methylphenyl)porphyrinato( 2-)I-, 
22:156 

YbN402C59H55, Ytterbium, [ 5,10,15,20- 
tetrakis(4-methy1phenyl)porphyrin- 
ato( 2-)]( 2,2,6,6-tetramethyl- 3,5 - 
heptanedi0nato)-, 22:156 

Yb4N 2 0 5  ,C 3&,jo, Ytterbium(III), dode- 
canitratotris( 1,4,7,10,13-pentaoxa- 
cyclopentadecane)tetra- , 
23: 152 

YbF 1 g,N,OsP 12c 72H72, Ytterbium(III), 

YbN, 0 , ,C ,H 16, Ytterbium(III), tri- 

YbN,O,,C 12H24, Ytterbium(III), 

YbN402C53H4,, Ytterbium, (2,4-pentane- 
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poly-, 23:160 
Z I I P ~ S ~ C ~ ~ H ~ O ,  Zincate(II), tetra- 

kis(benzenethio1ato)-, bis(tetrapheny1- 
phosphonium), 2 1 :25 

ZrBr, Zirconium bromide, 22:26 
ZrCl, Zirconium chloride, 2226 
ZrCl4O2C8Hl6, Zirconium(IV), tetrachlom 

bis(tetrahydr0furan)-, 21:136 
ZrO2Cl2Hl0, Zirconium, dicarbonyl- 

bis( q5-cyclopentadienyl)-, 
24150 

ZrO,C,,H,,, Zirconium, dicarbonyj- 
bis( q5-pentamethylcyclopenta- 
dieny1)-, 24153 

Yb4N 1205&&2, Ytterbium(III), 
tris( 1,4,7,10,13,16-hexacycloocta- 
decane)dodecanitratotetra-, 23: 155 

ZnCw6N4PC24H28, Zinc@), chloro(2,9-di- 
methyl-3,lO-diphenyl- 1,4,8,11 -tetra- 
azacyclotetradeca- 1,3,8,10- 
tetrame)-, hexafluorophosphate( 1 -), 
22:111 

aquabis(o-su1fobenzoimidato)-, 
dihydrate, 23:49 

bis-p-( 1H- 1,2,4-triazole-N:N)-, 

znN4010s2c 14H162H20, Zinc(II), tetra- 

ZIlN 8 s 2c gH 6 ,  zhC( 11) , bis( thiWyanato-N) - 
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