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This volume is dedicated to W. Conard Fernelius (1905-1986), outstand- 
ing teacher, researcher, and scholar, who was one of the founders of In- 
organic Syntheses and who continued throughout his life to be a leader in 
its development. 



The synthesis of chemical compounds is the bedrock on which all other 
areas of chemistry depend. In this sense, Znorganic Syntheses represents 
an evolving compilation of techniques and ideas that provide a cross section 
of activity in the field at a particular time. Providing such a cross section 
is no easy task. At the present time, the field of inorganic synthesis is 
undergoing significant changes. Starting from its traditional foundation in 
small-molecule nonmetal chemistry and metal coordination chemistry, it 
has in recent years absorbed the dramatic expansion of activity in transition 
metal organometallic chemistry and cluster chemistry. More recently, con- 
nections have been developed to polymer chemistry, ceramic science, elec- 
troactive solids, and pharmacology. 

The increasing involvement of inorganic chemists with the fields of poly- 
mer chemistry, solid state science, and ceramic science is based on the 
precept that the experimental techniques, theories, and models of small- 
molecule inorganic chemistry can be applied to the infinitely more complex 
molecules found in these other areas. Synthetic chemists can play a major 
role in the design and preparation of new materials if a significant con- 
ceptual hurdle can be overcome. This hurdle is the dividing line between 
the well-understood behavior of small molecules (2-500 atoms) and the 
more complex behavior of linear macromolecules and three-dimensional, 
covalently bonded solids. It is a dividing line between compounds that can 
be characterized easily by modern methods and those that cannot, and 
between species with absolute compositions and precise molecular weights 
and substances with variable formulas and structures that can be under- 
stood only in statistical rather than absolute terms. Yet the knowledge and 
experience available within the community of inorganic chemists could 
have a profound influence on the development of new supramolecular 
systems, on which much of our advanced technology increasingly depends. 

For this reason I have included in this volume a few examples of in- 
organic polymer syntheses (Chapter 2) and preparations of inorganic ring 

Previous volumes of Inorganic 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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systems (Chapter l), which constitute models for more complex molecules 
and may eventually serve as reaction intermediates for polymers or for 
main group solid state syntheses. Chapter 3 provides a brief glimpse of the 
emerging role being played by synthesis in the development of pharma- 
cologically active inorganic compounds. Chapter 4 contains examples of 
small-molecule coordination complexes and related compounds-the tra- 
ditional core of inorganic chemistry. In addition, and in accordance with 
the format of previous volumes of Inorganic Syntheses, a section (Chapter 
5 )  is set aside for transition metal organometallic compounds, including 
species with metal-metal bonds and cluster molecules. In this respect, I 
have been fortunate to be assisted by Gregory L. Geoffroy, who gathered 
together and edited the syntheses in this section. I thank him for his con- 
tribution to this volume. 

Synthetic chemistry of any kind is not a trivial activity, and it should be 
pursued only by those who can recognize and avoid the inherent safety 
risks that exist. Thus, most of the procedures given in this volume should 
be undertaken only by individuals who are already competent synthetic 
chemists or who are working directly under the close supervision of some- 
one who is. Potential hazards are identified throughout this volume, and 
these warnings should be taken seriously. 

The main purpose of Inorganic Syntheses is to provide illustrative syn- 
thetic methods that are reliable. Thus, all the syntheses reported here have 
been checked experimentally by independent investigators. I greatly ap- 
preciate the contributions of those who submitted the syntheses and the 
truly essential efforts of the individuals who did the checking. Major as- 
sistance with the routing of correspondence and manuscripts to authors 
and checkers, and maintaining the overall momentum and organization of 
this volume, was provided by Noreen Allcock. I would also like to thank 
the members of the Editorial Board for their helpful suggestions and sup- 
port. The contributions by Thomas Sloan, who compiled the index and 
answered nomenclature questions, and the advice of Duward Shriver on 
procedural matters, are particularly appreciated. 

HARRY R. ALLCOCK 

University Park, Pennsylvania 
February 1988 



NOTICE TO CONTRIBUTORS 
AND CHECKERS 

The Inorganic Syntheses series is published to provide all users of inorganic 
substances with detailed and foolproof procedures for the preparation of 
important and timely compounds. Thus the series is the concern of the 
entire scientific community. The Editorial Board hopes that all chemists 
will share in the responsibility of producing Znorganic 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 
manuscripts. Style should conform with that of previous volumes of Zn- 
organic Syntheses. The introductory section should include a concise and 
critical summary of the available procedures for synthesis of the product 
in question. It should also include an estimate of the time required for the 
synthesis, an indication of the importance and utility of the product, and 
an admonition if any potential hazards are associated with the procedure. 
The Procedure should present detailed and unambiguous laboratory di- 
rections and be written so that it anticipates possible mistakes and mis- 
understandings on the part of the person who attempts to duplicate the 
procedure. Any unusual equipment or procedure should be clearly de- 
scribed. Line drawings should be included when they can be helpful. All 
safety measures should be stated clearly. Sources of unusual starting ma- 
terials 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 
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x Notice to Contributors and Checkers 

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 char- 
acteristics that are relevant to judging the purity of the product and to 
permitting its handling and use in an intelligent manner. Under References, 
all pertinent literature citations should be listed in order. A style sheet is 
available from the Secretary of the Editorial Board. 

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

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

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



TOXIC SUBSTANCES AND 
LABORATORY HAZARDS 

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 delin- 
eated, 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 hazard- 
ous. 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 associated with a particular chemical is available in the most recent 
edition of Threshold Limit Values for Chemical Substances and Physical 
Agents in the Workroom Environment published by the American Con- 
ference of Governmental Industrial Hygienists. 

The drying of impure ethers can produce a violent explosion. Further 
information about this hazard may be found in Inorganic Syntheses, Volume 
12, p. 317. A hazard associated with the synthesis of tetramethyldiphos- 
phine disulfide [Znorg. Synth., 15, 186 (1974)l is cited in Inorganic Syntheses, 
Volume 23, p. 199. 
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CORRECTION TO VOLUME 24 

DICARBONYL($-CYCLOPENTADIENYL) 
(~-METHYL-~-PROPENYL-KC')IRON AND 

DICARBONYL($-CYCLOPENTADIENYL)(~*-2-METHYL- 
1-PROPENE)IRON(l + ) TETRAF'LUOROBORATE 

SUBMI'ITED BY MYRON ROSENBLUM* 

The preparation of dicarbonyl(~5-cyclopentadienyl)(2-methyl-l-propenyl- 
&')iron requires 3-chloro-Zmethyl-1-propene (methallyl chloride), not 
the reagent given in Reference 1, p. 165.' 

References 

1.  M. Rosenblum, W. P. Giering, and S.-B. Samuels, Inorg. Synth. 24, 163 (1986). 

*Department of Chemistry, Brandeis University, Waltham, MA 02254. 



Chapter One 

MAIN GROUP RING SYSTEMS AND 
RELATED COMPOUNDS 

1. ORGANOCYCLOPHOSPHANES 

Submitted by M. BAUDLER* and K. GLINKA* 
Checked by A. H. COWLEY and M. PAKULSKIt 

Organocyclophosphanes (PR), (n = 3-6) can be prepared by various 
methods, most of which start from the corresponding organodihalophos- 
phane RPC12. The common methods of preparation' are either based on 
the dehydrohalogenation reaction between RPH2 and RPC12 or on the 
dehalogenation of RPC12 with metals or metal hydrides. These reactions 
are nonspecific as to the ring size of the cyclophosphane formed, and in 
most cases those oligomers (PR), are generated that exhibit the relatively 
highest thermodynamic stability. Small alkyl substituents as well as the 
phenyl group favor ring size five, whereas bulky organo groups lead to the 
formation of four-membered rings.2 In addition, in the last decade it has 

Editor's note: The nomenclature used in this synthesis follows accepted practice among 
many synthetic chemists. It differs, however, from the Chemical Abstracts recommendation 
in which a cyclotriphosphane would be described as a triphosphirane. A third usage describes 
them as cyclotriphosphines. 

*Institut fiir Anorganische Chemie, Universitat Koln, Greinstrasse 6, D-5000 Koln 41, 
Federal Republic of Germany. 

?Department of Chemistry, University of Texas, Austin, TX 78712. 

1 



2 Main Group Ring Systems and Related Compounds 

been shown that cyclotriphosphanes can be synthesized if substituents of 
suitable bulkiness are c h o ~ e n . ~ . ~  The stability of these compounds must be 
attributed to kinetic effects. 

A very interesting feature of the cyclophosphanes of various ring sizes 
is their ability to form complexes with metal carbonyls and transition metal 
salts.' 

The procedure described for the synthesis of tri-tert-butyl-cyclotriphos- 
phane, the first stable three-membered phosphorus ring compound, follows 
the originally published route.5 

Pentamethylcyclopentaphosphane has been prepared by the thermal 
disproportionation of CH3PF2,6 by the action of metallic or mag- 
nesium turnings7 on CH3PC12 and by the reaction of CH3PBr2 with mag- 
nesium p ~ w d e r . ~  The following procedure, using lithium hydride as the 
reducing agent, has been found advantageous because it is time saving and 
gives satisfactory yields.1° 

Important 

Since the organodihalophosphanes and the organocyclophosphanes are 
easily oxidized, all reactions must be carried out under an atmosphere of 
dry, oxygen-free argon or nitrogen, and all reaction products must be 
manipulated under strict exclusion of air. 

A. TRI-tert-BUTYL-CYCLOTRIPHOSPHANE 

3t-C4H9PC12 + 3Mg __* (t-C4HgP)3 + 3MgC12 

Procedure 

Careful handling of organodichlorophosphanes and or- 
ganocyclophosphanes inside an efficiently working fume hood is absolutely 
necessary. 
A 1-L, two-necked, round-bottomed flask fitted with a lateral stopcock is 
equipped with a pressure-equalizing dropping funnel and a reflux condenser 
capped with an adapter. The lateral stopcock and the adapter are both 
connected via a selector valve with a source of argon (including a mercury 
bubbler) and a vacuum pump, respectively. The vessel is charged with 
29 g (1.2 mol) of magnesium turnings and some crystals of iodine. The 
apparatus is evacuated and filled with argon three times. A 350-mL sample 
of dry tetrahydrofuran (THF) is then poured into the flask under coun- 
tercurrent argon flow, and a solution of 63.6 g (0.4 mol) of tert-butyldi- 
chlorophosphane (tert-butylphosphonous dichloride)" in 200-mL dry THF 

Caution. 
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is transferred to the dropping funnel following the same precaution as 
before. The flask is heated in a water bath until the solvent refluxes. After 
removing the bath and starting the magnetic stirrer, the t-C4HgPCl, solution 
is added dropwise at such a rate that the reflux is maintained. If no spon- 
taneous reaction starts during the addition of the first 50 mL of the solution, 
it is necessary to initiate the reaction by adding some drops of bromine 
via the lateral stopcock using a syringe and a cannula. The reaction mixture 
becomes yellow with vigorous foaming, and magnesium chloride precipi- 
tates. After the addition is complete, stirring is continued for a further 15 
min without heating. 

The dropping funnel and the condenser are replaced with a stopper and 
an adapter under countercurrent argon flow via the lateral stopcock. At 
about 40", the solvent is removed under vacuum (water aspirator connected 
with the adapter, trap cooled to -78"), to leave a solid, which is covered 
with 500 mL of dry n-pentane and crushed thoroughly with a glass rod, 
while argon is introduced via the lateral stopcock. The stopper is then 
replaced with a filtration apparatus (medium-porosity glass frit and 2-L 
flask, each fitted with a lateral stopcock), which previously has been evac- 
uated and filled with argon three times, the glass frit being closed by a 
socket cap during these operations. The pentane suspension is poured into 
the filter by turning the whole apparatus upside down. Filtration proceeds 
by evacuating the 2-L flask via the lateral stopcock. Subsequently the filter 
cake is washed with 5 x 100-mL portions of dry n-pentane. The pentane 
solution is concentrated under reduced pressure to a volume of about 80 
mL (water jet pump, trap cooled to - 78") and transferred through a bent 
tube to a 100-mL round-bottomed flask fitted with a lateral stopcock and 
filled with argon. After removing the remaining solvent by successive use 
of a water aspirator and an oil pump the residue is fractionated by vacuum 
distillation through a vacuum jacket vigreux column (15 cm) topped with 
a short-path distillation head that is fitted with a vertical condenser. Pure 
colorless (t-C4HgP), distills at 76 to 80"/0.2 torr (bath temperature 140- 
160") and solidifies in the ice-cooled receiver (yield 20.1 g, 57%). 

At the end of the distillation the column may be blocked by subliming 
tetra-tert-butyl-cyclotetraphosphane, ( t-C4H9P)4. In this case the distillation 
must be interrupted at once by removing the oil bath. 

Properties 

The colorless needle-shaped crystals of (r-C4H9P), (mp 41", sealed tube) 
can be stored for months at -18" under an inert gas atmosphere. They 
are readily soluble in benzene, toluene, THF, dioxane, carbon disulfide, 
and n-pentane, whereas contact with halogenated hydrocarbons or water 
brings about decomposition. The compound is rapidly attacked by atmo- 
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spheric oxygen, mainly in solution. Therefore, (t-C4H9P), may ignite, if it 
is finely divided or comes in contact with cell tissue. The 31P ('H} NMR 
spectrum shows an A2B system with tiA = -71.0, 6 B  = -109.6, J A B  = 
-201 Hz (in C&); the appearance of a singlet at 6 = -58.1 indicates 
the presence of some (t-C4H9p)4. 

Reaction of (t-C4H$), with PC15 (molar ratio 1:2) yields the diphos- 
phane Cl(t-C4H9)P-P( t-C4H9)C1,12 which is an excellent synthon for three- 
membered phosphorus heterocycles of the type (t-C,H$),ER, (E = hetero 
atom, n = 0-2)4 as well as for polyphosphorus compounds." 

B. PENTAMETHYLCYCLOPENTAPHOSPHANE 

5CH3PC12 + lOLiH - (CH3P)5 + lOLiCl + 5Hz 

Procedure 

Caution. Pentamethylcyclopentaphosphane is extremely sensitive 
toward oxygen. Use the precautions listed in Section A and in addition, take 
into account that more than 12 L of hydrogen is evolved. 
The compound (CH3P), is prepared in a reaction apparatus and by a tech- 
nique analogous to that described in Section A, but using a 500-mL reaction 
flask, a filtration apparatus with a 1-L flask, and a normal distillation link. 

Over a period of 3 hr a solution of 65 g (0.56 mol) of methyldichloro- 
phosphane (methylphosphonous dichloride)* in 100 mL of dry THF is 
added dropwise to a stirred suspension of 10 g (1.26 mol) of lithium hydride 
in 200 mL of THE The reaction is started without external heating and 
the CH3PClz solution is added at such a rate, that the solvent refluxes 
smoothly. After additional heating at reflux for at least 3 hr, the solvent 
is removed in vacuo and the residue is crushed under 300 mL of dry 
n-pentane. The suspension is then filtered, the filter cake is washed with 
5 x 20-mL portions of pentane, and the combined filtrates are concen- 
trated to a volume of about 50 mL. After transferring the yellow solu- 
tion to a 1WmL flask, the pentane is completely removed and the 
crude product is purified by vacuum distillation. Colorless (CH3P)5 dis- 
tills at 100"/0.5 torr (lit.' bp 110-112"/1 torr); yield 20.3 g (79%). 

Properties 

The compound (CH3P)5 is a colorless oily liquid with a characteristic strong 
odor. It is extremely sensitive to oxygen; contact with traces of air causes 

'Hoechst AG, Postfach 800320, D-6230 Frankfurt am Main 80, Federal Republic of 
Germany, or prepared according to ref. 14. 
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an immediate turbidity. The compound is readily soluble in aliphatic and 
aromatic hydrocarbons as well as in cyclic and open-chain ethers, whereas 
halogenated hydrocarbons initiate decomposition. Infrared and Raman 
spectra of (CH3P), have been reported.*O In the 31P {'H} NMR spectrum a 
complex AA'BB'C pattern centered at 6 = + 19.7 is 0b~erved.l~ 
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2. DIETHYLAMMONIUM Cycle- 
OerATHIOTETRAPHOSPH(II1) 

Submitted by HANS H. FALIUS* and ANDREAS B. SCHLIEPHAKE* 
Checked by A. H. COWLEY and M. PAKULSKIP 

Compounds containing phosphorus-phosphorus bonds are synthesized 
either by coupling of phosphorus atoms or by partial chemical cleavage of 

*Institut fiir Anorganische und Analytische Chemie, Technische Universitat, Hagenring 

?Department of Chemistry, University of Texas, Austin, TX 78712. 
30, 3300 Braunschweig, Federal Republic of Germany. 



6 Main Group Ring Systems and Related Compounds 

the bonds in elemental phosphorus.' Normally the latter method does not 
lead to uniform reaction products, but compounds that have not yet been 
prepared by other methods are isolable from the  mixture^.^^^ White phos- 
phorus readily reacts with polysulfidic sulfur and to a large extent only two 
bonds are broken in the P4 tetrahedra. This leads to the first known square 
homocycle consisting of four tetracoordinated phosphorus atoms. The re- 
action is rapid and the cyclic tetraphosphate can be isolated in 2 hr giving 
50% yield. 
H Caution. Because of the very poisonous nature of the H2S, the re- 

action must be performed in an efficient hood. Notice should be taken of 
the usual precautions for handling white phosphorus: It is very air sensitive 
and must be stored and cut under water. Before it is weighed and used in 
the reaction, it is washed with methanol. Protective gloves, glasses, and 
clothing should be worn. Low valent phosphorus compounds are toxic, and 
contact with eyes or mucous membranes should be strictly avoided. 

Procedure 
Solvents and H2S are dried (N-N-dimethylfonnamide with 4-A molecular 
sieves, diethylamine with sodium wire, and hydrogen sulfide with P4OI0). 
To a three-necked, round-bottomed, 250-mL flask equipped with a mag- 
netic stirrer, thermometer, reflux condenser, and a gas inlet (vented through 
a safety bubbler) is added 60 mL (0.779 mol) of N,N-dimethylformamide 
(DMF), 25.1 mL (0.242 mol) of diethylamine, and 10.35 g (0.323 mol) of 
sulfur. The mixture is heated in a water bath to 45" and flushed with 
hydrogen sulfide with vigorous stirring until the solution is saturated (about 
20-30 min). The hydrogen sulfide source is then removed and replaced 
with nitrogen. After addition of 5.00 g (0.161 mol) of white phosphorus, 
the dark brown solution is stirred slowly. Once the phosphorus has melted 
the reaction begins and the reaction rate depends on the degree of distri- 
bution of the molten phosphorus. If the exothermic reaction proceeds too 
quickly the temperature will rise above 50" resulting in a greater amount 
of by-products. When the evolution of a small amount of gas has ended, 
the solution can be stirred faster. After the product has precipitated and 
the solution has turned dark green, the mixture is stirred vigorously for 20 
min in order to be certain that no elemental phosphorus remains un- 
changed. The total reaction time after addition of phosphorus is about 1 
hr. After cooling to room temperature, the precipitate is removed by fil- 
tering with a Buchner funnel and washed with DMF until it is white. Then 
it is suspended in acetonitrile, filtered by suction again, washed with ace- 
tonitrile and ether, and dried under vacuum (20", 0.01 torr, 20 min) to give 
12.3-14.2 g (45-52% yield) of (EtZNH2)4(P4S8). 
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Anal. Calcd. for C1&&4P4SE: C, 28.4; H, 7.2; N, 8.3; P, 18.3; S ,  37.9. 
Found: C, 28.3; H, 7.3; N, 8.2; P, 18.5; S ,  37.5. 

The material so prepared is generally pure enough for most purposes. 

Properties 

The cycfo-tetraphosphate is a slightly yellow crystalline solid, mp 144", 
which is readily soluble in water and formamide. The compound is stable 
in air and the anion is hydrolyzed very s10wly.~ Its 31P NMR spectrum 
(formamide) shows a singlet at 6 = 121.6 ppm (85% H3P04, external) 
and the IR spectrum has been r e p ~ r t e d . ~  The diethylammonium salt may 
easily be converted to the ammonium salt by pouring its aqueous solu- 
tion into a concentrated solution of ammonium nitrate. The compound 
(NH4)4(P4SE)-2H20 forms less soluble shiny flaky platelets. The [P4sE]4- 
anion contains a square planar P4 ring4 and gives precipitates with Ag, 
CuII, Cd, Hg", Sn", Pb", and Bi"' cations. 
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3. TERVALENT PHOSPHORUS-NITROGEN 
RING COMPOUNDS 

Submitted by 0. J. SCHERER* and R. ANSELMANN* 
Checked by R. T. PAINET and S. KARTHIKEYANT 

The first cyclodiphosphazane (diazadiphosphetidine) was reported by Mi- 
chaelis and Schroter' in 1894. The synthesis of l ,3-di-tert-butyl-2,4-di- 
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8 Main Group Ring Systems and Related Compounds 

chlorocyclodiphosphaane, (ClPNCMe3)2, in 1969' and the X-ray 
sturcture characterization of the cis i s ~ m e r , ~  as well as the discovery of 
monomeric aminoiminophosphanes6 of the type RR'N--P=NR" gave im- 
portant impulses to the chemistry of these four-membered tervalent phos- 
phorus-nitrogen ring  compound^.^ Chlorine atom substitution reactions, 
oxidation of one or both phosphorus atoms,' separation of cis and trans 
isomers, and especially coordination ~hemistry~.'.~ have been studied in- 
tensively. 

A. 1,3-DI-fert-BUTYL-2,4DICHLOROCYCLODIPHOSPHAZANE 
Method 1 

2(Me,Si)(Me3C)NLi f 2PC1, - cis- \P-N FMe3 
I I  + 2LiC1 + 2Me3SiC1 

,N-P 
\ 

Me,C c1 

Procedure a: (Me3Si)(Me3C)NH (Me3Si)(Me2CH)NH 

The reaction vessel is a 2-L, three-necked flask equipped with a mechanical 
stirrer, a water-cooled reflux condenser, and a 1-L pressure-equalizing 
dropping funnel. Under inert atmosphere conditions, distilled chlorotri- 
methylsilane (120 mL, 102.7 g, 0.95 mol) in diethyl ether (500 mL) is added 
dropwise at room temperature from the dropping funnel to an efficiently 
stirred solution of tert-butylamine (100 mL, 69.6 g, 0.95 mol, freshly dis- 
tilled from KOH) and triethylamine (135 mL, 98.2 g, 0.97 mol, freshly 
distilled from K O H )  in diethyl ether (500 mL). The reaction mixture is 
stirred for 2 hr. Solid amine hydrochloride is filtered off (D3 frit) and 
washed twice with 100 mL of diethyl ether. Fractional distillation yields 
100-120 g (70-80%), bp 119-122"/760 torr. 

The reaction between 0.95 mol of chlorotrimethylsilane and isopropyl- 
amine (162 mL, 118.2 g, 2.0 mol) affords 87-112 g (70-80%), bp 100- 
104"/760 torr. 

Properties 

The properties of trimethylsilyl-tert-butylamine' ['H NMR (c6&, TMS 
int.): amHai = 0.25 ppm(s), ticHK = 1.2 ppm(s)], and trimethylsilyl- 
isopropylamine" ['H NMR (C&67 TMS int.): = 0.10 ppm(s), 
sCH = 2.95 ppm(d, sp), = 1.0 ppm(d), ,Jrn = 6.9 Hz] have been 
reported. 
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Procedure b: [ CZPNCMe3]2 

A solution of 146 mmol (Me3Si)(Me3C)NLi [prepared from 21.2 g (146 
mmol) (Me3Si)(Me3C)NH in 100 mL of diethyl ether and 146 mmol of n- 
butyllithium in hexane (commercially available from Metallgesellschaft as 
-1.6 M LiBu in hexane) with magnetic stirring and 1-hr reflux] is added 
dropwise at room temperature with magnetic stirring to 21 .O g (153 mmol) 
of PC13 in 200 mL of diethyl ether. The reaction mixture is then stirred for 
30 min and reduced in volume to approximately 200 mL (half). Lithium 
chloride is filtered off (D4 frit) andwashed with pentane. The solvent from 
the combined filtrates is removed by room temperature evaporation under 
reduced pressure. The residue is heated to 130" (oil bath) while the pressure 
is slowly reduced to 0.01 torr [bp 70-75"/0.01 torr, mp 42-44", yields 
varying from 13.4-15.5 g (65-75%]. 

Method 2 

2PC13 + 6Me3CNH2 - cis-[C1PNCMe3I2 + 4Me3CNH2.HCl 

tert-Butylamine (62.9 g, 0.860 mol) is added dropwise to an efficiently 
stirred solution of PC13 (39.4 g, 0.287 mol) in diethyl ether (600 mL) at 
-78". On completion of the addition, the mixture is allowed to warm to 
room temperature and is stirred overnight. Solid amine hydrochloride is 
removed by filtration and the solid is carefully washed with diethyl ether 
(200 mL), and the washings are added to the filtrate. The solvent is removed 
by room temperature evaporation under reduced pressure. Traces of di- 
ethyl ether and a considerable quantity of C12PNHCMe3 are finally removed 
at 35-75"/0.1 torr. Distillation at 95"/0.1 torr followed either by sublimi- 
nation (50-70"/0.05-0.001 torr) or recrystallization from light petroleum 
(bp 40-60") gives cis-[C1PNCMe3l2 in yields varying from 35 to 63%, mp 
42-43". The product is completely free from 1,3-di-tert-butyl-2-chloro-4- 
tert-butylamino-cyclodiphosphazane . 

Properties 

cis-[C1PNCMe3l2 is an air and moisture sensitive, colorless solid, mp 42- 
44" 'H NMR (C6&, TMS int.): 6 = 1.18 ppm(t), 4JHH = 1.1 Hz. 31P {'H} 
NMR (C&, 85% H3P04 ext.): 6 = 207.8 ppm(s). 

B. 2,4,6,8,9,10-HEXA(ISOPROPYL)-2,4,6,8,9,lO-HEXAAZA- 
1A3,3A3,5A3,7A3-TETRAPHOSPHATRICYCLO- 
[S.1.1.1.3J]DECANE 

Cyclodiphosphazanes (diazadiphosphetidines) are very useful starting ma- 
terials for cages and cagelike (polycyclic) P-N compounds. The eight- 
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membered cage compound P4(NCMe3)4 is formed by the reduction of cis- 
[C1PNCMe3I2 with Mg." The compound P4(NCHMe& is a nonadaman- 
tane-type molecule that contains two superimposed diazadiphosphetidine 
rings coupled through the phosphorus atoms by bridging NCHMe2 groups 
and has been synthesized according to the reaction sequence in eqs. (1) to 

(1) 

(2) 

(Me3Si)(Me2CH)NPNCHMe2PClI?CHMe2 + LiCl (3) 

P4(NCHMe2)6 + 2Me3SiC1 (4) 

I 

(4).'2 
(Me3Si)(Me2CH)NLi + PC13 - C12PN(CHMe2)(SiMe3) + LiCl 

2C12PN(CHMe2)(SiMe3) A [C1PNCHMe2l2 + 2Me3SiC1 

[C1PNCHMe2l2 + (MeSi)(Me2CH)NLi - 
2(Me3Si)(Me2CH)NPNCHMe2PClIkHMe2 

Procedure a: 2,4-Dichloro-l,3-diisopropylcyclodiphosphazane, 
[C1PNCHMe2l2 

To a solution of 70.04 g (0.51 mol)PC13 in 250 mL of diethyl ether a solution 
of 0.50 mol of (Me3Si)(Me2CH)NLi [prepared from 65.65 g (92.5 mL, 0.5 
mol) (Me3Si)(Me2CH)NH in 300 mL of diethyl ether and 0.5 mol of n- 
butyllithium in hexane] is added dropwise (2 hr) at -78" with magnetic 
stirring. After removal of the dry ice-acetone bath the reaction mixture 
is stirred overnight and reduced in volume under vacuum to approximately 
250 mL. Lithium chloride is filtered off (D4 frit) and washed with pentane 
(100 mL). The filtrate is again reduced (vacuum) in volume to approxi- 
mately 200 mL and heated (water-cooled reflux condenser) for 2 hr at 50 
to 60" (oil bath temperature). Chlorotrimethylsilane and the solvent are 
removed in vacuum. The residue is fractionally distilled [bp 45-50"/0.001 
torr, yield 45 g (73%)]. 

Properties 

2,4-Dichloro-l,3-diisopropylcyclodiphosphazane is an air- and moisture- 
sensitive, colorless l i q ~ i d . ~  'H NMR (C&, TMS int.): 6, = 3.39 ppm(t,sp), 

35HH = 6.4 Hz. 3'P {'H} NMR (C&, 85% H3P04 ext.): 6 = 220.6 ppm(s). 
The checkers point out that this compound is not as stable as the tert-butyl 
analog. It decomposed within 24 hr even in rigorously dried glassware at 
room temperature. It is stable, however, at -78" for at least a week. 

3JpH = 0.9 HZ, 3JHH = 6.5 HZ; ~CH, = 1.13 ppm(d,t), 4 J p ~  = 0.9 HZ, 

Procedure b: 2-Chloro-l,3-diisopropyl-4-isopropyltimethylsilyamino- 
1,3,2h3,4h3-cyclodiphosphazane, ( Me3Si)( Me2CH) 
NFNCHMe2PClNCHMe2 
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To a solution of 25.27 g (102.3 mmol) of [C1PNCHMe2l2 in 50 mL of diethyl 
ether a solution of 102.3 mmol of (Me3Si)(Me2CH)NLi [prepared from 
13.42 g (18.9 mL, 102.3 mmol) of (Me3Si)(Me2CH)NH in 50 mL of diethyl 
ether and 102.3 mmol of n-butyllithium in hexane] is added dropwise (30 
min) with magnetic stirring at - 16" (ice-sodium chloride mixture). [Note: 
The stoichiometry must be exact: even a small excess of LiN(i-Pr)TMS 
induces decomposition.] After removal of the cold bath the reaction mix- 
ture is stirred for 45 min at room temperature and reduced in volume to 
approximately 50 mL. Lithium chloride is filtered off (D4 frit) and washed 
twice with 10 mL of pentane. The solvent is removed under reduced pres- 
sure (0.01 torr) to yield 33.1 g (95%) of an orange-brown oil (crude). 

Properties 

Crude (Me,Si)(Me,CH)NbNCHMe,PClNCHMe, is an exceedingly air- and 
moisture-sensitive, orange-brown oil (NMR spectroscopically measured 

185.4(cis), 208.5(trans), 8p(c,) = 130.2(cis), 175.8 ppm(trans); cis isomer: 
trans isomer = 80: 20%. Beause of the large half-width at 293 K 
all signals are broad singlets (C7D8/203 K: all signals are doublets 25pp = 
45.8(cis) and 42.7 Hz(trans). It should be used immediately, since it de- 
composed within 12 hr , even at - 78". 

purity >90%). 31P {'H} NMR (c&, 85% H3PO4 ext., 293 K): 8p") = 

Procedure c: 2,4,6,8,9,10-Hexa(isopropyl)-2,4,6,8,9,10-hexaaza- 
1h3,3h3,5h3, 7h3-tetraphospha-tricyclo[5.1.1 .13,5]decane, P4(NCHMe2), 

A 9.65 g (28 mmol) sample of (Me3Si)(Me2CH)NPNCHMe2PClhCHMe2 
(crude) in a 100-mL Schlenk tube is dissolved in 50 mL of acetonitrile and 
refluxed for 2 hr. After cooling to room temperature slightly yellow-orange 
crystals precipitate and were separated. With the filtrate this procedure is 
repeated three times. After the fourth refluxing period the solution is 
cooled to - 35". The collected crystals yield 2.7 g (41%) of crude product 
with approximately 10% "impurity" of the adamantane-type isomer. Re- 
crystallization from 60 mL of hot acetonitrile and cooling slowly to room 
temperature affords 2.2 g (34%) of P4(NCHMe2)6. [Note: The checkers 
experienced some difficulties with this synthesis and obtained much lower 
yields (-7%).] A key factor appears to be the length of time that passes 
between synthesis and reaction of the trimethylsilyl precursor. 

Properties 

P4(NCHMe2)6 forms air- and moisture sensitive colorless crystals 12. The 
crystal structure confirms the rectangular arrangement of the four phos- 
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phorus atoms 12. 'H NMR (CD2C12, TMS int.): 6 CH3(bridge) = 1.19 
ppm(d), 3Jm = 6.8 Hz; 6 CH3(four-membered ring) = 1.20 ppm(d), 
3Jm = 6.4 Hz, 6 CH = 3.82 - 4.22 ppm(m). "P{'H}NMR (C&, 85% 
H3P04 ext.) 6 = 147.0 ppm(s) 12. Thermolysis (156 - 158"C, several days) 
yields the adamantane-type isomer. 'H NMR (C6&, TMS int.): 6 CH3 = 
1.37 ppm(d), 3Jm = 6.8 Hz. 31P{1H} NMR (c&, 85% H3P04 ext.): 6 = 
84.0 ppm(s) 12. The oxidation for example with sulfur yields P4(NCHMe2)6SX 
(x = 1,2; only the isomer where two diagonal arranged phosphorus atoms 
are oxidized) 13. The ligating properties (P-coordination) have been realized 
with the synthesis of the complexes [P4(NCHMe2)6-Cr(CO)51 and 
[P4(NCHMe2)6]2 Au+Cl- 14. 
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4. 2,4,6-TRICHLORO-1,3,5- 
TRIETHYLCYCLOPHOSPH(II1)AZANES (1,3,5,2,4,6- 

TRIAZATRIPHOSPHORINANES) 

61 

Submitted by JAMES GEMMILL* and RODNEY KEAT* 
Checked by RAHIM HANIT and ROBERT H. NEILSONT 

Introduction 
The cyclotriphosph(II1)azanes (triazatriphosphorinanes) (XPNR)3 (R = 
alk, X = C1) have, as yet, received little attention,’ mainly because a 
convenient route to synthesis is lacking. The synthesis2 of (C1PNMe)3 from 
PC13 and (Me3S&NMe requires a source of the latter compound, and this 
method does not give good yields of the P3N3-ring compound. Recent work3 
shows that the analogous ethyl compound, (C1PNEt)3 (but not the methyl 
compound) can be prepared in good yield using readily available materials, 
and the method is practical on a large scale. The chemistry of this compound 
is beginning to be explored, and it offers interesting possibilities for the 
study of the properties of PS1I1)N3 ring compounds, including those of a 
potentially tridentate phosphorus compound. The product is a mixture of 
cis and trans isomers, with the latter predominating at ambient tempera- 
tures. Care must be taken to avoid contact of the hot reaction mixture and 
the hot product with air. All ground glass joints should be thoroughly 
coated with a silicon or, preferably, Kel-F grease. 

H Caution. If  the initial reflu described here stops, and the reaction 
mkture cools, the NEtH,Cl will form a solid surface crust. This crust must 
be broken before any attempt is made to restart the reaction, otherwise there 
will be a violent “bump” and subsequent foaming as the solvent breaks the 
crust. Glass joints can easily be blown apart by this action, and a serious 
fire-toxicity hazard may ensue. The synthesis should be carried out in a 
fume hood because of the HCl evolution. 1,1,2,2-Tetrachloroethane is a 
toxic solvent. 

*Department of Chemistry, University of Glasgow, Glasgow G12 8QQ, Scotland, United 

?Department of Chemistry, Texas Christian University, Fort Worth, TX 76129. 
Kingdom. 
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Procedure 

Phosphorus trichloride (220 g, 1.6 mol), ethanamine hydrochloride (98 g, 
1.2 mol), and 1,1,2,2-tetrachloroethane (1 L, freshly distilled from P4OlO) 
are mixed in a 3-L round-bottomed flask fitted with a 50-cm dimpled air 
condenser topped with a 30-cm water condenser. The top of the water 
condenser is fitted with an inlet-outlet adaptor (Dreschel type). The inlet 
is connected to a supply of dry nitrogen and the outlet is connected to a 
paraffin-oil bubbler. Antibumping stones are added to the flask. The ap- 
paratus is flushed with nitrogen for 10 min. Then the gas flow is stopped, 
and the mixture is boiled under reflux, using a 3-L heating mantle for 3 to 
4 days. The 1,1,2,2-tetrachloroethane is allowed to recondense no higher 
than halfway up the air condenser. Hydrogen chloride gas is evolved, and 
a little phosphorus(II1) trichloride is often lost despite the condenser ar- 
rangement. This loss can be minimized by careful control of the heating 
over the first few hours. When the evolution of gas has stopped, the mix- 
ture, now a red-brown solution, is allowed to cool under a steady stream 
of nitrogen gas. The air and water condensers are replaced with an air 
condenser (50 cm) fitted with distillation attachments and connected to a 
2-L round-bottomed receiving flask. The apparatus is flushed with nitrogen 
for 10 min, and the 1,1,2,2-tetrachloroethane is distilled off, under nitrogen, 
until the solution has a volume of approximately 250 mL. The apparatus 
is once again cooled under a flow of nitrogen and the thick red-brown 
solution is transferred to a 500-mL round-bottomed flask that is connected 
to a vacuum line by thick walled rubber tubing via a trap, cooled by solid 
C02, to collect the remaining solvent. The remaining 1,1,2,2-tetrachlo- 
roethane is then removed by heating to 80" under reduced pressure while 
the solution is stirred by a magnetic stirring bar. When the last traces of 
solvent have been removed, the apparatus is allowed to cool to room 
temperature. The thick red oil is now transferred to the smallest possible 
round-bottom flask, normally 250 mL, and is distilled at 0.05 torr at 135 
to 140" (checkers: 117-122" at 0.1 torr) using a short air condenser. The 
product is a clear mobile oil that slowly crystallizes in the receiving vessel 
(mp 25-30", yield 90 g, 70%). 

Anal. Calcd. for C6Hl5Cl3N3P3: C,21.9; H,4.6; N,12.8. Found: C,21.8; 
H,5.1; N,12.9. 

At temperatures above 145" a variable amount of a second product is 
obtained from the distillation. This is Et5N5P4C12.3 It appears as a viscous 
heavy yellow oil that quickly solidifies. 

Properties 

The product is a colorless, crystalline, low melting solid. It is air and water 
sensitive, particularly at elevated temperatures, but it can be handled in 
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air at room temperature for brief periods. It may ignite spontaneously in 
the presence of water. Long term storage should be under nitrogen in a 
stoppered flask. 

Phosphorus-31 NMR spectroscopy is the best method of checking iden- 
tity and purity. The product, in CDC13, shows a singlet at 104.1 ppm for 
the cis isomer and a 2:l doub1et:triplet at 134.5 and 129.0 ppm, respec- 
tively, for the trans isomer, .Ipw unresolved at room temperat~re.~ 

The most common impurities are Et5N5P4Cl2 and the oxides of (Et- 
NPCI),. These are easily identified3 by 31P NMR spectroscopy and the 
oxides give signals well upfield of those noted here. The oxides may be 
removed by recrystallization from light petroleum (bp 40-60”). 
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5. AMINOCYCLOTETRAPHOSPHAZENES 
AND TRANSANNULAR BRIDGED 

BICYCLIC PHOSPHAZENES 

Submitted by A. C. SAU*, K. S. DHATHATHREYAN*, 
P. Y. NARAYANASWAMY,* and S. S. KRISHNAMURTHY* 

Checked by J. C. VAN DE GRAMPELT, A. A. VAN DER HUIZENt, and 
A. P. JEKELT 

Aminolysis reactions of 1,3,5,7,2h5,4h5,6h5,8hs-tetraazatetraphosphocine 
(octachlorocyclotetraphosphazene)S(N,P,C18) with primary amines, as 
well as the reactions of bis(primary amino) hexachloro derivatives, 
N4P4C&(NHR)2, with secondary amines proceed in three distinct pathways: 
(a) a stepwise replacement of chlorine atoms to yield partially and fully 
substituted cyclotetraphosphazenes(tetraazatetraphosphocines), (b) inter- 

Editor’s Nofe: Nearly all investigators working in this area use the “phosphazene” based 
nomenclature (e.g., cyclotetraphosphazene) rather than the Chemical Abstracts notation. 
For completeness, both names are given. Note, however, that numbering of the ring atoms 
begins at nitrogen in the Chemical Abstracts terminology but at phosphorus in the phospha- 
zene notation. 

*Department of Inorganic and Physical Chemistry, Indian Institute of Science, Bangalore- 
560 012, India. 

tDepartment of Inorganic Chemistry, University of Groningen, Nijenborgh lG, 9747 
AG, Groningen, The Netherlands. 
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molecular condensation reactions that lead to the formation of resins, and 
(c) an intramolecular substitution reaction to afford novel transannular 
bridged bicyclic phosphazenes. The relative yields of 
(amino)cyclotetraphosphazenes and bicyclic phosphazenes depend on the 
solvent, the primary amino substituent present on the phosphazene sub- 
strate, and the attacking nucleophile. A proton abstraction mechanism that 
involves the intermediacy of a three-coordinated Pv species has been in- 
voked to explain the formation of the transannular P-N-P bridge. 
(Amino)cyclotetraphosphazenes and bicyclic phosphazenes can be readily 
distinguished by their thin layer chromatography (TLC) Rf values, IR data, 
and 31P NMR spectroscopy. The 31P {'H} NMR spectra of these derivatives 
constitute excellent examples of different types of a four spin system.'-' 
The molecular skeleton of the bicyclic phosphazenes look somewhat like 
adamantane.* (Amino)cyclophosphazenes are of considerable interest in 
view of their ability to function as versatile ligands in transition metal 
complexe~.~ 

The syntheses of a few (amino)cyclotetraphosphazenes and transannular 
bridged bicyclic phosphazenes derived from them are described next. 

Caution. Owing to the high volatility of the alkyl amines, all the 
reactions must be carried out in an efficient fume hood. 

A. 2,4,4,6,8,8-HEXACHLORO-Truns-2,6-BIS(ETHYLAMINO)- 
1,3,5,7,2As,4A5,6As5,8As-TETRAAZATETRAPHOSPHOCINE 
[ 1,3,3,5,7,7-HEXACHLORO-Truns-1,5- 
BIS(ETHYLAMINO)CYCLOTETRAPHOSPHAZENE] (II) 

+ 4EtNH, 
Et,O 

__c 

+ PEtNH, * HCI 

I 
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Procedure 

A three-necked, 500-mL, round-bottomed flask equipped with a glass- 
jacketed addition funnel and a potassium hydroxide drying tube is placed 
in a cooling bath containing ice-water slurry. A magnetic stirring bar is 
introduced, and the flask is charged with 9.28 g (0.02 mol) of octachlo- 
rocyclotetraphosphazene (octachloro-1 ,3,5,7,2h5,4h5,6h5,8X5-tetraazatetra- 
phosphocine)(N4P4ClE) (I),* followed by the addition of 200 mL of an- 
hydrous diethyl ether (distilled and preserved over sodium wire). This neck 
is closed with a ground glass stopper and the contents of the flask are stirred 
until the crystals dissolve. Anhydrous sodium sulfate (50 g) is added to the 
solution. Ethylamine solution (50% w/v) in water (8.0 mL, equivalent to 
0.08 mol of ethylamine)? is placed in the dropping funnel, cooled by placing 
crushed ice in the jacket of the addition funnel, and is added to the ethereal 
solution of N4P4ClE with vigorous stirring$ over a period of 45 min. The 
reaction mixture is stirred at 0" for 1.5 hr and then allowed to attain room 
temperature (25"). Ethylamine hydrochloride and sodium sulfate are re- 
moved by filtration and washed twice with 25 mL of diethyl ether. The 
filtrate and the washings are combined. Removal of the solvent from the 
combined solution, using a rotary flash evaporator, yields an oil that is 
extracted with 100 mL of boiling petroleum (bp 60-80"). The solution is 
filtered while hot, concentrated to 50 mL, and cooled to 25". Two crops 
of crystals (mp 109-112") deposited at intervals of 1 hr are removed by 
filtration. The mother liquor is concentrated and cooled to obtain two more 
crops of the same crystalline material. Recrystallization of the crude prod- 
uct from petroleum gives pure trans-2,6 bis(ethy1amino) derivative (11) (5.3 
g, 55%). 

Anal. Calcd. for C4HI2C1&P4: C 10.0; H 2.5; N 17.5; C1 44.3. Found: C 
10.1; H 2.6; N 17.3; C144.0. 

Properties 

The colorless crystals of compound I1 melt at 116". The compound can be 
stored in a desiccator for a few days, without any appreciable decompo- 

*A sample of N,P,CI, can be obtained from Ethyl Corporation, Baton Rouge, LA 70989, 
or can be prepared.'O It is recrystallized from petroleum (bp 60-80") prior to use. 

?Anhydrous ethylamine, dissolved in Et20 can also be employed; in that case, the use of 
Na2S0, is unnecessary. Aqueous solution of ethylamine is more readily available commer- 
cially. 

$The checkers prefer the use of a mechanical stirrer. 
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sition and can be preserved in sealed ampules for longer periods. The IR 
spectrum of the compound shows a strong broad band centered at 1304 
cm-' attributable to a ring P=N stretching vibration. The 'H NMR spec- 
trum shows the CH, and CH3 resonances at 8 = 3.12 and 1.26. The 31P 
{'H} NMR spectrum is of the AzB2 type; 6p,-,z = -3.4, 8PCINHE1 = -4.9, 
2JAB = 46.0 Hz." 

B. 3,3,5,7,7-PENTAKIS(DIMETHYLAMINO)-9-ETHYL-l- 
ETHYLAMINO-2,4,6,8,9-PENT~ZA-lAs,3As,5As,7As- 
TETRAPHOSPHABICYCLO[3.3.1]-NONA-1,3,5,7- 
TETRAENE (ID) 

excess NHMe, 
2.6-N4P4CI,(NHEt), 0- 

CHCI,, 0 
U 

Me,N ,NMe, 
\ ,.' 

Ni4 &\ Et N 

N a ) /  IV 

/ 1 9 ~  \ 
Me,N - p\\ N - P - NHEt + N4P4(NMe,),(NHEt), + HNMe, * HCI 

u1 

Procedure 

Compound 11, obtained by Procedure A, (4.8 g, 0.01 mol) is dissolved in 
250 mL of chloroform (freshly distilled over P4Ol0 and free from ethanol) 
in a 500-mL, two-necked, round-bottomed flask fitted with a condenser 
maintained at -75" (acetone-solid CO,), an addition funnel, and a mag- 
netic stirring bar. Ingress of moisture is prevented by placing a potassium 
hydroxide guard tube at the top of the condenser. The phosphazene so- 
lution is cooled in an ice-water slurry. Anhydrous dimethylamine (22.5 g, 
0.50 mol)* is added rapidly to the phosphazene solution under vigorous 
stirring. The reaction mixture is stirred for 1 hr at 0" and for 3 hr at -25". 
Solvent is removed using a rotary evaporator and the residual viscous oil 
is treated with 50 mL of hot petroleum (bp 60-80"). The insoluble dimeth- 
ylamine hydrochloride is removed by filtration. The filtrate is concentrated 

*The ampule containing Me2NH has to be cooled to - 25" before opening; the dropping 
funnel has to be cooled at the same temperature. 
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to 25 mL and cooled to 0" in a refrigerator overnight. * A crystalline material 
is deposited slowly that is removed by filtration. The mother liquor is cooled 
further to obtain two more crystalline crops at intervals of 24 hr.t The 
crude crops (2.7 g, mp 118-120") are combined and recrystallized from 
petroleum at 0" (yield 2.5 g, 51.3%). 

Anal. Calcd. for C14H41NllP4: C 34.5; H 8.5; N 31.6; P 25.4. Found: C 
34.5; H 8.4; N 31.5; P 25.5. 

Properties 

The bicyclic phosphazene I11 forms colorless crystals that are stable in air 
and melt sharply at 124". The compound is readily soluble in petroleum, 
benzene, chloroform, and dichloromethane but insoluble in water. The IR 
spectrum of the compound shows a broad absorption band at 1195 cm-I 
attributable to ring P=N stretching vibration.'.2 The 'H NMR spectrum is 
discussed in the literature.'.' The 31P {'H} NMR spectrum is that of an 
A2BC spin system (6 18-24).' The structure of the compound has been 
established by X-ray crystallography.8 The crystals are monoclinic with 
space group C2/c ,  a = 10.81, b = 17.52, c = 28.48 A, p = 94.8" with 
eight molecules in the unit cell. 

C. TIVZ~ZS-~,~,~,~,~,~-HEXAKIS(DIMETHYLAMINO)-~,~- 
BIS(ETHYLAMINO)-1,3,5,7,2As,4As,6X5,8As- 
TETRAAZATETRAPHOSPHOCINE (IV) 

N4P4(NHEt),CI, + 12HNMe, E'Z9 
11 

N4P4 (NHEt), (NMe& + 6 HNMe,.HCl 
IV 

Procedure 

Compound 11 (1.92 g, 0.004 mol) (obtained by Procedure A) is dissolved 
in 250 mL of anhydrous diethyl ether and is treated with anhydrous di- 
methylamine (13.2 g, 0.3 mol) at 0" as described in Procedure B. The 
reaction mixture is stirred at 0" for 1 hr and allowed to attain -25" in the 
course of 2 hr. Dimethylamine hydrochloride is removed by filtration. 

'By rigorously excluding moisture during the work-up of the reaction mixture and by 
cooling the concentrated petroleum extract to 25" for 2 to 3 hr, it is possible to isolate a small 
quantity (<5%)  of the hydrochloride adduct, N4P4(NHEt),(NMez),.2HC1.1 

?The remaining mother liquor contains mainly N4P4(NHEt)2(NMe2)6 (IV) and traces of 
compound 111 as shown by TLC.23 
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Evaporation of the solvent from the filtrate yields a brownish oil that is 
extracted with petroleum (100 mL). The petroleum extract is washed with 
water to remove traces of dimethylamine hydrochloride. The organic layer 
is dried over anhydrous sodium sulfate, filtered and decolorized with ac- 
tivated charcoal (2 g). The clear filtrate is evaporated to dryness in a rotary 
evaporator to obtain 1.77 g (80%) of compound IV. 

Anal. Calcd. for Cl6HMNI2P4: C 36.1; H 9.1; N 31.6. Found: C 36.0; H 
9.0; N 31.3. 

Properties 

Compound IV, isolated from the reaction mixture as a viscous liquid, 
solidifies on storage in a refrigerator for several months. Crystallization 
can be induced to a certain extent by occasionally scratching and thawing 
the cooled viscous liquid. The crystals of compound IV thus obtained melt 
between 136 to 138". The compound is soluble in common organic solvents. 
The 1R spectrum of the compound shows a strong and broad absorption 
band centered at 1270 cm-' attributable to ring P=N stretching vibration. 
The 'H and proton decoupled 31P NMR spectra (A2B2 spin system; = 
9.2, bB = 6.8, 'JAB = 41.2 Hz) are discussed in the literature.*." 

D. 9-ETHYL-1,3,3,5,7,7-HEXAKIS(ETHYLAMINO)-2,4,6,8,9- 
PENTAAZA-1As~3AS,5As,7As-TETRAPHOSPHABICYCLO- 
[3.3.1] NONA-193,5,7-TETRAENE (V) 

/+ 
EtHN NHEt 

V 

CAUTION. Benzene is carcinogenic. An efficient hood should be 
used. 

Procedure 

Compound I (9.28 g, 0.02 mol) is dissolved in 250 mL of chloroform 
(distilled over P4Ol0) in an apparatus similar to that used in Procedure B 
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and the solution is cooled to 0". Anhydrous ethylamine (26.2 g, 0.58 mol), 
previously cooled to - - lo", is placed in the dropping funnel and is added 
to the reaction flask under vigorous stirring. An immediate reaction occurs 
as indicated by the formation of a curdy white precipitate of ethylamine 
hydrochloride. The stirring is continued at 0" for 4 hr and then the reaction 
mixture is allowed to attain -25" during which time the excess of unreacted 
ethylamine escapes from the reaction flask. Ethylamine hydrochloride is 
removed by filtration and washed with 50 mL of chloroform. Evaporation 
of the solvent from the combined filtrate yields a residue consisting of a 
crystalline solid material dispersed in a viscous oil. The residue is extracted 
with hot benzene (200 mL), and the insoluble ethylamine hydrochloride 
is removed by filtration. Triethylamine (4.1 g, 0.04 mol) is added to the 
filtrate and the solution is heated under reflux for 2 hr. The solution is 
cooled and the precipitated triethylamine hydrochloride is removed by 
filtering. The filtrate is concentrated to 60 mL and cooled to -25". Crystals 
of crude product V are deposited slowly and are removed by filtration. 
The mother liquor is concentrated and cooled to obtain a further quantity 
of the crude product (total yield 4.7 g, 47%). The product is recrystallized 
from petroleum. 

Anal. Calcd. for C14H41NllP4: C 34.5; H 8.5; N 31.6; P 25.4. Found: C 
35.1; H 8.6; N 31.5; P 25.1. 

Properties 

The bicyclic phosphazene V forms colorless crystals, mp 184 to 185". The 
compound is readily soluble in water, chloroform, and dichloromethane 
and is fairly soluble in hot benzene and moderately soluble in hot petro- 
leum. The IR spectrum of the compound shows a split band at 1183 and 
1218 cm-', attributable to a ring-P=N stretching vibration. The 'H NMR 
spectrum is discussed in the literature.' The 31P {'H} NMR spectrum is that 
of an A2B2 spin system' (8, = 18.6, 8B = 15.3, ' JAB = 40.9 Hz). 

E. 2,6-BIS(tert-BUTYLAMINO)-2,4,4,6,8,8-HEXACHLORO- 
and 2,4-BIS(tert-BUTYLAMINO)-2,4,6,6,8,8- 

TETRAAZATETRAPHOSPHOCINES (VI and VII) 
HEXACHLORO-1,3,5,7,2As,4A5,6As,8As- 

N4P4C18 + 4r-BuNH2- 
1 

2,6- and 2,4-N4P4C16(NH-r-B~)2 + 2r-BuNH2.HCl 
VI, VII 
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Procedure 

Compound I (9.28 g, 0.02 mol) is dissolved in 200 mL of acetonitrile (freshly 
distilled over P40t0) in a 500-mL, two-necked, round-bottomed flask, 
equipped with an ice-water cooled condenser, potassium hydroxide drying 
tube, and a magnetic stirring bar. The sohtion is heated to boiling and 
tert-butylamine* (5.84 g, 0.08 mol) in 20 mL of acetonitrile is added drop- 
wise over a period of 1.5 hr. The reaction mixture is heated under reflux 
for 4 hr, cooled, and filtered to remove tert-butylamine hydrochloride. 
Evaporation of the solvent from the filtrate yields an oil that is extracted 
with 150 mL of petroleum (bp 60-80"). The petroleum solution is filtered 
to remove any insoluble material. The filtrate is concentrated (50 mL) and 
cooled to -25". The first two crops of crystals (mp 165-170") isolated at 
intervals of 12 and 18 hr are combined and recrystallized from petroleum 
(50 mL) to obtain 2,6-bis(tert-butylamino)-hexachlorocyclotetraphospha- 
zene (VI) (yield 3.5 g, 32.5%).7 The solution, after removal of compound 
VI, is concentrated to 30 mL and cooled at 25". Two crystalline crops of 
crude 2,4-isomer (VII) (mp 120-125") are isolated at intervals of 12 hr 
(yield 1.5 g, 14%); recrystallization from petroleum affords a pure sample 
of compound VII,$ mp 127". 

Anal. Calcd. for C,H,&,Cl$,: C 17.9; H 3.8; N 15.7; C139.6. Found for 
compound VI: C 18.0; H 3.6; N 15.8; compound VII: C 17.8; H 3.6; N 
15.9; C1 39.8. 

Properties 

The two isomeric 2,6- and 2,4-bis(tert-butylamino) cyclotetraphosphazenes 
(VI, VII) melt at 171 and 127", respectively. They are soluble in hot pe- 
troleum, benzene, and chloroform. Their IR spectra are similar.'* The ring 
P=N vibration for the 2,6-isomer (VI) appears as a split band at 1300 
cm-'; for the 2,4-isomer (VII) this band is observed at 1310 cm-'. The 3'P 
{'H} NMR spectrum of the 2,6-isomer (VI) is of an A2B2 type, tiA = - 5.8,  
tjB = - 10.6, 2JAB = 38.1 Hz.13 The 2,4-isomer (VII) generates an [AB],- 
type 31P NMR spectrum; tjA = - 8.7, tiB = - 7.3.14 It is likely that in both 
the isomers, the amino groups have a trans ~rientation. '~. '~ 

'Dried over KOH pellets and distilled over sodium chips. 
?The checkers report a yield of 21%. 
$The checkers note that separation of the 2,4-isomer (VII) from the reaction mixture is 

very difficult. They suggest separation of both isomers by high pressure liquid chromatography 
(HPLC) on a silica column using hexane-diethyl ether (20:l) as eluent. A better yield of 
2,4-isomer (VII) can be obtained by carrying out the reaction in chl~roform.'~ 
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F. 2,2,4,4,6,6,8,8-0CTAKIS(tert-BUTYLAMINO) 
1,3,5,7,2A5,4As,6As,8As-TETRAAZATETRAPHOSPHOCINE 
(vm 
N4P4Cle + 16t-BuNH2 N4P4 (NH-t-Bu), + 8t-BuNHZ.HC1 

1 VIII 

Procedure 

Compound I (4.64 g, 0.01 mol) is dissolved in 200 mL of acetonitrile in 
an apparatus similar to that used in Procedure E. The phosphazene solution 
is brought to boiling and tert-butylamine (17.0 g, 0.205 mol) in 50 mL 
acetonitrile is added dropwise over a period of 30 min. The reaction mixture 
is heated under reflux for 7.5 hr, cooled to -25" and filtered. The filtrate 
is discarded and the precipitate is extracted with 100-mL petroleum using 
a Soxhlet apparatus (6 hr). The insoluble material is tert-butylamine hy- 
drochloride. The petroleum extract is evaporated to yield a crystalline mass 
[mp 170-190" (d)]. The solid is dissolved in benzene-acetonitrile (1 : 1) (50 
mL) and filtered. The filtrate is concentrated to 30 mL and cooled to 0" 
in a refrigerator for 24 hr. The crystals formed are removed by filtration. 
Further concentration and cooling of the mother liquor affords additional 
quantities of the desired product (VIII). The total yield of VIII is 3.9 g 
(52%). 

Anal. Calcd. for C3,Hd,,P4: C 50.8; H 10.7; N 22.2; Found: C 50.5; H 
10.7; N 22.6. 

Proper ties 

Compound VIII is a colorless solid [mp 180-200" (d)].* The compound is 
soluble in petroleum and benzene but is sparingly soluble in acetonitrile. 
The IR spectrum of the compound shows a strong band at 1235 cm-' 
attributable to ring-P=N stretching vibration.12 The 31P {'H} NMR spec- 
trum shows a single line at 6 = -3.1.13 
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6. CHLOROFUNCTIONAL 1,3,5,2As,4A55- 
TRIAZADIPHOSPHININES 

Submitted by ALFRED SCHMIDPETER* 
Checked by PHILIP P. POWER? and RASIKA DASt 

Chlorofunctional triazadiphosphinines' range between 1,3,5-triazine and 
chloro-cyclotriphosphazenes (trimeric phosphonitrilic chlorides). They give 
substitution and thermal polymerization' like the latter. The 
tetrachloro derivatives may be ~repared ' .~  in a [5 + 11 cyclocondensation 
from N,N-bis(trichlorophosphorany1idene)amidinium hexachloroantimon- 
ates and ammonium chloride or in a [3 + 31 cyclocondensation from ami- 

'Institut fur Anorganische Chemie, Universitat Munchen, D-8000 Munchen 2, Federal 

tDepartment of Chemistry, University of California, Davis, CA 95616. 
Republic of Germany. 
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dinium chlorides and p-nitrido-bis(trichlorophosphorus)( 1 + ) hexachlo- 
roantimonate: 

Partially organo substituted representatives can be prepared as well in 
analogy to the second route. 

A. p-Nitrido-bis(trichlorophosphorus)(l + ) Hexachloroantimonate6 

SbC15 + HC1- HSbClb 

NH, C1 + HSbC16 [NH4]SbC& + HCl 

[NH,]SbCl, + 2PC15 - [N(PC13)2]SbC&, + 4HC1 

Procedure 

In a 750-mL wide-necked Erlenmeyer flask 210 mL of concentrated hy- 
drochloric acid are cooled in ice water. With magnetic stirring 300 g (1 
mol) of antimony pentachloride (Aldrich, Fluka, Merck) are added from 
a dropping funnel within 1 hr (m Caution. Antimony pentachloride fumes 
in air. Avoid contact with skin and eyes and avoid breathing the corrosive 
vapors.) Crystals of HSbC&.4.5H20 separate from the solution. They are 
recrystalized from the mother liquor by gently warming (to 30-50") and 
cooling to room temperature overnight. The crystals are separated on a 
coarse glass frit by suction. Yield: 322 g (77%) HSbC16.4.5H20.'** 

To a concentrated solution of 10.7 g (0.2 mol) of NH,Cl in dilute hy- 
drochloric acid a solution of 83.3 g (0.2 mol) of HSbC&.4.5H20 in 20 mL 
of dilute hydrochloric acid is added with stirring. After 2 hr at 0" the 

'Hexachloroantimonic acid may alternatively be prepared by adding chlorine to Sb,O, 
suspended in concentrated hydrochloric acid.8 For the precipitation of the ammonium hex- 
achloroantimonate solution prepared in either way may be used directly without isolating the 
hexachloroantimonic acid hydrate. 
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colorless crystalline precipitate of [NH4]SbC16 is separated on a glass frit, 
washed with cold hydrochloric acid, and dried at 80" in an oil pump vacuum. 
Yield: 38.5 g (55%). 

In a dry 100-mL round-bottomed flask with inert gas inlet and reflux 
condenser topped by a calcium chloride tube 21.4 g (61 mmol) of [W]SbC& 
and 25.4 g (122 mmol) of PCls are heated to reflux in 25 mL of nitrometh- 
ane. While HCl evolves, all the solid material dissolves. The flask is flushed 
with dry nitrogen from time to time to expel the hydrogen chloride. After 
2 to 3 hr the evolution of HC1 should almost cease. On cooling the product 
separates as large crystals and is collected on a two-ended glass frit avoiding 
contact with moist air. After evaporating the mother liquor to half its 
volume a second crop is obtained. Yield: 31.6 g (84%). The crystals do 
not melt below 400". 

Anal. Calcd. for [C1J4Pz]SbCI, (623.1): C1,68.27; P 9.94. Found: C1,67.90; 
P 9.93. 

B. 1,1,2-Trichloro-l-methyl-2,2-diphenyl-~-nitridodiphosphors(l+ ) 
Chloride 

PhPSCl + 2NH3 PhPSNHz + NH4C1 

MePC12 + Cl, - MePCl, 

PhzPSNHz + 2MePC1,- 
[C1Ph2P=N-PMeCl2]C1 + MePSCl, + 2HC1 

Procedure 

A 500-mL, three-necked, round-bottomed flask is equipped with stirrer, 
gas inlet, and paraffin oil-filled bubbler as outlet. Gaseous ammonia is 
passed into the stirred solution of 65.7 g (0.26 mol) of diphenylphosphino- 
thioic chloride (prepared from commercially available Ph2PCl and sulfurg) 
in 150 mL of diethyl ether for 2.5 hr. The precipitate forming consists of 
Ph2PSNHz and NH4Cl. It is separated on a funnel by suction and leached 
two times with 100 mL boiling benzene. On cooling PhzPSNH2 separates 
from the filtrate in colorless crystals, mp 102-103". Yield: 44.5 g (73%).* 

In a 250-mL round-bottomed flask with inert gas inlet and equipped 
with reflux condenser and a calcium chloride tube 5.6 g (24 mmol) of 

*Alternatively Ph2PSNH2 may be prepared from Ph,PSCI and 20% aqueous ammonia.'O 
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PhzPSNHz and 9.8 g (52 mmol) of MePC14 (freshly prepared from MePClz 
(Merck, Strem) and Clz in CC14)11 in 100 mL of chloroform are slowly 
warmed to 60". They react with rapid evolution of HCl. After removal of 
the chloroform in vacuum an oil is left. This is stirred with 50 mL of toluene, 
warmed to 60", and thus caused to crystallize. The product is separated on 
a two-ended glass frit excluding moist air. Yield: 4.2 g (45%), moisture 
sensitive needles, mp 173-178" (with decomposition). 

Anal. Calcd. for C13H13C14NP2 (387.0): C, 40.34; H, 3.38; N, 3.61. Found: 
C, 39.81; H, 3.47; N, 3.62. 

Hz. 
'H NMR(CH2C12): 6 c H 3  = 3.56 (dd, J p c H  = 16.0, JpNpCH = 2.0 Hz). 

31P NMR(CHzCl2): AB, 8 A  = 42.6 (PPh), 6 B  = 50.0 (PMe), J A B  = 28 

C. 2,2,4,4-Tetrachloro~phenyl-1,3,5,2As,4As-tri~adiphosp~~e1 

2[PhC(NHZ)z]Cl + [N(PC13)z]SbC16 
PhC(NPC12)zN + [PhC(NH,),]SbCl, + 4HC1 

Procedure 

In a sublimation apparatus with a water-cooled probe 6.3 g (40 mmol) of 
carefully dried benzamidinium chloridel2,* and 12.5 g (20 mmol) of 
[N(PC1,)2]SbC1, (see Procedure A) are thoroughly mixed and heated under 
a vacuum of 0.5 torr at 140 to 150" for 1 hr. The reaction mixture sinters 
and the product deposits at the probe as colorless crystals in 3.3 g (50%) 
yield, mp 90-93". 

Anal. Calcd. for G,H5Cl4N3P2 (334.9): C, 25.11; H, 1.51; C1, 42.35; N, 
12.55; P, 18.50. Found: C, 25.06; H, 1.80; C1, 42.53; N, 12.21; P, 19.09. 

"P NMR(CH2ClZ): 6 = 41.6. 

D. 2,2,4,4-Tetrachloro-6-(dimethylamino)-1,3,5,2As,4As- 

2[Me2NC(NHz)z]Cl + [N(PCl,),]SbC&, - triazadiphosphinime' 

Me2NC(NPC12)2N + [MezNC(NHz)z]SbC16 + 4HC1 

'Commercially available [PhC(NH2)2]Cl.2H20 (Aldrich, Fluka, Merck) loses the water 
at loO0.13 It is used here after being kept at 120" and 0.5 ton for 1 hr. 
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Procedure 

The 1 ,l-dimethylguanidinium chloride is prepared from the commercially 
available sulfate (Aldrich, Fluka): Sodium [9.2 g (0.4 mol)] is dissolved 
in 200 mL of methanol in a 500-mL round-bottomed flask with a reflux 
condenser. To the magnetically stirred solution 54.0 g (0.2 mol) of 
[Me2NC(NHz)z]zS04 are added. After 3 hr stirring the separating sodium 
sulfate is filtered off. Dry hydrogen chloride is passed into the filtrate until 
it is acidic and the methanol distilled off until [Me2NC(NHz)z]Cl starts 
to separate as colorless crystals. They are dried in vacuum at 60". Yield: 
29.8 g (60%). Addition of diethyl ether to the mother liquor gives a second 
crop. 

In a 50-mL distilling flask* 3.9 g (32 mmol) of N,N-dimethylguanidinium 
chloride [Me2NC(NH2)z]C1 and 10.0 g (16 mmol) of [N(PC13)z]SbC1, (see 
Procedure A) are heated at 120 to 140" under a vacuum of 0.2 torr. A 
melt is formed and within some minutes the product distills off and crys- 
tallizes in the receiving flask in colorless needles. Yield: 2.6 g (53%), mp 
48-50". 

Anal. Calcd. for C3H&14N4Pz (301.9): C, 11.94; H, 2.00; N, 18.56. Found: 
C, 12.17; H, 1.99; N, 17.96. 

JPNCNCH = 0.6 &). 
31P NMR(CHzCl2): 6 = 36.0. 'H NMR(CHzC12): 6CH3 = 3.08 (t, 

E. 2,4-Dichloro-2,4,6-~phenyl-1,3,5,2A5,4A5-~ezadiphosphinine' 

[PhC(NH&]Cl + [N(PhPClz)2]Cl- PhC(NPhPC1)2N + 4HC1 

Procedure 

In a dry 100-mL round-bottomed flask closed by a calcium chloride tube 
4.0 g (25.5 mmol) of benzamidinium chloride (see Procedure C) and 10.4 g 
(25.5 mmol) of [N(PPhC1z)2]C114 are heated at 120 to 130" under a vacuum 
of 0.5 torr. The mixture melts and gives off hydrogen chloride. The evo- 
lution of HCl ceases after 0.5 hr. After cooling to room temperature the 
glassy product is dissolved in warm toluene and the solution is filtered. 
Removal of the solvent under vacuum leaves a colorless oil, which crys- 
tallizes within several hours. The product is a 1 : 2 mixture of the cis and 
trans isomers. Yield: 10.1 g (95%); mp 127-142'. 

*The checkers used a short path distillation apparatus. 
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Anal. Calcd. for Cl9HI5Cl2N3P2 (418.2): C, 54.57; H, 3.62; N, 10.05. Found: 
C, 54.27; H, 3.22; N, 9.76. 

"P NMR(CH2CI2): 6 = 41.5 (presumably cis), 43.0 (presumably trans). 

F. 2Chloro-2-Methy14,4,6-triphenyl-1,3,5,2As,4As- 
lriazadip hosphiniie 

[PhC(NH2)2]Cl + [C1Ph2P=N--PMeCl2]C1 - 
PhC(NPPh,) (NPMeC1)N + 4HC1 

Procedure 

In a 50-mL round-bottomed flask closed by a calcium chloride tube 1.35 g 
(8.5 mmol) of benzamidinium chloride (see Procedure C) and 3.35 g (8.6 
mmol) of [C1Ph2PNPMeCl2]Cl (see Procedure B) are heated under a vac- 
uum of torr at 140 to 150" for 0.5 hr to give a clear melt. The glassy 
product is dissolved in 10-mL warm toluene and the solution is filtered 
through a two-ended glass frit. Removal of the solvent leaves a colorless 
crystalline substance. Yield: 3.00 g (88%); m.p. 90-96" (with dec). 

Anal. Calcd. for C&&&1N3P2 (397.8): C, 60.39; H, 4.56; N, 10.56. Found: 
C, 60.48; H, 4.98; N, 10.34. 

31P NMR(CH2C12): AB, = 22.0 (PPh), aB = 51.5 (PMe). 'H 
NMR(CHZC12): 8CH3 = 2.06 (dd, JpcH = 15.5, J p N x H  = 1.7 Hz). 

Properties 

The chloro-triazadiphosphinines are readily soluble in a variety of solvents, 
such as dichloromethane or toluene. Compared to (NPC12)3 they are more 
sensitive to moisture. At high temperature (-250") they decompose, losing 
nitrile and forming a polymeric phosphazene. This decomposition may in 
certain cases be used' to initiate the polymerization of a cyclophosphazene. 
Nucleophilic substitution converts the chloro-triazadiphosphinines to par- 
tially or completely amino-, alkoxy-, or aroxysubstituted derivatives.24 
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7. BINARY CYCLIC NITROGEN-SULFUR ANIONS 

Submitted by J. BOJES,* T. CHIVERS,* and R. T. OAKLEYT 
Checked by G. WOMERSHAUSERS and M. SCHNAUBERS 

1 X4,3A4,5h4,7-Tetrathia-2,4,6,8,9-pentaazabicyclo[3.3.l]nona- 1(8),2,3,5- 
tetraenide anion, NSS;, was first prepared in 1975 by the methanolysis of 
(Me3E)N=S=N(SiMe3) (E = C, Si).’ It is also formed in the reaction of 
sulfur chlorides with anhydrous ammonia2 and, in combination with 
N3Sq, it is a frequent product of the nucleophilic degradation of N4S4.3.4 
It is conveniently prepared by the reaction of N4S4 with piperidine in ab- 
solute ethan01.~ Oxidation of N& with halogens, X2, produceseither N,S4C1 
(X2 = CI2) or N6Ss (X, = Br2 or The cage structure6 of N5S; breaks 
down on thermolysis to give the six-membered ring, N3S<, and subse- 
quently, the acyclic NS; 

lh4,3,5,2,4,6-Trithiatriazenide anion, N3S;, has attracted considerable 
theoretical interest as a unique example of a 10 n-electron six-center cyclic 

This anion is readily oxidized by molecular oxygen to give the 
oxyanions N3S30- and N&02, in addition to N& and N5S40-.12 Salts 
of the type M+N3S< are best prepared by the reaction of N4S4 with ionic 
azides MN3 [M+ = Cs+, &N+, or (Ph3P),N+] in ethanol or a~etonitrile.~.’ 
With small alkali metal cations (M+ = Li+, Na+, K+)  this procedure 
produces the N5S; ion.3 

*Department of Chemistry, The University of Calgary, Calgary, Alberta, Canada E N  
1N4. 

?Department of Chemistry and Biochemistry, University of Guelph, Guelph, Ontario, 
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A. SALTS OF N,S, [lA4, 3A4, 5A4,7-TETRATHIA-2,3,5,8,9- 
PENTAAZABICYCL0[3.3.1]NONA-l(8),2,3,STETRAENIDE] 

5 6  

1A4,3X4,SX4,7-TetrPtbiP.2,4,6,8,9-~n~-bi~do[3.3.l]nona-l(8),2,3,5-telrrenide 

Procedure 
H Caution. The recommended precautions for handling N4S4 are de- 

scribed in an earlier volume of Inorganic Syntheses. l3 These syntheses should 
not be attempted by anyone who lacks the experience or equipment (safety 
shields, goggles, and gloves) for handling these compounds. The reactions 
should not be carried out on a large scale. The alkali metal and ammonium 
salts of the NsS; ion are very susceptible to explosions under the influence 
of friction, pressure, or heat and the use of these counter ions should be 
avoided. The dangers of explosions can be minimized by the use of large 
cations, for example, Ph4As+ or p-nitrido-bis(tripheny1phosphorw) 
( I  +)(PPN') .  Solid samples of these salts should not be removed from a 
glass frit with a metal spatula. 

Tetranitrogen tetrasulfide is prepared by the method of Villena-Blanco 
and J01ly.l~ Piperidine is stored over 4-pi molecular sieves and pentane 
over calcium hydride. Absolute ethanol is heated at reflux with magnesium 
turnings and a few crystals of iodine for 4 hr. The solvents and piperidine 
are distilled immediately before use. The reaction is conducted under an 
atmosphere of dry nitrogen in a one-necked flask (200 mL) equipped with 
a side arm. 

Piperidine (1.86 g, 21.7 mmol) is added by syringe to a slurry of S4N4 
(1.00 g, 5.43 mmol) in absolute ethanol (20 mL) and the solution is stirred 
(magnetic stirring bar) for -4 hr at room temperature. Pentane (100 mL) 
is added to the bright orange solution to precipitate a flocculent yellow 
solid which, after filtration, is extracted (Soxhlet) with pentane on a fritted 
glass thimble for 18 hr to remove elemental sulfur. (H Caution. The 
solid product should not be removed from the glass frit with a metal spatula. 
Gentle tapping of the inverted glass frit, for example, with a rubber stopper 
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attached to a glass rod, is recommended.) The yellow product is then dis- 
solved in absolute ethanol (10 mL) and is reprecipitated by the addition 
of pentane (60 mL). After filtration, analytically pure [C5HloNH2] [N5S4] 
(0.60 g, 2.11 mmol) is obtained by washing with pentane (5 x 10 mL) and 
drying at 25” 

Anal. Calcd. for C5HI2N6S4: C, 21.10; H, 4.26; N, 29.55; S, 45.08. Found: 
C, 21.07; H, 4.16; N, 29.47; S, 44.94. 

p.-Nitrido-bis(triphenylphosphorus)( 1 + ) lA4,3A4,5A4,7-tetrathia-2,4,6,8,9- 
pentaazabicyclo[3.3.l]nona-1(8) ,2,3,5-tetraenide, [PPN] [N5S4] and [ P u s ]  
[N5S4] are prepared in >90% yields by treatment of an aqueous solution 
of [C5HloNH2] [N5S4] with equimolar amounts of [PPNICl (Aldrich) or 

torr) for 36 hr. 

[ Ph4AsICl. 

Properties 

The compounds [PPN] [N,S4] and [Ph4As] [N5S4] are yellow, crystalline 
solids soluble in dichloromethane and warm acetonitrile or ethanol. Solid 
[PPN] [N5S4] can be stored for years in a glass vial without special precau- 
tions. Solutions should be handled in an inert atmosphere to prevent ox- 
idation or hydrolysis. 

The characteristic IR absorptions of the N& ion occur at -950 (vs), 
915 (vs), 740 (m), 720 (m), 690 (s), 655 (s), 600 (s), 530 (s), 505 (m), 440 
(s) cm-1.1*3.4 The UV-vis spectrum of [PPN] [N5S4] (in CH2C12) has a band 
at 293 nm (E 5.9 x 103) and a shoulder at 345 nm (E 2.5 x W).’ 
The I5N NMR spectrum of [PPN] [N:S4] (N* = 30% I5N) in CHC13 shows 
singlets at + 138.7(4N) and +53.3 ppm (1N) [ref. NH3(e)].15 The presence 
of the N3S3 ion as an impurity can be detected by the characteristic bands 
in the IR spectrum at -640 cm-I or in the UV-vis spectrum at -365 cm 
(see below). 

Be SALTS OF N& [1A4,3,5,2,4,6-TRITHIATRIAZENIDE] 
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Procedure 
Caution. The recommended precautions for  handling N4S4 are de- 

scribed in an earlier volume of Inorganic Syntheses. l3 These syntheses should 
not be attempted by anyone who lacks the experience or equipment (safety 
shielh, goggles, and gloves) for  handling these compounds. The reactions 
should not be carried out on a large scale. The alkali metal salts of the 
N3Sy ion may explode on grinding, scratching, or heating. It is recommended 
that the PPN+ salt be used whenever possible. Solid samples of these salts 
should not be removed from a glass frit with a metal spatula. 

Tetramethylammonium a i d e  is prepared by the neutralization of tetra- 
methylammonium hydroxide (10% in water, Eastman) with a 10% solution 
of hydrazoic acid generated by passing an aqueous solution of sodium wide 
over Amberlite IR-120 ion-exchange resin. l6 The crude product is slurried 
twice with acebnitrile and, after filtration, the white solid residue is dis- 
solved in the minimum amount of absolute ethanol and precipitated with 
diethyl ether. The white precipitate is dried at 60°/10-2 torr to give ana- 
lytically pure [Me4N] [N3].3 Tetranitrogen tetrasulfide is prepared by the 
method of Villena-Blanco and J01ly.l~ Absolute ethanol is heated at reflux 
with magnesium turnings and a few crystals of iodine for 4 hr and then 
distilled before use. The reaction and purification procedures are conducted 
under an atmosphere of dry nitrogen in a one-necked flask (200 mL) equipped 
with a side arm. 

A slurry of N4S4 (0.84 g, 4.6 mmol) and [Me4N] [N3] (0.40 g, 3.4 mmol) 
in ethanol (40 mL) is stirred at room temperature (magnetic stirring bar). 
It is preferable to use a slight excess of N4S4 in order to avoid contamination 
of the product by unchanged azide. After 24 hr, the red solution, which 
contains a yellow precipitate of elemental sulfur and N4S4, is filtered and 
then treated with pentane (100 mL) to give a yellow solid. (H Cau- 
tion. The solid product should not be removed from a glass frit with a 
metal spatula. Gentle tapping o f  the inverted glass frit, for example, with a 
rubber stopper attached to a glass rod, is recommended.) This solid is re- 
moved by filtration and extracted (Soxhlet) with pentane on a fritted glass 
thimble (2 days) to remove sulfur and unreacted N4S4. The crude product 
is dissolved in absolute ethanol (20 mL). The solution is filtered and then 
treated with pentane (100 mL). The bright yellow precipitate is removed 
by filtration, washed with pentane (20 mL), and dried at 40°/10-* torr for 
24 hr to give [Me4N] [N3S3] (0.39 g, 1.8 mmol). 

Anal. Calcd. for C4H12N4S3: C, 22.61; H, 5.71; N, 26.38; S, 45.29. Found: 
C, 22.55; H, 5.59; N, 26.16; S, 45.23. 

p-Nitridobis( triphenylphosphorus)( 1 + ) 1h4,3,5 ,2,4,6-trithiatriazenide 
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is prepared from N4S4 and [PPN] [N3]*,I7 using a similar procedure. After 
extraction with pentane, the crude product is recrystallized from CH2C12-- 
methanol to give lime-green blocks of [PPN] [N3S3] in 66% yield. 

Properties 

Salts of the N3S3 ion are yellow or greenish-yellow solids, soluble in di- 
chloromethane or acetonitrile and slowly oxidized on exposure to air. The 
PPN+ salt is less susceptible to atmospheric oxidation than salts containing 
R4N+ or alkali metal cations. In solution, oxidation of N3S3 occurs more 
rapidly. It is easily detected by a change in color from yellow to red due 
to the formation of N3S30- (A,,,= 509 nm).l* Solid samples should be stored 
at or below 0" in the absence of air and light to avoid oxidation and 
photochemical decomposition. 

The characteristic IR absorptions of the N3S3 ion occur at -920 (s), . 
640 (vs), and 380 (s) cm-1.9 The UV-vis spectra of N 3 S ~  salts in CH3CN 
exhibit a characteristic absorption at 365 nm (E 8.2 x 1 o 3 ) I 8  which has been 
attributed to the HOMO (highest occupied molecular orbital) (2e", n*) + 
LUMO (lowest unoccupied molecular orbital) (2a;', n*) tran~ition.~ This 
assignment has been confirmed by the MCD (magnetic circular dichroism) 
spectrum of N3S3, which shows a negative A term for the 360-nm transi- 
tion." The I5N NMR spectrum of 30% lSN-enriched N3S3- as the PPN+ 
salt in CHC13 shows a singlet at + 148.4 ppm [ref. NH3(Z)]. 
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8. BINARY CATENA-NITROGENSULFUR ANIONS 

Submitted by J. BOJES,* T. CHIVERS,* and R. T. OAKLEYt 
Checked by T. B. RAUCHFUSSS and S. GAMMONS 

The preparation of [Bu$J] [NS,] by the deprotonation of S7NH with [Bu4N] 
[OH] has been described in an earlier volume of Inorganic Syntheses.' 
The thermolysis of the N3S3 ion, which need not be isolated, in acetoni- 
trile represents an improved procedure for the preparation of salts of 
the NS; ion.2 The use of large cations, for example, p-nitrido-bis- 
(triphenylphosphorus)(l + )(PPN+) or Ph4As+, facilitates the isolation of 
crystalline salts suitable for X-ray structural determinations, which show 
that NS, has an unusual structure in which nitrogen is the central atom of 
a planar, catenated chain with a cis,trans c~nformation.~.~ The formation 
of the deep blue NS; ion is dramatically apparent in the synthesis of cyclic 
sulfur imides from disulfur dichloride and ammonia4 or sodium a i d e  and 
sulfur' in polar solvents. This ion is also present in solutions of sulfur in 
liquid ammonia,' which have found application in organic syntheses.6 The 
reaction of [PPN] [NS,] (or Ph,As] [NS,]) with triphenylphosphine pro- 
duces the corresponding salts of the NS, ion,7 which react with transition 
metal halides, for example, Cu(I), Ni(II), or Co(II), to give complexes of 
the type M(NS3)2.7,8 The preparation of Ni(NS3)2 from N,S, and nickel(I1) 
chloride in methanol is reported in an earlier volume of Inorganic Synthe~es .~  

A. p-NITRIDO-BIS(TRIPHENYLPHOSPHORUS)(l + ) 
BIS(DISULFIDO)NITRATE(l - ) 

CHSCN 
[PPN]N3 + 2 N . & z  [PPN] INS,] + $S, + 5Nz 
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Procedure 

The cautionary notes that appear before the descriptions 
of the syntheses of [PPN] [N5S4] and [PPN] [N3S3I1O should be read before 
proceeding with these syntheses. Salts of the NS; or NS, ions do not undergo 
explosive thermal decomposition. They can be handled safely without special 
precautions except for the use of a dry inert atmosphere to prevent hydrolysis 
or oxidation. 
The starting materials and solvent are prepared and purified as described 
for the preparation of [PPN] [N3S3].10 Toluene, pentane, and diethyl ether 
are dried over sodium, and the reaction is carried out in a 100-mL one- 
necked flask fitted with a side arm and under an atmosphere of dry nitrogen. 

A slurry of [PPN]N3 (1.50 g, 2.58 mmol)" and N4S4 (0.476 g, 2.58 mmol) 
in acetonitrile (45 mL) is stirred vigorously (magnetic stirring bar) for 1.5 
hr to give a very dark blue-green solution, which is heated at reflux for a 
further 2 hr. The hot, royal blue solution is cooled to -20" for -1 hr, 
filtered at room temperature to remove sulfur, and reduced in volume to 
-15 mL. The solution is then kept at - - 20" to complete the precipitation 
of [PPN] [NS,] (-2 hr). The cold slurry is quickly filtered in air on a 
medium-porosity glass frit, and the purple microcrystalline product is washed 
with toluene (2 x 80 mL) and pentane (2 x 80 mL) to remove any 
remaining sulfur, and is stored under nitrogen. The yield of [PPN] [NS,] 
is 1.35 g (77% based on S) ;*  mp 155-158" (with decomposition). 

Caution. 

Anal. Calcd. for CxHdZPZS4: C, 63.51; H, 4.44; N, 4.11; S, 18.84. Found: 
C, 63.37; H, 4.39; N, 3.98; S, 19.02. 

Properties 

The dark blue crystals of [PPN] [NS,] have a copper-like metallic sheen. 
They are stable for several hours in air, but should be stored under nitrogen 
at 0". The compound [PPN] [NS,] is soluble in dichloromethane or ace- 
tonitrile and, in solution, the NS, ion is very sensitive to traces of oxygen 
and moisture decomposing to give oxoanions of sulfur. The UV-vis spec- 
trum of [PPN] [NS,] (in CH3CN) exhibits an intense band at 582 nm 
(E 16,000).* The characteristic vibrational frequencies of the NS; ion are 
IR (Nujol) 893 (w), 711 (m), 594 (s), 567 (vs), 416 (w); Raman (solid) 892 
(w), 710 (vs), 592 (s), 570 (s) cm-I.* The ISN NMR spectrum of 30% 15N- 
enriched NS; as the PPN+ salt in CHC13 shows a singlet at +244.2 ppm 
[ref. NH3(1)].' 

'The checkers report a maximum yield of 51% even when the scale is increased by a 
factor of 2. 
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B. SALTS OF THE SULFIDO(DISULFIDO)NITRATE(l -) 
ANION, NS, 

m3cN 
M[NS4] + Ph3P - M[NS3] + Ph3PS 

Procedure 

Solid triphenylphosphine (0.728 g, 2.78 mmol) is added to a stirred royal 
blue solution of [PPN] [NS,] (1.35 g, 1.98 mmol) in acetonitrile (30 mL) 
in a 100-mL one-necked flask fitted with a side arm and under an atmo- 
sphere of dry nitrogen. The optimum molar ratio of Ph,P:NSi for maxi- 
mizing the yield of NS, is 1.4: 1. Within 2 min the solution becomes orange. 
Slow addition of diethyl ether (-150 mL) precipitates a bright orange, 
microcrystalline solid, which is washed with acetonitrile-diethyl ether (1 : 5, 
20 mL) and then diethyl ether (25 mL) to give analytically pure [PPN] [NS,] 
(0.73 g, 1.13 mmol, 57%).* 

Anal. Calcd. for C%Ha2P2S3: C, 66.64; H, 4.67; N, 4.32; P, 9.55; S, 14.82. 
Found: C, 66.50; H, 4.52; N, 4.23; P, 10.06; S, 14.10. 

If the orange crystals of [PPN] [NS,] are redissolved in acetonitrile a 
blue solution containing NS, is formed.' If recrystallization is necessary, 
acetonitrile containing Ph3PS should be used as the solvent. The compound 
[Ph,As] [NS,] is prepared from [Ph4As] [NS,], and triphenylphosphine us- 
ing a similar procedure. 

Properties 

Orange crystals of [PPN] INS3] can be handled in the air for 1-2 hr but 
darken on exposure to light for several days. Solid samples should be stored 
in the absence of air and light at 0". The NS, ion is readily converted to 
NS; in solution (CH3CN or CH2C12) or by the application of heat (>looo) 
or pressure (>1 ton) to solid samples. The UV-vis spectrum of [PPN] [NS3], 
(in CH,CN) exhibits an intense band at 465 nm accompanied by a weak 
absorption at 582 nm due to NS, The characteristic vibrational frequencies 
of the NS, ion are IR(Nujo1) 893 (vs), 666 (s), 574 (s); Raman (solid) 894 
(m), 686 (s), 574 (vs) ~ m - ' . ~  The presence of small amounts of NS; in 
solid samples of NS, salts can be detected by the resonance Raman tech- 
nique since the bands due to NS; are greatly enhanced by use of a 600- 
nm exciting line.' The 15N NMR spectrum of 30% lSN-enriched NS, as the 
PPN+ salt in CHC1, shows a singlet at +617.6 ppm [ref. NH3(1)].7 

*The checkers report a 75% yield if the crystals of [PPN] [NS,] are not washed with 
acetonitrile-diethyl ether. 
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9. PENTAMTROGEN TETRASULFIDE CHLORIDE, 
[N&$]CI [1h4,3A4,5A4,7-TETRATHIA-2,4,6,8,9- 
PENTAAZABICYCLO[3.3.l]NONA-1(8) ,2,3,5- 

TETRAENYLIUM CHLORIDE] 

rTetratbia- 

2 1  

"-s\ 

5 6  

6,8,9-pentaaza+icydo[3~ 1]-1(8),2,3,5-tetrPenyliom 

Submitted by T. CHIVERS* and L. FIELDING* 
Checked by R. MEWS? and R. MAGGIULLI? 

(NSCl), + (Me,Si)NSN(SiMe,) -+ [N5S4]Cl + 2Me3SiC1 

The preparations of the monocyclic S-N cations, N3S$ and N,S:, have 
been described in earlier volumes of Znorganic Syntheses.',* The N5SJ ion 
is the only known example of a bicyclic, binary S-N cation. It is present 
in [N5S4]CI, which has a polymeric chain structure with N5S2 cations bridged 
symmetrically by chloride ions., The synthesis of [N5S4]CI is readily achieved 
by treatment of a carbon tetrachloride solution of trichlorocyclotrithiazene 

*Department of Chemistry, The University of Calgary, Calgary, Alberta, Canada T2N 

tInstitut Fur Anorganische Chemie, Der Universitat Gottingen, Tammanstrasse 4, D- 
1N4. 

3400 Gottingen, Federal Republic of Germany. 
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with bis(trimethylsily1)sulfur diimide. It has been used to prepare [N5S4]F,3.4 
[NSS4] [ A s F ~ ] , ~  and covalent derivatives of the N5S4 cage.6 

Procedure 
Caution. Samples of [N5S4]Cl may explode if subjected to friction, 

pressure, or sudden heating (e.g., during a melting point determination). 
This synthesis should not be attempted by anyone who lacks the experience 
or the necessary equipment (safety screen, goggles, and gloves) to handle 
this compound. The solid product should be handled with great care. It 
should not be removed f rom a glass frit with a metal spatula. The reaction 
should not be carried out on a large scale. 

1,3,5-Trichloro-1H,3H,5H-l,3,5,2,4,6-trithiatriazine is obtained by 
treatment of N4S4 with excess sulfonyl ch l~ r ide .~~ '  Bis(trimethylsily1)sulfur 
diimide is prepared by the reaction of Na[N(SiMe,),] with sulfinyl chloride 
by the literature method* with a few modifications as described by Kuyper 
and Street.9 It is particularly important to wash the precipitate of sodium 
chloride thoroughly with diethyl ether to ensure of high yield of 
(Me3Si)NSN(SiMe3). Carbon tetrachloride is stored over P4Ol0 and distilled 
immediately before use. The reaction and work-up procedures are con- 
ducted in a 100-mL one-necked flask fitted with a side arm under an at- 
mosphere of dry nitrogen. 

Bis(trimethylsily1)sulfur diimide (0.83 g, 4.03 mmol) is added dropwise* 
to a stirred solution (magnetic stirring bar) of (NSC1)3 (0.95 g, 3.88 mmol) 
in carbon tetrachloride (50 mL) at 0". The reaction mixture is allowed to 
stand at room temperature for -15 hr, whereupon the supernatant liquid 
is removed by syringe from the crystalline product. If the solution of re- 
agents is stirred during the reaction, the product is obtained as a yellow 
powder. Gold crystals are formed if the reaction mixture is not stirred. 
The product is washed with carbon tetrachloride (3 x 5 mL) and dried at 
23'-10-* torr for 2 hr to give analytically pure [N5S4]Cl (0.56 g, 2.40 mmol). 

Anal. Calcd. for C1N5S4: C1, 15.17; N, 29.97; S, 54.86. Found: C1, 15.23; 
N, 29.97; S, 54.58. 

(m Caution. The dry solid product should not be removed f rom the 
flask or a glass frit with a metal spatula. Gentle tapping of the inverted flask 
or glass frit, f o r  example, with a rubber stopper attached to a glass rod is 
recommended.) Removal of solvent, under vacuum, from the combined 
washings and decanted solution produces additional [N5S4]C1 (0.16 g,.0.69 
mmol) as a yellow powder, which can be recrystallized from carbon tet- 
rachloride. The total yield of [N&]Cl is -80%. 

order to improve the accuracy of material transfer. 
*The checkers preferred to add the (Me,SiN)2S as a solution in 10 to 12 mL of CCI, in 
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Properties 

1A4,3A4,5A4-Tetrathia-2,4,6,8,9-pentazabicyclo[3.3. llnona-l(8) ,2,3,5-tetra- 
enylium chloride is moisture sensitive. It is soluble in dichloromethane or 
liquid SO2, slightly soluble in carbon tetrachloride and THF, and insoluble 
in hydrocarbon solvents. Solid samples should be stored in a dry atmo- 
sphere. 

The characteristic IR absorptions of [N5S4]C1 occur at 1140 (w), 1050 
(s), 1023 (m), 966 (s), 800 (w), 720 (w), 697 (s), 628 (m), 584 (s) 560 (sh), 
481 (m), 462 (m), 422 (m), 408 (m), 308 (w) cm-'. The UV-vis spectrum 
(in CH2CI,) exhibits a broad band at 255 mm (E 1.5 X 104) with a shoulder 
at 365 mm (E 2.3 x I@). 
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10. (N3P2S)ClPk, l-Chloro-3,3,5,5-tetraphenyl- 
1 ;FL4,2,4,6,3 As$ As-thiatriazadiphosphorine 

Submitted by T. CHWERS* and M. N. S. RAOt 
Checked by R. T. OAKLEYS 

3N$4 + 9PhzPC1- 3(N3PZS)CIPh4 + 3Ph,P(S)CI + [N&]CI + SZC12 
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1 -Chloro -3;3,5,5 - tetraphenyl - lh4,2,4,6,3h5,5hs- thiatriazadiphosphorine 
(N3P2S)ClPh,, a six-membered heterocycle,'*2 can be considered as a hybrid 
of the well-known cyclotriphosphazene, (R2PN)3 ,3 and trichlorocyclotri- 
thiazene, (NSC1)3,4 ring systems. It is conveniently prepared by the reaction 
of diphenylphosphinous chloride with N4S4 in acetonitrile.' In addition to 
simple substitution reactions at the sulfur atom, (N3P2S)ClPh4 readily par- 
ticipates in ring opening reactions via s-N bond cleavage to give 12- 
membered monocyclic or bicyclic and heterocycles contain- 
ing a spirocyclic sulfur  enter.',^-^ 

Procedure 

Tetranitrogen tetrasulfide may explode if it is subjected to 
percussion, friction, or sudden heating. Procedures for the safe handling of 
this material are given in ref. 10. This synthesis should not be attempted by 
anyone who lacks the experience or necessary equipment (safety screen, 
gloves, and goggles). The reaction of S4N4 with Ph2PCl should not be carried 
out on a large scale. 

Tetranitrogen tetrasulfide is prepared by the method of Villena-Blanco 
and Jolly" and is recrystallized from toluene before use. Diphenylphos- 
phinous chloride (Aldrich) is used as received. Acetonitrile is dried over 
phosphorus pentoxide and then calcium hydride, and distilled from CaH2 
when needed. The reaction is carried out in an oven-dried one-necked 100- 
mL flask fitted with a side arm and under an atmosphere of dry nitrogen, 
which is also used for the work-up procedure. 

Diphenylphosphinous chloride (3.60 g, 16.3 mmol) in acetonitrile (10 
mL) is added dropwise (15 min), via a dropping funnel, to a stirred sus- 
pension (magnetic stirrer) of tetranitrogen tetrasulfide (1.00 g, 5.4 mmol) 
in acetonitrile (25 mL). The solution is heated at reflux for 3 hr and the 
color of the solution changes from deep red to orange and, finally, yellow. 
The solution is allowed to cool to room temperature and then filtered to 
remove a yellow precipitate of [N3S4]Cl (0.45 g, 2.2 mmol). The filtrate is 
cooled to - 2%" for 3-4 hr to give pale yellow crystals of (N3P2S)ClP~CH3CN 
(2.20 g, 4.2 mmol), which are collected by filtration at room temperature 

W Caution. 

*Department of Chemistry, The University of Calgary, Calgary, Alberta, Canada, TZN 
1N4. 

?Present address: Department of Chemistry, Indian Institute of Technology, Madras-36, 

$Department of Chemistry and Biochemistry, University of Guelph, Guelph, Ontario, 
India. 

Canada N1G 2W1. 
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and recrystallized from acetonitrile. The product so obtained contains 1 
mol of solvated acetonitrile, which is removed on heating at 80°/10-2 torr 
to give (N3P2S)ClPh4, mp 174-5". 

Anal. Calcd. for C24H20C1N3P2S: C, 60.06; H, 4.21; N, 8.76; P, 12.91. 
Found: C, 60.17; H, 4.29; N, 8.98; P, 12.59. 

The unsolvated product is less sensitive to moisture then the acetonitrile 
adduct. The optimum yield of 75-80% (based on Ph2PCl) is obtained for 
a 3 : l  molar ratio of reactants (Ph2PCl:N4S4). If this ratio is increased, 
significant amounts of the linear compound [Ph2P(Cl)N(Cl)PPh2]C1 are 
formed.lb.12 

Properties 

1-Chloro- 3,3,5,5-tetraphenyl- 1h4,2,4,6,3h5,5h5-thiatriazadiphosphorine 
(N3P2S)ClPh4, forms very pale yellow crystals that are readily hydrolyzed 
to give [Ph2P(NH2)N(NH2)PPh2] +C1- .13 It is slightly soluble in acetonitrile 
and readily dissolves in dichloromethane. In order to avoid hydrolysis, 
solvents must be scrupulously dried and solid samples of (N3P2S)ClPh4 
should not be stored in glass vessels for more than a few days. 

The characteristic IR absorption bands of (N3P2S)ClPh4 occur at 1439 
(s), 1205 (vs), 1183 (s), 1160 (m), 1127 (vs), 1048 (s), lo00 (m), 728 (s), 
692 (s), 548 (vs), 513 (s), 482 (m), 430 (m), and 385 (m) cm-'. The purity 
of samples of (N3P2S)ClPh4 is best checked by measurement of the 31P 
NMR spectrum that consists of a singlet, 6 = + 7.8 ppm (in CDCI3, relative 
to external 85% H3P04). The most likely impurity, the hydrolysis product 
(see above), is readily detected by a characteristic 31P NMR signal at 6 = 
+ 20.3 ppm. The linear compound [Ph2P(Cl)N(C1)PPh2]CI (in CH2CI2/ 
CDC13) exhibits a singlet at 6 = +43.9 ppm in the 31P NMR spectrum.lb 
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11. SILICON AND TIN SULFUR-NITROGEN 
COMPOUNDS, (Me3Si),N2S, (Me3Sn),N,S, and (MezSn)S2N2 

Submitted by CHRISTOPHER P. WARRENS and J. DEREK WOOLLINS* 
Checked by M. WFIT and H. W. ROESKYT 

Bis(trimethylsily1)sulfurdiimide has been known for a number of years.' It 
may be obtained from reaction of Na[(Me,Si),] with sulfur dichloride or, 
in better yield, sulfinyl chloride.2 Its synthetic utility has been thoroughly 
established;, elimination of Me,SiCl with insertion of the NSN unit provides 
many useful syntheses. Its tin analog is also known4 and of similar useful- 
ness. The compound (Me3Sn),N,S has been ~ b t a i n e d ~ . ~  from the reaction 
of (Me,Sn),N or Me3SnNMe2 with S4N4. An alternative reaction6 that does 
not require the use of explosive S4N4 and is easier to work-up is that between 
(Me3Sn),N and (NSCl),. The S + Sn coordination dimer, [(Me2Sn)S2N2I2, 
obtained4 from the reaction of S4N4 with (Me3Sn),N, has also found use 
in the synthesis of SN heterocycles. Despite the utility of these compounds, 
well documented and foolproof procedures have not been reported and 
this is limiting the development of their chemistry. In the following sections 
we provide detailed revised procedures. Each preparation takes -2 days 
and may be scaled up or down by a factor of 2 although the preparation 
of (Me3Si)*N2S does become cumbersome and the mixture is difficult to 
stir if scaled up because of the large quantities of solvent needed. 

*School of Chemical Sciences, University of East Anglia, Norwich, NR4 7TJ, United 
Kingdom. (Work carried out at Imperial College of Science and Technology, London, United 
Kingdom. 

tInstitut fiir Anorganische Chemie, Der Universitat Gottingen, Tammannstrasse 4, D- 
3400 Gottingen, Federal Republic of Germany. 
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Procedure 

All procedures should be carried out under an inert atmosphere of nitrogen 
or argon. Solvents used should be anhydrous. Diethyl ether is dried over 
sodium, dichloromethane is dried with and distilled from CaH,. 

A. BIS(TRIMETHYLS1LYL)SULFURDIIMIDE (Me3Si),N,S 

2(Me3Si),NNa + SOCl2+ (Me3Si),N2S + (Me3Si),0 + 2NaC1 

Sodium bis(trimethylsilyl)amide7 (99.06 g, 0.54 mol) (checkers report that 
the lithium salt gives slightly better yields) is dissolved in diethyl ether (550 
mL) in a l-L round-bottomed flask equipped with a nitrogen inlet, a 50- 
mL pressure equalizing dropping funnel, and a Teflon covered magnetic 
stirring bar (if the reaction is to be carried out on a larger scale a mechanical 
stirrer should be used). The reaction vessel is cooled using a C02-acetone 
bath (-78'). Sulfinyl chloride (33 g, 20.2 mL, 0.277 mol) is added to the 
stirred solution via the dropping funnel over 30-45 min and with continued 
stirring the reaction mixture is allowed to warm slowly to room temperature 
(3-4 hr). At this stage the mixture is yellow-pale orange and contains large 
quantities of precipitated NaCl, which is removed by filtration through a 
Schlenk filter (7.5-cm diameter, medium porosity, D #3 frit). The NaCl 
is thoroughly washed with diethyl ether to remove any product adhering 
to it. Typically this requires 4 x 150 mL and washing should be continued 
until the NaCl is almost white. The filtrate and washings are combined and 
the diethyl ether removed by distillation at atmospheric pressure under 
nitrogen. Some further NaCl may be precipitded on removal of the ether 
and this should be removed by'filtration. The product is obtained by frac- 
tional distillation via a Vigreux column (30 cm x 1 cm) at reduced pressure 
(12 torr-a water pump may be used provided the distillation is protected 
by a drying tube) as a pale yellow mobile liquid, bp 59-61', 12 mm; yield: 
33.4 g, 60%. 

Anal. Calc. for [(CH3)3Si]2N2S: C 34.91, H 8.79, N 13.57, S 15.53%. Found: 
C 34.74, H 8.95, N 13.36, S 15.61%. 

Properties 

The compound (Me3Si),N2S is a pale yellow, moisture sensitive liquid. It 
should be stored under nitrogen, preferably in a flask equipped with Teflon 
in glass valves (e.g., Rotaflo or J. F. Youngs type) since it slowly dissolves 
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grease. It is miscible with, and may be used in, dry organic solvents such 
as hexane, benzene, and THF, but it reacts with alcohol.8 The 'H NMR 
(CDCI,) consists of a singlet at 6 = 0.26 ppm IR (cm-') (thin film) 2970 
(m), 2910 (w), 1250 (s, br), 1145 (w), 1062 (w), 942 (w), 850 (s, br), 770 
(m), 725 (mw), 705 (sh), 658 (w), 628 (w), 455 (mw). Mass Spectroscopy: 
[mle(rel intensity)-major peaks only] 206 (12) M+,  191 (loo), 177 (20), 
146 (49, 138 (25), 120 (30), 73 (95). 

B. BIS(TRIMETHYLSTANNYL)SULFURDIIMIDE (Me,Sn),N,S 

(Me,Sn),N + Q(NSCl), - (Me3Sn),NZS + Me3SnC1 

Caution. The product obtained in this reaction is malodorous and 
of unknown toxicity. It should be handled in an efficient fume hood. 
Tris(trimethylstannyl)amine9 (5.225 g, 0.0103 mol) dissolved in (sodium 
dried) toluene (50 mL) is placed in a 500-mL Schlenk flask equipped with 
a 250-mL pressure equalizing dropping funnel and a Teflon coated magnetic 
stirring bar. The dropping funnel is charged with a warm (50") solution of 
trithiazltrichloridelo (0.8484 g, 0.00347 mol) in dry toluene (150 mL). Over 
a period of 1 to 2 hr this solution, maintained at -50" (using a hot air 
blower) to stop precipitation of (NSCl),, is added dropwise to the stirred 
reaction mixture. The reaction mixture is stirred overnight and the toluene 
evaporated under reduced pressure (15 torr) with no external heating to 
leave an orange residue. This residue is fractionally sublimed using a cold 
finger cooled with liquid NZ. At room temperature and 0.05 torr Me3SnC1 
is obtained while the product sublimes at 0.05 torr and 50-60". Yield: 2.091 
g, 52%. (Checkers comment: alternatively, Me3SnC1 can be removed by 
trapping it in liquid N2 during sublimation of the product onto a water 
cooled sublimation finger. On a larger scale pumping for 1 hr prior to 
sublimation is advisable.) 

Anal. Calc. for [(CH3)3Sn]2NzS: C 18.59, H 4.68, N 7.23, S 8.27%. Found: 
C 18.63, H 4.69, N 7.05, S 8.10%. 

Properties 

The compound (Me3Sn)zNzS is a pale yellow air- and moisture-sensitive, 
malodorous solid that must be stored under nitrogen. If kept at 0" it can 
be stored indefinitely. It is soluble in most organic solvents (e.g., diethyl 
ether, benzene, THF, CHzCIz). The 'H NMR (CDCI,) consists of a singlet 
at 6 = 0.43 ppm with tin satellites [2Jsn-H57 Hz], whereas in the 'I9Sn {'H} 
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NMR (C6D6) a broad singlet at 6 = 40.5 ppm (rel. to Me4Sn) is observed. 
Infrared (Nujol mull), 1200 (vs), 1170 (vs), 1057 (w), lo00 (s, br), 933 (m, 
br), 770 (vs, br), 645 (s), 540 (s), 522 (s), 509 (s), 403 (s, br). The mass 
spectrum shows the parent ion at rnle 388 together with the reported 
fragmentation products.6 

C. BIS[MERCAPTOSULFURDIIMIDATO(2 - )] 
TETRAMETHYLDITIN, [MezSnSzNzl~ 

S=N \ /Me II /Sn\ 
N-S 7. Me 

2(Me,Sn),N 4- S,N, - 2[(Me,Sn),N,S] 4- Me,Sn 4- 3 I I 

(m Caution. Tetranitrogen tetrasulfide used in this procedure is explo- 
sive. The greatest of care should be taken in handling S4N4.) Under no 
circumstances should it be heated suddenly or struck; care should be taken 
to avoid trapping it in ground glass joints. Refer to the previous safety 
note." The reaction should be carried out in a fume hood since some of 
the tin compounds formed have unpleasant odors and are of unknown 
toxicity. 

Tetranitrogen tetrasulfide12 (1.0 g, 0.0054 mol) is suspended in dry CH2C12 
(60 mL) in a 100-mL Schlenk flask (i.e., a 100-mL round-bottomed flask 
with a single quickfit joint and a stopcock) equipped with a 50-mL pressure 
equalizing dropping funnel and a Teflon coated magnetic stirrer bar. This 
suspension is cooled to - 20" and a solution of tri~(trimethylstanny1)amine~ 
(5.47 g, 0.0108 mol) in CH2C12 (18 mL) is slowly added dropwise over 1 
hr to the stirred suspension. The reaction mixture is allowed to warm to 
room temperature (-1 hr) and the solvent is removed under reduced 
pressure with no external heating of the sample to give a sticky orange 
colored residue. A second 100-mL Schlenk flask is connected to the reaction 
vessel via an adapter bend and is immersed in a bath at - 40". The receiver 
flask is connected via a liquid N2 cooled cold trap to a vacuum line, and 
at a pressure of 0.01 torr, the reaction flask is heated to 70". Tetramethyltin 
(Me,Sn) is collected in the liquid N2 cooled trap, while impure (Me3Sn),N2S 
distills over into the receiver flask (-40") leaving a yellow residue in the 
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reaction flask. The yellow residue is recrystallized from boiling CH2C12 
(-100 mL) to give the product as a yellow powder. The impure (Me3Sn)2N2S, 
which is contaminated with a more volatile compound, may be purified by 
distillation (15 x 1 cm Vigreux column) at 0.175 mm Hg. The impurity 
distils at 66 to 68" leaving behind a residue that can be sublimed as described 
above to give pure (Me3Sn)2N2S, 1.95 g, 46%. Yield: (Me2Sn)S2N2 0.572 
g, 44%. 

Anal. Calc. for (CH3)2SnS2N,: C 9.97, H 2.51, N 11.63, S 26.62%. Found: 
C 10.30, H 2.51, N 10.98, S 26.88%. 

The checkers prefer a slightly modified procedure. After addition of the 
amine the solution is refluxed for several hours, the sulfurdiimide is sub- 
limed off at 50-70" in vucuo and the residue washed with several portions 
of CCl,. The product thus obtained is sufficiently pure for most purposes. 

Properties 

The compound [Me2SnS2N2I2 is a slightly air sensitive yellow solid, which 
is moderately soluble in CHC13, CH2C12, toluene, benzene, and DMF. The 
'H NMR (CDClJ consists of a singlet at 6 = 0.934 ppm with tin satellites, 
*JSwH = 66 Hz. Infrared (Nujol mull) 2980 (w), 2900 (w), 1186 (m), 1064 
(s, br), 1034 (vs, br), 900 (s), 774 (s, br), 703 (s), 626 (s), 566 (m), 526 
(m), 458 (m), 396 (m). Mass spectral measurements show the parent ion 
of the monomer at mle 242 and peaks due to the expected fragmentation 
products. 
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12. 1,1,1-TRIMETHYL-N-SULFINYLSILANAMINE, 
Me,SiNSO 

Submitted by ERICA PARKES and J. DEREK WOOLLINS* 
Checked by HOWARD B. YOKELSONt and ROBERT WEST? 

1, l  ,l-Trimethyl-N-sulfinylsilanamine, Me3SiNS0, obtained from the re- 
action of (Me3Si)3N with S0C12 was first reported' in 1966 but full details 
of the preparation have not been published. This compound provides a 
useful source of the NSO function by reactions involving elimination of 
Me3SiC1, for example, in the formation2 of S(NS0)2, and it may be con- 
verted into a stable mercury salt Hg(NS0)2 by reaction3 with HgF,. 

The procedure described here can be carried out comfortably in 2 days 
and may be scaled up twofold provided the reaction time is increased 
accordingly. 

Procedure 

All manipulations are performed under an inert atmosphere of nitrogen 
or argon. Aluminum trichloride is sublimed under vacuum (120") onto a 
dry ice-acetone cold finger and should be white in color. Sulfinyl chloride 
was distilled from sulfur or is freshly opened Aldrich Gold Label. 

(Me,Si),N + SOC12 Ale? 2Me3SiC1 + Me3SiNS0 

l,1,1-Trimethyl-N,N-bis(trimethylsilyl)silanamine4 (20.0 g, 0.086 mol), 
aluminum trichloride (0.5 g) and a magnetic stirring bar are placed in a 
two-necked, lOO-mL, round-bottomed flask equipped with a pressure 
equalizing dropping funnel containing sulfinyl chloride (10.23 g, 0.086 mol) 
and a reflux condenser, which is fitted with an N2 bubbler. The sulfinyl 
chloride is added dropwise from the dropping funnel with stirring over a 
period of 1 hr during which time the reaction mixture changes from white 
to orange-yellow. The reaction mixture is then stirred and heated to 70" 
(oil bath) for 24 hr. After this time the reaction is cooled. The dropping 
funnel and condenser are removed and quickly replaced by a distillation 
head (a Perkin triangle is most convenient but a simple arrangement with 

*School of Chemical Sciences, University of East Anglia, Nonvich, NR4 7TJ,  United 

tDepartment of Chemistry, University of Wisconsin, Madison, WI 53706. 
Kingdom. 
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a "pig" is satisfactory). Distillation under N2 gives two low boiling fractions 
(Me,SiCl and S0Cl2) followed by the pure product, bp 102-4", as a yellow 
liquid. Yield: 5.9 g, 51%. (Checkers report 40% yield for a reaction carried 
out on half-scale). 

Anal. Calc. for (CH@iNSO: C 26.66 H 6.66 N 10.37%. Found: C 26.87 
H 6.85 N 10.17%. 

Properties 

1,1,1-Trimethyl-N-sulfinylsilanarnine is a slightly air-moisture sensitive yel- 
low liquid and is best stored under nitrogen in a greaseless Schlenck flask. 
It is soluble in most organic solvents but decomposes in alcohols. 

'H NMR (CD2C12) singlet 6 = 0.35 ppm. Infrared (thin film, cm-l) 2960 
(m), 2900 (w), 1405 (w), 1295 (vs, br) (NSO), 1125 (s) (NSO), 1050 (w), 
845 (vs, br), 760 (s), 695 (w), 640 (s), 570 (m) (NSO), 465 (w). 
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13. SULFUR-NITROGEN RINGS CONTAINING 
EXOCYCLIC OXYGEN 

Submitted by HERBERT W. ROESKY* and MICHAEL WHT* 
Checked by JOHN BURGESS,t PAUL F. KELLY,t THOMAS G. 

PURCELL,t and J. DEREK WOOLLINSt 

While tetrasulfurtetranitride' and sulfur-nitrogen halides2 have been es- 
tablished over a century ago, progress in the field of oxygen-containing 
ring compounds has not been achieved until the last decade. Almost si- 

'Institute fur Anorganische Chemie, der Universitat Gottingen, Tammannstrasse 4, D- 
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multaneously an eight-membered ring3 and a five-membered ring4 were 
synthesized [see eqs. (1) and (2)].5 

4S3NZC12 + 2SOz(NH2)2 
2s$\1402 + S4N3Cl + NH4Cl + S2C12 + 4HC1 (1) 

S3N2C12 + HCOOH - S3N20 + 2HC1 + CO (2) 

The synthesis of these two rings, together with the first synthesis of a 
carbon-containing five-membered ring, are given in detail [see eqs. (3)6 
and (4)']. 

S2N2Sn(CH3)2 + COF, -+ S2N2C0 + 2(CH3),SnF2 (3) 

ClCOSCl + (CH3)3SiNSNSi(CH3)3 - S2N2C0 + 2(CH3)3SiCl (4) 

While the eight-membered ring proved to be an excellent precursor for 
the synthesis of oxygen-containing sulfur-nitrogen heterocycles with nu- 
cleophiles,* as well as electrophiles: the five-membered rings have shown 
Lewis basicity on various substrates.l0*" 

General Procedure 

All reactions were carried out in a well-ventilated hood in a dry nitrogen 
atmosphere. All solvents were dried according to the literature and were 
stored under nitrogen. The compounds S02(NH2), and (CH3)3SnCl were 
commercial products (e.g., Morton Thiokol Inc., Alfa Products), COF, 
can be purchased, for example, from PCR Inc., Gainesville, Florida, 
HCOOH was dried with boron oxidelanhydrous copper(II)chioride, S3N2C122 
S4N4,I3 and [(CH3)$n]14 were prepared according to the literature methods. 

H Caution. S Y 4  should be handled with extreme caution and in small 
quantities. It is prone to detonate. 13d 

A. TETRASULFURTETRANITROGEN DIOXIDE, SdNAO, 

Tetrasulfurtetranitrogen dioxide is best prepared according to the following 
equation 

2S02(NH2)2 + 4S3N2C12 
2S4N402 + S4N3Cl + NKCl + S2C12 + 4HC1 
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500 mL of dry carbon tetrachloride are heated to reflux in a 1-L three- 
necked flask equipped with a reflux condenser topped with a CaCl, drying 
tube, a solid addition funnel charged with a mixture of 78 g finely ground 
SfiZClz (0.4 mol) and 19.2 g (0.2 mol) SO2(NHz),* and a mechanical stirrer 
or a strong magnetic stirrer. Through a gas inlet on top of the funnel a 
slow stream of nitrogen is maintained throughout the whole reaction to 
avoid blocking of the solid outlet and to expel HCl. The mixture is added 
to the boiling solvent over a period of 3 hr and the slurry is heated until 
HCl evolution has ceased (approximately 8 hr). After cooling, the dark 
yellow precipitate is collected under nitrogen on a sintered glass funnel 
and dried in vucuo. The filtrate can be discarded; it contains -1 to 2% of 
S4N4O2. Extraction of the solid with dry, peroxide-free THF, using a soxhlet 
apparatus with a sintered glass extraction thimble, yields pure S4N402 after 
cooling. More product can be obtained by concentrating the solution. The 
overall yield is strongly dependent on the reaction scale; smaller scales 
decrease the yield dra~tica1ly.l~ Thus an optimized yield up to 90% can 
sometimes be achieved. (The checkers obtained 5640% yields. In a one- 
tenth scale synthesis, the yield fell to 37%.) 

Properties 

Tetrasulfurtetranitrogen dioxide (lh6,3X4,5,7h4-tetrathia-2,4,6,8-tetraazo- 
cine)s forms orange crystals melting with decomposition at 168”. It crys- 
tallizes in the monoclinic space group P21/c,16 five ring atoms being essen- 
tially planar, with the two nitrogen atoms adjacent to the SOz moiety 55 
pm and the tetra co-ordinated sulfur 157 pm out of plane. The compound 
S4N402 is soluble in benzene, acetronitrile, THF, and liquid sulfur dioxide, 
slightly soluble in methylene chloride, and almost insoluble in petroleum 
and chlorofluorocarbons. Pyridine forms an adduct. In water and alcohols 
decomposition takes place.8b 

The IR spectrum contains the following absorptions: 1330 (vs), 1310 
(sh), 1170 (m), 1138 (vs), 1117 (vs), 1060 (m), 982 (m), 719 (m) and 704 

*The checkers recommend the use of a “tipper tube” arrangement consisting of a 250- 
mL round-bottomed flask (containing the reactants) and an appropriate ground glass joint 
connecting adapter. The nitrogen flow is over the top of the reaction mixture (connected at 
the top of the condenser). They found that heating at reflux and stirring to dispel HCI was 
required for 10 hr, or for 3 hr followed by 24 hr at 45”. Filtration was accomplished with a 
sintered filter or the use of steel needle techniques. The Soxhlet extraction used 200 mL of 
THF and, after filtration to remove the first crop of product, the volume is slowly reduced 
to give more material. If the volume is reduced too much, however, the product may separate 
as an oil. 
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cm-' (m). The mass spectrum shows the molecule ion at mle 216 with an 
intensity of 4%. 

Anal. For S4N402: Calcd. N 25.9%, S 59.3%. Found N 25.7%, S 59.5%. 

B. TRISULFURDINITROGEN OXIDE, S&-0 

S3N2C12 + HCOOH S3N20 + 2HCl + CO 

W Caution. Avoid skin contact with formic acid. Serious skin damage 
might occur. Use rubber gloves. If  contact has occurred remove contami- 
nated clothes and rinse with plenty of water! 

A sample of S3N2C12 (7.6 g 40 mmol) is placed in a 250 mL two-neck 
flask fitted with a reflux condenser topped with a CaC12 drying tube and 
with a glass inlet tube for a gentle nitrogen flow. Dry methylene chloride 
(150 mL) and 3 mL of formic acid are added under magnetic stirring. The 
mixture soon turns red and is gently refluxed until evolution of HCl stops. 
The solution is concentrated to 4 its original volume and filtered under 
nitrogen through a glass-sintered funnel. The solvent is then evaporated 
in vacuo. Distillation of the liquid in vacuo affords 4.5 g (81%) of a red 
oil, bp 50" at 1-10-5 bar. The checkers provide the following details. Formic 
acid is dried by refluxing overnight and distillation from phthalic anhydride 
(equimolar proportions) followed by refluxing (4 hr) over and distillation 
from anhydrous copper(I1) chloride. The reaction works best if CH2C12 is 
added first, followed by slow addition (over 2-3 hr) of formic acid. The 
refluxing was continued for 1 week before the evolution of HCl ceased. 
At this stage the reaction mixture has a dark red color. Distillation required 
an oil bath temperature of 60-70". The yield was 57-70%. 

Caution. Do not distil to complete dryness and avoid bath temper- 
atures above loo"! The solid residue might contain temperature-unstable by- 
products that can explode violently. 

Properties 

l-Oxo-1 X4,2,4h4,3,5-trithiadiazole is a red, oily liquid, which does not wet 
glass. In the refrigerator, yellow needles are formed that melt at 18". It 
can be stored under nitrogen without decomposition and is soluble in most 
common organic solvents. The IR spectrum shows absorptions at 1125 (vs), 
980 (s), 903 (s), 734 (vs) and 663 cm-' (s). The mass spectrum contains 
the molecule ion mle 140 with an intensity of 11%. 

Anal. For S3N20: Calcd. N 20.0%, S 68.6%. Found: N 19.8%, S 69.0%. 
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C. DITHIADIAZOLONE, SzNZCO 

S4N4 + t (CH3)3Sn13N - 
2S2N2Sn(CH3)2 + Sn(CH3), + 4N2 + 4(CH3),N (5 )  

(6) S2N2Sn(CH3), + C0F2 - S2N2C0 + (CH3),SnF2 

3.7 g (20 mmol) S4N4 is placed in a two-neck flask equipped with reflux 
cooler topped with a CaC12 drying tube and a dropping funnel (preferably 
with a Teflon valve) filled with 10.2 g (20 mmol) [(CH3)3Sn]3N. The flask 
is cooled to -15" and the amine slowly added. If solidification (mp 27") 
occurs, the amine is gently warmed with a heat gun. After complete ad- 
dition the resulting red liquid is heated to 90" until a yellow precipitate is 
formed (approximately 1 day). Volatiles then are removed in vacuo and 
the compound recrystallized from methylene chloride (200-400 mL). If 
the scale is increased, it is advisable to add some dry C C 4  to the S4N4 and 
the amine, because the reaction is extremely exothermic and the S4N4 might 
explode if the temperature rises above 100". The yield is 8.8 g (91%). (The 
checkers obtained a 73% yield. They report that the product is sometimes 
contaminated by S8, which can be removed by washing twice with 30-mL 
portions of carbon disulfide.) 

Properties 

5,S-Dimethyl-1 ,3A4,2,4,5-dithiadiaastannole forms yellow crystals that are 
stable up to 198", soluble only in methylene chloride, and stable toward 
water, but hydrolyzed by acids." It is monomeric in the gas phase, and 
dimeric in solution and in the solid state. The single crystal X-ray structure 
determination shows the dimer having a Sn,N, four-membered ring with 
C1 symmetry. The ring skeleton is nearly planar.18 The 'H NMR spectrum 
shows a singlet at 6 = 0.95 ppm with satellites JH-~~7Sn = 66.3, J H ~ ~ ~ ~ n  - 
69.3 Hz. The IR spectrum exhibits absorptions at 2960 (w), 2880 (w), 1393 
(w), 1186 (w), 1064 (s), 1034 (vs), 901 (s), 778 (s), 737 (w), and 702 cm-' 
(s). The molecule ion in the mass spectra is observed at mle 242 (lZoSn) 
with an intensity of 60%. No higher peaks assignable to the dimer occur. 

- 

Anal. Calcd. for CJ&N,S2Sn2: C 10.0%, H 2.5%, N 11.6%, S 26.5%, Sn 
49.4%. Found: C 9.8%, H 2.4%, N 11.0%. 

7.3 g (30 mmol) S2N2Sn(CH3)2 is suspended in 120-mL dry methylene 
chloride in a 250-mL two-neck flask with gas inlet tube, CaCl, drying tube, 
and a magnetic stirrer. (m Caution. Carbonyl fluoride is a toxic gas. 
Reactions should be carried out in a well-ventilated hood.) The COF, cyl- 
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inder is attached directly to the gas inlet tube and an excess of the gas is 
passed slowly through the solution. After 2 hr the solvent is removed under 
reduced pressure (>15 mbar). A sublimation finger is attached to the flask, 
the system cooled down with liquid air, evacuated to bar, the stopcock 
closed and the flask warmed to 30-35". The S2N2C0 sublimes in yellow 
cubes in a yield of 1.8 g (50%). 

Properties 

1,3 A4,2,4-DithiadiazoI-5-one forms yellow translucent crystals with the space 
group Pbca-D15 and with all the bond lengths in the usual range.Ila It melts 
at 40.5" and decomposes in contact with water. With moist air it forms a 
hydrate that can be dehydrated with P4OlO. It is soluble in all organic 
solvents and in liquid SO2. The IR spectrum reveals bands at 1727 (vs), 
1172 (w), 1158 (w), 1065 (m), 780 (m), 725 (s), 640 (w), 520 (w), and 423 
(w) cm-'. The Raman spectrum shows absorptions at 1702 (w), 1500 (w), 
1265 (w), 1065 (m), 905 (vs), 785 (s), 610 (w), 598 (s), 570 (w), 525 (s), 
and 425 (w) cm-'. In the mass spectrum the molecule ion is found at 
mle 120 with 12% intensity. 

Anal. Calcd. for S2N2CO: C 10.0%, N 23.3%, S 53.4%. Found: C 10.0%, 
N 23.4%, S 52.9%. 
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Chapter Two 

INORGANIC POLYMER SYSTEMS 

14. ORGANOSILANE HIGH POLYMERS: 
POLY (METHYLPHENYLSILYLENE) 

Na toluene PhMeSiCl, (PhMeSi), 

Submitted by R. WEST* and P. TREFONAST 
Checked by W. P. WEBERS and Y.-X. DINGS 

The first organosilane polymers based on diphenylsilylene units may have 
been synthesized by Kipping in 1924,’ and polydimethylsilylene was first 
described by Burkhard in 1949., These polymers were, however, highly 
crystalline, intractable white powders that decomposed when heated. Re- 
cently, with the synthesis of air-stable, soluble, formable organosilane poly- 
mers and copolymers, there has been a resurgence of interest in these 
 material^.^ The polysilanes have interesting electronic and conformational 
properties, and may be useful as precursors for p-SiC,4 as impregnating 
agents for strengthening  ceramic^,^ as photoresists. for microelectronics,6 
as photoinitiators,’ and as photoconductors.8 

The solubility properties of polyorganosilanes are quite dependent on 

*Department of Chemistry, University of Wisconsin, Madison, WI 53706. 
tMonsanto Electronic Materials Co., 800 N. Lindbergh Blvd., St. Louis, MO 63167. 
$Department of Chemistry, University of Southern California, Los Angeles, CA 90089- 

1661. 
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the nature of the substituents bonded to the polymer backbone and on the 
molecular weight. Polymers with two or more different substituents, such 
as (PhMeSi), or (n-PrMeSi), , or polymers with highly flexible substituents, 
such as (n-HexMeSi), or (n-Hex,Si),, are soluble in a wide variety of 
common organic solvents. Random copolymers, such as [ (cyclohexyl- 
MeSi),(n-HexMeSi),)], are also rather soluble. However, certain homo- 
polymers with identical substituents, such as (Me,Si), or (Ph,Si),, are crys- 
talline and tend to be quite insoluble. Soluble copolymers containing units 
with identical substituents, for example, [(PhMesi),(M~Si),,], , display greatly 
enhanced solubility (although in this case some insoluble polymer con- 
taining long blocks of insoluble Me,Si units is also formed). Decreasing 
the molecular weight of the polymers will also increase solubility; for ex- 
ample, Me(Me,Si)%Me is somewhat soluble in several  solvent^.^ 

A. POLY (METHYLPHENYLSILYLENE) 

PhMeSiCl, + 2Na- (PhMeSi), + 2NaC1 

Procedure 

The reaction is carried out in oven-dried glassware that has been thoroughly 
purged with dry nitrogen or argon. Pure dichlorosilane monomer is essen- 
tial to produce a high molecular weight polymer. Becausk the polyor- 
ganosilanes are highly light sensitive, especially in solution, dark glassware 
or aluminum foil wrap should be used to protect the polymer from light 
during the reaction and subsequent work-up. 

Purify commercially obtained PhMeSiC12* by careful fractional distil- 
lation through a 15-cm jacketed fractionating column filled with glass he- 
lices. Equip a 2-L, three-necked, round-bottom flask with a 250-mL pres- 
sure-equalizing dropping funnel, a high-capacity reflux condenser topped 
with a nitrogen by-pass, a high-speed overhead mechanical stirrer, and a 
heating mantle. To the flask add 1 L of toluene, dried by refluxing over 
sodium, and 47.1 g (2.05 mol) of fresh lump Na cut into small pieces. 
Cannulate (or syringe) into the dropping funnel 161 mL (1.00 mol) of 
distilled PhMeSiCl,. Bring the toluene to reflux and stir the reaction at 
high speed to produce finely divided molten Na. Then add the PhMeSiClz 
slowly over a 1.5-hr period, maintaining the toluene at gentle reflux 
throughout the addition by adjusting the heating mantle if necessary. 

*Available from Petrarch Systems, Inc., Bartram Road, Bristol PA 19007. 
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(m Caution. This reaction is highly exothermic. Do not add the dichlo- 
rosilane rapidly!) The reaction mixture should turn a deep purple color. 
After the addition is complete, reflux for an additional 1.5 hr and then let 
the reaction cool to room temperature. 

Prepare a slurry of 5 g of NaHC03 in 50 mL of 2-propanol, and add it 
very slowly, with stirring, to the reaction mixture to destroy the excess Na. 
(The mixture may foam during the addition; be prepared to collect any 
foam that rises out of the condenser.) Stir for an additional 2 hr to insure 
that all the Na was consumed. 

Reduce the volume of the reaction mixture to about 500 mL by rotary 
evaporation. Add the mixture slowly to a large flask containing well-stirred 
2-propanol, 12 to 15 times the volume of the reaction mixture. The polymer 
and most of the NaCl will precipitate, leaving the oligomers dissolved in 
the 2-propanol-toluene solution. Collect the polymer-NaC1 precipitate by 
filtration and set it aside until it is completely dry. Then redissolve the 
polymer by stirring for 24 hr in 1 L of toluene. (If the viscosity is too high, 
more toluene can be added.) Extract this solution with several 1 L volumes 
of water to remove the salts. After the purple color is discharged, extract 
twice more with water. If an emulsion forms, it can be broken up with a 
wooden stick, which will penetrate the bubbles. Distill off the toluene using 
a rotary evaporator and dry the polymer in a vacuum oven at 50" for 48 
hr. Yield: 66.5 g (55%). 

Anal. Calc. for C,H,Si: C, 69.9; H, 6.7; Si, 23.4. Found: C, 69.4; H,  6.7; 
Si, 23.1. 

The oligomers can be isolated by removing the solvent from the 2- 
propanol-toluene solution by rotary evaporation, redissolving in hexane 
and extracting the hexane solution with water to remove any residual salts. 
Then dry the solution over MgS04 and isolate the pure oligomers by re- 
moving the hexane solvent by rotary evaporation. Yield: 48.7 g (41%). 

Properties 

The poly(methylphenylsily1ene) is obtained as a clear, colorless, brittle air- 
stable solid that is soluble in benzene, toluene, THF, and chloroform. 
(Note: Chloroform solutions are especially light sensitive.) Molecular weight 
distributions can be determined by gel permeation chromatography using 
THF or toluene as the eluent. Typically, the molecular weight distribution 
is bimodal, with aw of -200,000 (relative to polystyrene standards) for 
the high molecular weight fraction of the bimodal distribution, and gW of 
-6OOO for the low molecular weight fraction of the distribution. 

The IR spectrum contains bands at 1249 cm-' (Si-methyl), 1101 cm-l 
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(Si-phenyl), 2960 and 2900 cm-' (C-H, aliphatic), 3051 and 3065 cm-' 
(C-H aromatic). The 'H NMR spectrum has resonances at 6 = 0.17 
(broad, CH3) and 6 = 7.38 (broad, C6H5). The 13C NMR spectrum has 
broad resonances at 6 = -6.7 to -5.4,127.6 to 129.3, and 135.0 to 136.3. 
The UV spectrum for high molecular weight poly(methylphenylsily1ene) 
in THF has an absorption maximum at 341 nm.* 

B. PREPARATION OF OTHER POLYORGANOSILANES 

Other polyorganosilanes can be prepared by a similar procedure. For poly- 
mers with n-alkyl substituents, hexane can be substituted for toluene in 
the work-up. For (CYC~C~HIIS~CH~),,,  which is soluble in only hot toluene 
or cyclohexane, the work-up is simplified by substituting cyclohexane for 
toluene when redissolving the polymer. Copolymers can be prepared by 
the same procedure as homopolymers, by using a mixture of the two mon- 
omers in the dropping funnel at the start of the reaction. The yields of 
alkyl-substituted polyorganosilanes tend to be lower than those for aryl- 
substituted polymers, often only 10 to 35%, depending on the monomer 
used. Copolymers with alkyl substituents are usually formed in higher 
yields, from 30 to 70%. 

The use of 25% l,l'-oxybis(2-methoxyethane) (diglyme)/75% toluene 
as the solvent mixture for the polymerization has been reported to give 
increased yields of alkyl-substituted polyorganosilanes, although with lower 
molecular weight .6 
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15. ORGANOSILICON DERIVATIVES OF CYCLIC AND 
HIGH POLYMERIC PHOSPHAZENES 

Submitted by DAVID J. BRENNAN,* JAMES M. GRAASKAMP,* 
BEVERLY S. DUNN,* and HARRY R. ALLCOCK* 

Checked by MICHAEL SENNEIT? 

Species that combine the properties of organosilicon compounds and phos- 
phazenes are prepared by the linkage of organosilicon side groups to a 
small molecule cyclic or linear high polymeric phosphazene skeleton. This 
is particularly important for high polymeric derivatives in which hybrid 
properties typical of polysiloxanes (silicones) and polyphosphazenes'J may 
be obtained. 

The synthetic route to such high polymers involves first the linkage of 
an organosilicon unit to a small molecule cyclic phosphazene (in this case, 
a cyclotriphosphazene). The linkage is accomplished by the use of an 
organosilyl Grignard reagent to replace chlorine atoms in a chlorocyclo- 
phosphazene. Further structural diversity is accomplished by replacement 
of a chlorine atom geminal to the organosilicon group by a methyl group, 
again with the use of the appropriate Grignard reagent. For mechanistic 
reasons not yet fully understood, the presence of the methyl groups aids 
the next step, which is the thermal ring-opening polymerization of the 
cyclotriphosphazene to a high molecular weight linear polymer. The re- 
maining chlorine atoms are then replaced by trifluoroethoxy units to elim- 
inate the hydrolytic sensitivity that accompanies the presence of P-Cl 
bonds. This chlorine replacement step leaves the organosilicon groups in- 
tact if it is carried out in toluene as a solvent. However, if THF is employed 
as the solvent, attack by trifluoroethoxide ion on a -CH2-SiMe3 group 
brings about cleavage of a carbon-silicon bond leaving a methyl group 
attached to phosphorus. 

Although a variety of organosilicon groups have been linked to phos- 

*Department of Chemistry, The Pennsylvania State University, University Park, PA 16802. 
"US. Army Materials Technology Laboratory, Watertown, MA 02172-0001. 
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phazenes,*6 use of the trimethylsilylmethyl unit has been studied in the 
greatest detail and is described here. 

All reactions and manipulations are carried out under a nitrogen at- 
mosphere up to the point at which the trifluoroethoxy groups have been 
attached to the phosphazene skeleton. The glassware used during Grignard 
and trifluoroethoxide reactions is dried in an oven at 130" for 24 hr and is 
cooled under vacuum or nitrogen before use. 

A. gem (METHY L-TRIMETHY LSILY LMETHY L) 
TETRACHLOROCYCLOTRIPHOSPHAZENE* 

Procedure 

THF 
Me,SiCH,Cl -k Mg + Me,SiCH,MgCl 

c1, /c1 Me,SiCH,\ /C1 
P P 

N/ \N 4- Me,SiCH,MgCl + N/ 'N 4- MgCI, 
THF 

Caution. An ice bath should be ready at hand to control the exo- 
thermic Grignard reaction if necessary. 

Magnesium (3.65 g, 0.150 mol) and 200 mL of dry THF (distilled over 
' sodium benzophenone) are added to a 500-mL three-necked round-bottom 
flask equipped with a magnetic stirring bar, a rubber septum, and a reflux 
condenser fitted with a nitrogen inlet adapter. To the unstirred reaction 
mixture 0.5-1.0 mL of 1,Zdibromoethane is added directly to the mag- 
nesium via syringe. Within 15-20 min, bubbles of ethylene are evolved to 
indicate that the magnesium is activated. In a nitrogen filled glove bag, 
13.8 mL (0.100 mol) of dry Me3SiCH2Cl (dried over activated 3-81 molec- 
ular sieves) is drawn into a dry syringe fitted with a Luer lock stopcock 

*2,2,4,4-Tetrachloro-6-methyl-6-[(trimethyls~yl)methyl]-1 ,3,5,2As,4As,6A5-triazatriphos- 
phorine. 
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and syringe needle. The Me3SiCH2CI is then added to the magnesium at 
the bottom of the flask. The mixture is allowed to stand for 10 min and is 
then stirred. A vigorous reaction will occur within 30 min, causing the 
solvent to reflux. The reaction mixture is allowed to reflux and should be 
cooled only if the solvent begins to reflux past the water-cooled condenser. 
The reaction mixture is then stirred until it cools to room temperature. 

A 1-L three-necked, round-bottom flask is equipped with a reflux con- 
denser fitted with a nitrogen inlet adapter, a 250-mL pressure equalizing 
addition funnel, and a magnetic stirbar. To this reaction vessel is added 
30.0 g (0.0865 rnol) of (NPC12), and 500 mL of dry THE The THF solution 
of Me3SiCH2MgC1 is transferred to the addition funnel via a double-tipped 
syringe needle. The solution of (NPC12) in THF is heated to reflux (66"), 
and the Grignard reagent is added dropwise over a 1-2 hr period. On 
completion of addition, the reaction mixture is stirred at 66" for 24 hr, 
then cooled to room temperature. 

In a nitrogen-filled glove bag, 45 mL of 2.9 M CH,MgCl (0.13 mol) in 
THF is transferred to an addition funnel, which is then attached to a 1-L 
flask. The CH3MgCl solution is then added dropwise to the THF solution 
of N3P3C15(CH2SiMe3), which has been cooled to 0" with an ice-water bath. 
On completion of addition, the solution is allowed to warm to 25" and is 
stirred for 16 hr. 

The solvent is removed from the reaction mixture under reduced pres- 
sure on a rotary evaporator in a 1-L recovery flask to yield a white residue. 
(H Caution. Washing of the mixture with 5% HC1 in water results in the 
solution of magnesium salts: This is an exothermic process. Care should be 
taken to prevent the diethyl ether from boiling. Use chilled 5% HC1 in water 
solution.) To the residue is added 500 mL of diethyl ether and 250 mL of 
5% HC1, which has been chilled at 0". Gentle swirling yields a two-phase 
mixture, which is transferred to a 1-L separatory funnel. The aqueous 
(lower) phase is separated and the ethereal layer is washed with two 250- 
mL portions of 5% HCl. The ethereal layer is dried over MgS04 and suction 
filtered through Fuller's Earth to yield a clear filtrate. The diethyl ether is 
removed under reduced pressure to yield crude gem-Np3Cb(CH3)(CH2SiMe3) 
as a solid. The white solid is recrystallized twice from hot hexane, and 
is vacuum sublimed at 100" (0.05 torr) twice to yield pure gem- 
N3P3C14(CH3)(CH2SiMe3), mp 114-115". Yield: 19.7 g, 60%.* 

Anal. Calcd for gem-NJ',C&(CH3)(CHzSiMe3): C, 15.84; H, 3.73; N, 11.09. 
Found: C, 15.87; H, 3.62; N, 10.98. 

'The checker reports that considerable loss of material occurred during the purification 
process and that only a 35% yield of compound melting at 114" was obtained. Use of spec- 
troscopic grade n-hexane as a recrystallization solvent improved the yield. 
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Properties 

The trimer, gem-N3P,Cl4(CH3)(CH2SiMe3), is a white solid that is soluble 
in THF, diethyl ether, 1,4-dioxane, CH2C12, CHC13, benzene, acetone, 
ethanol, toluene, and hot hexane. It is insoluble in water. The compound 
is relatively stable in the solid state in the presence of atmospheric moisture, 
but hydrolyzes slowly over a period of months or years. For this reason, 
the compound is stored under an atmosphere of dry nitrogen or in sealed 
vials under vacuum. The compound readily sublimes at loo" (0.05 torr), 
which makes it readily purified for polymerization purposes. The 31P NMR 
spectrum (CDCI,) is an AB2 spin pattern (vA: 38.0 ppm, vB: 16.9 ppm, 
JpNp = 5.8 Hz). The 'H NMR spectrum (CDC13) shows resonances for 
PCH, at 6 = 1.69 (d) 3H (JwH = 14.1 Hz), PCH2Si(CH3), at 6 = 1.31 
(dt) 2H (JPCH = 17.2 Hz, JPNPCH = 3.9 Hz), and PCH2Si(CH3), at 6 = 
0.23 (s) 9H. The 13C NMR spectrum (CDCl,) shows resonances for PCH, 
at v = 23.33 ppm (dt) (Jpc = 88.9 Hz, JpNpc = 2.5 Hz), PCH2Si(CH3), at 
v = 23.16 ppm (dt) (Jpc = 88.6 Hz, JpNw = 5.1 Hz), and PCH2Si(CH3), 
at v = -0.15 ppm (d) (Jpcsic = 3.4 Hz). The mass spectrum showed a 
parent ion peak at 379 amu with a Cl, isotope pattern. Major fragmentation 
patterns were loss of methyl (M - 15) and chlorine (M - 35). 

B. POLY [ gem (METHYLTRIMETHY LSILYLMETHYL) - 
CHLOROPHOSPHAZENE]* 

The trimer, gem-N3P3Cl,(CH3)(CH2SiMe3), is purified rigorously by three 
additional vacuum sublimations at 100" (0.05 torr) and is stored in a ni- 
trogen atmosphere before use. Into a clean, dry, Pyrex glass tube (with a 
length of 200 mm, 0.d. of 20 mm, wall thickness of 1 mm, with a constriction 
40 mm long and 30 mm from the open end) is added 10.0 g (0.0270 mol) 
of gem-N3P3C14(CH3)(CH2SiMe3) under an atmosphere of nitrogen. The 
tube is evacuated for a period of 30 min at 0.05 torr, then sealed at the 
constriction. This glass ampule is wrapped in a wire mesh screen and heated 
at 210" in a thermoregulated oven (with a mechanical tube rocker) until 
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the contents of the tube reach maximum viscosity but are not immobile 
(2-6 hr) . * 

The tube is wrapped in paper towels to prevent ripping of 
the glove bag when being opened. 
The tube is removed from the oven, allowed to cool, then opened (shattered 
by percussion) in a nitrogen-filled glove bag. The contents of the tube and 
shattered glass are transferred to a 500-mL airless flask equipped with a 
magnetic stir bar. The conversion of gem-N3P3C4(CH3)(CH2SiMe3) to the 
high polymer is approximately 5040%. 

W Caution. 

, 

Properties 

The polymer {[NPCl,],-[NP(CH3)(CH2SiMe3)]},, is readily soluble 
in dry THF, 1,4-dioxane, benzene, and toluene. It crosslinks readily to 
an insoluble gel in contact with moisture due to the presence of hydrolyt- 
ically unstable P-C1 bonds. Extreme care must be taken to avoid con- 
tact with moisture during the manipulations of the polymer. Residual 
cyclic trimer can be separated from the macromolecular species after 
treatment of the polymer-trimer mixture with sodium trifluoroethoxide 
as described in the next two sections. The 31P NMR spectrum of 
{[NPCl2),-[NP(CH3)(CH,SiMe3)]}, (THF, D20 lock) from the polymer- 
trimer mixture shows two resonances at 18.9 and -28.6 ppm for 
P(CH3)(CH2SiMe3) and PCl,, respectively. The 'H NMR spectrum of the 
polymer-trimer mixture (C6D6) shows distinct resonances for protons of 
the trimer and polymer. Resonances for protons in the trimer are detected 
for PCH3 at 6 = 1.20 (d) 3 H(JPCH = 14.1 Hz) PCH2Si(CH3)3 at 6 = 0.70 
(dt) 2H (Jm = 17.5 Hz, JPNm = 3.6 Hz), and PCH2Si(CH3)3 at 6 = (s) 
9H. Resonances for the protons of the high polymer are detected for PCH3 
at 6 = 1.60 (d) 3H (JxH = 13.8 Hz), PCH2Si(CH3)3 at 6 = 1.20 (d) 2H 
(JPCH = 14.1 Hz), and PCH2Si(CH3)3 at 6 = 0.21 (s) 9H. 

C. POLY(gem(METHYLTRIMETHYLS1LYLMETHn)- 
TRIFLUOROETHOXYPHOSPHAZENE]? 

Procedure 

to lUCnc 
CF,CH,OH + Na CF,CH,ONa + $H2 

*The checker comments that this polymerization was somewhat unpredictable and that 
the viscosity increase was negligible during the first 3-4 hr, but then accelerated rapidly during 
the next 30 min. Thus, constant monitoring was needed. 

catenatriphosphazene-1,6-diyl]. 
tPoly[2-methyl-4,4,6,6-tetrakis(2,2,2-trifluoroethoxy)-2-[ (trimethylsilyl)methyI]- 
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To the polymer {[NPC12]2-[NP(CH3)(CH,SiMe3)]}n and the residual cyclic 
trimer, gem-N3P3C4(CH3)(CH2SiMe3), in an airless flask is added 300 mL 
of dry toluene (distilled over sodium benzophenone). This mixture is stirred 
under an atmosphere of dry nitrogen until the contents of the broken tube 
dissolve (3-4 hr). The toluene solution is then transferred to a 500-mL 
addition funnel under a nitrogen atmosphere via a double-tipped syringe 
needle. 

Under no circumstances should mixtures that contain un- 
quenched CF3CH20Na be evaporated to dryness and heated, otherwise a 
potentially violent, exothermic solid state reaction may occur. Addition of 
MeJiC1 before removal of solventr brings about deactivation of CF3CH20Na. 

To a 2-L, three-necked, round-bottom flask equipped with a condenser 
and fitted with a nitrogen inlet adapter and a magnetic stir bar is added 
7.3 g (0.32 mol) of sodium and 1 L of dry toluene. In a nitrogen-filled 
glove bag, 26 mL (0.36 mol) of dry CF3CH20H (dried and stored over 
activated 3-81 molecular sieves) is transferred to a pressure equalizing ad- 
dition funnel. The addition funnel is attached to the 2-L flask and the 
CF3CH20H is added dropwise over a 30-min period. On completion of 
addition, the reaction mixture is stirred at 25" for 1 hr, then refluxed at 
110" until foaming ceases (4-5 hr) to ensure that complete formation of 
CF3CH20Na has occurred (CF3CH20Na is insoluble in toluene at 25" but 
is soluble in hot toluene). The CF3CH20Na solution is allowed to cool and 
the addition funnel containing the polymer-trimer mixture is attached to 
the 2-L flask. The CF3CH20Na-toluene slurry is heated to reflux, which 
brings about solution of the CF3CH20Na. The polymer-trimer solution is 
then added dropwise to the hot CF3CH20Na solution. On completion of 
addition, the reaction mixture is heated at 110" for 10 hr. During this period 
of time, {[NP(OCH,CF3)2],-[NP(CH3)(CH2SiMe3)]}n precipitates from the 
hot toluene solution. 

The reaction mixture is allowed to cool to 25" and the insoluble materials 

Caution. 
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are allowed to settle. The supernatant toluene solution is removed via 
double-tipped syringe needle, and a solution of 40 mL (0.24 mol) of Me3SiC1 
in 1 L of dry THF is added to the residue (Me3SiC1 reacts with residual 
CF3CH20Na to form Me3SiOCH2CF3 and NaCl). This mixture is stirred 
under nitrogen until the polymeric material dissolves (4-5 hr). The THF 
solution is transferred to a 1-L recovery flask in two portions, and the 
solvent is removed under reduced pressure by the use of a rotary evaporator 
in a hood. To the dry polymer-salt residue is added 500 mL of acetone 
and the mixture is shaken or stirred until the polymeric material dissolves 
(6-12 hr) to leave a milky solution. The acetone solution is concentrated 
to approximately 75 mL and the polymer is precipitated from acetone into 
water. The polymeric material is recovered and dried in vucuo. The ace- 
tone-water reprecipitation procedure is repeated twice more to remove 
the residual salts. The polymer is then reprecipitated from a concentrated 
acetone solution into pentane (twice), followed by Soxhlet extraction with 
pentane for 48 hr to remove residual cyclic trimers. The polymer is dried 
in vacm for 24 hr to yield 4.3 g (25%) (13.6% yield by the checker) of a 
light brown elastomeric material. 

Anal. Calcd: C, 24.64; H, 3.48; N, 6.64, C1, 0.00. Found: C, 24.20; H, 
3.21; N, 6.63, C1, 0.17. 

Properties 

The polymer is a light brown, film-forming elastomer, which is soluble in 
THF, acetone, and methyl ethyl ketone, and is insoluble in H,O, diethyl 
ether, 1 ,Cdioxane, CH2C12, toluene, benzene, hexane, and ethanol. Its 
glass transition temperature is -So, which means that it is an elastomer 
down to this temperature. The weight average (M,) and number average 
(M,) molecular weights were estimated by gel permeation chromatography 
(GPC) in THF [with 0.1% (n-Bu),NBr] using polystyrene standards. The 
value for M, is 7.5 x 105 and M, is 8.6 x 104. The polymer has a very 
broad molecular weight distribution with a polydispersity value of 8 
to 9. The 31P NMR spectrum (THF, D20 lock) shows resonances for 
P(CH3)(CH2SiMe3) at + 18.5 ppm (m) and P(OCH2CF3), at - 9.2 ppm 
(m). The 'H NMR spectrum (acetone-&) shows resonances for PCH3 
at 6 = 1.71 (d) (.IKH = 14.0 Hz), PCH2Si(CH3)3 at 6 = 1.43 (d) 2H 
(JKH = 18.0 Hz), PCH2Si(CH3)3 at 6 = 0.19 (s) 9H, and P(OCH2CF3), at 
6 = 4.48 (m) 8 H. 
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D . POLY kern (DIMETHY L)TRIFLU OROETHOXY PHOS- 
PHAZENE]* 

Procedure 

THF 
CF,CH20H 4- Na - CF,CH,ONa ++ H, 

{ N = l + ( N = l q  4- 5CF3CH,0Na CFFH,OH- THF 

n 

{ N = r q ( N = r +  -k CF3CH,0SiMe3 4- 4NaCl 

OCH2CF, CH, n 

To the polymer {[NPC1,]2-[NP(CH3)(CH2SiMe3)]}n and the residual cyclic 
species, gem-N3P3C1,(CH3)(CH2SiMe3), in an airless flask is added 300 mL 
of dry THF (distilled over sodium benzophenone ketyl). This mixture is 
stirred under an atmosphere of dry nitrogen until the contents of the broken 
tube dissolve (3-4 hr). The THF solution is then transferred to a 500-mL 
addition funnel under an atmosphere of nitrogen via a double-tipped sy- 
ringe needle. 

To a 1-L, three-necked, round-bottom flask equipped with a reflux con- 
denser fitted with a nitrogen inlet adapter and a magnetic stirring bar is 
added 9.4 g (0.41 mol) of Na and 500 mL of dry THE In a nitrogen filled 
glove bag 33 mL (0.45 mol) of dry CF3CH20H is transferred to a pressure 
equalizing addition funnel. (m Caution. The reaction between CF3CH,0H 
and sodium in THF is exothermic. A slow dropwise addition of CF3CH20H 
to the THF-sodium mixture at 0" will prevent a violent reaction.) The ad- 
dition funnel is attached to the 1-L flask, and the CF3CH20H is added 
dropwise over a 1-hr period to the sodium-THF mixture that has been 
cooled to 0". The reaction mixture is stirred until all of the sodium has 
reacted and no further evolution of H2 can be detected. 

The addition funnel containing the polymer-trimer mixture in THF is 
attached to the 1-L flask, and the CF3CH20Na solution is heated to reflux 



68 Inorganic Polymer Systems 

(66"). The polymer-trimer solution is added dropwise to the hot THF 
solution over a 2-hr period. On completion of addition the reaction mixture 
is heated at 66" for 24 hr. 

Caution. Under no circumstances should mixtures that contain un- 
quenched CF3CH20Na be evaporated to dryness and heated, otherwise a 
potentially violent, exothermic solid state reaction may occur. Addition of 
MeyTiCl before removal of solvents brings about deactivation of CF3CH20Na. 

The reaction mixture is allowed to cool to 25" and Me3SiC1 is added 
slowly (-50 mL) to the THF solution until the solution is just acidic when 
tested with wet litmus. The solution is then transferred to a 1-L recovery 
flask. The solvent and volatile species are removed under reduced pressure 
by use of a rotary evaporator in a hood. To the dry polymer-salt residue 
is added 500 mL of acetone and the mixture is shaken or stirred until the 
polymeric material dissolves (6-12 hr) to yield a milky solution. From this 
point on, the polymer is purified and isolated as described in the previous 
section. Yield: 3.8 g (25%) (79% yield by the checker). 

Anal. Calcd: C, 21.40; H, 2.52; N, 7.49; C1, 0.00. Found: C, 21.51; H, 
2.65; N, 7.62; C1, 0.10. 

Properties 

The polymer is a light brown, film-forming elastomer that is soluble in 
THF, acetone, and methyl ethyl ketone, and insoluble in H20, diethyl 
ether, 1,4-dioxane, CH2C12, toluene, benzene, hexane, and ethanol. Its 
glass transition temperaure is -58". The M, is 8.8 x 105 and M, is 5.3 X 

104. The polymer has a very broad molecular weight distribution with a 
polydispersity value between 16 and 17. The 31P NMR spectrum (THF, 
D20 lock) shows resonances for P(CH3), at + 15.6 ppm(m) and P(OCH2CF3)2 
at -7.6 ppm(m). The 'H NMR spectrum (acetone d6) shows resonances 
for P(CH3)2 at 6 = 1.67 (d) 6 H (.IK., = 14.3 Hz) and P(OCH2CF3)2 at 
6 = 4.48 (m) 8 H. 
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16. POLY(DIMETHYLPH0SPHAZENE) AND 
POLY(METHYLPHENYLPH0SPHAZENE) 
{Poly[nitrilo(dimethylphosphoranylidyne)] and 
Poly [nitrilo(methylphenylphosphoranylidpe) ] } 

Submitted by P. WISIAN-NEILSON* and R. H. NEILSONt 
Checked by JAMES M. GRAASKAMPS and BEVERLY S. DUNNS 

Amino, alkoxy , and aryloxy polyphosphazenes are typically prepared by 
nucleophilic displacement reactions of poly(diha1ophosphazenes). ' Anal- 
ogous reactions with organometallic reagents, however, result in chain 
degradation and cross linking rather than in linear, alkyl, or aryl substituted 
poly(phosphazenes).2 The thermolysis of appropriate silicon-nitrogen- 
phosphorus  compound^^.^ can be used to prepare fully P-C bonded 
poly(organophosphazenes) .576 The synthesis of two of these materials and 
their Si-N-P precursors is described here. 

The phosphines and several other reagents have obnoxious 
odors and are either known to be or are likely to be toxic. All reactions and 
manipulations should be carried out in efficient hoods. 

Caution. 

A. POLY(DIMETHYLPH0SPHAZENE) 

Procedure 

1. P,~-Dimethyl-Nfl-bis(trimethylsilyl)phosphous Amide 

( Me3Si)2NPC12 (1) n-BuLi 
(Me3Si)2NH (2) pel, ' 

9 (Me3Si)2NPMe, MeMgBr ( Me3Si)2NPC12 

As described in the Wilburn pr~cedure ,~  (Me,Si),NH (104.3 mL, 0.50 mol) 
and Et,O (500 mL, distilled from CaH,) are placed in a 2-L, three-necked, 
round-bottom flask that is equipped with a nitrogen inlet, mechanical stir- 
rer, and a pressure equalizing addition funnel fitted with a rubber septum. 
Then n-butyllithium (n-BuLi) (313 mL, 0.50 mol, 1.6 M in hexane) is 
transferred to the addition funnel via a cannula and added slowly (-0.5 

*Department of Chemistry, Southern Methodist University, Dallas, TX 75275. 
tDepartment of Chemistry, Texas Christian University, Forth Worth, TX 76129. 
$Department of Chemistry, The Pennsylvania State University, University Park, Penn- 

sylvania 16802. 
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hr) to the stirred (Me3Si)2NH solution that is cooled in an ice-water bath. 
When addition is complete, the mixture is stirred at room temperature for 
1 hr and then cooled to - 78". Dry Et20 (30-50 mL) is added to the mixture 
via the addition funnel in order to remove residual n-BuLi from the funnel. 
Keeping the solution at -78", PC13 (43.6 mL, 0.50 mol) is added over 15 
min, the mixture is stirred for 10 min at -78", the dry ice-acetone bath 
is removed, and stirring is continued for 1 hr. This mixture is cooled to 0" 
and a cannula is used to transfer MeMgBr (333 mL, 1.0 mol, 3.0 M in 
Et2O) to the addition funnel after it has been rinsed as just described. The 
Grignard reagent is added over 1.5 to 2 hr and the mixture is then stirred 
at room temperature for 2 or 3 hr and allowed to stand overnight. Hexane 
(-300 mL) is added to facilitate precipitation of the salts. After filtration 
(CeliteB filter aid is recommended by the checkers for all filtrations) under 
nitrogen and washing the residue with hexane (3 X 150 mL), the combined 
filtrate and washings are concentrated by removal of solvents at reduced 
pressure. If solids remain in the residue, more hexane should be added 
and the mixture filtered again. Solvent removal from the filtrate and dis- 
tillation of the residue at 3.0 torr (bp 55") affords (Me3Si),NPMe2 as a 
pungent, moisture-sensitive liquid. Yield: 75.6 g, 68%. 31P NMR 6 = 31.7 
(CDC13). 

The salts from this reaction are best destroyed by slow, 
careful addition of isopropyl alcohol, followed by H 2 0 ,  and then dilute 
bleach to destroy the residual phosphinous amide. 

Caution. 

2. P~-Dimethyl-N-(trimethylsilyl)phosphorimide Bromide 

Br 
I 

(Me,Si),NPMe, -k Br, - Me,SiN=PMe, -k Me,SiBr 

A 1-L, two- or three-necked flask equipped with a nitrogen inlet, addition 
funnel, and magnetic stir bar is charged with (Me3Si),NPMe2 (75.6 g, 0.34 
mol) and benzene (400 rnL, distilled from CaH,). A solution of Br, (57.4 
g, 0.36 mol) in benzene (200 mL) is added dropwise to the phosphine 
(phosphinous amide) solution at 0". Addition of Br, is stopped when the 
solution in the flask is slightly yellow due to the presence of excess Br,. 
This mixture is stirred at room temperature for 0.5 hr and more Br, is 
added if the yellow color in the solution disappears. Then solvent is re- 
moved under reduced pressure and the residue is distilled to give 
Me3SiN=P(Br)Me2 (bp 55"/5.0 torr) as a very moisture-sensitive liquid 
that fumes in air and ignites paper. Yield: 69.2 g, 89%. 31P NMR 6 = 6.82 
(C6H6) .4 
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3. 2,2,2-Trifluoroethyl P,P-Dimethyl-N-(trimethylsilyl)phosphinimidate 

Br OCH,CF3 
EbN I I 

Me3SiN=PMe, -k CF,CH,OH -bNHBr* Me,SiN=PMe, 

A 1-L, three-necked, round-bottom flask equipped with a nitrogen inlet, 
mechanical stirrer, and addition funnel is charged with Me3SiN=P(Br)Me2 
(69.2 g, 0.30 mol), benzene (400 mL), and Et3N (42.3 mL, 0.30 mol, 
distilled from CaH,). After the mixture is cooled to 0", CF3CH20H (22.1 
mL, 0.30 mol, distilled from barium oxide)7 is added over 0.5 hr. This 
reaction mixture is allowed to warm to room temperature, stirred for 16 
to 18 hr, and then filtered under nitrogen. The solids are washed with 
hexane (3 X 100 mL) and solvent is removed under reduced pressure. The 
residue is distilled to give 47.6 g (64%) of Me3SiN=P(OCH2CF3)Me2 (bp 
54"/11 torr). 31P NMR 6 = 32.32 (CDC13).4 This slightly moisture-sensitive 
liquid must be stored at - - 10" in order to prevent thermal decomposition. 

4. Poly(dimethylphosphaene) 

OCH,CF, 

Me,SiN=PMe, I 2 -(N==[-) -k M%SiOCH,CF, 

A heavy-walled glass ampule (-20-mL capacity) with a constriction is 
purged with nitrogen and charged with Me3SiN=P(OCH2CF3)Me2 (6.46 
g, 26.1 mmol). After degassing by the freeze-pumpthaw method, the 
ampule is sealed with a torch at the constriction and placed in either an 
oil bath at 189" for 41 hr (behind a safety shield) or in an oven at 160" for 
65 hr. The ampule is opened and the volatile component (Me3SiOCH2CF3) 
is trapped on a vacuum line (4.45 g, 99.0%). The remaining white solid is 
dissolved in CH2C12 and precipitated by pouring the solution into hexane. 
Drying under vacuum yields 1.93 g (99%) of (NPMe,),. 

Anal. Calcd. for C&PN: C, 32.01; H, 8.06; N, 18.66. Found: C, 31.75; 
H, 8.21; N, 18.32. 

Larger quantities of polymer can be prepared by carrying out the ther- 
molysis in a stainless steel reaction bomb fitted with a valve for removal 
of the volatile by-product. In this manner 31.4 g (0.126 mol) of 
Me3SiN=P(OCH2CF3)Me2 was heated at 160" for 65 hr or 127 g (0.51 mol) 
for 302 hr to give complete thermolysis to (NPMe2),. 
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Properties 

Poly(dimethy1phosphaene) is an air-stable, white, film-forming polymer 
that is soluble in CH2C12, CHCl,, EtOH, and THF-H20 (50:50), and is 
insoluble in H20,  acetone, THF, and Et20. Its melting point is 148-149" 
and the glass transition temperature is - 40".5 Molecular weight (M,) has 
been determined by light scattering to be -50,000. Intrinsic viscosities of 
various samples range from 41 to 80 mL/g (CH2C12). The ,'P NMR spec- 
trum is a singlet at 8.26 ppm (CDC13) and the 'H and NMR spectra 
have broad doublets at 1.43 ppm (JPH = 12.5 Hz, in CH2C12) and 22.46 
pprn (Jpc = 90.2 Hz, in CDCI,). 

B. POLY(METHYL.PHENYLPH0SPHAZENE) 

Procedures 

1. P-Methyl-P-phenyl-N,N-bis(trimethylsilyl)phosphioous Amide 

(Me,Si),NP( Ph)C1 (1) n-BuLi 
(Me3Si)2NH (2) p h p ~  ' 

* (Me,Si),NP(Ph)Me MeMgBr (Me3Si)2NP( Ph)Cl 

As described in Section A.l, (Me,Si)2NH (208.5 mL, 1.0 mol) in 750 
mL of dry Et20 is treated at 0" with n-BuLi (1.0 mol, 1.6 M in hexane). 
The resulting solution is cooled to -78" and PhPC12 (135.7 mL, 1.0 mol) 
is added over -10 min. After stirring for 1 hr at ambient temperature, 
MeMgBr (1.0 mol, 3.0 M in Et20) is added at 0" over 1.5 to 2 hr. Work 
up consists of addition of hexane (300 mL), filtration, and washing of solids 
with hexane (3 x 150 mL); solvent removal from the filtrate at reduced 
pressure; and distillation of the residue to afford (Me,Si),NP(Ph)Me, bp 
78"/0.02 torr. Yield: 229.6 g, 81%. ,'P NMR 6 = 37.6 (CDCl,)., 

2. 2,2,2-'lWuoroethyI P-Methyl-P-phenyl-N- 
(trimethylsily1)phosphiniidate 

A 1-1, three-necked flask equipped with a nitrogen inlet, a mechanical 
stirrer, and a pressure equalizing addition funnel is charged with 
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(Me,Si),NP(Ph)Me (116.9 g, 0.41 mol) and dry benzene (300 mL). A 
solution of Br2 (69.2 g, 0.3 mol in 150 mL of benzene) is added dropwise 
to the 0" solution until a faint yellow color persists. After stirring for 0.5 
hr, the solvent and Me,SiBr are removed under reduced pressure. The last 
traces of Me,SiBr must be removed so it is necessary to check the 'H NMR4 
spectrum of the crude product at this point. [The P-Br compound 
Me,SiN=P(Br)(Ph)Me (,lP NMR 6 = 0.08) obtained in ,this reaction will 
decompose if distillation is attempted4]. Freshly distilled benzene (400 mL) 
and E t a  (63.0 mL, 0.45 mol) are then added to the flask. Over a 15- to 
20-min period, CF3CH20H (29.9 mL, 0.41 mol) is added to the solution 
at 0" and the resulting mixture is stirred overnight after warming to room 
temperature. Filtration, washing of the solids with hexane (3 x 100 mL), 
solvent removal from the combined filtrate and washings, and distillation 
affords Me,SiN=P(OCH,CF,)(Ph)Me as a colorless liquid, bp 58"/0.2 torr. 
Yield: 69.3 g, 55%. (Note: Yields may vary from 50 to 85%.)  ,'P NMR 
8 = 22.24 (CH2C12). 

3. Poly(methylpheny1phosphazene) 

OCH,CF, 
Me,SiN=P-Ph t A {N=[-)- 4- Me,SiOCH,CF, 

I 
Me 

A stainless steel bomb fitted with a needle valve is purged with nitrogen 
and charged with Me3SiN=P(OCH2CF,)(Ph)Me (62.0 g, 0.20 mol). After 
degassing by evacuating for 10 min at room temperature, the bomb is 
placed in an oven at 190" for 10 days. The bomb is then attached to a 
vacuum line and the volatile component is transferred to a preweighed 
flask. If at least a 90% yield (0.18 mol) of Me3SiOCH2CF, is not obtained, 
the bomb and the remaining contents are returned to the oven for another 
day. The volatile material is again removed and the process is repeated 
until a 90 to 100% yield of Me3SiOCH2CF3 is obtained. Then the bomb is 
opened to the atmosphere and [N=P(Ph)(Me)], is removed by dissolving 
in CH2C12. Pouring this solution into hexane results in precipitation of the 
polymer. 

Anal. Calcd. for C,H8PN: 61.32; H, 5.88. Found: C, 61.58; H, 6.13. 

Properties 

Poly(methylpheny1phosphazene) is soluble in CH2C12, CHCl, , benzene, 
and THF, and is insoluble in H20, hexane, and acetone. Molecular weight 
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(M,) by gel permeation chromatography is -54,000. The polymer is a 
white to light brown, air stable, brittle material that is readily plasticized 
by solvents. The glass transition temperature is 37" and it does not show 
a melting point transition by DSC analysis. The 'H NMR spectrum shows 
a complex multiplet in the phenyl region and several overlapping doublets 
centered at 1.42 pprn (.IPH = 12.5 Hz, in CH2C12). In addition to a multiplet 
in the phenyl region, the 13C NMR spectrum contains three P-Me doublets 
centered at 22.29 ppm (.Ipc = 90 Hz, in CDC13). The 31P NMR spectrum 
shows a broad singlet at 1.69 ppm (CDC13). 
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from activated 3-A molecular sieves into a flask containing 3-A molecular sieves. 

17. PENTACHLORO(VINYL0XY)CYCLOTRI- 
PHOSPHAZENES AND THEIR POLYMERS 

[2,2,4,4,6-Pentachloro-6-( ethenyloxy)-1,3,5,2As,4As,6As- 
triazatriphosphorine] 

Submitted by CHRISTOPHER W. ALLEN*, KOLIKKARA 
RAMACHANDRAN,P and DOUGLAS E. BROWN* 
Checked by W. J. BIRDSALLS and J. E. SCHEIRERS 

It has recently been found that the variety of new and useful phosphazene 
derivatives that are available can be expanded dramatically by incorpo- 
ration of an organofunctional substituent on the phosphazene ring. The 
reactive center on the side chain can then serve as the site for further 
tranformations in syntheses. This approach has been most successfully 
utilized with olefinic,' p-lithiophenoxy,2 and p-aminophenoxy3 phospha- 

*Department of Chemistry, University of Vermont, Burlington, VT 05405. 
t3M Center, 3M Corporation, St. Paul, MN 55144. 
SAlbright College, Reading, PA 19603. 
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zenes. One such class of organofunctional monomers is the (vinyl- 
oxy)cyclophosphazenes that are available from the reaction of the enolate 
anion of acetaldehyde with halocyclophosphazenes.4-7 The lithium enolate 
of acetaldehyde is conveniently obtained by metallation of THF,8 and the 
reaction of this material with hexachlorocyclotriphosphazene results in the 
formation of pentachloro(vinyloxy)cyclotriphosphazene, N3P3C150CzH3.4 
This process is described in the next section. The conversion of this mon- 
omer to polypentachloro(viny1oxy)cyclotriphosphaene is described in Sec- 
tion B. 

A. PENTACHLORO(VINYL0XY)CYCLOTRIPHOSPHAZENE 
(2-Vinyloxy-2,4,4,6,6-pentachlorocyclotriphospbazatriene; 
2,2,4,4,6-Pentachloro-6-(ethenyloxy)-1,3,5,2A5,4A5,6A5- 
triazaphosphorine) 

C4H80 + n-C4HgLi - LiOC2H3 + C2H4 + C4H,, 

N3P3C16 + LiOC2H3 - N3P3C150CH=CH2 + LiCl 

Procedure 

The apparatus shown in Figure l9 is fitted with a magnetic stirring bar, a 
100-ml pressure-equalizing dropping funnel, .and septa on the two side 
arms. The glassware is assembled hot, the stopcocks are closed, and the 
system is flushed with nitrogen exiting through the dropping funnel to a 
mercury bubbler. The nitrogen flow is reduced to a minimal rate and 100 
mL of dry THF is placed in the apparatus. Using either a syringe or a 
double-ended needle, 50 mL of a 1.55 M solution of butyllithium in hexanes 
(0.078 mol) is placed in the addition funnel and slowly added to the stirred 
THE Stirring is continued overnight. A 500-mL three-necked flask is at- 
tached to the apparatus in the figure and is charged with 15.0 g (0.043 
mol)* of hexachlorocyclotriphosphazene, N3P3C16,t and a magnetic stirring 
bar. Septa are fitted to the side arms, and the flask is attached to the 
appartus containing the lithium enolate. The nitrogen line is removed from 
the side aim on the apparatus shown in the figure and connected to the 
flask via a syringe needle. The upper stopcock of the apparatus is opened 
allowing the system to be flushed with nitrogen. Approximately 100 mL 
of dry THF is added to the flask, and stirred until the solid dissolves. The 
phosphazene containing flask is immersed in an ice bath and the enolate 

*The high enolate-phosphazene ratio is used to ensure reaction of all of the N,P,CI,, 

tShin Nisso Kako GI, ltd. 3-1.60, Ukima, Kita-ku, Tokyo, Japan 115. 
which is difficult to separate completely from the desired product. 
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Fig. 1. 

solution is slowly added. After complete addition, the stirred reaction 
mixture is allowed to warm to room temperature. The solvent is removed 
by means of a rotary evaporator, and the resulting oily mixture is treated 
with activated charcoal and 200 mL of low boiling (30-60') petroleum. 
After filtration through celite or Filter-Aid, the solvent is removed and the 
process is repeated with 100 mL of petroleum and additional activated 
charcoal. After removal of the solvent an oily mixture remains. Flash 
chromatography" is an efficient method of separating the monosubstituted 
derivative from materials with higher degrees of substitution. A 4-cm di- 
ameter chromatographic column fitted with a 35/20 ball joint at the top 
and leading to a nitrogen inlet is filled with 11 cm of flash chromatography 
grade (-4 km average particle diameter) silica gel (Baker) in a slurry with 
low boiling petroleum. A 5.56-g sample of the crude product is placed on 
the column, solvent is added, the ball joint is clamped, and the nitrogen 
pressure is adjusted to provide a slow flow through the column. Fractions 
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are collected in test tubes and monitored by TLC. The first component to 
be eluted is the desired product, and all fractions containing this material 
are combined. The solvent is removed by means of rotary evaporation, 
kept at 40". Purification is effected by short path distillation at a bath 
temperature of 85" (0.02 torr) to yield 2.25 g of a water white liquid, bp 
55 to 57". 

Anal. Calcd. for N3P3CI5OC2H3: C, 6.75, H, 0.84; mol wt 353. Found: C, 
6.74; H, 0.75; M, 353 (mass spectrum). 

Properties 

Pentachloro(viny1oxy)cyclotriphosphazene is a colorless liquid stable to 
atmospheric hydrolysis. It is soluble in common organic solvents. The IR 
spectrum exhibits a strong phosphorus-nitrogen ring stretching band at 
1220 ~ m - l . ~  The 31P NMR spectrum shows resonances for =PC1(OC2H3) 
centers at 13.2 ppm and =PC12 centers at 23.4 ppm with 2JpNp = 64 H z . ~  

B. POLY~PENTACHLORO(WNYL0XY)CYCLOTRI- 
PHOSPHAZENE] (P01~[2-VinyI0~y-2,4,4,6,6- 
pentachlorocyclotriphosphaztriene]; Poly[2,2,4,4,6- 
pentachloro-6-(ethenyloxy)-1,3,5,2 A5,4 A5,6As- 
triaztriphosphorine]) 

N3P3Cl,0C2H3 

ON,P,Cl, 

Polymerization through the vinyl function in pentachloro(viny1oxy)- 
cyclotriphosphazene can be accomplished under radical initiation condi- 
tions. The presence of moisture and (viny1oxy)phosphazenes with degrees 
of substitution >1 must be avoided because the former can effect chain 
transfer and the latter results in the formation of cross-linked materials. 

Procedure 

A 2.25-g sample of pentachloro(viny1oxy)cyclotriphosphazene is distilled 
at 0.02 torr from P4OI0 to a flask containing 0.02 g of 2,2'-azobis(2-meth- 
ylpropanenitrile) [azobis(isobutyronitriIe)] (AIBN). * After distillation, the 

'AIBN is purified by vacuum sublimation at ambient temperature. 
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stopcock leading to the vacuum system is closed, and the flask (still attached 
to the distillation apparatus) is placed in a constant temperature bath at 
60". The flask is occasionally swirled to aid in dissolution of AIBN and to 
recover AIBN, which condenses on the upper walls of the flask. The tran- 
sition to a very viscous medium occurs in approximately 2 hr. At this point, 
the mixture is dissolved in 50 mL of dichloromethane and the resulting 
solution is dropped slowly down the wall of a 400-mL beaker containing 
200 mL of stirred methanol. The polymer is allowed to settle, and most 
of the solvent is decanted. Approximately 200 mL of additional methanol 
is added and then decanted after the polymer has settled. The polymer is 
isolated by filtration through coarse filter paper, dried in an oven at 50°, 
and then placed in VQCUO (0.02 torr) overnight. A yield of 0.27 g (12% 
conversion) is obtained. Conversions of 10 to 20% are typically achieved 
with higher conversions being possible with extended reaction times. 

Anal. Calcd. for N3P3C150CZH3: C, 6.75; H, 0.84. Found: C, 7.16; H, 0.93. 

Properties 

Poly[pentachloro(vinyloxy)cyclotriphosphazene] is a white solid that is sta- 
ble to atmospheric hydrolysis. It is soluble in toluene, dichloromethane, 
and so on, and can be cast into flexible thin films. Molecular weights will 
vary with experimental conditions with M, as high as 2.85 x l@ (membrane 
osmometry) being observed. Thermal decomposition of the polymer is a 
complex process, with the first stage being elimination of HCl starting 
around 120". Nucleophilic substitution reactions on the cyclophosphazene 
groups in the polymer allow for the synthesis of a broad range of related 
polymers. 
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Chapter Three 

COMPOUNDS OF 
PHARMACOLOGICAL INTEREST 

18. BORON ANALOGS OF AMINO ACIDS 

Submitted by BERNARD E SPIELVOGEL,* FAHIM U. AHMED,* and 
ANDREW T. McPHAIL* 

Checked by KAREN W. MORSE? and TERRY J. LOFlMOUSEt 

Amine carboxyboranes such as H3NBH2C02H (ref. 1) and Me3NBH2C02H 
(ref. 2) are isoelectronic an$ isosteric (protonated) boron+analogs of the 
a-amino acids glycine, H3NCH2C0~, and betaine, Me3NCH2C05, re- 
spectively. Considerable interest may be expected in these boron analogs 
in view of the profound biological activity of the a-amino acids. Indeed, 
these and other examples of boron analogs of the a-amino acids, together 
with their precursors and derivatives have been found to possess interesting 
pharmacological activity including significant hypolipidemic, antiarthritic, 
and antitumor a~ t iv i ty~-~  in animal model screens. 

Procedures are given for the preparation of trimethylamine-cyano 
borane, Me3NBH2CN, the precursor to trimethylamine-carboxyborane, 
Me3NBH2C02H, as well as for Me,NBH2C02H and its N-ethylamide and 

'Paul M. Gross Chemical Laboratory, Duke University, Durham, NC 27706. 
tDepartments of Chemistry and Biochemistry, Utah State University, Logan, UT 84322. 
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methyl ester derivatives. These four compounds can serve as the basis for 
the synthesis of many other interesting derivatives including peptides. 

A. TRIMETHYLAMINE-CYANOBORANE 

NaBH3CN + Me3N.HC1 3 Me3NBH2CN + NaCl + H2 

Trimethylamine-cyanoborane is prepared by reacting trimethylamine-hy- 
drochloride and NaBH3CN in refluxing THE6 It also has been prepared 
by the addition of Me3N to independently generated species or adducts 
containing -BH2CN,7.' by the interaction of Me3NBH21 and NaCN in 
ether ~olvents,~ and other routes.1° The present procedure, however, is a 
very convenient one step, high yield synthesis using commercially available 
starting materials. 

Procedure 
Caution. NaBH3CN is a toxic chemical. Considerable care should 

be exercised not to inhale the powder or to contact the chemical or its 
solutions. Rubber gloves should be worn and all operations carried out in 
an efficient hood. Me3NBH2CN is also toxic (see Properties) and similar 
care should be taken in working with the compound. Although Me3NBH2CN 
has shown signijcant pharmacological activity at doses below toxic levels 
in animal model ~ tud ie s ,~ -~  very little toxicological data is available. It should 
be used only for experimental laboratory use and is not to be used as a drug 
on humans. 

A 2-L three-necked flask is equipped with a nitrogen inlet, reflux con- 
denser (connected to an oil bubbler to monitor H2 gas evolution) and 
magnetic stirrer. For more efficient stirring, a mechanical stirrer is better. 
After flushing with nitrogen, 75.40 g (1.20 mol) of NaBH,CN* is added 
followed by 800 mL of dry THE The mixture is stirred until most of the 
NaBH3CN is solubilized. To the stirring solution, 128.06 g (1.34 mol, -11% 
excess) of Me3N-HCI is added slowly followed by an additional 200 mL of 
dry THF. After the H2 gas evolution has slowed considerably, the suspen- 
sion is refluxed for 48 hr. During this period, considerable amounts of 
foam are produced. The reaction mixture is then cooled and filtered, the 
solid (NaCl) is washed with THF (2 x 50 mL), and the solvent removed 
from the filtrate at reduced pressure leaving 104.6 g (89.1%) of crude 

*Commercially available from Aldrich Chemical Company and Alpha Inorganics. 
NaBH,CN is quite hygroscopic and is preferably weighed out in a dry atmosphere. 
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Me3NBH2CN, mp 60". The crude product is readily purified by recrystal- 
lization from THF-petroleum or by sublimation under reduced pressure 
to give an 82% yield (mp 63"). * 

Anal. Calcd. for (Cd-Il7BN2O): C,H,B,N. Analyses for indicated elements 
within *0.3% were obtained. 

Properties 

Trimethylamine-cyanoborane is a white crystalline slightly hygroscopic 
solid, soluble in most organic solvents; mp 63": IR (Nujol) v,,(2400), 
~ ~ ( 2 2 0 0 )  cm-'; 'H NMR (CDCl,) 6 = 2.74 (s, CH,N); 'lB NMR (CDCl,, 
BF3-Et20 std) 6 = - 13.16 (t, JB-H = 105 Hz). Its purity can be checked 
by melting point and 'H NMR. The compound is quite stable towards 
hydrolysis. It is toxic with an LDso of 70 mg/kg in male mice3 although it 
possesses significant pharmacological activity at doses considerably below 
this 

B. TRIMETHYLAMLNE-CARBOXYBORANE 
(BORON ANALOG OF BETAINE) 

C H z a z  Me3NBHzCN + Et30+BF,- 7 MepBHzCNEt+BF,- + Et20 

Me3NBH2CNEt+BF,- + 2H20 - Me3NBH2C02H + EtNHj+BF; 

Trimethylamine-carboxyborane is obtainedZ by activating the cyano group 
in Me3NBH2CN by ethylation with triethyloxonium tetrafluoroborate, fol- 
lowed by hydrolysis of the resulting nitrilium salt. with water. Attempts to 
prepare Me3NBH2C02H from Me3NBH2CN directly by acid, base hydroly- 
sis , or KMn04 oxidation-hydrolysis under various conditions have been 
unsuccessful resulting instead of B-H hydrolysis (under forcing condi- 
tions) to give boric acid or borate salts. Freshly prepared Et,O+BF, (ref. 
11) always gives better yields of MeJNBH2C02H than the commercially 
available material. In some instances, no product is obtained in using 
commercial sources of Et,O+BFi , which may reflect the instability of the 
compound and its solutions and prior handling. 

*The checkers reported a crude yield of 89.9% and that some BH3CN- ("B NMR) re- 
mained after the first recrystallization. A pure product (I'B NMR) was obtained after the 
second recrystallization with a yield of 65%. 
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Procedure 

Caution. Me3NBH2CN is a toxic compound (see Properties) and 
proper care should be exercised in handling it. Although Me3NBH2C02H 
is a relatively non toxic compound (see Properties) and has been found to 
possess signijicant pharmacological activities in animal model studies, very 
little toxicological data is available; it should be used only for experimental 
laboratory use and is not to be used as a drug on humans. 

To a 500-mL three-necked flask equipped with reflux condenser, mag- 
netic stirrer, and N2 inlet, is transferred 32.53 g (0.28 mol) of Me3NBH2CN 
and 240 mL of 2 M Et3OBF4 (0.48 mol, -100% excess) in CH2C12 under 
nitrogen. The resulting clear solution is refluxed (45") for 24 hr. The so- 
lution is then cooled and the solvent removed at reduced pressure leaving 
a white solid material that is vacuum pumped overnight to remove BF3.Et20 
formed from decomposition of some Et30+BF; during the period of reflux. 
To this solid (N-ethylnitdium salt, Me3NBH2CNEt+BFi), 200 mL of water 
is added and the solution is stirred at room temperature for 24 days. The 
aqueous solution (some solid product forms at this stage) is repeatedly 
extracted with CHzClz (4 x 100 mL). The organic extracts are dried over 
MgS04, filtered and evaporated to dryness. The crude solid Me$lBHzCOOH 
is purified by recrystallization from warm water (at least 55") giving 21.38 g 
(65.8%) white plates, mp 147" (dec, under vacuum). 

If freshly prepared Et30+BF,- is used, an excess of 30% is found to give 
a similar yield of Me3NBH2C02H. 

Anal. Calcd. (C4H12BN02) C,H,B,N: Analyses for indicated elements within 
+0.3% were obtained. 

Properties 

The product is a white crystalline solid, soluble in H20 and common organic 
solvents. It melts with decomposition at 147". It is stable in H20 and air 
but will decompose approximately 25% in 1 N HCl after 1 week. The IR 
(KBr) vOH(3130), vBH(2380), ~ ~ ~ ( 1 6 4 5 )  cm-'. 'H NMR (DzO) 6 = 2.72 
(s, Me3N), 4.65 (s, HDO); "3 NMR (CDC13, BF3-Et20 std): 6 = -9.7 (t, 
JB-H = 98 Hz). The purity of Me3NBH2CO2H is most easily checked by 
"B NMR since its chemical shift (- 9.7 ppm) is 3.5-ppm downfield from 
that of Me3NBH2CN, the major impurity. Trimethylamine-carboxyborane 
is a relatively nontoxic compound having an LDso of 1800 mg/kg in mice.3 

The amine group of Me$lBHZCO2H can be exchanged with other amines, 
for example, M%NH,l2 MeNH2,12 and NH3,1 the last giving H3NBH2C02H, 
the boron analog of glycine. Me3NBHzCO2H and other amine-carboxy- 



18. Boron Analogs of Amino Acids 83 

boranes are very weak acids13 with pK, for ionization of the carboxyl proton 
being around 8, some sixfold higher in pK than the analogous amino acid. 
Me3NBH2C02H forms a dinuclear complex with Cu(I1) similar to dinuclear 
copper acetate complexes. The complex has enhanced antitumor and hy- 
polipidemic activity. 1 4 3  

C. TRIMETHYLAMINE-(ETHYLCARBAM0YL)BORANE 

C H F h  

Me3NBH2CNEt+BF,- + NaOH - Me,NBH,C(O)NHEt + NaBF, 

The N-ethylamide of Me3NBH2C02H, Me,NBH,C(O)NHEt, or trimethyl- 
amine (ethylcarbamoy1)borane is prepared,'-l6 by ethylating Me3NBH2CN 
with Et30+BF,- in refluxing CH2C12 (45") followed by rapid hydrolysis of 
the resulting nitrilium salt with 1N NaOH at 0". 

Me3NBH2CN + Et30fBF; 7 Me3NBH2CNEt+BF, + Et20 

Procedure 

W Caution. Me3NBH2CN is a toxic compound (see Properties). 
Me3NBH2C(0)NHEt should be used only for experimental laboratory use 
and is not to be used as a drug on humans. 

A solution of Me$TBH2CN (11.9 g, 0.12 mol) and 250 mL of 1 M Et30BF4 
(ref. 11) in CH2C12 (0.25 mol) was refluxed (45") under.N2 for 24 hr. The 
reaction mixture is cooled to 0", and 1 N NaOH is added slowly with 
vigorous stirring until the solution is quite basic (pH > 13). After stirring 
(maintaining pH > 13) for 1 hr at room temperature, the organic layer is 
separated and the aqueous layer extracted three times with CH2C12. The 
organic portions are combined and dried over MgS04, and the solvent 
removed in vacuo. The remaining viscous liquid is distilled under vacuum 
with minimum heating (oil bath) to give 13.1 g (75%) of oily amide; bp 80" 
(0.15 torr). 

Anal. Calc. for C6Hl7BN20: C, 50.10; H, 11.83; N, 19.49; B, 7.45. Found: 
C, 49.86; H, 11.69; N, 19.59, B, 7.50 

Properties 

Trimethylamine-(ethy1carbamoyl)borane is a viscous malodorous liquid and 
undergoes considerable decomposition at temperatures much above 80". 
IR (neat): VNH (3289), YBH (2330), YC(O)NH ( 1590, 1480) cm-'; 'H NMR 
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(CDCl,): 6 = 1.07 (t, CH3CH2), 6 = 2.75 (s, Me,N), 6 = 3.57 (m, CH2CH3), 
6 = 5.43 (br. s, NH); IIB NMR (CDC13, BF,-Et,O std): 6 = -7.4 (t, 
JBH = 9OHz). Its purity can be checked by 'H and IIB NMR spectral 
data, which are different from the Me3NBH2C02H and Me3NBH2CN im- 
purities. Bases such as Me2NH, MeNH2, and NH3 in excess can displace 
Me,N in Me3NBH2C(0)NHEt to give the corresponding (ethylcarba- 
moyl)boranes.*6 Me3NBH2C(0)NHEt is considerably basic and reacts 
readily with anhydrous HCl to form a novel protonated salt," 
Me3NBH2C(OH)=NHEt + C1- . Trimethylamine-(ethy1carbamoyl)borane 
has an LDm of 320 mg/kg in mice.3 

D. TRIMETHYLAMINE-CARBOMETHOXYBORANE 

0 

Me3NBH2C02H + C1COCH3 + Et3N.- II CHIC12 

MeJNBH2C(0)OMe + Et3N.HCl + C02 

Trimethylamine-carbomethoxyborane is prepared'* in 84% yield by react- 
ing Me3NBH2C02H with methyl chloroformate for 1 hr at 0". This ester 
has also been prepared in 82% yield by condensing Me3NBH2C02H and 
CH30H with dicyclohexylcarbodiimide at ambient temperature for 1 week.19 

Procedure 

The following procedure should be carried out under N2. To a solution of 
Me$JBH2COOH (1.17 g, 0.01 mol) and E t a  (1.11 g, 0.011 mol) in CH2C12 
(100 mL) at 0" is added methyl chloroformate (0.945 g, 0.01 mol), followed 
by dimethylaminopyridine (0.122 g, 0.001 mol). The resulting solution is 
stirred at 0" for 1 hr, washed with water (2 x 20 mL), dried over MgS04 
and concentrated to give pure ester; Yield: 1.1 g (84%).* 

Anal. Calcd. for C5H14BN02: C, 45.85; H, 10.77; N, 10.69. Found: C, 
45.95; H, 10.99; N, 10.56%. 

Properties 

Trimethylamine-carbomethoxyborane is a sweet smelling solid. It can be 
purified by recrystallization (CH2C12-pentane) or sublimation at reduced 

'The checkers reported yields of 62 and 66% in two attempts, mp 90 to 92". 
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pressure; IR (CDCL): uBH (2385), vco (1660) cm-'; 'H NMR (CDC13): 
6 = 2.72 (s, Me3N), 6 = 3.48 (s, OCH3); llB NMR (CDC13, BF3.EtzO): 
6 = -9.09 (t, JBH = 99 Hz). Its purity can be determined by mp and 
'H NMR spectral data. H,NBH2CO2Me can be prepared from 
Me$JBH2CO2Me by reacting it with NH3 in a displacement rea~ti0n.l~ 
Me3NBHzC(0)OMe is a potent hypolipidemic agent in animal model 
screens.20 
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19. 1-AZIRIDINYL-AMINO SUBSTITUTED 
CYCLOPHOSPHAZENES 

Submitted by J. C. VAN DE GRAMPEL,* A. A. VAN DER HUIZEN,* 
N. H. MULDER,t J. W. RUSCH,* and T. WILTING* 

Checked by M. A. BAXTERS and D. P. MACKS 

It has been shown that 1-aziridinyl derivatives of (NPC12)3 and (NPC12)4 
possess in vitro and in vivo cytostatic activity, the degree depending on the 
geometrical arrangements of the 1-aziridinyl groupings and on the nature 
of the other substit~ents.'-~ In general the aziridinyl-amino substituted 
cyclophosphazenes exhibit the highest activity both in vitro and in vivo. 
Moreover, for compounds N3P3Az2(NHMe)4 and N4P4Az2(NHMe)6 (Az = 
1-aziridinyl) it has been demonstrated that the nongeminal isomers are 
more active than the geminal  one^.^.^ 

Aziridinyl-amino derivatives of (NPC12)3 and (NPCl& can be prepared 
by the aminolysis of the appropriate 1-aziridinyl-chloro precursors. An 
alternative possibility is offered by the reaction of compounds NQ3Am+,Cl, 
or N4P4Am,-,Cl, (Am = amino) with an excess of aziridine. Both routes 
provide comparable yields. The choice between them is governed by the 
accessibility of the precursor. 

A. BIS ( AZIRIDINYL)TETRAKIS( METHY LAMINO) - 
CYCLOTRIPHOSPHAZENE [cis- AND t~tn~-2,4,-BIS(l- 
AZIRIDINYL)-2,4,6,6-TETRAKIS(METHYLAMINO)- 
1,3,5,2A5,4A5,6A5-TRIAZATRIPHOSPHORINE AND 2,2-BIS(l- 
AZIRIDINY L)-4,4,6,6-TETRAKIS (METHYLAMINO) - 
1,3,5,2A5,4A5,6A5-TRIAZATRIPHOSPHORINE] 

trans -2.1- N, P3 Az,CI, 

*Department of Inorganic Chemistry, University of Groningen, Nijenborgh 16,9747 AG 

?Division of Medical Oncology, Department of Internal Medicine, University Hospital, 

$Department of Chemistry, Shippensburg University, Shippensburg, PA, 17257. 

Groningen, The Netherlands. 

Oostersingel59,9713 EZ Groningen, The Netherlands. 
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2.2- ~ ~ A z ~ C I ,  c i s - 2 . L  - & P3 A+, 

cis-, trans-2,4-N3P3Az2C14 
or 2,2-N3P3Az2C14 + 8MeNH2 - cis-, trans-2,4-N3P3Az2 (NHMe)4 

or 2,2-N3P3Az2(NHMe), + 4MeNH2-HCl (2) 

Procedure 

Caution. Aziridine and benzene are carcinogenic and must be han- 
dled in an efficiently ventilated hood. Compounds N3P3Az,-,R, have to be 
considered as toxic; therefore, direct contact of these solids with the skin 
must be avoided. Care must also be exercized when cleaning the glassware. 
Diluted hydrochloric acid is recommended for destroying residual aziridine 
and aziridinyl derivatives. 

The reactions should be carried out in a dry nitrogen atmosphere in 
order to avoid hydrolysis of partially aminolyzed products. 

1. Compounds N3P3Az+,CI, 

A Schlenk flask (200 mL), fitted with a Teflon-coated magnetic stirring bar 
and a pressure-equalizing dropping funnel topped with a rubber septum, 
is charged with 10.40 g (29.9 mmol) of (NPC12)3 (ref. 6) and 100 mL of 
benzene, dried over molecular sieves (4 A). Via a syringe the dropping 
funnel is charged through the septum with 6.2 mL (120 mmol) of aziridine* 
(distilled from KOH pellets) and 50 mL of benzene. Under vigorous stir- 
ring, the aziridine solution is added dropwise to the solution in the flask, 
cooled at 6". After addition, the reaction mixture is slowly warmed to room 
temperature and stirred during an additional period of 18 hr. Precipitated 
(polymeric) aziridinium chloride salts areremoved by filtration. After thor- 
ough washing of the precipitate with benzene, the combined filtrates are 

*If aziridine cannot be obtained commercially it can be prepared following Wenker's 
method' as modified by Leighton et aL8 and Reeves et al.' 
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evaporated to dryness in vacuo. The resulting crude product, a white, waxy 
material, is freed from residual polymeric products by chromatography 
(Silica Woelm 32-63 column, O.D. 20 mm, length 30 cm) applying an hex- 
ane-diethyl ether (3:2) mixture as eluent. The separation of the reaction 
products is performed by HPLC on a Lichrosorb Si 60/10 column (Chrom- 
pack, O.D. 22 mm, length 30 cm) using an hexane-diethyl ether (2: 1) 
mixture as eluent. 

Fraction 1. 1.50 g of a white solid; recrystallization from hexane yields 
1.06 g (2.99 mmol = 10.0%) of N3P3AzC15, mp 67-68.5". 

Anal. Calcd. for C&N4P3C15: C, 6.78; H, 1.14; N, 15.82; C1,50.03. Found: 
C, 6.93; H, 1.12; N, 15.61; C1, 49.60. 

Fraction 2. 1.87 g of a colorless oil; recrystallization from hexane yields 
1.49 g (4.13 mmol = 13.8%) of trans-2,4-N3P3Az2C14, mp 66.5-68'. 

Anal. Calcd. for c4H8N5P3c4: C, 13.31; H, 2.24; N, 19.41; C1, 39.29. 
Found: C, 13.27; H, 2.25; N, 19.53; C1, 39.01. 

Fraction 3. 1.86 g of a white solid; recrystallization from an hexane-diethyl 
ether mixture yields 1.43 g (3.96 mmol = 13.3%) of 2,2-N3P3Az2Cb, 
mp 105.5-107". 

Anal. Calcd. for C4H8N5P3Cb: C, 13.31; H, 2.24; N, 19.41; C1, 39.29. 
Found: C, 13.40; H, 2.11; N, 19.30; C1, 39.53. 

Fraction 4. 1.48 g of a colorless oil; recrystallization from hexane yields 
1.06 g (2.94 mmol = 9.8%) of cis-2,4-N3P3Az2Cb, mp 65.5-67'. 

Anal. Calcd. for C4H8N5P3C4: C, 13.31; H, 2.24; N, 19.41; C1, 39.29. 
Found: C, 13.35; H, 2.29; N, 19.18; Cl, 39.54. 

Fraction 5. 0.84 g of a colorless oil; recrystallization from an hexane-di- 
ethyl ether mixture yields 0.63 g (1.71 mmol = 5.7%) of 2,2,4-N3P3Az3C13, 
mp 61.5-63'. 

Anal. Calcd. for C,jH&&P3C13: C, 19.61; H, 3.29; N, 22.87; C1, 28.92. 
Found: C, 19.59; H, 3.20; N, 22.74; C1, 28.72. 
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Properties 

Compounds N3P3AzC15, N3P3Az2C14, and 2,2,4-N3Pb3C13 are white, crys- 
talline solids. They are slightly sensitive to hydrolysis and should be kept 
in a dry atmosphere at low temperature (about OO). 31P {'H} NMR data 
(80.9 MHz;  CDC1,; (NPC12)3 solution in CDCl,, 19.9 ppm, asexternal ref- 
erence] for the bis( 1-aziridinyl) derivatives, including those for N3P3AzC15 
and 2,2,4-N3P3Az3C13, are given in Table I. 

The crystal structure of trans-2,4-N3P3Az2C4 has been published.'O 

2. Compounds N3P3&(NHMe), 

A Schlenk flask (100 mL), equipped with a Teflon-coated magnetic stirring 
bar and a pressure equalizing dropping funnel topped with a rubber septum, 
is charged with 0.50 g (1.39 mmol) of N3P3Az2C4 and 15 mL of benzene, 
dried over molecular sieves (4 A). 

A 1 to 1.5 M solution of methylamine in benzene is prepared by leading 
methylamine (from a lecture bottle) through 100 mL of dry benzene during 
about 30 min. The actual concentration of the amine is determined by acid- 
base titration, using dilute hydrochloric acid and bromocresol green as 
indicator. 

A quantity of the amine solution, equivalent to 41.7 mmol of methyl- 
amine, is transferred to the dropping funnel by syringe. Under vigorous 
stirring the amine solution is added dropwise to the contents of the flask, 
cooled at 6". The mixture is allowed to warm slowly to room temperature. 
After the mixture has been stirred for 18 hr, the reaction temperature is 

TABLE I 31P {'€I} NMR Data for Some 
Compounds N,P&-; 

Compound 6, ~ P A m  am* 2JPP 

N,P&CIS 31.2 22.2 39.0 
tram-2 , ~ - N ~ P ~ A z ~ C I ~  34.7 25.0 38.0 
2,2-N,PA~zC14 34.2 21.9 30.0 
c ~ Y - ~ , ~ - N , P ~ ~ z $ I ,  34.1 24.9 38.2 
2,2,4-N3P3A&13 35.8 35.8 24.9 AA'X spectrum, 

multiplet 
splitting 34.0 Hz 

"Chemical shifts (ppm) are positive in low field direction, coupling constants are given in 
hertz (Hz). 
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raised to 50" during an additional period of 24 hr (using trans-2,4- or 2,2- 
N3P3Az2C& as the starting material) or 48 hr (using cis-2,4-N3P3Az2C& as 
starting material), while stirring is continued. The amine HCl salt formed 
is removed by filtration and washed three times with 10-mL portions of 
benzene. The combined benzene fractions are evaporated to dryness in 
vacua The crude product thus obtained is recrystallized from a pentane- 
benzene mixture. As compounds N3P3Aq(NHMe)4 tend to adsorb solvent 
molecules, the crystals are kept at 45" and low pressure till free from the 
solvent used. (Control by means of 'H NMR.) 

trans-2,4-N$3Az2(NHMe)4. mp 153-155", yield 0.35 g (1.03 mmol = 74%). 

Anal. Calcd. for GHZ4N,P3: C, 28.32; H, 7.13; N, 37.16. Found: C, 28.21; 
H, 7.18; N, 36.67. 

2,2-N3P3Az2(NHMe),. mp 147-148", yield 0.30 g (0.88 mmol = 64%). 

Anal. Calcd. for GHZ4N9P3: C, 28.32; H, 7.13; N, 37.16. Found: C, 28.47; 
H, 7.20; N, 36.59. 

C ~ ~ - Z , ~ - N ~ P ~ A Z ~ ( N H M ~ ) ~ .  mp 152-153", yield 0.19 g (0.56 mmol = 40%). 

Anal. Calcd. for GHNN9P3: C, 28.32; H, 7.13; N, 37.16. Found: C, 28.27; 
H, 7.11; N, 36.61. 

Properties 

Isomers N3P3Az2(NHMe)4 are white, crystalline solids, stable in air at am- 
bient temperature. They are readily soluble in water; in acidic medium 
decomposition takes place as a consequence of the opening of the aziridinyl 
rings. 31P {'H} NMR data (for experimental details see Section A. l . )  are 
given in Table 11. 

All three isomers exhibit a significant in vivo cytostatic activity in the 
order truns-2,4 = cis-2,4 > 2,2. The 50% lethal dose (LD,) of trans-2,4- 

TABLE I1 3*P {'H} NMR Data for 
Compounds N,P&(NHMe), 

~~ ~ 

Compound 

tra~-2 ,4 -N,P3Az , (Ne) ,  30.0 22.1 37.4 
2,2-N3P3Aq(NHMe), 38.2 22.8 37.9 
cis-N3P,Az2( NHMe), 29.9 22.0 38.5 
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N3P3Az2(NHMe)4 for mice amounts to 50 mg kg-'. The antitumor effect 
of this compound on leukemia L 1210 cells in mice expressed as TIC value 
(T  is the mean life span of treated mice; C is the mean life span of control 
mice) is 200% for a dose equal to 30 mg kg-' with 25% long term survi- 
v o r ~ . ~  

B. trans-NON-gem-BIS(AZ1RIDINYL)- 
HEXAKIS(METHYLAMIN0)-CYCLOTETRAPHOSPHOSPHAZENE 
[~ns-2,6-BIS(l-AZIRD~YL)-2,4,4,6,8,8- 
HEXAKIS(METHY LAMINO)-1,3,5,7,2As,4A5,6)Ls,8As- 
TETRAZATETRAPHOSPHOCINE] 

(CHzhNH (NPC12)4 - N4P4AzCI7 + isomers N4P&,C1, 

trans-2,6-N4P4Az2C16 + 12MeNH, - + isomers N4PA3ClS + (CH2)2NH.HC1 (3) 

tran~-2,6-N~P~Az~(NHMe)~ + 6MeNH,-HCl (4) 

A2 NHMe - 7 - 
MeNH -1 p = N - P 4 NHMe 

N N 
118 6 1  

l 2  4~~ 

MeNH m_p - N  = P In. Az - 
I A 
NHMe NHMe 

tmns-2, 6-N4P4Az2 (NHMe), 

Procedure 

Caution. See CAUTION in Section A.  Compounds N4P4Az,-,R, 

The reactions should be carried out in a dry nitrogen atmosphere, in 
are toxic; direct contact of these solids with the skin mmt be avoided. 

order to avoid hydrolysis of partially aminolyzed products. 

1. Compounds N4P4&-,Cl, 

A similar procedure as described under Section A.l. follows. To a vig- 
orously stirred solution of 9.3 g (20.1 mmol) of (NPC12)4 (ref. 6) in 300 mL 
of hexane, dried over sodium wire, is added dropwise a solution of 4.2 mL 
(81.1 mmol) of aziridine in 100 mL of hexane, cooled at 0". The reaction 
mixture is warmed slowly to room temperature and stirred for an additional 
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period of 18 hr. The work-up procedure (filtration and washing with hex- 
ane) as described under Section A.l. yields a viscous oil. The separa- 
tion of the reaction products is carried out by HPLC, using a Lichrosorb 
Si 60/10 column (Chrompack, O.D. 22 mm, length 30 cm) and a 3:l mix- 
ture of hexanediethyl ether as eluent. Eight fractions are obtained. 

Fraction 1.  N4P4AzC17, recrystallized from hexane-diethyl ether, mp 68.5- 
70', Yield: 1.60 g (3.40 mmol = 16.9%). 

Anal. Calcd. for C&.,N,P4C1,: C, 5.11; H, 0.86; N, 14.90; C1,52.78. Found: 
C, 5.07; H, 0.84; N, 14.86; C1, 52.60. 

Fraction 2. trarzs-2,6-N4P4Az2C&, recrystallized from hexanediethyl ether, 
mp 103-104', Yield: 0.57 g (1.20 mmol = 6.0%). 

Anal. Calcd. for C4H&J"C&: C, 10.08; H, 1.69; N, 17.63; C1, 44.62. 
Found: C, 10.11; H, 1.60; N, 17.56; C1, 44.63. 

Fraction 3. ciS-2,6-N4P4Az2C&, recrystallized from hexane-diethyl ether , 
mp 122.5-123.5", Yield: 0.38 g (0.80 mmol = 4.0%). 

Anal. Calcd. for C4HEN6P4C&: C, 10.08; H, 1.69; N, 17.63; C1, 44.62. 
Found: C, 10.08; H, 1.61; N, 17.66; C1, 44.64. 

Fraction 4. frans-2,4-N4P4Az2C&, recrystallized from hexane-diethyl ether , 
mp 91-92', Yield: 0.76 g (1.59 mmol = 7.9%). 

Anal. Calcd. for C4H,Na4C&: C, 10.08; H, 1.69; N, 17.63; C1, 44.62. 
Found: C, 10.21; H, 1.68; N, 17.73; C1, 44.29. 

Fraction5 2,2-N$&C&, recrystallized from hexane, mp 39.5-40.5', Yield: 
0.19 g (0.40 mmol = 2.0%). 

Anal. Calcd. for C4H&J"C&: C, 10.08; H, 1.69; N, 17.63; C1, 44.62. 
Found: C, 10.02; H, 1.62; N, 17.57; C1, 44.94. 

Fraction 6. cis-2,4-N4P4Az2C&, recrystallized from hexanediethyl ether, 
mp 68-70', Yield: 0.57 g (1.20 mmol = 5.9%). 

Anal. Calcd. for C4H8Na4C&: C, 10.08; H, 1.69; N, 17.63; C1, 44.62. 
Found: C, 10.43; H, 1.66; N, 17.47; C1, 44.53. 
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Fraction 7. A mixture of 2,2,6-N4P4Az3C15 and cis-2,6-trans-4-N4P4Az3C15 
(1.08 g). 

Fraction 8. cis-2,4-truns-6-N4P4Az3CI5, recrystallized from hexanediethyl 
ether, mp 84.5-%So, Yield: 0.87 g (1.80 mmol = 9.0%). 

Anal. Calcd. for C6H12N7P4C15: C, 14.91; H, 2.50; N, 20.28; C1, 36.67. 
Found: C, 14.72; H, 2.57; N, 20.41; C1, 36.96. 

Properties 

Compounds N4P&C17, N$&C&, and cis-2,4-fran~-6-N~P&~Cl~ are white, 
crystalline solids, which are rather sensitive to hydrolysis and should be 
kept in a dry atmosphere at low temperature. 31P {'H} NMR data (for 
experimental details see Section A.l.) are given in Table 111. 

The crystal structure of cis-2,4-N4P4Az2C& has been determined.'O 

2. Compound h.uns-2,6-N4P4&(NHMe), 

A similar procedure as described under Section A.2. follows. To a vig- 
orously stirred solution of 0.48 g (1.0 mmol) of truns-2,6-N4P4Az2C1, in 
15 mL of chloroform (dried over 4 A molecular sieves), cooled at O', is 
added dropwise a 20-fold excess of methylamine using about a 1 M so- 
lution in dry benzene. The reaction mixture is warmed slowly to room 
temperature and stirred for an additional period of 18 hr at that temper- 
ature. The usual work-up procedure (Section A.2.) affords a white solid, 
which is recrystallized several times from a mixture of diethyl ether and 
dichloromethane. Yield: 0.25 g (0.56 mmol = 56%), mp 124-126'. 

Anal. Calcd. for C1,,H32N12P4: C, 27.03; H, 7.26; N, 37.83. Found: C, 26.90; 
H, 7.26; N, 37.43. 

TABLE Ill "P {IH} NMR Data for Some Compounds N,P&-.CI, 

Compound h) b~(4) 6P(6, &(~(8) J24 J46 J ~ B  Ja 

N,P4AzCl, 8.6 -4.7 -7.2 -4.7 27.6 30.6 30.6 27.6 
trans-2.6-N,P4Az2CI6 8.4 -1.9 8.4 -1.9 27.9 27.9 27.9 27.9 
c~s-~,~-N,P~&CI~ 8.7 -2.6 8.7 -2.6 28.4 28.4 28.4 28.4 
trans-2,4-N4P,Az2C1, 11.8 11.8 -4.9 -4.9 27.6 25.4 31.1 25.4 
2,2-N4P&2C& 18.8 -5.9 -6.5 -5.9 11.6 26.1 26.1 11.6 
c ~ S - ~ , ~ - N ~ P ~ A Z ~ C &  10.3 10.3 -5.0 -5.0 29.2 27.1 32.7 27.1 
cis-2,4-trans-6-N4P4Az3C15 10.3 13.7 11.7 -1.8 28.9 21.6 24.7 26.9 
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Properties 

The compound tr~ns-2,6-N,P.,Az~(NHMe)~ is a white solid, stable in air at 
ambient temperature. It is readily soluble in water; in acidic medium a 
rapid decomposition occurs by opening of the aziridinyl rings. The 

9.5 ppm, ’JPp = 32.3 Hz. 
The 50% lethal dose (LD,) for mice amounts to 225 mg kg-’. The 

antitumor effect on L 1210 in mice, expressed as TIC value is 244% for a 
dose of 100 mg kg-’ with 40% long term  survivor^.^ 

31P {‘H} NMR data (80.9 MHz, CDC13) are tiPAzNHMe = 13.6, 8P(Nme)2 - - 

References 

1. A. A. van der Huizen, J. C. van de Grampel, W. Akkerman, P. Lelieveld, A. van der 
Meer-Kalverkamp, and H. B. Lamberts, Znorg. Chim. Acra, 78, 239 (1983). 

2. J. C. van de Grampel, A. A. van der Huizen, A. P. Jekel, J. W. Rusch, T. Wilting, W. 
Akkerman, P. Lelieveld, H. B. Lamberts, A. van der Meer-Kalverkamp, N. H. Mulder, 
and S .  Rodenhuis, Phosphorus Sulfur, 18,337 (1983). 

3. A. A. van der Huizen, Ph.D. Thesis, University of Groningen, Groningen, The Neth- 
erlands, 1984. 

4. Netherlands Patent Application 8300573 (1983); Netherlands Patent Application 8301626 
(1983). 

5 .  A. A. van der Huizen, T. Wilting, J. C. van de Grampel, P. Lelieveld, A. van der Meer- 
Kalverkamp, H. B. Lamberts, and N. H. Mulder, J. Med. Chem., 29, 1341 (1986). 

6. M. L. Nielsen and G. Cranford, Inorg. Synth., 6 ,  94 (1960). 
7. H. Wenker, J .  Am. Chem. SOC., 57, 2328 (1935). 
8. P. A. Leighton, W. A. Perkins, and M. L. Renquist, J .  Am. Chem. SOC., 69,1540 (1974). 
9. W. A. Reeves, G. L. Drake, Jr., and C. L. Hoffpauir, J.  Am. Chem. SOC., 73, 3522 

10. A. A. van der Huizen, J. C. van de Grampel, J. W. Rusch, T. Wilting, F. van Bolhuis, 
(1951). 

and A. Meetsma, J. Chem. SOC. Dalton Trans. 1986, 1317. 

20. cis-DIAMMINEPLATINUM a-PYRIDONE BLUE 

Submitted by PRADIP K. MASCHARAK* and STEPHEN J. LIPPARD? 
Checked by F. ALBERT CO’ITONS and DANIEL P. BANCROmS 

Although the isolation of the first “blue” platinum compound was reported 
as early as 1908,’ the nature of the bonding in the “platinum blues” re- 

*Department of Chemistry, University of California, Santa Cruz, CA 95064. 
?Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139. 

$Department of Chemistry, Texas A&M University, College Station, TX 77843-3255. 
Address correspondence to this author. 



94 Compounds of Pharmacological Interest 

Properties 

The compound tr~ns-2,6-N,P.,Az~(NHMe)~ is a white solid, stable in air at 
ambient temperature. It is readily soluble in water; in acidic medium a 
rapid decomposition occurs by opening of the aziridinyl rings. The 

9.5 ppm, ’JPp = 32.3 Hz. 
The 50% lethal dose (LD,) for mice amounts to 225 mg kg-’. The 

antitumor effect on L 1210 in mice, expressed as TIC value is 244% for a 
dose of 100 mg kg-’ with 40% long term  survivor^.^ 

31P {‘H} NMR data (80.9 MHz, CDC13) are tiPAzNHMe = 13.6, 8P(Nme)2 - - 

References 

1. A. A. van der Huizen, J. C. van de Grampel, W. Akkerman, P. Lelieveld, A. van der 
Meer-Kalverkamp, and H. B. Lamberts, Znorg. Chim. Acra, 78, 239 (1983). 

2. J. C. van de Grampel, A. A. van der Huizen, A. P. Jekel, J. W. Rusch, T. Wilting, W. 
Akkerman, P. Lelieveld, H. B. Lamberts, A. van der Meer-Kalverkamp, N. H. Mulder, 
and S .  Rodenhuis, Phosphorus Sulfur, 18,337 (1983). 

3. A. A. van der Huizen, Ph.D. Thesis, University of Groningen, Groningen, The Neth- 
erlands, 1984. 

4. Netherlands Patent Application 8300573 (1983); Netherlands Patent Application 8301626 
(1983). 

5 .  A. A. van der Huizen, T. Wilting, J. C. van de Grampel, P. Lelieveld, A. van der Meer- 
Kalverkamp, H. B. Lamberts, and N. H. Mulder, J. Med. Chem., 29, 1341 (1986). 

6. M. L. Nielsen and G. Cranford, Inorg. Synth., 6 ,  94 (1960). 
7. H. Wenker, J .  Am. Chem. SOC., 57, 2328 (1935). 
8. P. A. Leighton, W. A. Perkins, and M. L. Renquist, J .  Am. Chem. SOC., 69,1540 (1974). 
9. W. A. Reeves, G. L. Drake, Jr., and C. L. Hoffpauir, J.  Am. Chem. SOC., 73, 3522 

10. A. A. van der Huizen, J. C. van de Grampel, J. W. Rusch, T. Wilting, F. van Bolhuis, 
(1951). 

and A. Meetsma, J. Chem. SOC. Dalton Trans. 1986, 1317. 

20. cis-DIAMMINEPLATINUM a-PYRIDONE BLUE 

Submitted by PRADIP K. MASCHARAK* and STEPHEN J. LIPPARD? 
Checked by F. ALBERT CO’ITONS and DANIEL P. BANCROmS 

Although the isolation of the first “blue” platinum compound was reported 
as early as 1908,’ the nature of the bonding in the “platinum blues” re- 

*Department of Chemistry, University of California, Santa Cruz, CA 95064. 
?Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02139. 

$Department of Chemistry, Texas A&M University, College Station, TX 77843-3255. 
Address correspondence to this author. 



20. cis-Diammineplatinum a-Pyridone Blue 95 

mained unknown for many decades. Despite various physical measure- 
ments, which indicated polymeric structures with bridging amidate type of 
linkages for these paramagnetic blue species, definitive structural infor- 
mation was elusive. The report that blue platinum complexes with pyrim- 
idines and substituted amides exhibit a high index of antitumor activity 
with low nephrotoxicity2 further stimulated interest in the structure and 
chemistry of these intriguing blue species. The major advance came in 1977 
when cis-diammine platinum a-pyridone blue was crystallized and the struc- 
ture was solved by X-ray diffra~tion.~ Subsequently, two more tetra- 
nuclear crystalline blues have been characterized, one of which contains 
1-methyluracil l igand~.~  All three crystalline derivatives are comprised of 
amidate-bridged, tetrameric platinum chains with partial metal-metal bond- 
ing and mixed oxidation states. The a-pyridone blue has been investigated 
most thoroughly5 and studies in aqueous solution have led to the isolation 
of related dimeric and monomeric comple~es.~ In aqueous solution, one 
equivalent of reducing agent splits the tetrameric chain into two plati- 
num(I1) dimers where the two metals are held by a-pyridone in a head- 
to-head fashion. On the other hand, oxidation with 3 to 5 M nitric acid 
produces a metal-metal bonded stable diamagnetic Pt(II1) dimer. Both of 
these dimers have been structurally ~haracterized.~,' In spite of their de- 
tailed physical characterization, however , reproducible, high yield syn- 
thetic procedures for a-pyridone blues were not available. Two synthetic 
procedures are reported in detail in this paper. 

A. BIS[BIS(p-2-PYRIDONATO-N1,02)BIS(cis- 
DIAMMINEPLATINUM(2.25 + ))] PENTANITRATE 
HYDRATE (cis-DIAMMINEPLATINUM a-PYRIDONE BLUE 
OR PPB) 

Method A 

Procedure 

2 g (4 mmol) of cis-[(NH,),PtI,] (ref. 8) is allowed to react with 1.35 g 
(8 mmol) of silver nitrate in 35 mL of water at 60" for 1 hr and the mixture 
is filtered through Celite@ to remove silver iodide. A 400 mg (4.2 mmol) 
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sample of a-pyridone, recrystallized from benzene, is then added to the 
pale yellow filtrate (pH - 3) containing ~is-[(NH~)~Pt(H~0)~1'+ and the 
pH is adjusted to 5.5 with 1 M sodium hydroxide solution. The clear yellow 
solution is stirred in a stoppered flask at room temperature for 20 hr. 
During this period the color changes to light green. The pH is lowered to 
1 with 7 M nitric acid and 1 g of sodium nitrate is added. Cooling the deep 
blue solution to 0" results in dark shiny needles of PPB. The crystals are 
dichroic and, when immersed in solution, appear magenta under reflected 
light. They are filtered, washed with small portions (4-5 mL) of cold 0.1 M 
nitric acid solution, and dried over CaSO,. Yield: 450 mg (27%). Checker's 
yield (10%). 

Method B 

cis-[(NH3)2Pt(C5H5NO)2l2+ + cis-[(NH3)2Pt(H2O)2l2+ water IOOm pH 5.5 

solution 

Procedure 

The filtrate from the reaction of 2 g (4 mmol) of cis-[(NH,),PtI,] and 1.35 g 
(8 mmol) of silver nitrate in 35 mL of water at 60" (as above) is allowed 
to react with 800 mg (8.5 mmol) of a-pyridone at 50" under nitrogen 
for 24 hr. The pale green reaction mixture is then evaporated to dry- 
ness at 50" on a rotary evaporator leaving pale blue needles of 
[(NH3)2Pt(C5H5N0)2](N03)2.6 To this residue is added the filtrate from 
another reaction of 2 g of cis-[(NH3),Pt12] and 1.35 g of silver nitrate in 
35 mL of warm water. The pH of the resulting mixture is adjusted to 5.5 
with 1 M sodium hydroxide solution and stirred at room temperature for 
24 hr. The small amount (-80 mg) of white residue which appears during 
this period is filtered off and the pH is then adjusted to 1 with 7 M nitric 
acid. The deep blue solution is cooled at 0" for 20 hr. The first batch of 
PPB crystals (400 mg) is collected and the filtrate is kept again at 0" after 
addition of 2 g of sodium nitrate. Crystals (650 mg) of PPB are collected 
after 24 hr. The two batches are combined and washed with cold 0.1 M 
nitric acid solution and dried over CaSO,. Total yield 1.05 g (32%) (check- 
er's yield 31%). 

The product obtained from these procedures is pure. However, PPB 
can be recrystallized from 0.1 M nitric acid solution to produce dark plate- 
like crystals. 
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Properties 

Crystals of PPB are stable in air and dissolve in water to give a deep blue 
solution, which slowly bleaches with time. The blue color is enhanced and 
stabilized in the presence of nitric or perchloric acid (pH - 1) and/or 0.1 M 
sodium nitrate or perchlorate. In 0.1 M nitric acid PPB exhibits three 
optical spectroscopic bands at 680, 480, and 405 nm. The blue color is 
rapidly discharged in the presence of chloride ion and can be restored by 
removing chloride with silver nitrate. cis-Diammineplatinum a-pyridone 
blue is paramagnetic and exhibits strong ESR signals at room temperature, 
with g values of 2.37 and 1.99. 
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Chapter Four 

METAL COMPOUNDS, COMPLEXES, 
AND LIGANDS 

21. DIPOTASSIUM TETRAIODOPLATINATE(I1) 
DIHYDRATE 

KZ[PtCl,] + 4KI + 2Hz0 KJPtI4]*2HzO + 4KC1 

Submitted by LARS-FRIDE OLSSON* 
Checked by C. KING? and D. MAX ROUNDHILLt 

The potassium tetrachloro1V2 and tetrabromo complexe~~.~  of platinum@) 
have been used as starting materials for a large number of platinum(I1) 
complexes. The iodo complex, Kz[Pt14] is difficult to synthesize4 for three 
reasons: the extremely low solubility of platinum(I1) iodide, PtI,, the ease 
of formation’ of [PtZI#- (2[PtI4IZ- + [Pt21#- + 21-), and the low re- 
sistance towards oxidation to platinum(1V) by triiodide and iodine. The 
latter two are formed by air oxidation of iodide. These problems can be 
circumvented by keeping iodide in large excess over platinum, by contin- 
uously working under a nitrogen atmosphere, and by preparing all aqueous 
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solutions from deoxygenated water. The title compound is separated from 
the excess KI by slow crystallization. 

Procedure 

Into a 125-mL Erlenmeyer flask, which is continuously flushed with ni- 
trogen, place a magnetic stirring bar, 1.0 g (2.4 mmol) of finely divided 
Kz[PtC141 and 5.0 mL of deoxygenated water. Prepare about 10 mL of a 
saturated aqueous solution of KI (flush with nitrogen). When all K2[PtC14] 
has dissolved, add 4 mL of KI (as, sat). The solution becomes dark and 
a small amount of material precipitates. The flask is stored under nitrogen 
for 15 hr. 

Upon addition of 50 mL of acetone, with stirring, KCl is precipitated 
quantitatively. The solution is decanted to a 250 mL round-bottom flask. 
The precipitate is washed with 4 x 25 mL portions of acetone, which are 
decanted to the flask. The last washing solution should be slightly yellow 
and the precipitate white. The solution is evaporated on a rotary evaporator 
with the aid of a water bath kept at 25", until the volume is 5 to 15 mL. 

The solution is transferred with a disposable pipet to a 200-mL conical 
beaker, aided by a few drops of water. The beaker is placed in a nitrogen 
filled desiccator. The desiccator lid is fitted with two glass tubes in a two- 
hole stopper. The nitrogen inlet tube extends to the bottom of the desic- 
cator. The outlet tube is flush with the bottom of the stopper. After purging 
the desiccator with nitrogen for 15 min, the flow is reduced to one bubble 
every 2 sec from an oil bubbler. The desiccator is left at room temperature 
for 1 to 4 weeks. 

When the flask contents are dry, excess KI, together with some 
Kz[Pt14].2Hz0 has crept up the wall of the beaker. A few large, thin, black, 
rhombic crystals of the title compound are formed on the bottom. 

It may be necessary to mechanically remove solid KI from the crystal 
surface. The yield is 1.2-1.4 g (60-71%). 

Anal. Calcd. for I&14K202Pt: I, 62.1; K, 9.6; Pt, 23.9%. Found: I, 62.1; 
K, 9.1; Pt, 23.5%. 

Properties 

The compound (MW = 816.9 g mol-*) is moderately stable and can be 
handled in air for some hours. It should be stored under a dry, inert 
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atmosphere and protected from light. It is soluble in alcohol, acetone, and 
acetonitrile, but at room temperature it undergoes rapid conversion5 to 
[Pt21,I2-. In aqueous solution it is slowly precipitated as PtI,. The electronic 
spectrum in aqueous s ~ l u t i o n ~ . ~  containing a large excess of iodide is char- 
acterized by A,, 387 nm, E 5.04 x 103 M-' cm; A,, 331, r 8.3 x 103 and 
Amin 299, E 4.5 X 102. The platinum - 195 NMR spectrum in D20 with 
added KI shows a single resonance at 6 = -5448 ppm (H2PtC1, reference, 
6 = 0) and with a relaxation time TI = 0.55(2) sec at 4.7 tesla.6 

Note: It is advisable to check for PtIi-, either by electronic absorption or 
by the platinum-195 NMR spectrum. The molar absorbtivity at 495 nm, 
where PtIa- has a maximum with E 1.1 x 104 M-' cm-', should not exceed 
200 M-' cm-'. The absence of PtIa- can also be verified by the absence 
of its peak at 6 = -6291 ppm6 
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22. ALKYL OR ARYL BIS(TERTIARY PHOSPHINE) 
HYDROXO COMPLEXES OF PLATINUM(I1) 

Submitted by M. A. BENNElT* and A. ROMCKI* 
Cbecked by R. J. PUDDEPHATIY 

Complexes of the type [Pt(OH)Rb] (R = alkyl or aryl; b = two mono- 
dentate tertiary phosphines or a bidentate ditertiary phosphine) are rare 
examples of monomeric, uncharged hydroxo complexes of platinum(I1). 
Their interesting chemical properties arise from the presence of typical 

*Research School of Chemistry, The Australian National University, Canberra, A.C.T., 

?Department of Chemistry, University of Western Ontario, London, Ontario, Canada 
Australia 2601. 

N6A 5B7. 
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covalently binding ligands together with the electronegative ligand OH in 
the coordination sphere of a soft or class B metal ion. The ready substitu- 
tion of the hydroxo ligand in the presence of a variety of strong and weak 
acids, both organic and inorganic, provides a useful synthesis of a range of 
platinum(I1) complexes, including those containing functionalized alkyl 
groups.'-' The Pt-OH bond also undergoes insertion with many simple 
molecules (e.g., CO, isocyanides, C02, COS, CS2, and S02),6,8.9 and its 
reaction with nitriles to form N-amidoplatinum(I1) complexes enables hy- 
droxoplatinum(I1) complexes to catalyze homogeneously the hydration of 
nitriles to carbo~amides.~.'J~ 

Some hydroxoplatinum(I1) complexes have been made by hydrolysis of 
the corresponding chloroplatinum(I1) compounds [PtClRL] with alkali 
metal hydroxides,2 and the presence of a crown ether may be beneficial. l1 

The most general procedure, however, is first to abstract chloride ion from 
the precursor with Ag[BF4] in a suitable solvent and then to treat the 
resulting solvent species [PtR(solvent)L] [BF,] with aqueous NaOH or 
KOH. The choice of solvent is limited by the reactivity of the product 
hydroxo complex. Thus, although acetone is generally a convenient solvent 
for chloride abstraction, it cannot be used in the second step for making 
[Pt(OH)(CH,)(dppp)]* because this hydroxo complex reacts rapidly with 
acetone to give [Pt(CH2COCH3)(CH3)(dppp)].7 Likewise, methanol cannot 
be used in the synthesis of truns-[Pt(OH)RL] complexes because of rapid 
reaction to give trans-[PtH(R)L], among other products.12 

Two general precautions should be observed in the four representative 
syntheses described here. First, the chloride abstraction step is best carried 
out with exclusion of light to prevent decomposition of the precipitated 
AgCl; this is done by wrapping the flask with aluminum foil. Second, the 
temperature of reaction mixtures should not be allowed to exceed -35", 
especially during the removal of solvents under reduced pressure, otherwise 
poorly soluble solids of unknown composition are formed and the yields 
of desired hydroxo complexes are greatly reduced. All the reactions have 
been carried out under nitrogen with use of standard Schlenk techniques 
and degassed solvents. Of the compounds described, however, only frans- 
[Pt(OH)(C,H,)(PEt,),] is appreciably air sensitive, as a result of its rapid 
absorption of C02 to form a bicarbonato complex. The precursor com- 
plexes [PtClRL] are well-established compounds that are most con- 
veniently synthesized by displacement of 1,5-~yclooctadiene from 
[PtCiR(c~d) . ]~*~~ 

*Abbreviations: dppp = 1,3-propanediylbis(diphenylphosphine), Ph2P[CH2],PPh2; cy = 
cyclohexyl, C&,; cod = cyclooctadiene; THF = tetrahydrofuran, solvent; thf = tetra- 
hydrofuran, ligand. 



102 Metal Compounds, Complexes, and Ligands 

A. &~zBs-HYDROXO(PHENYL)BIS(TRIETHYL* 
PHOSPHINE)PLATINUM(II) 

THF/acetone tr~ns-[PtCl(CH~)(Pcy~)~] + Ag[BF4] - 
trans-[Pt(CH,)(s~lvent)(Pcy~)~][BF~] + KOH - trans-[ Pt( CH3)( solvent)( PCY,)~] [BF,) + AgCl 

tram-[ Pt (OH)( CH3) ( PcY~)~]  + K[ BF,]. 

Procedure 

A mixture of [PtCl(C,H,)(PEt,),] (1.36 g, 2.5 mmol) and Ag[BF4](0.49 g, 
2.5 mmol) is placed in a 100-mL Schlenk flask or round-bottom flask fitted 
with a nitrogen inlet and a magnetic stirring bar and THF (50 mL) is added. 
The mixture is stirred for 1 hr at room temperature and the precipitated 
AgCl is removed by centrifugation. The resulting colorless solution is stirred 
vigorously for 0.5 hr with a solution of KOH(0.16 g, 2.85 mmol) in water 
(10 mL). The solution is again centrifuged to remove a small amount of 
gray solid, and the supernatant liquid is evaporated in vucuo to give a pale 
olive oil, which is extracted with diethyl ether (3 x 10 mL). The extracts 
are evaporated in vucuo to yield a colorless, viscous oil that is crystallized 
from isopentane (-10 mL) at -78". The mother liquor is decanted and 
the product is dried in vucuo at room temperature, yielding a white solid 
(1.05 g, 2.0 mmol, 80%). 

Anal. Calcd. for C18H360PZPt: C, 41.1; H, 6.9; P, 11.8. Found: C, 40.8; 
H, 6.6; P, 10.7. 

Properties 

Prepared as just described, tr~ns-[Pt(OH)(c,H,)(PEt~)~] remains solid un- 
der dry nitrogen, but depending on the temperature of the surroundings 
it readily softens and melts at about 30". The complex liquefies rapidly in 
moist air and is very soluble in most organic solvents. The IR spectrum 
shows a weak vOH band at -3670 cm-' in CHzCl2, but this cannot be seen 
in Nujol mull or KBr disk spectra. The OH resonance cannot be located 
in the '€4 NMR spectrum, which does not differ much from that of trans- 
[PtCl(C,H,)(PEt,),]. In C6D6 there is a multiplet in the region 6 = 7.50- 
7.01 ppm due to the phenyl protons and overlapping multiplets at 6 = 
1.51 and 0.97 ppm due to the ethyl protons; the last two appear at 6 = 
1.46 and 0.96 pprn in toluene-$. The 31P {'H} NMR spectrum of an ap- 



22. Alkyl or Aryl Bis(tertiary phosphine) Hydroxo Complexes of PlatinumfIl) 103 

proximately 0.03 M solution in CD2C12 at 21", measured at 80.98 MHz on 
a Bruker CXp200 instrument, shows a singlet at 6 = 16.0 ppm (to high 
frequency of external 85% &PO,) with lg5Pt satellites (lJPtP = 2884 Hz); 
in toluene-d, these values are 6 = 15.9 ppm (lJPtP = 2912 Hz). Both the 
chemical shift and the coupling constant may vary somewhat with solvent, 
concentration, and temperature. 

B . trans-HY DROXO (PHENY L) BIS( TRIPHENYL- 
PHOSPHINE)PLATINUM(II) 

acetone tranS-[Ptcl(C6H,)(PPh,),] + Ag[BF,] - 
trans-[ Pt( C6H,)( acetone)( PPh3),][BF4] + AgCl 

tr~m-[Pt(0H)(C&~)(PPh~),] + K[BF4] 
trans-[Pt(C6H,)(acetone)(PPh3),][BF4] + KOH - 
Procedure 

A 50-mL Schlenk flask fitted with a magnetic stirring bar is charged with 
trans-[PtCl(C6H,)(PPh,),] (0.16 g, 0.20 mmol) and acetone (15 mL). The 
suspension is treated with a solution of Ag[BF4](0.039 g, 0.20 mmol) in 
acetone (5 mL) and the mixture is stirred at room temperature for 3 hr. 
The precipitated AgCl is removed by centrifugation and washed with ace- 
tone (10 mL). The combined acetone solutions are stirred with a solution 
of KOH (0.014 g, 0.24 mmol) in water (1 mL) for 2 hr at room temper- 
ature, during which time the color turns pale yellow and a small amount 
of colorless precipitate is formed. The mixture is evaporated to dryness 
under reduced pressure and the pale yellow solid residue is extracted with 
benzene (3 x 10 mL). Concentration of the benzene extract and addition 
of hexane (-10 mL) gives the product as a white, microcrystalline solid 
(0.12 g, 0.148 mmol, 74%). 

Anal. Calcd. for C42H360P2Pt: C, 62.0; H, 4.5. Found: C, 62.0; H, 4.5. 

Properties 

The complex trans-[Pt(OH)(C6H,)(PPh3),] is an air-stable, colorless solid 
that is readily soluble in CH& CHC13, THF, and benzene. No band due 
to uOH could be identified in the IR spectrum in a KBr disk, although 
Otsuka et al., report that the uOH band appears at 3613 cm-' (Nujol) and 
at 3619 cm-' (CH2C12). The 'H NMR spectrum in CD2C12 shows the OH 
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resonance as a triplet at 6 = 2.16 ppm ("pH = 2.5 Hz) flanked by 195Pt 
satellites ('JptH = 19.5 Hz) and the 31P {'H} NMR spectrum in CD2C12, 
measured on a Jeol FX60 instrument at 24.29 Hz, shows a singlet at 6 = 
11.4 ppm (to high frequency of external 85% H3PO4) with 195Pt satellites 
('Jmp = 3252 Hz). 

C. ~.u~s-HYDROXO(METHYL)BIS(TRICYCLOHEXYL- 
PHOSPHINE)PLATINUM(II) 

THF/ acetone WZ~~- [P~C~(CH~) (PCY~)~]  + Ag[BF4] A 

trans-[Pt( CH3)(solvent)( Pcy3),][BF4] + AgCl 

trans-[ Pt( OH) ( CH3)( PCY,)~] + K[BF4]. 
trans-[ Pt( CH3)(solvent)( P c ~ ~ ) ~ ] [ B F ~ ]  + KOH - 
Procedure 

This is similar to that described in the literature for trans- 

A suspension of trans-[PtCl(CH,)(P~y~)~] (0.242 g, 0.30 mmol) in THF 
(15 mL) is placed in a 50-mL Schlenk flask and treated with Ag[BF4] 
(0.058 g, 0.30 mmol) dissolved in acetone (2 mL). The mixture is stirred 
for 0.5 hr. The precipitated AgCl is removed by centrifugation and washed 
with acetone (5 mL). The combined solutions are stirred at room temper- 
ature for 0.5 hr with a solution of KOH (0.019 g, 0.36 mmol) in water 
(1.5 mL), during which time a small amount of colorless solid is formed. 
The solution is evaporated to dryness under reduced pressure and the 
residue is extracted successively with a 20-mL and a 10-mL portion of 
benzene. The extract is evaporated to -5-mL volume and hexane is added 
to give the product as a white, crystalline solid (0.15 g, 0.19 mmol, 63%). 

LPt (OH)(C6H5) (pcy3)2] e7 

Anal. Calcd. for G7H700P2Pt: C, 56.4; H, 8.95; P, 7.9. Found: C, 56.4; 
H, 9.1; P, 7.2. 

Properties 

The complex [Pt(OH)(CH3)(Pcy3),] is an air-stable, colorless, microcrys- 
talline solid that is soluble in CH2C12 and benzene. We have been unable 
to locate the uOH band in the IR spectrum, either in CHzClz solution or in 
a KBr disk. The 31P {'H}NMR spectrum in benzene-d6, measured at 
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80.98 MHz on a Bruker CXP200 instrument, shows a singlet at 6 = 23.9 ppm 
(to high frequency of external 85% H3PO4) with 195Pt satellites = 

2927 Hz). 

Procedure 

This is a modified version of that given in the literature.' 
A solution of [PtCl(CH3)(dppp)](0.33 g, 0.50 mmol) in THF (30 mL) 

is added to solid Ag[BF4] (0.11 g, 0.55 mmol) in a 50-mL Schlenk flask; a 
white precipitate is formed immediately. The mixture is stirred at room 
temperature for 2 hr and the precipitated AgCl is removed by centrifu- 
gation. The precipitate is washed with chloroform (10 mL) and the chlo- 
roform solution immediately taken to dryness under reduced pressure, 
yielding a glassy white solid (the chloroform solution should not be allowed 
to stand overnight, because the hydroxo complex reacts with CHC13 to re- 
form [PtCI(CH,)(dppp)]). The THF solution is added to the glassy solid 
and to the resulting suspension is added with stirring a solution of 
KOH(0.056 g, 1.00 mmol) in water (2 mL). This immediately gives a col- 
orless solution but within a few minutes a gray solid precipitates. The 
mixture is stirred for 2 hr, the solid is removed by centrifugation, and the 
solution is evaporated to dryness under reduced pressure to give a gray 
solid. Most of this dissolves when it is extracted with benzene (3 x 20 mL). 
The filtered extract is concentrated to -10 mL under reduced pressure 
and hexane is added to give the product as a white solid (0.27 g, 0.42 mmol, 
84%). 

Anal. Calcd. for GHm0P2Pt: C, 52.6; H, 4.7; Found: C, 52.6; H, 4.7. 

Properties 

The complex [Pt(OH)(CH,)(dppp)] is an air-stable, colorless solid that is 
very soluble in CH2CI2, CHCl,, and THF, fairly soluble in benzene, and 
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wL5 - 0.86(3324) - 3.6(1727) -21 
CDCl, - 0.91(3511) + 3.4(1636) 19.6 
CD2Clz - 1.1(3403) +2.1(1688) -21 

Chemical shifts are relative to external 85% H$Or, positive 
to high frequency; coupling constants are in hertz.' 

trans to OH, P2 trans to CH3. 

insoluble in alkanes or diethyl ether. Its 'H NMR spectrum in CD2C12 
exhibits a doublet of doublets due to PtCH, at 6 = 0.16 ppm [3JpH(cis) = 
3.9 Hz, ,JPH(trans) = 7.3 Hz] flanked by Ig5Pt satellites ['.Im = 60.8 Hz], 
but the signal due to the hydroxyl proton cannot be located. The IR spec- 
trum in CH2Clz shows a sharp vOH band at 3601 cm-', and this appears in 
a KBr disk as a weak band at -3650 cm-' on the high frequency side of 
the band due to water in the disk. The 31P {'H} NMR spectrum of 
[Pt(OH)(CH,)(dppp)], measured on a Bruker CXP200 instrument at 
80.98 MHz,  shows a doublet of doublets with '"Pt satellites; the chemical 
shifts and coupling constants are given in Table I. 
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23. TRIS(BIDENTATE)RUTHENIUM(II) 
BIS[HEXAFLUOROPHOSPHATE] COMPLEXES 

Submitted by MCHOLAS C. THOMAS* and GLEN B. DEACONt 
Checked by ANTONIO LLOBETS and THOMAS J. MEYERS 

The tris(2,2’-bipyridine) and tris(1 ,lo-phenanthroline) complexes of ru- 
thenium(I1) have generated considerable interest due to their luminescence 
properties and capacity for electron- and energy-transfer processes. Studies 
of the related mixed-ligand complexes such as [R~(bpy),L]~+ and 
[Ru(bpy)bI2+ (L = substituted bpy§ or phen§) have demonstrated that 
the redox properties of these complexes can be varied by altering the ligands 
and their substituents. Preparative routes to these mixed-ligand species 
generally involve the reactions of complexes containing labile ligands 
such as [Ru(bpy),(acetone)]’+ ,l [Ru(bpy),(l ,2-dimethoxyethane)12+ ,, or 
Ru(bpy),Cl, (refs. 3,4) with the desired ligand in water. The best synthesis 
of [Ru(bpy),]Cl, in aqueouis media involves the reaction of dried RuC1, 
(obtained from commercial RuCl,-xH,O by careful pretreatment) with 2,2‘- 
bipyridine and freshly prepared sodium pho~phinate.~ 

The method described here uses the polymeric dicarbonyldichlororu- 
thenium(II), [RU(CO)~C~~]~,  obtained quantitatively by heating at re- 
flux a mixture of commercial RuC1,.xH20 in formic acid: which in metha- 
nol’ or 2-methoxyethanol (this work) reacts with 2,2’-bipyridine to give 
Ru(CO),Cl,(bpy) in high yield. Treatment of the latter compound with 
1 ,lo-phenanthroline and excess trimethylamine-N-oxide (Me,NO) in 2- 
methoxyethanol gives [Ru(bpy)(phen),]Cl,, which is conveniently isolated 
as the hexafluorophosphate salt.* By a similar procedure [R~(bpy)~]  [PF,], 
can be prepared directly from [RU(CO)~C~~],. This synthesis provides an 
alternative nonaqueous route to tris(bidentate)ruthenium(II) compounds 
with the advantages of good yields and short overall reaction times. 

Procedure 

1 Caution. Anhydrous trimethylamine-N-oxide is obtained by vac- 
uum sublimation of the commercial dihydrate (Aldrich Chemical Company) 

*Department of Chemistry, Auburn University at Montgomery, Montgomery, AL 36193. 
+Department of Chemistry, Monash University, Clayton, Victoria 3168 Australia. 
$Department of Chemistry, The University of North Carolina, Chapel Hill, NC 27514. 
Obpy = 2,2’-bipyridine; phen = 1,lO-phenanthroline. 
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at about 120". Only small quantities of Me&O (-0.5-1.Og) should be 
sublimed at one time and the sublimation should be conducted behind pro- 
tective shielding. * All reactions employing Me&O should be performed in 
a well-ventilated fumehood since trimethylamine ( M e $ / )  is formed in these 
reactions and is inflammable, corrosive, and has the smell of rotten fish. 

A. (2,2'-BIPYRIDINE)BIS(l,lO-PHENAN"HROLINE)- 
RUTHENIUIM(I1) BIS(HEXAFLUOROPH0SPHATE) 

A suspension of polymeric dicarbonyldichlororuthenium(I1) (1 .OO g, 
4.4 mmol) in 2-methoxyethan01(80 mL) is heated in a 125-mL Erlenmeyer 
flask for several minutes until the solid dissolves. The solution is then 
filtered, 2,2'-bipyridine (0.80 g, 5.1 mmol) in 2-methoxyethanol (20 mL) 
is added, and the resulting mixture boiled in air for 5 min. After cooling 
the flask to 0" the contents are filtered to give crude [R~(CO)~Cl,(bpy)l. 
A further portion of crude material can be obtained by concentration of 
the filtrate. Recrystallization from MeOH-CH2CH2 gives yellow needles. 
Yield: 1.32 g (80%), mp > 250". 

Anal. Calcd. for C12H8C12N202R~: C, 37.5; H, 2.1; C1,18.5; N, 7.3. Found: 
C, 37.9; H, 2.2; C1, 18.5; N, 7.4%. 

The 'H NMR,' IR,' mass,7 and UV/visg spectra have been reported. 
This procedure may be used to prepare analogous complexes containing 
related bidentate ligands (e.g., 1,lO-phenanthroline, 2,2'-biquinoline, 2,2'- 
iminodipyridine, 1 ,Zethanediamine) .7*10 

A mixture of R ~ ( C 0 ) ~ C l ~ ( b p y )  (0.20 g, 0.52 mmol), 1,lO-phenanthro- 
line (0.20 g, 1.1 mmol), and anhydrous trimethylamine-N-oxide (-0.2 g, 
2.5 mmol) is heated under reflux in degassed 2-methoxyethanol (25 mL) 
for 2 hr under nitrogen. During this period the solution darkens and finally 
remains a deep red color. At this point, if the dichloride complex is desired, 
the solution is cooled to 0" and [Ru(bpy)(phen),]Cl, collected by filtration. 

*The sublimation has been carried out over a dozen times without any adverse effects. 
However, one of the referees experienced an explosion while drying MelNO in diethyl ether. 
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To obtain the hexafluorophosphate salt aqueous NI&PF6 or KPF, (0.4 g 
in 10 mL water) is added prior to cooling. The solution is then evaporated 
to dryness under reduced pressure at -90" and the residue is recrystallized 
from ethanol to give orange-red crystals. The yield is 0.36 g (75%). 

Anal. Calc. for C32H24F12N6PZR~: C, 45.0; H, 2.7; N, 9.3. Found: C, 44.8; 
H, 2.7; N, 9.2%. 

This method may also be used to prepare [Ru(bpy),(phen)][PF,], from 
[Ru(CO),C12(phen)] and 2,2'-bipyridine 

B. TRIS(2,2'-BIPYRIDINE)RUTHENIUIM(II) 
BIS(HEXAFLUOROPH0SPHATE) 

2-methox ycthaIlol [Ru(CO),Cl,], + 3n(bpy) + 2n(Me3NO) 
n[Ru(bpy),]Cl, + 2n(Me3N) + 2n(C02) 

A mixture of polymeric dicarbonyldichlororuthenium(I1) (0.15 g, 0.64 
mmol), 2,2'-bipyridine (0.35 g, 2.2 mmol) and anhydrous trimethylamine- 
N-oxide (-0.2 g, 2.5 mmol) is heated under reflux in degassed 2-meth- 
oxyethanol for 2 h under nitrogen. Work-up as described above gives 
[Ru(bpyX] [PF,],. Yield: 0.44 g (70%). 

Properties 

The absorption spectrum of [R~(bpy)(phen),]~+ in acetonitrile shows a 
maxima at 448 nm (E 1.65 x 104) and 262 nm (E 9.17 x lo"), which have 
been assigned to metal-to-ligand charge transfer and a --* a* transitions, 
respectively."* In addition shoulders at 430 and 284 nm are observed. The 
luminescence spectrum12 and emission life time13 in aqueous solution at 
298 K have also been determined. Electrochemical studies estimate El,, 
for the Ru3+/Ru2+ couple in acetonitrile at 1.30 V." The characteristic 
'H NMR spectrum has also been recorded. l3 The spectroscopic properties 
of [R~(bpy)~]~+  have been summarized recently in this seriess 
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24. POTASSIUM TRIALKYL- AND 
TRIARYLSTANNATES: PREPARATION 

BY THE DEPROTONATION OF STANNANES 
WITH POTASSIUM HYDRIDE 

R3SnH + KH - K[SnR3] + H2 

K[SnR3] + D20 - R3SnD + KOD 

K[SnR3] + n-BuBr- R3Sn(n-Bu) + KBr 

(R =n-Bu,Ph) 

(R = WBU) 

Submitted by R. CORRIU,* C. GUERIN,* and B. KOLANI* 
Checked by M. NEWCOMBT and M. T. BLANDAT 

The reaction of alkyl halides with alkali trialkyl- and triarylstannates (Li, 
.Na) has received great attention’ as a method of formation of the Sn-C 
bond. However, debated data were reported in the literature*; they ap- 
parently depend on the nature of the anionic species and on the experi- 
mental conditions (temperature, solvent, additives). Moreover, it was re- 
ported that the decomposition of stannate anions is very sensitive to additives 
and accelerated by R3Sn-SnR3.3 

As the presence of salts and by-products is a factor of importance, we 
report here a clean preparation of potassium stannate reagents by the 

*Institut de Chimie Fine, U.A. CNRS 1097, U.S.T.L., Place E. Bataillon, 34060 Mont- 

tDepartment of Chemistry, Texas A&M, College Station, TX 77843. 
pellier Cedex, France. 
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deprotonation of trialkyl- or triarylstannanes, R3SnH, with potassium hy- 
dride [eq. (l)]. 

R3SnH + KH - K[SnR3] + H2 (1) 

This method can be applied either to aryl (R = Ph) or alkyl (R = n- 
Bu) stannanes in a solvent (S) such as diethyl ether (Et20), tetrahydrofuran 
(THF), 1,Zdimethoxyethane (DME), or hexane. 

A. POTASSIUM TRIPHENYLSTANNATE 

(2) 
Ph,SnH + KH K[SnPh3] + H2 

(S=hexnne, Et,O, THF, DME) 

Materials 

Triphenylstannane is prepared by reduction of the triphenyltin chloride 
with LiAlH, in diethyl ether at room temperature, as described previ~usly.~ 

Diethyl ether or hexane are dried by heating them, refluxing, and sub- 
sequent distillation over sodium wire; THF over CaHz and DME over 
LiAlH4 immediately before use. Solvents are degassified under vacuum. 
Potassium hydride (20% in oil)* is cautiously washed before use by shaking 
it three times with anhydrous hexane. The resulting solid residue is sub- 
jected to pumping under vacuum to remove any residual solvent. 

Schlenck-type glassware is used in all  procedure^.^ All manipulations 
are carried out under dry and oxygen-free nitrogen, using conventional 
vacuum line  technique^.^ 

W Caution. Dry potassium hydride is a dangerous compound from 
which water and air must be excluded. All manipulations of this compound 
must be carried out in a dry oxygen-free nitrogen-purged atmosphere. 

Stannanes are toxic and must be handled in an efficient hood at all 
times.6 

Procedure 

The procedure is described only for the case of 1,2-dimethoxyethane as 
solvent; similar experimental conditions are used in the case of THF (1 hr, 
rt), diethyl ether (6 hr, rt), and hexane (6 hr, 60"). 

*Potassium hydride is purchased from Fluka A.G., CH-9470 Buchs (20 wt% in oil) or 
from Aldrich Chemical Company, Milwaukee, WI 53233 (35 wt% in oil). 
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A suspension of 400 mg (10 mmol) of potassium hydride, cautiously 
washed with dry hexane, in 10 mL of 1 ,Zdimethoxyethane is stirred mag- 
netically at room temperature under a nitrogen atmosphere in a 50-mL 
Schlenck tube. A solution of 3.5 g (10 mmol) of triphenylstannane in 15 mL 
of 1 ,Zdimethoxyethane is then added dropwise via a pressure-equalized 
dropping funnel. Evolution of hydrogen is observed, and a green-yellow 
color develops immediately. The reaction is monitored either by IR or 
'H NMR spectroscopy using deuterolyzed aliquots of the reaction mixture 
obtained as follows: a 1.0- to 2.0-mL sample of the solution to be tested 
is cautiously added via a syringe to 5.0 mL of cooled DzO. After a few 
minutes, the organic layer is extracted with 10 mL of ether, dried over 
anhydrous magnesium sulfate, and freed of solvent under vacuum. The IR 
spectrum in benzene of the residue shows the gradual disappearance of a 
strong band at 1825 cm-' ( v + ~ ) ,  while a characteristic absorption at 
1323 cm-' (vSn-,,) appears. The 'H NMR spectrum shows the gradual dis- 
appearance of the Sn-H singlet at 6 = 5.3 ppm (C6D6). After -25 min 
at room temperature, the reaction is complete; no v ~ ~ - ~  can be detected 
and hence Ph3SnH is <0.5%. The deprotonation of Ph,SnH was run for 
1 hr in THF, 6 hr in Et,O, and 6 hr in hexane (46% yield determined by 
'H NMR spectroscopy). The potassium triphenylstannate was character- 
ized as its corresponding triphenyltin deuteride' [Ph,SnD: 90% yield, bp 152- 
156" (0.002 torr)]. 

B. POTASSIUM TRIBUTYLSTANNATE 

(n-Bu),SnH + KH A K[sn(n-B~)~] + H2 (3) 
(S=THF, DME) 

Materials 

Tributylstannane is prepared according to a published method, via an ex- 
change between bis(tributy1)oxide and a polysiloxane containing Si-H 
bonds8 

Procedure 

The procedure is described in dimethoxyethane as solvent: similar exper- 
imental conditions are used in THF. 

A suspension of 400 mg (10 mmol) of potassium hydride, cautiously 
washed with dry hexane, in 10 mL of dimethoxyethane is stirred magnet- 
ically at room temperature under a nitrogen atmosphere in a 50-ml Schlenck 
tube. A solution of 2.9 g (10 mmol) of tributylstannane in 15 mL of di- 
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methoxyethane is added dropwise via a pressure-equalized dropping fun- 
nel. Evolution of hydrogen is observed and a yellow-green color develops 
after 10 min. The reaction mixture is then stirred at room temperature. 
The reaction can be monitored either by IR[(~-BU)~SIIH: benzene, 
vseH = 1807 cm-l] or 'H NMR spectroscopy [(n-B~)~sn-H: C,D,, 6 = 
4.78, m, 1 H (Sn-H)] as described in the case of potassium triphenyl- 
stannate. After -30 min at room temperature, the reaction is complete. 
The deprotonation of (n-Bu),SnH was ruG in THF for 1 hr. * The potassium 
tributylstannate was characterized as its corresponding tributyltin deuteride9 
[n-Bu3SnD: 85% yield, bp 50-55" (0.001 torr)]. 

C. PROPERTIES? 

Potassium trialkyl- and triarylstannates are air and moisture sensitive. They 
are thermally instable, leading to R3Sn-SnR3, which is known to catalyse 
the decomposition of stannyl  anion^.^ They must be handled and stored in 
an inert atmosphere (nitrogen or argon) by normal vacuum line techniques. 
For a prolonged storage, it is desirable to store the substance at low tem- 
peratures (below - 40"). 

Water and alcohol react quantitatively with potassium stannates, leading 
to the corresponding tria,ryl- or trialkylstannanes [Ph3SnH: 95% yield, bp 
165-168" (0.3 torr), mp 28"; (n-Bu)&H: 90% yield, bp 68-74" (0.3 torr)]. 
Deuterolysis is well suited for determination of stannyl anion content. 
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25. (BENZENETHIOLAT0)TRIBU"LTIN 

Submitted by PAUL M. TREICHEL* and MARVIN H. TEGEN* 
Checked-by STEPHEN A. KOCHt 

Organotin thiolate complexes such as the title compound are useful re- 
agents for the synthesis of transition metal complexes with RS- ligands.' 
Examples of this use are given in the procedures that follow this synthesis. 

It is possible to prepare compounds of the general formula Sn(SR')R3 
from reactions of a mercaptan (R'SH) and either Sn(hal)R3 (ha1 = C1, 
Br, I), Sn(OH)R3, or (R3Sn)20 (R,R' = alkyl, aryl  group^).^^^ The example 
given here uses p,-0x0-bis(tributy1tin) as the organotin precursor because 
this is one of the least expensive tin compounds available. 

Procedure 

Caution. Organotin compounds are very toxic and should be han- 
dled accordingly. 
A 29.8 g (0.050 mol) sample of [(n-C4H9)3Sn]20$ is placed in a 100 mL, 
three-neck, round-bottom flask equipped with magnetic stirrer, condenser, 
dropping funnel, and nitrogen inlet. From the dropping funnel, 11.0 mL 
(0.107 mol) of C&SH is added slowly. A reaction occurs immediately as 

*Department of Chemistry, University of Wisconsin, Madison, WI 53706. 
?Department of Chemistry, State University of New York, Stony Brook, NY 11794. 
SAldrich Chemical Co., P. 0. Box 355, Milwaukee, WI 53201. 
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evidenced by heat evolution and formation of a white emulsion. The re- 
action flask is attached to a short distillation column and the mixture heated 
to boiling. Over a period of about 15 min the water fo- in the reaction 
is distilled from the system, and the solution becomes clear. After water 
has ceased to distill, the system is cooled and then distillation resumed in 
vucuo. A small amount of benzenethiol distills first at a relatively low 
temperature. The product then distills at 172 to 174"/2.5 torr. Isolated 
yield: -36 g, >90% yield. It can be further purified by redistillation if 
desired. 

Properties 

(Benzenethio1ato)tributyltin is a clear, viscous liquid. It is thermally stable 
and unreactive toward either oxygen or water under ambient conditions. 
This procedure can be used to prepare many other similar compounds 
including Sn(SCH,)(n-C,H,), (bp 118-122", 0.8 torr) and Sn[SC(CH3),](n- 
C,H,), (bp 138-143", 0.8 torr). 

It is reported that (R3Sn)20 compounds react with acids (HX) that have 
ionization costants between lo-' and lO-'O to produce SnXR3 species2 
Thus, the preparation of Sn(SPh)(n-C,H,), is an example of a more general 
synthetic procedure. 

References 

1. The first report of this type of reaction is E. W. Abel, B. C. Crosse, and D. B. Brady, J. 
Am. Chem. SOC., 87, 4395 (1965). Additional references are included in the following 
article. 
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26. USE OF (BENZENETHIOLAT0)TRIBUTYLTIN TO 
PREPARE COMPLEXES OF MANGANESE CARBONYL 

HAVING BRIDGING THIOLATE LIGANDS 

Submitted by PAUL M. TREICHEL* and MARVIN H. TEGEN* 
Checked by STEPHEN A. KOCHT 

Thiolate anions, RS- (R = alkyl, aryl groups), may coordinate to a single 
metal atom as a monodentate ligand but, more commonly, these species 
function as bridging ligands between two or three metal atoms. Many 

*Department of Chemistry, University of Wisconsin, Madison, WI 53706. 
?Department of Chemistry, State University of New York, Stony Brook, NY 11794. 
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organometallic species with such ligands are known including several whose 
preparations are reported in previous volumes of Inorganic Syntheses. ' 
Interest in metal complexes with thiolate ligands has increased in recent 
years because of the involvement of such species in biological processes 
and in the area of catalysis.2 

Preparations of three manganese carbonyl thiolate complexes are de- 
scribed here. The procedures use (benzenethiolato)tributyltin, Sn(SC&)(n- 
C4H9),, whose preparation was given in the previous example, as a source 
of the thiolate ligand. The reactions are simple to carry out and provide 
a high yield of the desired product. The given procedures are also generally 
applicable to preparations of manganese complexes with other thiolate 
groups. Preparations of thiolate derivatives of other metals using organotin 
thiolate reagents are known.3 

A. BIS-p(BENZENETHIOLAT0)- 
OCTACARBONYLDIMANGANESE(1) 

2Mr1Br(C0)~ + 2Sn(SCJ-15)(n-C4H9), - 
Mn2(pSCJ-IS)2(CO)8 + 2SnBr(n-C4H9), + 2CO 

Procedure 

I Caution. Carbon monoxide and metal carbonyl compounds are toxic 
and all reactions must be carried out in an efficient fume hood. The organotin 
compound is also toxic. 
A 1.2-mL sample of Sn(SC6H5)(n-C4H,), (1.40 g, 3.5 mmol) is added to a 
suspension of 0.81 g (1.64 mmol) Mn,(p--Br),(CO), (ref. 4)* in 30 rnL of 
freshly distilled THF in a 100-mL flask equipped with N2 inlet, stirrer, and 
dropping funnel. This mixture is stirred at ambient temperature under 
nitrogen for 1 hr; then the volume of solvent is reduced by evaporation in 
vacuum to -3 mL. Cooling this solution to -15" causes orange crystals 
of the product to precipitate. These crystals are collected by filtration, 
washed twice with cold (0") hexane, and allowed to dry in air. Yield: 0.85 
g, 94%. Recrystallization of the material can be carried out using hexane 
as a solvent. 

*The use of Mn2(pBr)Z(CO)8 rather than MnBr(CO)5 in this reaction is recommended. 
Bromomanganese pentacarbonyl also reacts with Sn(SC&)(n-C4H9)3 to give the desired 
product; however, more forcing conditions are required, which result in concurrent formation 
of M ~ ( C L - S C , H A ( C ~ ) ~  
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Properties 

Orange, crystalline Mn,( p-SC6H5)2(C0)8 decomposes without melting at 
154". The compound may be stored, as a solid, for prolonged periods 
without substantial thermal decomposition. It is not particularly sensitive 
to either atmospheric oxygen or to water. Facile conversion to Mn&- 
SC6Hs)4(CO)12 occurs upon heating; a convenient procedure involves heat- 
ing a solution of Mn2(p-SC&)2(C0)8 in THF at reflux for several hours. 
Because of the ease of conversion of dimer to tetramer, the latter species 
may appear as a contaminant in synthesis of various Mn,(p-SR),(CO), 
compounds.It is easy to detect the presence of the tetramer using IR spec- 
troscopy by the appearance of vm absorptions at about 2020 (s) and 1950 
(m)cm-' [2021 (s) and 1951 (m)cm-' for Mn4(p-SC6Hs)4(CO)12 in hexane]. 
Infrared absorptions (vco) for M~~(~-SC,&)Z(CO)~ occur at 2084 (m), 2028 
(s), 2022 (s), 2005 (m), 1980 (s), 1965 (m)cm-l (hexane). 

Conversion of several Mn2(p-SR)2(C0)8 complexes [R = CH3, H, 
Sn(CH3),] to the Mn(SR)(CO)S species is known to occur under pressure 
of C0.8 These monomeric species are unstable, rapidly reverting back to 
Mn2(p-SR)z(CO)8 when the CO pressure is released. 

Preparation of analogous complexes of Mn2(p-SR)2(CO)8 [e.g., R = 
C(CH3)3, mp 146"(dec); R = CH3, mp 123"(dec)] can be carried out by 
this procedure. When the given procedure is applied to other systems, 
however, it is advisable to monitor vco values for the reaction mixture to 
ascertain optimum conditions for the specific product. Both duration of 
time and temperature of the reaction are influential in determining the 
ratio of Mnz( p-SR)z(CO)E to Mn4(p-SR)4(C0)12 in these reactions. 

This compound has also been prepared by the reaction of MnX(CO)S 
(X = C1, Br) and C&SSH;5-6 related complexes Mnz(p-SR),(CO), (R = 
CH3, GH,, n-C4H9) have been made by reaction of MnH(CO)S and RSSR.' 
The yield of product by the former route is not good (and the procedure 
has not been widely used) because it is difficult to set conditions so that 
M Q ( ~ - S P ~ ) ~ ( C O ) ~ ~  is not obtained concurrently. The latter procedure re- 
quires a reagent, MnH(CO)s, which is air sensitive and less easily handled. 

B. 'IXTRA-~j-(BENZENE"€IIOLATO)- 
DODECACARBONYLTETRAMGANESE(1) 

4MnBr(CO)S + ~SII(SC~HS)(C~H~)~ - 
Mn4(p-SCJ-15)4(C0)12 + 4SnBr(n-C4H9), + 8CO 



118 Metal Compounds, Complexes, and Ligands 

Procedure 

W Caution. Carbon monoxide and metal carbonyl compounds are toxic 
and all reactions must be carried out in an efficient fume hood. The organotin 
compound is also toxic. 
A solution of 2.9 g (7.3 mmol) MnBr(CO)5 and 2.9 mL (3.4 g, 8.4 mmol) 
Sn(SCd-€S)(n-C4H9)3 in 40 mL of THF in a 100-mL round-bottom flask (N2 
inlet, reflux condenser) is heated at reflux for 6 hr. The solution is allowed 
to cool. Solvent volume is reduced to 5 mL in vacuum; cooling at -15" 
causes the orange crystalline product to precipitate from solution. This 
species is separated by filtration and air dried, yield 1.7 g, 93%. Recrys- 
tallization can be carried out using hexane. 

Properties 

The product is thermally stable and does not react with atmospheric oxygen 
or water. It decomposes without melting at 228" and it has uco absorptions 
at 2021 (s), 1951 (m) cm-'. This tetrameric species has metal and sulfur 
atoms at alternate comers of a cube.9 

Related compounds [e.g., Mn4(p-SR)4(C0)12 (R = CH3, mp 207" dec.)] 
may be prepared in similar reactions. As noted, it is possible to convert 
the Mn2( p-SR),(CO), species to these compounds by heating in THF, 
carbon monoxide being evolved. Preparation of the title compound has 
also been accomplished by reaction of MnBr(C0)5 and C&SH; a low 
yield was reported.'O 

C. TETRAETHYLAMMONIUM TRIS-(pBENZENETHIOLAT0)- 
HEXACARBONYLDIMANGANATE(I)u 

Procedure 

Caution. Carbon monoxide and metal carbonyl compounds are toxic 
and all reactions must be carried out in an efficient fume hood. The organotin 
compound is also toxic. 
Samples of (C2H5N)4N[Mn2(p-Br)3(C0)6] (ref. 12) (1.60 g, 2.5 mmol) and 
Sn(SC&lS)(n-C4H9)3 (3.4 mL, 4.0 g, 10.0 mmol) are dissolved in 40 mL of 
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anhydrous methanol contained in a 100-mL round-bottom flask (N2 inlet, 
reflux condenser). The solution is heated at reflux for 1 hr, then allowed 
to cool. The volume of solvent is reduced to about 10 mL in vacuo. This 
solution is then cooled at -20" for several hours, an orange solid precip- 
itating during this time. This solid is collected by filtration and dried in 
vucuo. It is then dissolved in a minimum volume of CH2C12, and following 
filtration an equal volume of diethyl ether is added. Cooling this solution 
causes precipitation of the crystalline product that is collected by filtration 
and dried in vacuo; Yield: 1.70 g (92%). 

Anal. Calcd. for C & ~ N O ~ S ~ M ~ Z :  C, 52.24; H, 4.80%. Found: C 52.52; 
H, 4.77%. 

Properties 

The compound is an orange crystalline species, mp 192", which may be 
stored in a screw-cap vial for a prolonged period of time without decom- 
position or reaction with air or moisture. It has a characteristic IR ab- 
sorption pattern; uc0 at 1997 (s), 1918 (s), 1908 (sh) cm-' in CH2C12. It is 
known to react with electrophiles (CF3C02H, [(CH,),O]BF,) in the absence 
of additional ligands to give Mn,(p3-SC&5)4(CO)12. In the presence of 
additional ligands, either Mn,(p-SC6H5)2(C0)6(L)2 [L = CO, P(CH,),] or 
Mnz(p-SC&)2(p-CO)(C0)4(L)2 [L = P(Cd-I,),] is formed." 
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27. METHYLENEBIS[DICHLOROPHOSPHINE],* 
CHLOROBIS[ (DICHLOROPHOSPHINO)ME"HYL] - 

PHOSPHINE,? AND 
METHYLENEBIS[DIMETHYL PHOSPHINE] 

Submitted by S. HIETKAMP,S H. SOMMER,S and 0. STELZER$ 
Checked by A. L. BALCH,O J. C. LINEHAN,O and D. E. ORAMO 

Phosphine ligands with the P-C-P donor sequence are of interest since 
they may bridge metal-metal bonds and thus stabilize oligometallic or 
cluster compounds. l y 2  

Methylenebis[dichlorophosphine] has been used in the syntheses of a 
variety of bidentate ligands with a P<-P ~ k e l e t o n . ~ . ~  

Methylenebis[dichlorophosphine], C12P-CH2-PC12, has originally been 
reported by SommeIS and Fild et al.5a Later, Novikova et a1.,6 published 
its synthesis using CH2C12, Al, and PC13 as starting materials. Aluminum 
and dichloromethane react to give organoaluminum compounds, 
C12A1-CH2-A1C1~ or C12Al-[CH2-A1Cl],,-CH2-AlC12,7 which with 
phosphorus trichloride yield the methylenebis[dichlorophosphine]. While 
studying this reaction in order to increase the yield for C12P<H2-PC12 
we found that, in addition to the desired product, a tridentate chloro- 
phosphine, C12P-CH2-PCl-CH2-PC12 had been formed.* The com- 
pounds C12P-CH2-PC12 and C12P-CH2-PC1<H2-PC12 are suitable 
starting materials for the preparation of Me2P-CH2-PMe2 and 
Me2P-CH2-PMdH2-PMe2,9 respectively. 

A. PREPARATION OF THE ORGANOALUMINUM 

In a 2000-mL three-necked flask fitted with a reflux condenser, a 500-mL 
pressure equalizing dropping funnel, and a mechanical stirrer, 107.9 g (4 
mol) aluminum granules11 were heated with 20 mL of dibromomethane and 
120 mL of dichloromethane to 40" until refiux begins. After the reaction 
begins, a further 880 mL of dichloromethane are added within 1 hr. The 

INTERMEDIATES 

*Methylenebis[phosphorous dichloride] 
tChlorophosphinidenebis(methylene)bis[phosphorous dichloride] 
SFachbereich 9, Anorganische Chemie, Bergische Universitat-GH Wuppertal, Gauss- 

§Department of Chemistry, University of California, Davis, CA 95616. 
I p e  aluminum granules (purchased from Riedel de Haen) were heated in vacuo at 100 

strasse 20, D-5600 Wuppertal 1, Federal Republic of Germany. 

to 150" for 12 hr. 
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reaction mixture is heated at reflux until all the aluminum has dissolved 
(-90 hr). The 'H -NMR spectrum of this solution shows a sharp signal 
at -0.37 pprn and a broad band at -0.2 ppm. 

B. METHYLENEBIS[DICHLOROPHOSPHINE] AND 
CHLOROBIS[(DICHLOROPHOSPHINO)- 
METHYLIPHOSPHINE 

To the solution of the organoaluminum compounds, 549.3 g (4 mol) of 
phosphorus trichloride, diluted with 0.8 L of dichloromethane, is added 
dropwise over a period of 3 hr at a rate that keeps the reaction mixture 
at reflux. Thereafter, 613.3 g (4 mol) of phosphoryl chloride and 298.2 g 
(4 mol) of potassium chloride (ground and dried at 100') are added within 
1 hr. The reaction mixture is heated at reflux for an additional hour. Most 
of the dichloromethane is removed by distillation at normal pressure,* and 
the waxy residue is extracted with four 500-mL volumes dry petroleum (bp 
40/60). The petroleum is removed by distillation at normal pressure. Frac- 
tional distillation of the oily residue at 1.0 mbar, using a 20-cm Vigreux 
column affords methylenebis[dichlorophosphine]. Yield: 134-160 g (32- 
38%), bp 54'11 mbar. 

Methylenebis[dichlorophosphine] is a colorless air- and moisture- sen- 
sitive liquid. It may be characterized by its NMR spectral data: 'H NMR: 
BH = 2.5 ppm [triplet, ,JFH = 16.0 Hz]; I3C {'H} NMR: Bc = 63.9 pprn 
[triplet, 'Jpc = 66.3 Hz]; 31P {'H} NMR: aP = 175.2 ppm. 

From the remaining residue all volatile products are removed in vucuo 
at 50'/0.04 mbar followed by extraction with 4 x 100 mL of petroleum 
(bp 40/60). The petroleum and other volatile materials are stripped off 
in vucuo (0.04 mbar) at 20-50". Almost pure (95%) chlorobis- 
[(dichlorophosphino)methyl]phosphine is left behind. Yield: 21-30 g (5.4- 
7.7%). Chlorobis[ (dichlorophosphino)methyl]phosphine is a viscous air- 
and moisture-sensitive liquid that may be characterized by its NMR spectral 
data: 13C {'H)-NMR: Bp = 48.6 ppm; 'J31p-13~ = 52.7 Hz; 1J31p-13c = 62.3 Hz 
(ABCX-type spin system; A,  B, C = 31P; X = 13C); 31P {'H} NMR: tip = 
84.3 ppm (PCl); 181.2 ppm (PCl,); 'J31p-31~ = 69.4 Hz. 

C. METHYLENEBIS[DIMETHYLPHOSPHINEI 
In a 2-L three-necked flask fitted with a mechanical stirrer, reflux con- 
denser, and a 250-mL pressure equalizing dropping funnel 67.2 g (0.31 
mol) of C12P<H2-PC12 (dissolved in 500 mL dry diethyl ether) is added 

*The temperature in the reaction mixture should not exceed 80". 
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gradually to 0.95 L of a 1.37 M solution of chloromethylmagnesium in 
diethyl ether at - 30" over a period of 3 hr with stirring. After the reaction 
mixture has been warmed to room temperature, it is stirred for 2 hr. 
Oxygen-free water (-100 mL) is added until the magnesium chloride is 
precipitated. The clear etheral solution is decanted and dried with Na2S04, 
and the diethyl ether is removed by distilling off at normal pressure. Frac- 
tionated distillation of the residue at 18 mbar affords methylene- 
bis[dimethylphosphine]. Yield: 29.0 g (69%), bp 53-54"/18 mbar. 

Methylenebis[dimethylphosphine] is a colorless, very air-sensitive liquid 
that spontaneously burns in contact with air. NMR-spectral data: 'H NMR: 
8H = 1.4 ppm [triplet, 3JpH = 1.0 Hz CH2 groups]; 1.3 ppm (multiplet, 
CH3 groups); 13C {'H} NMR: tic = 36.3 pprn [triplet, CH2 group, 'J31p-13c]; 
16.7 pprn (CH3 groups); 31P {'H} NMR: EP = -55.8 ppm. 
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28. 1,4,7,lO,l3,16-HEXATHIACYCLOOCTADECANE 

CROWN THIOETHERS 
(HEXATHIA-18-CROWN-6) AND RELATED 

HS(CH2)2S(CH2)2SH + 2NaOEt + 2Cl(CH2)20H - 
HOCH2( CH2SCH2)3CH20H 

HOCH2(CH2SCH2)3CH20H + 2SOC12 __* 

ClCH2(CH$CH2)3CH2Cl + 2S02 + 2HC1 

ClCH2(CH2SCH2)3CH2Cl + HS(CH2)2S(CH2)2SH + cS&o3 __* 

hexathia-18-crown-6 + 2CsCl + H20 + COz 
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Submitted by ROBERT E. WOLF, JR.,* JUDITH ANN R. HARTMAN,* 
LEO A. OCHRYMOWYCZ,? and STEPHEN R. COOPER* 

Checked by MAHMOOD SABAHIS and RICHARD S. GLASSS 

Crown thioethers such as hexathia-18-crown-6 (1,4,7,10,13,16-hexathia- 
cyclooctadecane, 18S6)1-6 and related ligands"" form complexes with a 

variety of transition metal ions. They have found extensive use in the 
synthesis of model systems for the blue copper proteins.12-15 Previously 
hexathia-18-crownd was prepared by the reaction of ethanedithioP or 2,2'- 
thi~bis(ethanethiol)'~-'~ with ethylene bromide, but both of these reactions 
give only low yields and require tedious work-up procedures owing to 
extensive formation of polymeric materials. Recent advances in the chem- 
istry of macrocyclic sulfides by Kellogg and co-~orkers '~  and Ochrymowycz 
et a1.20 now make hexathia-18-crownd and related ligands readily available. 

Procedure 

2,2'-[ Thiobis(2, I -ethanediyZthio)] bis(ethanol). A 1-L three-necked flask 
equipped with an additional funnel, condenser, and magnetically activated 
stirring bar is placed in a fume hood and purged with nitrogen. Then 0.5 
L of absolute ethanol is placed into it, and sodium metal (11.8 g, 0.513 
mol) is slowly added in small pieces. (m Caution. The hydrogen evolved 
poses an explosion hazard.) When all the sodium has undergone reaction, 
vacuum distilled 2,2'-thiobis(ethanethio1) (Aldrich; 39.5 g, 0.256 mol) is 
added under nitrogen with stimng. The resulting solution is brought to 

*Inorganic Chemistry Laboratory, University of Oxford, South Parks Road, Oxford OX1 
3QR, United Kingdom, and Department of Chemistry, Harvard University Cambridge, MA 
02138. 

tDepartment of Chemistry, University of Wisconsin, Eau Claire, WI 54701. 
$Department of Chemistry, University of Arizona, Tucson, AZ 85721. 
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reflux in an oil bath and 2-chloroethanol(34.4 mL, 0.513 mol), taken from 
a freshly opened bottle, is carefully added dropwise from the addition 
funnel at a rate sufficient to maintain reflux. During this time a white 
precipitate of NaCl forms. After the addition is complete, the reaction 
mixture is heated to maintain reflux for 10 hr, allowed to cool, and then 
dried on a rotary evaporator. The product is dissolved in 500 mL of hot 
acetone and the suspension filtered with suction on a medium frit to remove 
NaCl. (It may be necessary to wash the filter funnel with 0.5 L of hot 
acetone if the precipitate clogs it.) Slow cooling of the acetone solution 
gives white needles that are collected by filtration and dried in vucuo to 
yield the product (52.0 g, 84%). Alternatively, the acetone solution may 
be evaporated to dryness, dissolved as much as possible in hot chloroform 
(-0.5 L), filtered, and the solution allowed to crystallize. Thin layer chro- 
matography (TLC) (silica gel, EtOAc): R, = 0.42; ‘H NMR (300 MHz, 
6, CDC13, TMS) 3.77 (t, 4H), 2.79 (m, 12H), 2.27 (s, 2H). 

Anal. Calcd. for C8H18S302: C 39.64; H 7.48%. Found: C 39.69; H 8.06%. 

I ,  I ’-[ Thiobis(2,I-ethunediylthio)]bis[2-chloroethane]. Danger! This and other 
2-halo-ethyl sulfides (sulfur mustards) are powerful vesicants (blister-caus- 
ing agents). The preparation must be carried out in an efficient fume hood, 
gloves (preferably two pairs) must be worn, and the utmost care must be 
taken to avoid contact with these compounds. 

To a 500-mL round-bottomed flask with a magnetic stirring bar are added 
dry CH2C12 (200 mL; distilled from CaH,) and 2,2’-[thiobis(2,l-ethanedi- 
ylthio)]bis(ethanol) (8.0 g, 33.0 mmol). Freshly distilled thionyl chloride 
(8.0 mL, 0.11 mol) dissolved in 25 mL of dry CH2C12 is placed in a 50 mL, 
pressure-equalizing addition funnel that is connected to the flask by means 
of a double-necked adapter. The other arm of the adapter bears a DrieriteB 
drying tube. Upon careful dropwise addition of the thionyl chloride to the 
stirred suspension, vigorous gas evolution occurs and the diol dissolves to 
give a colorless solution. After being stirred for 6 hr, the solution is treated 
with 5 mL of MeOH to quench excess SOCl2 (B Caution: further gas 
evolution) and is then rotary evaporated to dryness. Finally, it is pumped 
(0.5 mm) overnight to remove residual HCl. To minimize the risk of ex- 
posure to this hazardous compound, its yield is not determined but is 
assumed to be quantitative. TLC (CH2C12, silica gel) R, 0.77. 

Hexuthia-18-crown-6. To the 1,l ’ -[thiobis(2,l-ethanediylthio)]bis(2-chlo- 
roethane) obtained in the previous step is added 150 mL of spectrograde 
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DMF from a freshly opened bottle (with gentle warming if necessary to 
dissolve the dichloride), followed by 2,2'-thiobis(ethanethio1) (5.09 g, 33.0 
mmol). This solution is placed in a 250-mL Hirschberg constant addition 
funnel (Note 1) and is added under a nitrogen atmosphere over a 36-hr 
period to a suspension of cesium carbonate (Note 2) (13.0 g, 39.9 mmol) 
in 350 mL of DMF at 50-55" (Note 3). After the addition is complete, 
stirring at 50" is continued for an additional hour. The solvent is removed 
by vacuum distillation (at 1-mm pressure) and the residue is stirred with 
300 mL of CH2C12 for 15 min, and the suspension is filtered through Celite@. 
The filtrate is washed three times with 80 mL of a 1 M aqueous NaOH 
solution, and once with 100 mL of H20, and then dried over anhydrous 
Na2S0,. The dried solution is evaporated in vucuo and the residue is re- 
crystallized from hexane-acetone (4: 1 v / ~ )  by allowing a hot saturated 
solution to cool slowly to give the product. If necessary, the product can 
be purified further by flash chromatography2' on silica gel with CH2Clz as 
eluant. Yield: 9.0 g (76%; 64% overall). An analogous procedure with 
appropriate modifications affords other crown thioethers in high yield. 

Properties 

Hexathia-18-crown-6 melts at 90-91", yields a parent ion peak at m / e  360, 
and has R, 0.35 on silica gel with CH2C12 as eluant. Its 'H NMR in CDC& 
shows a singlet at S = 2.82. 

Anal. Calc. for CI2HaS6: C 39.96; H 6.71; S 53.34%. Found: C 40.04; H 
6.60; S 53.35%. 

The IR 3400 (w,b), 2900 m, 1428 s, 1410 sh, 1310 (sh), 1269 (m), 1230 
(w), 1202 (s), 1159 (m), 1130 (sh), 1030 (w,b), 962 (m), 878 (w,b), 842 
(s), 738 (w), 709 (m), 694 (w), 676 (m). The ligand has also been structurally 
characterized. 53 

Note 1. Hirschberg funnels deliver solution through the gap between a 
tapered piston and cylindrical barrel, and include a pressure-equalizing 
arm. They are available from Kontes Scientific Glassware/Instruments, 
Spruce Street, P. 0. Box 729, Vineland, NJ 08360, catalog No. K-634620. 

Note 2. Finely milled potassium carbonate can be substituted for cesium 
carbonate with approximate halving of the yield. 

Note 3. The addition funnel requires periodic checking as the DMF causes 
the valve to swell and thereby reduces the flow rate. 
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29. ([ 18]CROWN-6)POTASSIUM DICYANOPHOSPHIDE(1-) 

Submitted by ALFRED SCHMIDPETER* and Gij'NTHER BURGET* 
Checked by DON J. CHANDLERt and RICHARD A. JONES? 

4P4 + 2MCN - MP(CN)Z + MP15 

M+ = (1,4,7,10,13,16-hexaoxacyclooctadecane)potassium(l+ ) 
= ([18]crown-6)K(l+) 
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The dicyanophosphide(1-)* ion P(CN), may be viewed as a homolog of 
the dicyanoamide(1-) ion N(CN), and related to the thiocyanate ion SCN- 
in the series of (pseudo)halide ions E(CN),, (n = group number of 
element E).l In this sense it can be used in reactions with various kinds of 
electrophiles to introduce the P(CN)2 It may also be viewed as 
a cyanide complex of cyanophosphinidene PCN or of the phosphorus(1) 
cation P+  , thus, strong nucleophiles replace one or both cyanide ions.6-8 

The dicyanophosphide(1-) ion was first prepared by reduction of P(CN)3.1 
It is more conveniently obtained from white phosphorus in a nucleophilic 
disproportionation by an ammonium, phosphonium, or crown ether alkali 
metal ~ y a n i d e . ~  

Crystalline [([18]crown-6)K][P(CN),] is the preferred material for fur- 
ther reactions. In the P,-disproportionation reaction, crown ether potas- 
sium polyphosphides are formed as the second product. Their composition 
and solubility depend on the stoichiometry used. The intense red color of 
the solution in early stages of the reaction is caused by an intermediate 
high concentration of soluble polyphosphides. The final equilibrium con- 
centration of these phosphides can contaminate and color the isolated 
dicyanophosphide. To avoid this contamination, the remaining soluble po- 
lyphosphides are converted to insoluble ones by an excess of white phos- 
phorus. 

W Caution. All the reagents used and the product are toxic. White 
phosphorus must be kept under water. It ignites on contact with air; the 
fumes generated are irritating and extremely poisonous. Contact of white 
phosphorus with the skin cames.severe burns. Absorption in any form 
may be lethal. Even small amounts of potassium cyanide are lethal. For [18]- 
crown-6 (oral) an LD 50 of 705 mglkg is reported. Crown ethers are skin 
and eye irritants. All used and emptied equipment is immediately rinsed with 
a dilute solution of bromine in methanol under a well-ventilated hood. 

Procedure 

A dry 250-mL, two-necked, round-bottomed flask with an inert-gas inlet 
is equipped with a magnetic stirring bar and a reflux condenser topped by 
a paraffin oil filled pressure relief valve. The reaction is performed under 
dry and oxygen-free argon.? Traces of oxygen are removed from the inert 

*Also known as dicyanophosphate. 
tOxygen-free nitrogen can be used instead but is less convenient. 

*Institut fur Anorganixhe Chemie, Universitat Munchen D-8000 Miinchen 2, Federal 

tDepartment of Chemistry, The University of Texas at Austin, Austin, TX 78712. 
Republic of Germany. 
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gas by passing it over a chromium(I1) contact." Acetonitrile is dried by 
passing it through a column of 3-A molecular sieve. To free them from 
water, bars of white phosphorus in a Schlenk tube are washed twice with 
dry THF, vacuum dried for 10 min and, without air contact, directly trans- 
ferred into the reaction solution. 

To a solution of 13.22 g (50 mmol) of [18]crownd [Aldrich] and 3.26 g 
(50 mmol) of potassium cyanide in 100 mL of dry acetonitrile, 12.4 g (100 
mmol) of white phosphorus are added. The yellow solution is stirred and 
heated to reflux. While the phosphorus melts, the solution turns dark red. 
After boiling for some 2 hr, a black precipitate settles from the solution 
and after approximately 24 hr the red color of the solution fades somewhat. 
After 1 day at room temperature excess white phosphorus (3.0 g, 24 mmol) 
is added. During 24 hr of further boiling the solution becomes yellow and 
some phosphorus deposits in the condenser. The black precipitate is sep- 
arated by filtering through a Schlenk-type glass frit and washed three times 
with 20 mL of acetonitrile. The solid residue, left after completely evap- 
orating the filtrate, is washed three times with 50 mL of toluene and then 
vacuum dried, giving 7.60 to 8.00 g [([18]crownd)K] [P(CN),] as a pale 
yellow to pink powder (79-83% of the theoretical yield based on KCN or 
crown ether). 

Alternatively, the black precipitate formed after the first 24 hr is sep- 
arated, and the excess phosphorus is added to the clear red filtrate. During 
the second 24 hr period of boiling some more of the black polyphosphide 
precipitate forms. [(I 18]crown-6)K] [P(CN),] is obtained in colorless and 
analytically pure form but in a somewhat reduced yield, 6.2 g (64%). 

Anal. Calcd. for [CI2H2.,O6K]GN2P (386.4): C, 43.51; H, 6.26; N, 7.25. 
Found: C, 43.26; H, 6.55; N, 7.25. 

The yield based on the (expensive) crown ether may on the other hand 
be increased to 85% if a 20% excess of KCN is used (60 mmol instead of 
50 mmol). 

Properties 

The salt [([18]crown-6)K] [P(CN),] melts at 130 to 133". It is soluble in 
THF, acetonitrile, chloroform, dichloromethane, 1,2-dichloroethane, but 
insoluble in benzene, toluene, and diethyl ether. It is stable in boiling 
solvents such as acetonitrile or THE It may be handled in air for a short 
time, but hydrolyzes with water or wet solvents. IR: 2113 (u,CN), 2090 
(u,CN), 634 (vsPC), 620 cm-' (usPC). 31P NMR (MeCN)": 6 = 193.9. 
I3C NMR (MeCN): 6 = 130.7, .Ipc = 105.5 Hz. 
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30. (2-DIPHENYLPHOSPHIN0)BENZENAMINE 

Submitted by MERVYN K. COOPER,* 1. MICHAEL DOWNES,* 
and PAUL A. DUCKWORTHt 

Cbecked by MICHAEL C. KERBY,S RONALD J. POWELL,$ 
and MARK D. SOUCEKS 

The preparation of tertiary phosphine ligands is most commonly achieved 
by standard addition reactions between alkali metal phosphides and or- 
ganohalides, or between chlorophosphines and organolithium or Grignard 
reagents. Such syntheses, however, are often unsuitable for 2-substituted 
phenylphosphines due to the reactivity or steric requirements of the non- 
phosphine functionality. This was the case with the ljidentate ligand 
(2-diphenylphosphino)benzenamine, H2L, where the previously reported 
synthesis2 was based on the high temperature reduction of the phosphine 
oxide with polymethylhydrosiloxane. The method of preparation described 

*School of Chemistry, University of Sydney, Sydney N.S.W. 2006, Australia. 
tNow at the Research School of Chemistry, The Australian National University, Canberra 

.$Department of Chemistry, University of Texas, Austin, TX 78712-1167. 
A.C.T. 2601, Australia. 
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here makes use of low-cost starting materials, is less time consuming (4- 
5 days as opposed to up to 10 days for the original method) and is suitable, 
with only minor m~dification,~ for the synthesis of (2-dipheny1phosphino)- 
N-methylbenzenamine and (2-diphenylpho~phino)phenol.~.~ 

The title ligand, H2L, forms complexes with the later transition metals, 
which can be deprotonated2.6 to produce compounds containing the little 
studied phenylamido donor group. Its complexes with platinum and rhod- 
ium have been shown to be of mechanistic ~ignificance.'.~ 

".I( ) I  4- PhH 2C,,H, (3) 

H Caution. The vapor of 2-chlorobenzenamine is highly toxic, the 
liquid can also be absorbed through the skin. In addition, both anhydrous 
nickel chloride and dry (2-aminophenyl)tiphenylphosphonium chloride tend 
to produce a fine dust when handled. It is recommended that procedures 
involving these materials be conducted in an eficient hood. 

Procedure for Reactions 1 and 2 

A round-bottomed, 500-mL flask equipped with a Teflon-coated magnetic 
stirring bar, still-head and condenser is charged with 2-chlorobenzenamine, 
128 g (1.00 mol), and triphenylphosphine, 262 g (1.00 mol). Next, 65 g 
(0.50 mol) of powdered, anhydrous nickel chloride (dried by heating the 
hexahydrate at 130" for at least 48 hr) is added and the mixture is heated 
to 200" with stirring. A small amount of residual water distills over. The 
temperature is maintained at 200-220" for 4 hr. The resulting dark blue 
melt is cooled to 180-160" then poured (CARE!) into 600 mL of hot (60") 
water previously acidified with a few drops of concentrated HCl. Boiling 
acidified water (400 mL) is added to the reaction vessel to extract any 



30. (2- Dipheny1phosphino)benzenarnine 13 1 

remaining material. The combined extracts are stirred while hot until the 
blue color of the melt is completely discharged. After cooling and washing 
with diethyl ether (1 x 300, 2 x 200 mL), to remove unreacted starting 
materials, the aqueous phases are extracted with dichloromethane (3 x 
300 mL). The combined dichloromethane extracts are dried over anhydrous 
NazS04 and evaporated to an orange oil (about 300 mL). (If all of the 
dichloromethane is evaporated or if the mixture is allowed to cool after 
evaporation then the resulting oil may be so viscous as to prevent efficient 
stirring in the next step.) Tetrahydrofuran (about 500 mL) is added with 
vigorous stirring until white crystals begin to form. The mixture is stored 
at about 5" for several hours. The white crystalline mass is collected by 
filtration, washed with THF then diethyl ether and dried (120", about 15 
torr) overnight to remove solvent of crystallization to yield 222 g (57%) 
of the analytically pure product as a white powder, mp 293-295". 

Anal. Calcd. for G4H&1NP: C, 73.9; H, 5.4; C1, 9.1; N, 3.6; P, 8.0. 
Found: C, 73.6; H, 5.5; C1, 9.3; N, 3.6; P, 8.0. 

Procedure for Reaction 3 

An oven dried, three-necked, round-bottomed 1-L flask is charged with 
500 mL of anhydrous THF (freshly distilled from sodium benzophenone 
ketyl), 51 g (0.39 mol) of naphthalene and a Teflon-coated, magnetic stir- 
ring bar. Sodium wire, 8.3 g (0.36 mol) is extruded into the vessel, which 
is then quickly fitted with a condenser and nitrogen inlet. The mixture is 
stirred in a dry nitrogen atmosphere until the sodium has completely dis- 
solved (about 1 hr). The resulting very dark green solution is cooled in a 
solid COz-acetone bath until it is almost completely solid (inadequate 
cooling of the naphthalenide solution leads to reduced yields in the sub- 
sequent reduction). (2-Aminophenyl)triphenylphosphonium chloride, 64.0 
g (0.164 mol), obtained in the previous reaction, is added and the mixture 
allowed to warm slowly, with occasional shaking, to room temperature, 
then stirred for 1 hr. Acetic acid, about 2 g (0.03 mol), is added dropwise 
to discharge the last of the green color. The orange-red mixture is treated 
slowly with 100 mL of a 20% ammonium chloride solution and sufficient 
water is added to dissolve any remaining solid (no further precautions to 
exclude atmospheric oxygen need be taken from this point). The two re- 
sulting phases are separated and the aqueous layer is extracted with diethyl 
ether (1 x 100 mL). The combined organic phases are dried over anhydrous 
Na2S04 and evaporated. The residue is taken up in 500 mL of boiling 90% 
ethanol and treated with a solution of nickel nitrate hexahydrate, 26 g (0.09 
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mol) in 100 mL of boiling 90% ethanol. The resulting brown solution is 
treated with 2 mL of trifluoroacetic acid to ensure that deprotonation of 
the amino group does not occur. After storing overnight at 5" the mixture 
of metal complex and crystallized naphthalene is filtered off and washed 
first with ethanol and then with diethyl ether to remove the naphthalene. 
A yield of 55.4 g (89%) of orange crystals, [Ni(H2L),](N03), * H202, is 
obtained. 

The nickel complex obtained is suspended in a mixture of benzene (300 
mL) and water (300 mL) to which a few drops of concentrated HCl are 
added. The mixture is refluxed until the crystals dissolve (several hours). 
The two resulting phases are separated and the aqueous layer is extracted 
with benzene (50 mL). The combined organic extracts are washed with 
brine (100 mL), dried over anhydrous Na2S04 then passed down a short 
alumina column (2.5 x 10 cm) eluting with benzene. The now colorless 
solution is evaporated to an oil, which is taken up in 180 mL of boiling 
90% ethanol. Fluffy white crystals of the analytically pure ligand, mp 82 
to 83", form on cooling. The yield is 35.6 g (88% from the nickel complex). 
The mother liquor may be evaporated, the residue taken up in boiling 90% 
ethanol and treated with nickel nitrate solution as above to give 2.5 g (5%) 
of recovered nickel complex. 

Anal. Calcd. for C18Hl$JP: C, 78.0; H, 5.8; N, 5.1; P, 11.2. Found: C, 
78.1; H, 5.8; N, 5.0; P, 11.0. 

Properties 

The title ligand, H2L, is an air-stable, crystalline solid soluble in most 
organic solvents. Both it and its phenylphosphonium salt are slightly light 
sensitive and should be stored in dark containers. The IR spectrum (Nujol 
mull) exhibits bands at 3455 and 3365 cm-l attributable to v+~. The 
phosphorus nucleus resonates at 6CHCh = -21.0 (relative to 85% H3P04) 
in the 31P {'H} NMR spectrum. Treatment of H2L with benzoyl chloride 
gives the N-benzoyl derivative, the iridium(1) complex of which undergoes 
oxidative addition across the N-H b ~ n d . ~ . ' ~  
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31. SODIUM SALT OF (lR)-3-NITROBORNAN-2-ONE 
(SODIUM d-a-CAMPHORNITRONATE)* 

Cl,,H150Br + HN03 - C10H14BrN03 + H20 

2Na + 2CzH50H - 2NaOGH5 + Hz 7 
Cl,,H1,BrNO3 + 2NaOC2H5 - 

NaCloH14N03 + NaBr + C2H50H + CH3CH0 

The last equation is not certain. 

Submitted by JONATHAN W. STOCKER? and JOHN C. BAILAR, JR.t 
Checked by GEORGE B. KAUFFMAN,S PHILIP CHU,S 

and RONALD L. MARHENKES 

The sodium salt of (lR)-3-nitro’bornan-2-one (sodium-d-a-camphornitro- 
nate) has been used as a resolving agent for inorganic complex cations on 
several occasions.’ It is best prepared by a two-step synthesis. First, crude 
(lR)-3-endo-bromo-3-exo-nitrobornan-2-one (d-a,a-nitrobromocamphor) 
is prepared by reaction of (1 R)-3-endo-bromobornan-2-one (d-bromocam- 
phor) with concentrated nitric acid. The crude d-a,a-nitrobromocamphor 
is then treated with sodium ethoxide to form Na(d-CloH1D03). The fol- 
lowing procedure is a modification of the methods given by Lowry and 
Steele2.3 and by  clap^.^ 

*( +)-I ,7,7-Trimethyl-3-aci-nitrobicyclo[2.2.1]-2-one sodium salt. 
tDepartment of Chemistry, University of Illinois, Urbana, IL 61801. 
$Department of Chemistry, California State University, Fresno, CA 93740. 
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Procedure 

Mix 150 g of (lR)-3-endo-bromobornan-2-0ne (d-bromocamphor) (0.65 
mol) with 500 mL of concentrated (15.8 M) nitric acid (7.90 mol) in a 
1-L round-bottomed flask connected by ground glass connections to two 
long, water-cooled condensers in order to prevent escape of the product. 
(m Caution. The reaction must be carried out in a well-ventilated hood 
because toxic nitrogen dioxide is produced as a by-product.) The mixture 
is heated carefully with magnetic stirring in an oil bath on a hot plate until 
its temperature reaches 118", at which constant temperature the mixture 
boils. (The reaction starts at about 85", as evidenced by evolution of orange- 
brown nitrogen dioxide gas.) Once the reaction has started, no further 
heating is necessary for about 20 min. After the initial reaction subsides, 
the oil bath is heated to about 125" to keep the mixture at 114", just below 
its boiling point (about 140"). After 2.5 hr of heating, the mixture has 
become a translucent pale yellow. The temperature is maintained for 40 
hr, after which the mixture is allowed to cool, whereupon it becomes viscous 
and partially solidifies. The supernatent liquid is removed with a pipet, 
and the residue is poured into 200 mL of water, where it solidifies. The 
supernatant is decanted. The air-dried residue consists of about 70 g of 
crude (1 R)-3-endo-bromo-3-exo-nitrobornan-2-one (d-&,a-nitrobromocam- 
phor) (39.06% yield). 

The crude d-a,&-nitrobromocamphor is dissolved with heating in 40 mL 
of absolute ethanol. Place 15.5 g (0.674 g-atom) of sodium, dissolved in 
135 mL of absolute alcohol, into a 500-mL round-bottomed flask that has 
been fitted with a long reflux condenser. (a Caution. This vigorous, 
exothermic reaction, which results in the evolution of hydrogen, should be 
carried out in a well-ventilated hood.) The dissolved (d-a,a-nitrobromo- 
camphor is poured very slowly into the 500-mL flask containing the sodium 
ethoxide. During the addition, continuous stirring with a glass rod is re- 
quired. (If the d-a ,a-nitrobromocamphor solution is poured only slowly 
down the condenser it solidifies in the condenser. The checkers suggest 
that the condenser may be removed to facilitate the addition.) The flask 
is cooled in ice during this addition, resulting in almost immediate solidi- 
fication. The precipitated sodium salt of (lR)-3-nitrobornan-2-one (sodium 
d-a-camphornitronate) is collected by filtration. The yield is 60.40 g (42.45%). 
The mother liquor can be frozen partially in a dry ice-acetone bath and 
more of the sodium salt removed by quickly filtering the mother liquor 
before the salt has had time to redissolve. In this way an additional 2.11 
g (1.48%) of the product can be obtained. The pale yellow crystals are 
washed once with a minimum volume (40 mL) of a 1 : 1 mixture of acetone 
and absolute ethanol. They are recrystallized from a minimum volume (540 
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mL) of absolute ethanol and air dried. The yield is about 43.76 g (30.75%). 
If desired, the product may be dried further over phosphorus(V) oxide at 
80', whereupon it suffers a weight loss of 11.25%, resulting in a final yield 
of 38.84 g (27.29%). Its specific rotation [a]b = +285'. 

Anal. Calcd. for NaCI0HL4NO3: C, 54.79; N, 6.39, H, 6.44. Found: C, 
53.5; N, 6.1; H, 6.4.* 

Properties 

The sodium salt of (lR)-3-nitrobornan-2-one (sodium d-camphornitronate) 
is a pale yellow crystalline solid, easily soluble in water. It is slightly soluble 
in absolute ethanol and almost completely insoluble in acetone. Its optical 
activity has been measured: [a]? = +295'; [a]&, = +308'; = 

+ 368'. 
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32. TIUS( GLY CINAT0)COB ALT( In) 

1OKHCO3 + 2CoC12.6H20 + H202- 

2K3[Co(C03),] + 4C02? + 4KC1 + 18H20 

fac- and ~ ~ ~ - [ C O ( H ~ N C H ~ C O O ) ~ ]  + 3KC2H302 + 3co2 ? + 3H20 
K~[CO(CO~)~] + 3H2NCH2COOH + 3HGH302 - 

T h e  checkers obtained the following values: C, 52.23; H, 6.08; N, 6.02. The fact that 
each of these values is approximately 5% low is believed to be due to the presence of sodium 
bromide in the product. 
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Submitted by GEORGE B. KAUFFMAN,* MOHAMMAD KARBASSI,* and 
EISHIN KYUNOt 

Checked by W. J. BIRDSALLS and P. E. A. KYLANPAAS 

One of the earliest cases of stereoisomerism among inner complexes, 
tris(glycinato)cobalt(III),l occurs in two forms, violet (a) and red (p). In 
one of these geometric isomers, all of the amino groups of the glycine 
molecules are adjacent ( fuc) ,  while in the other, two of these occupy 
opposite positions (mer). Absorption spectra indicate that the more soluble 
violet a form is the mer i s ~ m e r . ~ - ~  

Three general preparative methods are available? 

1. The classic method of Ley and Winklerl-dissolving freshly prepared 
cobalt(II1) hydroxide oxide, CoO(OH), in an aqueous solution of 
glycine with heating-gives both products, with the mer isomer pre- 
dominating (often this is the only isomer formed). 

2. The method of Neville and Gorin'-allowing glycine to react with 
hexaamminecobalt(II1) chloride in a boiling aqueous potassium hy- 
droxide solution under reflux-favors formation of the fuc isomer. 

3. The method of Shibata et al.,8 employed here-allowing glycine to 
react with aqueous potassium tri(carbonato)cobaltate(III)-gwes both 
isomers in approximately equal amounts. 

All three methods have been applied to synthesize tris complexes of other 
amino  acid^,^.^ including those with optically active acids. lc-16 

Procedure 

Thirty grams of potassium hydrogencarbonate (0.300 mol) is added to 30 
mL of water contained in a 150-mL beaker, and the mixture (A) is cooled 
in an ice bath for 15 min with mechanical stimng. In a separate 100-mL 
beaker, 10.0 g of cobalt(I1) chloride 6-hydrate (0.042 mol) is added to 10 
mL of water at 30". The resulting mixturt: is allowed to stand for 15 min 
in an ice bath, and 15 mL of 30% hydrogen peroxide is then added slowly 
to it (solution B). Solution B is added to A at a rate of one drop every 
5 sec, with mechanical stimng at 0-5", followed by suction filtration. 
Nine grams of glycine (0.120 mol) is added to the resulting green fil- 
trate of potassium tri(carbonato)cobaltate(III). Attempts to prepare tris- 

*Department of Chemistry, California State University, Fresno, CA 93740. 
tSchool of Pharmacy, Hokuriku University, 3, Ho Kanagawa-machi, Kanazawa 920-11, 

SAlbright College, P.O. Box 516, Reading, PA 19603. 
Japan. 
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(glycinato)cobalt(III) from sodium tri(carbonato)cobaltate(III) 3-hydrate" 
resulted in poor yields and little of the fac isomer. 

The mixture is heated at 60-70" on a water bath until the color of the 
resulting solution changes from green to dark blue to violet (-30 min). 
Then 21 mL of 6 N acetic acid is added slowly at a rate of 1 drop every 5 
sec with mechanical stirring at 60-70" (effervescence). A slight excess (0.5 
mL) of acetic acid may be added to ensure completion of the reaction. 
The solution is stirred vigorously until the evolution of carbon dioxide 
ceases and the color of the solution has become reddish violet. 

The solution is concentrated to two thirds of its original volume and is 
allowed to stand overnight. The deposited reddish pink crystals of the less 
solublefac(P) isomer are coIlected by suction filtration on a 60-mL sintered 
glass funnel (medium porosity), washed successively with three 10-mL 
portions each of cold water, ethanol, and diethyl ether, and dried in a 
vacuum desiccator over Drierhe@, followed by 2 hr of additional drying 
at 100" in vacuo. The filtrate is concentrated in a rotary evaporator until 
violet crystals of the more soluble mer(a) isomer are deposited. These are 
collected on a 60-mL sintered glass funnel (medium porosity) and washed 
and dried in the same manner as was the fuc(P) isomer. The yields of fuc 
and mer isomers are 2.1 g (18.7%) and 2.7 g (24.0%), respectively. Con- 
ditions have been chosen to yield appreciable amounts of both isomers. 
Slight variations in the procedure result in different ratios of isomers. For 
example, if, before addition of the acetic acid, the reaction mixture is 
heated for an hour after it has become violet, the fac isomer is favored: 
fac, 3.3 g (29.3%); mer, 1.5 g (13.3%). On the other hand, if it is heated 
only until it has become dark blue (about 15 min), the mer isomer is 
favored: fuc, 0.9 g (8.0%); mer, 4.2 g (37.4%). 

Anal. fac Isomer Calcd. for CoC6H12N306: C, 25.64; H, 4.30; N, 14.95. 
Found: C, 25.61; H, 4.29; N, 14.75. mer Isomer Calcd. for CoC6H14N307: 
C, 24.09; H, 4.72; N, 15.05. Found: C, 24.03; H, 4.85; N, 14.15. 

Visible spectrum (H,O): 520, 372 nm ( fac) ;  540, 370 nm (mer). 
The procedure can be modified to prepare the corresponding complexes 

of other amino acids. For example, if 11.0 g of alanine is substituted for 
the glycine and if, before addition of the acetic acid, the reaction mixture 
is heated for an hour after it has become violet, the yields of fac and mer 
isomers of [CO(H,NCH~CH~COO)~] are 1.5 g (11.6%) and 3.7 g (28.6%), 
respectively. 

Anal. Calcd. for CoGH18N306: C, 33.45; H, 5.61; N, 13.00. Found: fac 
Isomer, C, 33.39; H, 5.43; N, 12.97; mer Isomer, C, 33.42; H, 5.58; N, 
12.85. 

Visible spectrum (H,O): 514, 366 (fuc); 538, 369 nm (rner). 
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Properties 

According to Ley and Winkler,' rner(a)-tris(glycinato)cobalt(III) forms 
large, dark violet, rhombic crystals containing two molecules of water of 
crystallization, while fuc(P)-tris(glycinato)cobalt(III) forms reddish pink, 
needlelike crystals with one molecule of water of crystallization. Contrary 
to these results, our analytical and thermogravimetric data have shown the 
pink form to be anhydrous and the violet form to be a monohydrate. The 
number of molecules of water of crystallization varies with conditions of 
drying. 

The isomers are not directly convertible. They are soluble only with 
difficulty in water (at 25", 0.199 g redlL and 9.33 g violet/L;* at 20°, 0.192 
g red/L and 9.21 g violet/L'a) and in basic solvents such as pyridine and 
aniline. Both are considerably more soluble in acid solutions, from which 
they can be precipitated unchanged by addition of ethanol. As further 
evidence of their extraordinary stabilities, they can be recovered unchanged 
from hot concentrated sulfuric acid and can be treated with hot concen- 
trated nitric acid for some time without noticeable decomposition. Both 
are decomposed, however, by prolonged warming with concentrated hy- 
drochloric acid, resulting in evolution of chlorine and formation of co- 
balt(I1) chloride. They are virtually insoluble in most organic solvents. 
Electrical conductance measurements of aqueous and sulfuric acid solutions 
of both isomers show them to be nonelectrolytes, while cryoscopic studies 
show them to be monomeric and undissociated in solution. Being unsym- 
metrical, both isomers can exist in enantiomorphic forms, but for many 
years no attempts at resolution were made, probably because their non- 
electrolytic character is not suited to salt formation. .By chromatographic 
adsorption on a starch column Krebs and Rasche19 have resolved the violet 
isomer into its optical antipodes. 

Neither isomer reacts with ammonia at low temperature. Both react 
with potassium cyanide giving potassium hexacyanocobaltate(II1) and po- 
tassium glycinate. The red isomer reacts readily with potassium nitrite to 
give a solution yielding ruby red crystals, whereas the violet isomer under- 
goes this reaction only with difficulty. 
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33. RESOLUTION OF THE 

ORDER ASYMMETRIC SYNTHESIS 
TRIS(OXALATO)CHROMATE(III) ION BY A SECOND- 

Submitted by GEORGE B. KAUFFMAN,* NOBUYUIU SUGISAKA,P and 
IAN K. REIDS 

Checked by R. KENT MURMANN! 

The tris(oxalato)chromate(III) ion, [ C T ( C ~ O ~ ) ~ ] ~ - ,  possesses the double 
historical distinction of being both the first resolved complex anion and 
the first resolved complex that did not contain nitrogen.' Since it racemizes 
rapidly in aqueous solution, more so than the corresponding cobalt(II1) 
i ~ n , ~ . ~  virtually all of this labile complex can be separated as a single en- 

*Department of Chemistry, California State University, Fresno, CA 93740. 
tRiker Laboratories, Inc., 270-48-02 3M Center, St. Paul, MN 55144. 
$Research School of Chemistry, The Australian National University, Canberra 2600, 
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Australia. 
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antiomer, which precipitates as the less soluble diastereomer. In contrast 
to most resolutions, which employ low temperatures to keep racemization 
to a minimum, the technique of second-order asymmetric tran~formation'.~ 
involves warming the solution during diastereomer formation in order to 
induce racemization. 

The resolving agent, ( + )-bis( 1,2-ethanediamine)(oxalato)cobalt(III) io- 
dide, is first converted to the acetate, which is then warmed with a solution 
of racemic potassium tris(oxalato)chromate(III) in order to precipitate the 
(+ ),( + ) diastereomer by a second-order asymmetric transformation. The 
diastereomer is decomposed with potassium iodide, which also regenerates 
the resolving agent. The (+) enantiomer, which racemizes rapidly, is im- 
mediately precipitated from the filtrate with ethanol. An analogous pro- 
cedure employing the ( - )  form of the resolving agent can be used to 
obtain the (-) enantiomer. The specific rotations obtained by this pro- 
cedure ([aID = +1900") are higher than those reported previously by 
Jaeger5 (+420"), Johnson and Mead6 (2 1 170"), and Dwyer and Sargeson 
and co-workers' (k1640"). 

A. PRECIPITATION OF ( + )-BIS(1,ZETHANEDIAMINE)- 
(OXALATO)COBALT(III) ( + )-TRIS(OXALAT0)- 
CHROMATE(II1) HEXAHYDRATE, (+),( +) 
DIASTEREOMER 

Procedure 

Five grams (0.0127 mol) of ( + )-bis( 1,2-ethanediamine)(oxalato)- 
cobalt(II1) iodide* ([a]? = +720°) is converted to the acetate by shaking 
for 10 min with 2.11 g (0.0126 mol) of solver acetate suspended in 30 mL 
of hot (50") water contained in a 100-mL flask. The precipitated silver 
iodide is removed by filtration and washed with 10 mL of hot water. The 
combined red filtrate and washings are added with stirring to a solution of 
2.00 g (0.00409 mol) of racemic potassium tris(oxalato)chromate(III) 
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trihydrate9*10 in 10 mL of water contained in a 100-mL beaker. The red- 
brown diastereomer begins to precipitate almost immediately. The sus- 
pension is quickly warmed to 50", maintained at that temperature for 5 
min, and allowed to cool slowly to 35". The diastereomer crystals are 
collected by filtration on a 5-cm Biichner funnel, washed successively with 
5-mL portions of ice water, 60% aqueous ethanol, 95% ethanol, and ace- 
tone, and are then air dried. The yield is about 3.7 g [74%, assuming 
complete racemization of the (-) enantiomer to the (+) enantiomer]. A 
0.02% aqueous solution in a 1-dm tube gives ole = +0.27", from 
which [a]g = +1300". 

Anal. Calcd. for [CO(GO~)(GH~N~)~]~[C~(GO~)~].~H~O: C, 23.52; H, 4.94; 
N, 13.72. Found: C, 23.70; H, 4.99; N, 13.74. 

Smaller second (0.4 g) and third (0.1 g) fractions of diastereomer may 
be obtained by allowing the filtrate to stand at room temperature for 24 
and 48 hr, respectively. Since the diastereomer racemizes only slowly in 
solution, all three fractions may be collected and combined (-4.2 g) (-84%) 
before proceeding with the following section. 

B. ISOLATION OF POTASSIUM ( +)-TRIS(OXALAT0)- 
CHROMATE( III) DIHY DRATE 

Procedure 

Since the optical enantiomers racemize rapidly in solution, all operations 
should be carried out as quickly as possible using iced solutions and iced 
apparatus. 

The (+),( +) diastereomer (-4.2 g) is suspended in 15 mL of water 
contained in a 30-mL beaker, and 4 mL of saturated potassium iodide 
solution is added gradually with constant stirring. The precipitated resolv- 
ing agent ([a]? = +720") is recovered (in yields as high as 3.5-4.0 g or 
70-80%) by filtration and is washed with a few milliliters of potassium 
iodide solution. Potassium ( + )-tris(oxalato)chromate(III) dihydrate is im- 
mediately precipitated as bluish-mauve crystals from the combined filtrate 
and washings by slow addition of ice-cold ethanol until precipitation ap- 
pears almost complete (10-20 mL). The product is collected by filtration 
on a 5-cm Buchner funnel, washed successively with 5-mL portions of ice- 
cold 80% aqueous ethanol, 95% ethanol, acetone, and is then air dried. 
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The yield is 1.43 g [75%, based on K3(k)-[Cr(C204)3].3H20 or 89%, based 
on the (+),( +) diastereomer]. A 0.02% aqueous solution in a 1-dm tube 
gives a; = +0.38", from which [a]; = + 1900". Recrystallization does not 
increase the rotation. 

Anal. Calcd. for K3[Cr(C204)3].2H20: C, 15.35; H, 0.86. Found: C, 15.54; 
H, 0.89. 

C. ISOLATION OF POTASSIUM ( - )-TRIS(OXALAT0)- 
CHROMATE(1II) MONOHYDRATE 

Procedure 

The ( -) enantiomer is obtained by the procedure for the ( +) enantiomer, 
substituting, however, the (-) form of the resolving agent8 ([a]g = -720") 
for the (+) form. The yield of (-),( -) diastereomer is 4.2 g (84%). A 
0.02% aqueous solution in a 1-dm tube gives a? = -0.27", from which 
[a]g = -1300". 

Anal. Calcd. for [CO(GO~)(GH&)~]~[C~(GO~)~].~H~O: C, 23.52; H, 4.94; 
N, 13.72. Found: C, 23.50; H, 5.05; N, 13.84. 

The yield of (-) enantiomer is 1.43 g or 78% based on K3[Cr(GO,),].3HzO 
or 92% based on the diastereomer. A 0.02% aqueous solution in a 1-dm 
tube gives a; = -0.38", from which [a]; = - 1900". 

Anal. Calcd. for K3[Cr(G04)3]-Hz0: C, 15.96; H, 0.45. Found: C, 15.95; 
H, 0.58. 

The high optical density of even dilute solutions makes observation of 
the field difficult. The half-shade angle control on the Rudolph high-pre- 
cision polarimeter should be opened to the maximum extent. 
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Properties 

Although Werner' considered both enantiomers of potassium tris- 
(oxalato)chromate(III) to be monohydrates, Charonnat" and DelC- 
pine,12 on the basis of isomorphism with the corresponding iridium salt, 
proposed that they are dihydrates. The ( +) enantiomer has been described 
as bluish red in the dry, pure ~ondition.'.'~ The optical enantiomers are 
less soluble in water than the racemic mixture. Because of the high rate 
of racemization in water, recrystallization has been reported to be accom- 
panied by a considerable loss of optical rotation.6.16'6 For the same reason, 
the optical rotation values reported by different workers are not directly 
comparable.'' 

Racemization also occurs in the solid state, but more slowly than in 
solution. It is faster and more extensive in the case of the hydrate at room 
temperature than in that of the anhydrous salt at 115". The anhydrous salt 
can be stored up to 3 weeks in vucuo over phosphorus(V) oxide without 
loss of optical activity, but racemization occurs within 12 hr on heating the 
anhydrous salt in the presence of water vapor. 

In aqueous solution potassium tris(oxalato)chromate(III) racemizes 
faster than the analogous cobalt compound but more slowly than the corres- 
ponding iron c ~ m p o u n d . ~  Many studies of the racemization rate have been 
made under various  condition^.',^.^^.'^ The rate is dependent on the nature 
of the solvent; it is lowered by addition of organic solvents to aqueous solu- 
tions. Both enantiomers have been the subject of numerous optical rota- 
tory dispersion s t u d i e ~ . ~ * ~ ~ "  No exchange has been shown to occur be- 
tween oxalate ion containing radioactive carbon and the tris(oxa1ato)- 
chromate(II1) ion.23 
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34. DIFLUORODIOXOURANIUM(V1) 

U02(N03)2.6H20 + H202 - U04.2H20 + 2HNO3 + 4H2O 

U04.2H20 + 3HF - H[UO$3].2H20 + H202 
heated at H[UO2F3]*2H20 U02F2 + HF + 2H20 

Submitted by M. C. CHAKRAVORTI* and MANJU CHOWDHURY* 
Checked by P. G. ELLERt and R. J. KISSANEt 

The fluoro compounds of uranium are of special interest in atomic energy 
programs. The compound, U02F2, commonly called uranyl fluoride, is the 
best known oxyfluoride of hexavalent uranium and serves as a starting 
material in the synthesis of oxyfluoro or mixed ligand oxyfluoro uranium 
compounds. The anhydrous compound is usually prepared' by the action 
of gaseous hydrogen fluoride on U03 at temperatures of 300 to 500". Other 

involve reaction between anhydrous U02C12 and anhydrous 
hydrofluoric acid at room temperature or by a high-temperature U03-F2 
reaction. In the method described here U02F2 can be conveniently pre- 
pared in high yield using uranyl nitrate 6-hydrate, U02(N03)2.6Hz0 and 
aqueous hydrofluoric acid (20%). The advantages offered by this method 
are that it starts with the most commonly available compound of uranium, 
namely, U02(N03)2.6H20 and makes the use of anhydrops hydrogen fluo- 
ride or fluorine unnecessary. The method can be used by any worker in 

*Department of Chemistry, Indian Institute of Technology, Kharagpur-721302, India. 
tLos Alamos National Laboratory, Los Alamos, NM 87545. 
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any ordinary laboratory without the need of working with fluorine or an- 
hydrous hydrogen fluoride at elevated temperature. The preparation of 
UOZCl2 appeared earlier in Inorganic Synthe~es.~ 

Procedure 

Caution. Hydrofluoric acid is toxic and highly corrosive. All op- 
erations with it should be carried out in an efficient fume hood. It should 
not be inhaled. Polyethylene gloves should be used while handling it. 
Ten grams (19.8 mmol) of U02(N03)2*6H20 is dissolved in 50 mL of water, 
and 0.3 mL of concentrated HN03 is added. The solution is heated to 
about 70" and 5 mL of hydrogen peroxide (30%) is added to the solution 
while stirring. A yellow precipitate of U04.2H20 appears. After digesting 
for 0.5 hr on a steam bath the product is washed with water several times 
by decantation and is then filtered under suction. The precipitate is thor- 
oughly washed with water and then transferred to a basin or dish made of 
polyethylene. It is dissolved in 12 mL (20%) hydrofluoric acid by stirring 
with a polyethylene stirrer. The solution is dried completely on a steam 
bath, and the product is finally dried in a desiccator over concentrated 
sulfuric acid for 7 days. A small dish containing pellets of caustic soda is 
also placed in the desiccator.* The dried product has the composition4 
H[U02F3].2H20. 

Anal. Calcd. for H[UOZF3]*2H20: U, 65.4; F, 15.7. Found: U, 65.3; F, 
15.8. 

It is transferred into a platinum dish and heated at 150" for about 2 hr. 
The yield of U02Fz is 5.5 g, 90%. 

For the analysis of uranium, the sample is ignited in a platinum crucible 
and weighed as U308. Fluoride is determined by titration with a standard 
solution of thorium nitrate using sodium alizarinsulfonate as an indicator, 
after steam distillation of fluosilicic acid.5 

Anal. Calcd. for UOzFz: U, 77.2; F, 12.3. Found: U, 76.9; F, 12.0. 

Properties 

The substance is bright yellow in color and is very soluble in water. It is 
soluble in ethanol, but insoluble in acetone and diethyl ether. It is mod- 

'If the product dried on a steam bath is first subjected to pumping for 4 hr and then kept 
in a desiccator, as described, the time is reduced to 3 to 4 days. This time may be saved if 
H[UOzF,]-2Hz0 containing a little adsorbed HF is directly heated at 150". 
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erately hygroscopic, and on standing in air, it absorbs water to form a 
dihydrate. (The checkers report that the product contained 0.59% H 2 0  by 
Karl Fischer titration.) In the IR spectra, a UOz band occurs at 1010 cm-'. 
The crystal structure has been s t ~ d i e d . ~ , ~  
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35. THE AMMONIUM CHLORIDE ROUTE TO 
ANHYDROUS RARE EARTH CHLORIDES-THE 

EXAMPLE OF YC& 

Submitted by GERD MEYER* 
Checked by EDUARDO GARCIA? and JOHN D. CORBE'IT? 

Among the methods for the preparation of anhydrous rare earth metal 
trichlorides, MC13 (M = La-Lu,Y,Sc) ,l the so-called ammonium chloride 
route2 is probably the most popular and frequently used because it is in- 
expensive and straightforward even for large scale quantities. It was orig- 
inally believed that the conversion of rare earths, M2O3, to trichlorides, 

*Work performed at Institut fur Anorganische und Analytische Chemie, Justus-Liebig- 
Universitat, 6300 Giessen, Federal Republic of Germany. Present address: Institut fiir An- 
organische Chemie, Universitat Hannover, Callinstrasse 9,3000 Hannover, Federal Republic 
of Germany. 

tDepartment of Chemistry, Iowa State University, Ames, IA 50011. 
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MC13, is accomplished simply and directly by heating a mixture of rare 
earth oxides and excess ammonium chloride to a temperature of 200" or 
higher.2 Excess ammonium chloride was thought to be necessary even 
recently3 to prevent hydrolysis, that is, mainly the formation of oxychlo- 
rides, MOCl. Therefore, in the second step of the procedure the remaining 
ammonium chloride is then removed completely by heating in a vacuum 
at 300" to 320".* 

It was not recognized prior to 1982 that the excess ammonium chloride 
is not only necessary to prevent oxychloride formation but also essential 
in the early stages to form complex halides such as (NH,),[MC&] for M = 
Tb-Lu,Y,Sc, and (NH4)2[MC15] for M = La-Gd.4 This first step of the 
synthesis proceeds with reasonable speed at about 230". The second step, 
in which the product of the first step is heated in a vacuum at 300", is 
actually the decomposition of these complex chlorides and removal of any 
excess ammonium chloride. In some cases, the decomposition of (NH4)3[MC&] 
passes through the intermediate (NH4)[YzC17], for example, for M = Y,4 
but this has no effect on the purity of the final product, MC13. If insufficient 
(NH4)Cl is used in the first step, that is, not at least 12 mol (NH4)Cl/mol 
M2O3, to convert all of the reactant to (N&)3[MC&] {or 10 mol where 
(NH4)2[MCl,] forms}, or if other reaction conditions like temperature or 
time are not observed carefully, the (NH4)3[MC16] formed will react at 
about 300 to 330" with M203 to form MOCl,5 

2(NH&[MC16] + 5M203- 12MOC1 + 6NH3 + 3H20 

The reaction of (N&)3[MC16] with water vapor must also be taken into 
a c ~ o u n t : ~ . ~  

(NH&[MC&] + HZO - MOCl + 3(NH4)Cl + 2HC1 

Oxygen, for example, from dry air, seems not to react with (NW),[MC&] 
or MC13 at the temperatures used here.3 Except for this classical procedure 
for the syntheses of (NH4),[MC16] or (NH4)2[MC15] [route eq. (la)], a wet 
variant roughly described by eq. (lb) is even more straightforward for 
small scale quantities. The oxidation of the metal [variant eq. (lc)] is similar 
to the dry route eq. (la) but seems less desirable since the metals are 
generally much more expensive than the sesquioxides. For a similar route 
to trichlorides from the metal and HCl gas, see ref. 7. 

Procedure 

Starting materials are commercially available rare earth oxides [Johnson- 
Matthey, Union Molycorp, Rhone-Poulenc] (generally M203 except for 
M = Pr, Tb where the compositions are approximately Pr6OI1 and Tb407) 
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or the hydrated chlorides MC13-xH20 ( x  = 7 for M = La-Nd and x = 6 
for Sm-Lu,Y,Sc), or the metals themselves, preferably as powders, and 
ammonium chloride (Merck, Aldrich, etc.). 

Step 1. The first step is the synthesis of the complex ammonium chlorides 
(NH4)2[MC15] for M = La-Gd and (N&),[MC&] for M = Tb-Lu,Y,Sc. 
This step is described here in three variations for the example of M = Y, 
but the syntheses of others can be designed very easily following the out- 
lined procedure. 

la. For large scale quantities, for example, 50 g of Y2O3 and = 150 g 
of (NH,)Cl, the procedure as previously described is advisable? 
Care should be taken that at least 12 mol of (N&)Cl, or better, 15 
m01,~ are used per mole of sesquioxide, Y203. 

For small scale quantities, for example, 1 mmol Y2O3 (~225.8  
mg), a Pyrex ampule of about 12 mm 0.d. is loaded with the reaction 
mixture of 225.8 mg of Y203 and 706.1 mg of (NHJCl [i.e., 12 
mmol of (NH4)C1 + 10% excess], previously ground (in an agate 
mortar) preferably under dry conditions, that is, in a dry box. The 
neck of the ampule is pulled so that a capillary opening is produced 
as shown in Fig. 1. 

The loaded ampule is then placed in a tubular furnace, and the 
temperature is slowly raised to 230-250" and held there for 10-20 
hr. The progress of the reaction can be followed by droplets of 
water condensing in the capillary or by the alkaline reaction of the 
evolving ammonia with water. Excess (NH4)Cl is usually found to 
crystallize in the cooler parts of the ampule. The product (Nq)3[YC&] 
is obtained in essentially quantitative yield. 

lb. The wet route to (NH4),[YC16] starts either with YC13-6H20 (com- 
mercially available as yttrium chloride), for example, 606.7 mg = 
2 mmol, or simply Y203 (225.8 mg = 1 mmol), which is dissolved 

LZ*j 
p12 

Fig. 1. Pyrex ampule with capillary opening as a container for reactions of (NI-QCl 
with Y,O, or Y metal. Proposed sizes are in millimeters. A shorter capillary (-150 
mm) but with a smaller opening ( ~ 0 . 5  mm) is equally useful. 
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together with 353.0 mg (NH4)C1 (=6 mmol + 10%) in about 50 
mL 12 M hydrochloric acid. When Y203 is used, heating to the 
boiling point is necessary to obtain a clear solution. This solution 
is then evaporated to dryness on a sand bath or a heating plate, or 
with an IR lamp. Slow evaporation is advisable to prevent spatter- 
ing. 

The dry residue, which is at least partly (NH4)2[YC15.H20], is 
transferred to a corundum or glass boat of appropriate size (e.g., 
10 x 60 mm) and inserted into the center of a Pyrex tube in a 
tubular furnace. A convenient apparatus has been described for the 
very similar synthesis of, for example, K[DY~C~,] .~ Dry HCI gas is 
then passed for 1-2 days over the sample, which is heated to no 
higher than 230-250". The product, (NH4)3[YC16], should be com- 
pletely soluble in water without cloudiness, which serves as a test 
for contamination by oxychloride, MOCl. 

lc. The procedure of variant (la) is followed with the Pyrex ampule 
loaded with, for example, 177.8 mg of yttrium metal powder (= 2 
mmol) and 706.1 mg (NH4)C1 (= 12 mmol + 10%). The temper- 
ature must be raised to 270-300".9 

Step 2. The second step is the thermal decomposition of the previously 
synthesized complex ammonium chlorides, (NH4)JMC16] or (NH4)2[MC15]. 

The (NH4)3[YC&] obtained via one of the three routes just outlined is 
transferred in a dry box to a platinum, porcelain, or even glass crucible. 
This is then inserted into a wide glass tube (=40 mm o.d.), which is fused 
to a water-cooled condenser (Fig. 2), or more simply to a long glass tube 
( ~ 2 0 0  mm), which may be joined to a trap with dry ice-acetone (usually 
not necessary) to prevent the attached vacuum line from being contami- 
nated with (NH4)Cl. 

The temperature is raised slowly to above 300", preferably 350-400", 
under dynamic vacuum (oil rotary or, even better, mercury diffusion pump). 
A few hours is usually sufficient to ensure complete decomposition to YC13. 

-.-c 

vac. 

Fig. 2. Apparatus for the decomposition of, for example, (NH&[YC&]. 
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Properties 

The rare earth trichlorides, MCl,, are obtained as finely divided, hygro- 
scopic powders that give broad lines on Debye or Guinier X-ray patterns. 
This means that the products are of only poor crystallinity and therefore 
highly reactive, especially those that have the YC1,-type structure (DyC1,- 
LuCl,, YC13). Others crystallize with the UCl,-type (LaCl3-GdC1,) and 
TbCl, with the PuBr,-type structure. Indicative for YC13 are strong X-ray 
lines at d = 2.740 (loo), 2.745 (47), 5.682 (57), 6.012 A (84) with relative 
intensities on a 1 to 100 scale given in parentheses. For further crystallo- 
graphic details see, for example, ref. 10. Principal impurities are oxychlo- 
rides, MOCl. These are obtained in the PbFCl (for M = La-Dy) and the 
YOF-SmSI structure types under the conditions just outlined.6 Especially 
the reaction of (NH.,),[YCl6] with Y203 to YOCl is troublesome and per- 
tains to the use of an insufficient quantity of ammonium chloride in the 
first step. Indicative for the presence of YOCl is especially the low-angle 
reflection at d = 9.32 A (100). For a very high purity product (YC1,) one 
or more subsequent sublimations in a completely tantalum apparatus should 
be carried out.’ When sufficient (NH4)Cl was used, however, this has been 
found not to be necessary for most applications. The trichlorides, MC13, 
should be stored in sealed Pyrex ampules under dry inert gas (Ar, N,) and 
handled only under dry conditions (dry box). 
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Chapter Five 

TRANSITION METAL ORGANOMETALLIC 
COMPOUNDS 

36. BIS(PHOSPH1NE) DERIVATIVES OF IRON 
PENTACARBONYL AND TETRACARBONYL 

(TRI-ferf-BuTYLPHOSPHINE)IRON(O) 

Submitted by MICHAEL J. THERIENt and WILLIAM C. TROGLER* 
Checked by ROSALICE SILVAt and MARCETIA Y. DARENSBOURGT 

Bis(phosphine) derivatives of pentacarbonyliron are starting materials for 
the synthesis of several organometallic iron complexes.'-' Iron carbonyl 
phosphine complexes have attracted attention*-" because of their relevance 
to photochemical catalysis of olefin hydrosilation. Though Fe(C0)3(PR3)2 
complexes are used widely in organotransition metal chemistry, an efficient 
preparation of these compounds has not been reported. Clifford and 
Mukherjee'* describe two methods for the synthesis of tricarbonyl- 
bis(triphenyphosphine)iron(O). They report that direct reaction between 
Fe3(C0)12 and triphenylphosphine in THF solvent gives a mixture of 
Fe(CO),[P(C,H,),], (27%) and Fe(CO),[P(C,H,),] (34%). The second 

*Department of Chemistry, D-006, University of California at San Diego, La Jolla, CA 

?Department of Chemistry, Texas A&M University, College Station, TX 77843. 
92093. 
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method [the reaction between Fe(CO), and P(C6H5), in cyclohexanol] gives 
both Fe(CO),[P(C,H,),], and Fe(Co).,[P(C&)3] in 15% yield. Again, the 
mono- and bis-substituted compounds have to be separated by vacuum 
sublimation. 

A better synthesis (89% yield) of Fe(CO),(PPh& is reportedI3 from 
[PPN],[Fe,(CO),,], where PPN + = bis(tripheny1phosphine)iminium. The 
Cox2 (X = C1, Br, I) catalyzed substitution of CO in Fe(CO), is reported'., 
to yield Fe(CO).,L species in 15 to 99% yield and Fe(C0)3(PPh3)2 was 
prepared (net 62% yield) from Fe(CO)5 in a two-step procedure that re- 
quires a chromatographic separation. Strohmeier and Muller15 report that 
irradiation of Fe(CO)5 in the presence of several phosphines produces 
Fe(CO),L, and Fe(CO).,L complexes in yields that range from 13% for the 
synthesis of Fe(C0)3[P(n-Bu)3]2 to 35% for F~(C~)~[P(C-C~HI~)J ]~ .  For 
some of the compounds synthesized, vacuum sublimation is necessary to 
separate the Fe(C0),L2 species from Fe(CO),L. The one-step photochem- 
ical procedure we report here employs cyclohexane as a solvent. That 
enables unreacted phosphine, Fe(CO),, and Fe(CO),L to remain in so- 
lution while pure Fe(C0),L2 precipitates. It is essential that the phosphines 
used in these reactions be free of phosphine oxides, which labilize16 CO 
and yield products other than Fe(C0)3(PR3)2 complexes. 

General Procedure 

Method 1. For large scale reactions, 300 to 450 mL of cyclohexane is 
heated at reflux over sodium, distilled, and transferred under N2 into a 
photochemical reaction vessel (500 mL) that is fitted around a 450-W Han- 
ovia mercury arc lamp contained in a water cooled quartz immersion well 
(see Fig. 1). This apparatus is available from Ace Glass. * A septum-capped 
sidearm permits the system to be flushed with N2 through a syringe needle. 
The carbon monoxide evolved during the reaction is collected by venting 
the air-tight irradiation vessel through a mineral oil bubbler. The outlet of 
the bubbler is connected, via Tygon tubing, to release gas into the bottom 
of an inverted 2000- or 3000-mL graduated cylinder that is filled with water 
and contained in a partially filled 5000-mL beaker. The volume of CO gas 
produced is measured as it displaces water in the graduated cylinder. The 
oil bubbler prevents exposure of the reaction solution to water vapor and 
serves as a safety valve if a slight back pressure develops. Two to 10 mL 
of Fe(CO)5 (152 to 760 mmol) is introduced by syringe into the cyclohexane 

*Ace Glass Co.,  P.O. Box 688, 1430 Northwest Blvd., Vineland, NJ 08360. 
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WATER COOLED 

REACTION VESSEL 

Fig. 1. Experimental setup for large scale photochemical syntheses. 

solvent along with 3 to 5 equivalents of phosphine through the septum 
capped sidearm. Photolysis is begun with stirring, and the volume of gas 
evolved is monitored as light yellow Fe(COXL2 precipitates during the 
reaction. Irradiation is stopped when the volume of CO gas evolved equals 
the theoretical amount or when the reaction mixture ceases to evolve CO. 
At this point one must carefully remove the immersion well from the center 
of the reaction vessel (under an N2 flush) without dislodging solid decom- 
position products that adhere to the surface of the inner quartz well. The 
solution is filtered under N2, and the recovered Fe(C0)3(PR3) is dried 
under vacuum. The volume of the filtrate is reduced by 50% and then 
filtered to yield more Fe(C0)3(PR3)2. The recovered Fe(CO)3(PR3)2 com- 
plexes give satisfactory elemental analyses and IR spectra and require no 
further purification. 

Method 2. A convenient method for small scale preparations of these 
compounds uses Schlenk techniques. To a 100-mL quartz Schlenk tube is 
added 0.5 to 1.0 mL (38. to 76. mmol) of Fe(CO)5, 3 to 5 equivalents of 
phosphine, and 80 mL of dry deoxygenated cyclohexane. The Schlenk tube 
is placed adjacent to the mercury arc lamp contained in the quartz im- 
mersion well. The sidearm of the Schlenk flask is attached to N2 flushed 
Tygon tubing, which is connected to the bubbler and an inverted water- 
filled graduated cylinder (500 mL) contained in a partially filled beaker. 
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It is best to let the photochemical reaction proceed for a few minutes before 
opening the stopcock. This allows a pressure of CO to build up; this forces 
air in the Tygon tubing to the other side of the bubbler when the stopcock 
is opened. When complete, the reaction is worked up as in the large scale 
procedure just described. The checkers found reduced yields when the 
reactions were conducted on a smaller scale without the specified excess 
of phsophine ligand. 

The compound Fe(CO)5 is toxic and should be used only 
in a fume hood. Care should be used when handling trimethyl- and tri- 
ethylphosphine since they are toxic and ignite readily. The W lamp will 
cause severe eye damage or blindness if it is viewed without W-protective 
goggles. It  should be concealed from sight in a light-tight box during pho- 

m Caution. 

tolysis. 

A. TRICARBONYLBIS(TRIPHENYLPHOSPHINE)IRON(O) 

Method 1 is used for the reaction between 10 mL of Fe(CO)5 and 95 g 
of P(C6H5)3. After 15 hr of irradiation, 2.95 L of gas is evolved, and the 
reaction is stopped. The first filtration yields 28.1 g of product. Reducing 
the volume by 50% yields an additional 5.2 g of Fe(CO)3[P(C&,)3]2. Yield: 
33.3 g, 66%. 

Anal. Calcd. for Fe(C0)3[P(c,$&)3]2: C, 70.50; H, 4.52; P, 9.34. Found: 
C, 70.54; H, 4.98; P, 9.23. 

B. TRICARBONYLBIS(TRICYCLOHEXYLPHOSPHINE)IRON(O) 

Fe(CO)5 + 2P(C-CgH11)3 A Fe(CO)3[P(c-C&ll)3]2 + 2 c 0  

The photochemical reaction between 0.90 mL of Fe(CO)5 (6.84 x 
mol) and 9.3 g (3.32 x mol) of P(c-C6H1& in 300 mL of cyclohexane 
(Method 1) went to completion in 6 hr with the evolution of 320 mL of 
gas. After the initial filtration, 2.65 g of product is recovered. Reducing 
the volume of cyclohexane and refrigerating the solution yields an addi- 
tional 0.75 g of product. Yield: 3.4 g; 71%. 

Anal. Calcd. for Fe(C0)3[P(C-C6H,,)3]*: C, 66.86; H, 9.43; P, 8.86. Found: 
C, 67.45; H, 9.52; P, 8.50. 



36. Phosphine Derivatives of Iron Pentacarbonyl 155 

C. TRICARBONYLBIS(TR1-n-BUTYLPHOSPHINE)IRON(O) 

Fe(CO)S + ~ P ( ~ - B u ) ~  Fe(CO)3[P(n-Bu)3]2 + 2CO 

Using Method 1, a mixture of 5 mL of Fe(CO)5 (3.83 x mol) and 
21.2 g of P ( ~ - B u ) ~  (1.04 x lo-' mol) is irradiated. The reaction is complete 
after 12 hr. The initial filtration yields 3.7 g of product. After reducing the 
volume of the solution, an additional 2.2 g is obtained. Yield: 5.9 g; 28%. 

Anal. Calcd. for Fe(C0)3[P(n-B~)3]2: C, 59.58; H, 9.93; P, 11.40. Found: 
C, 59.32; H, 9.86; P, 11.15. 

D. TRICARBONYLBIS(TRIMETHYLPHOSPHINE)IRON(O) 

Fe(CO)s + 2PMe3 5 Fe(CO)3(PMe3)2 + 2CO 

To 1 mL of Fe(CO)S (7.61 x mol) was added 2.76 g of PMe3 
(3.63 x mol) in 80 mL of dry cyclohexane (Method 2). The reaction 
vessel is cooled in a quartz beaker containing an ice-salt mixture to avoid 
loss of volatile PMe3 during the irradiation even though the cooling bath 
scatters much of the light. After 5 hr the reaction is complete. The initial 
filtration yields 1.23 g of product. After reducing the volume of solvent by 
50%, an additional 0.54 g is recovered. Yield: 1.77 g, 80%. 

Anal. Calcd. for Fe(C0)3[P(CH3),]2: C, 37.02; H, 6.21; P, 21.21. Found: 
C, 36.65; H, 6.27; P, 21.13. 

E. TETRACARBONYLTRI-rerr-BUTYLPHOSPHINEIRON(0) 

Fe(CO)5 + P(r-Bu), Fe(CO),[P(r-Bu),] 

The reaction between 1.3 mL of Fe(CO)5 (9.69 x mol) and 6.31 
g of P(t-Bu), in 350 mL of dry cyclohexane (Method 1) produces 475 mL 
of CO after 8 hr of irradiation. The reaction mixture is filtered to yield 
1.51 g of yellow product. An additional 1.05 g of solid is obtained by 
reducing the volume of solution. The combined yield (2.56 g) proves to 
be exclusively the monosubstituted product. Apparently, the conditions of 
the reaction do not allow two bulky tri-tert-butylphosphine ligands to re- 
place two carbonyl groups on Fe(CO)5. Yield: 2.56 g; 72%. 

Anal. Calcd. for Fe(CO)4[P(t-Bu)3]: C, 51.91; H, 7.35; P, 8.37. Found: C, 
51.43; H, 7.23; P, 8.32. 
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Properties 

Both the Fe(C0)3(PR3)2 complexes and Fe(CO),[P(t-Bu),] are soluble in 
organic solvents such as CH2C12, benzene, toluene, THF, acetone, and hot 
heptane or cyclohexane, with the degree of solubility varying with the type 
of phosphine (the PPh3 derivative is least soluble). All the complexes are 
air stable in the solid state. Prolonged exposure to light darkens the surfaces 
of these compounds. When left in solution for long periods of time and 
exposed to air, the compounds decompose slowly; those complexes con- 
taining small phosphine ligands seem to be the most sensitive. These com- 
pounds should be kept cold for long term storage. Physical properties are 
listed in the following table. 

Compound 

"Solution IR spectra used CHIClz as the solvent. 
'NMR spectra were recorded on a Nicolet 200-MHz instrument in CDCI, solvent. Chemical 
shifts are parts per million (ppm) downfield from 85% H3P04. 
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37. TRICARBONYL BIS(N,N- 
DIALKYLCARBAMODITHIOATE)TUNGSTEN( 11) 

W(CO), + Br2 -+ WBr2(CO), + 2CO 
WBr,(CO), + 2NaS2CNR2- W(C0)3[S2CNR2]2 + CO + 2NaBr 

Submitted by J.A. BROOMHEAD,* J. BUDGE,t W. PIENKOWSKI,* and 
C.G. YOUNG* 

Checked by T. L. TONKER$ and J. L. TEMPLETONS 

There is renewed interest in the fundamental chemistry of tungsten arising 
from its congener relationship to molybdenum; an important element in 
both catalysis and metalloenzyme processes. The title complex has been 
prepared by Templeton and Ward' from W(CO),12 and the crystal and 
molecular structure reported for the dimethylcarbamodithioate analog. 
Their method requires a chromatographic purification step, which is not 
necessary in the following procedure using bromine as the oxidant. This 
method is similar to that described previously2 for M O ( C O ) ~ ( S ~ C N E ~ ~ ) ~  and 
M O ( C O ) ~ ( S ~ C N E ~ ~ ) ~  and may be used with slight modifications for the 
corresponding dimethyl-, diisopropyl-, benzyl-, pyrrolidyl- and dicydo- 
hexylcarbamodithioate ligands. 

Carbon monoxide is liberated in this reaction and it should 
be performed in a well-ventilated fume hood. 

Caution. 

Procedure 

(All operations are carried out under nitrogen on a Schlenk line.) Tungsten 
hexacarbonyl (Fluka AG) (4 g, 0.011 mol) is suspended in deoxygenated 
dichloromethane (60 mL) in a Schlenk flask connected to a gas bubbler 
outlet and fitted with a rubber septum. The mixture is cooled at -78" in 
acetone-dry ice and stirred magnetically while bromine (0.58 mL, 0.01 1 
mol) is added by injection. After slight warming, there is vigorous gas 
evolution (CARE!) and a red-brown solution is formed. The solvent is 
removed on the vacuum line at room temperature and the vessel is alter- 
natively filled with nitrogen and evacuated several times to ensure complete 
removal of bromine. The orange-brown residue is dissolved in methanol 
(30 mL) and further gas evolution takes place to give a brown solution 
containing dibromotetracarbonyltungsten(I1). This is filtered directly into 

'Faculty of Science, Australian National University, Canberra, A.C.T. 2601. Australia. 
tBP America, Independence, OH 44131-5595. 
$Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, 

NC 27514. 
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a stirred slurry of NaS2CNEt2.3H20 (5.17 g, 0.023 mol) in methanol (30 
mL), (or equimolar amounts of the corresponding NaS2CNR2 salts). The 
crude orange-brown solid is filtered off, washed with methanol (2 x 15 
mL) and pumped dry. The product is dissolved in dichloromethane (-15 
mL) and precipitated as orange crystals by the addition of methanol (-60 
mL). Yield: 4.5 g (73%). 

Anal. Calcd. for C13HZON203S4W: C, 27.7; H, 3.6; N, 5.0; S, 22.7. Found: 
C, 27.7; H, 3.8; N, 4.9; S, 22.5. 

Properties 

The tricarbonylbis(N,N-dialkylcarbamodithioate)tungsten(II) complexes 
are orange crystalline solids that may be stored indefinitely under nitrogen. 
Loss of one carbonyl ligand occurs on heating at reflux in methanol and 
the corresponding dicarbonyl complexes are formed. The tricarbonyl com- 
plexes are soluble in nonpolar solvents. For W(C0)3(S2CNEt2)2 the char- 
acteristic strong IR bands (for CsI discs) occur at 2020, 1937, 1917, 1902, 
and 1886 cm-' (vca) and 1508 cm-I (vczN). The 13C NMR spectrum at 
- 50" shows only one carbonyl resonance and equivalent diethylcarba- 
modithioate resonances indicating fluxionality in these ligands. The 'H 
NMR and IR spectra of the dimethyldithiocarbamate derivative and of the 
dicarbonyl complexes have been r e p ~ r t e d . ~  
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38. CYCLOPENTADIENYLBIS(TRIMETHYLPH0SPHINE) 
AND 

CYCLOPENTADIENYLBIS(TRIMETHYLPH0SPHITE) 
COMPLEXES OF Co and Rh 

Submitted by H. WERNER,* R. FESER,* V. HARDER,* W. HOFMANN,* 
and H. NEUKOMM* 

Checked by W. D. JONESt 

The title complexes, CpM(PMe3)* and CPM[P(OM~)~]~,  are electron-rich 
half-sandwich complexes that have been demonstrated to be valuable pre- 

'Institut fur Anorganische Chemie der Universitat, Am Hubland, D-8700 Wurzburg, 

?Department of Chemistry, The University of Rochester, Rochester, NY 14627. 
Federal Republic of Germany. 
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cursors to a large number of organometallic derivatives. They behave as 
Lewis bases and react with a wide variety of electrophiles E or EX to form 
new metal-element bonds. They have also been shown to be valuable 
starting materials for the syntheses of heterometallic di- and trinuclear 
complexes via their reactions with unsaturated transition metal com- 
pounds.' The only viable syntheses of these compounds now known are 
those reported here. 

A. ($-CYCLOPENTAD1ENYL)BIS- 
(TRIMETHYLPHOSPHINE)RHODIUM(I)* 

[(CsH14)2RhC1]2 + 4PMe3 + 2LiC5H5 - 
2Rh(q-CSH5)(PMe3)* + 2LiCl + 2C8H14 

Procedure 

In a 125-mL Schlenk tube, equipped with a nitrogen inlet and a magnetic 
stirring bar, 3.7 g (5.15 mmol) [(C8H14)2RhC1]2 (ref. 3) is dissolved in 40 
mL of THF, freshly distilled over Na and benzophenone. The solution is 
treated dropwise with 2.1 mL (21.0 mmol) PMe3 and then stirred for 1 hr 
at room temperature. A 1.01 g (14.0 mmol) quantity of LiC5H5, freshly 
prepared from equimolar amounts of n-BuLi and C,H, in h e ~ a n e , ~  is added 
and the reaction mixture is stirred for 2 hr at room temperature. The 
suspension is filtered, and the red-brown filtrate is evaporated to dryness 
under reduced pressure. The solid residue is extracted with pentane (2 x 
20 mL). The pentane solution is filtered, and the filtrate is concentrated 
in vucuo to -5 mL. After cooling to - 78", red-brown air-sensitive crystals 
are obtained, which must be stored under thoroughly purified nitrogen or 
argon (preferably in a refrigerator). Yield: 2.37 g (72%), mp 85". 

Anal. Calcd. for C11HUP2Rh: C, 41.26; H, 7.24; P, 19.35; Rh, 32.13; MW, 
320.2. Found: C, 41.04; H, 7.09; P, 19.62; Rh, 32.38; MW, 320 (mass 
spectroscopy). 

Note: In the original procedure,2 the cycloocta-1.5-diene complex 
[CsH12RhC1]2 was used as starting material. The present method avoids the 
isolation of the intermediate [Rh(PMe3)4]Cl. 

Properties 

(q-Cyclopentadienyl)bis(trimethylphosphine)rhodium(I) is a red-brown 
crystalline product that remains unchanged when stored under an inert 
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atmosphere at 0-10'. It is soluble in hydrocarbon solvents but decomposes 
in chloroform and carbon tetrachloride. In methylene dichloride, an oxi- 
dative addition reaction occurs to give the cation [R~(T)-C,H,)(PM~~)~- 
CH2C1] + , which can be isolated as the PF; salt., The 'H NMR spectrum 
of the title compound (60 MHz, ben~ene-d6, 6 in ppm downfield from 
TMS) shows two signals at: 5.27 (triplet, JpH = 0.6 Hz, C5H5 protons) and 
1.16 (doublet of virtual triplets,JRhH = 1.2 Hz, N = 8.4 Hz, PMe3 protons). 

The complex is a useful starting material for the preparation of other 
cyclopentadienylrhodium complexes, for example, [Rh(q-C5H5)(PMe3)2R]- 
PF6 (R = H, Me, Et, COMe, COPh, GeMe,, SnMe3, C1, Br, I),2 [Rh(q- 

C5H~)(PMe3)2(AlzMe4Cl,)l e 6  

C,H,)(PMe3),(CH2PMe3)]12,5 [Rh(q-C5H,)(PMe3>(CH2PMe3)I]I,5 and [ W q -  

B. ($-CYCLOPENTAD1ENYL)BIS- 
(TRIME"LPHOSPHINE)COBALT( I)' 

2C0C12 + Mg + 6PMe3 - 2c0Cl(PMe~)~ + MgC12 

C O C ~ ( P M ~ ~ ) ~  + LiC5H5 - Co(q-C5H5)(PMe3), + PMe3 + LiCl 

The original procedures for C O C ~ ( P M ~ ~ ) ~  (ref. 8) and CSHSCo(PMe3)2 (ref. 
9) were modified as described next. 

Procedure 

(a) COCI(PM~,)~. In a 125-mL Schlenk tube, equipped with a nitrogen 
inlet, a solution of 7 mL (73.7 mmol) of PMe3 (ref. 10) in 50 mL of THF, 
freshly distilled over Na and benzophenone, is treated with 2.0 g (15.4 
mmol) of anhydrous CoCl2, 600 mg of Mg turnings, freshly cut, and 50 mg 
(0.39 mmol) of anthracene. The reaction mixture is placed for 20 min in 
an ultrasonic bath, which leads to a color change from violet to dark brown. 
The solvent is removed in uucuo, and the brown solid residue is extracted 
with ether (-3 x 20 mL). The ether solution (which is very air sensitive), 
together with 2.6 mL (27.3 mmol) of PMe3,10 is added to a Schlenk tube, 
equipped with a nitrogen inlet, and containing 1.4 g (10.8 mmol) of an- 
hydrous CoCl2. The reaction mixture is stirred for 2 hr at room temper- 
ature. The blue precipitate formed is filtered off, washed with ether, and 
dried in vucuo. The product must be stored under thoroughly purified 
nitrogen or argon at low temperature. Yield: 5.49 g (65%). 
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(b) CO(~-C~H,)(PM~,)~. In a 125-mL Schlenk tube, equipped with a 
nitrogen inlet and a magnetic stimng bar, 5.96 g (18.5 mmol) of c~cl(PMe,)~ 
is dissolved in 50 mL of THF, freshly distilled over Na and benzophenone, 
and the resulting solution cooled to -50". To the solution, a quantity of 
1.4 g (19.5 mmol) of LiC5H, is added in small portions. The reaction mixture 
is stirred for 30 min at - 50" and then slowly warmed to room temperature. 
While keeping the temperature at 20-25", the solvent is removed in vacuo, 
and the brown solid residue is extracted with hexane (3 x 20 mL). The 
hexane solution is filtered and concentrated in vacuo to -5 mL. After 
cooling at - 78" dark brown air-sensitive crystals are isolated, which must 
be stored under thoroughly purified nitrogen or argon (preferably at low 
temperature). Yield: 4.76 g (93%), mp 55-57". 

Anal. Calcd. for CllHZ3CoPZ: C, 47.85; H, 8.34; Co, 21.36; P, 22.45; MW, 
275.9. Found: C, 47.87; H, 8.12; Co, 21.10; P, 22.28; MW, 276 (mass 
spectrometry). 

Properties 

(q-Cyclopentadienyl)bis(trimethylphosphine)cobalt(I) is a dark brown 
crystalline product that remains unchanged when stored under an inert 
atmosphere at 0 to 10". It is soluble in hydrocarbon solvents but decomposes 
rapidly in chloroform. In methanol, slow reaction takes place that leads 
to the formation of the cation [Co(q-C,H,)(PMe,),H] + . This cation (with 
PF; as the anion) is formed more easily from [CO(~-C,H~)(PM~~)~]  and 
N€&PF6. The 'H NMR spectrum of the title compound (60 MHz, benzene- 
d6, 6 in ppm downfield from TMS) shows two signals at: 4.51 (triplet, 
JPH = 1.4 Hz, C5H5 protons) and 1.07 (virtual triplet, N = 7.6 Hz, PMe, 
protons). 

The complex is a useful starting material for the preparation of other 
cyclopentadienylcobalt complexes, for example, [CO(~-C~H,)(PM~~)~R]X 
(R = H, Me, Et, COMe, COPh, SnC13, SnMe,, SnPh,; X = I or PF6),9911 
[ C O ( ~ - C ~ H ~ R ) ( P M ~ , ) ~ ]  (R = CHMe2, CMe,, CMezEt),lZ [Co(q- 
C , H , ) ( P M ~ ~ ) ( ~ * - C S Z ) ] , ~ ~  [Co(q-CSH,)(PMe3)(q2-CSSe)1,l4 [Co(q- 
C,H5)(PMe3)(q2-CSez)] ,I4 [ Co(q-CsH,)( PMe,)(CE)] (E = S, Se) , l4 [Co(q- 
C5H,)(PMe3)(CNR)](R = Me, CMe,, Ph),', [CO(T&H,>(PM~,)(~~-S~)],*~ 
[ (q-C5H5)(PMe3)Co(q-C0)2Mn(CO)(q-C5&Me)]. l7 The carbondisulfide- 
cobalt complex has further been used for the synthesis of C O ~  clusters 
containing a bridging thiocarbonyl ligand. l8 
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C. (q'-CYCLOPENTADIENYL)BIS- 
(TRIMETHY LPHOSPHITE) COBALT( I) l9 

Procedure 

In a 20-mL Schlenk tube, equipped with a nitrogen inlet, a reflux condenser, 
and a magnetic stirring bar, 2.09 g (11.06 mmol) of CO(r)-CgH& (ref. 20) 
and 7 mL (59.4 mmol) of P(OMe)3 are heated under reflux for 3 days. 
After cooling to room temperature, excess of P(OMe)3 is removed in vucuo 
(-15 torr), and the oily residue is distilled at -149" and torr using 
a short path distillation apparatus. The distilled product is dissolved in 
pentane (-10 mL), and the pentane solution is concentrated in vucuo. 
Cooling to - -30" gives red-brown air-sensitive crystals that are filtered 
off, washed with small amounts of cold pentane, and dried in vacuo. Yield: 
2.2 g (56%), mp 38". 

Anal. Calcd. for Cl1HUCoO6P2: C, 35.50; H, 6.23; Co, 15.84; MW, 372.2. 
Found: C, 35.39; H, 6.01; Co, 15.87; MW, 372 (mass spectrometry). 

Properties 

(q-Cyclopentadienyl)bis(trimethylphosphite)cobalt(I) is a red-brown crys- 
talline low-melting product that is air sensitive and should be stored under 
an inert atmosphere at 10-20". It is soluble in hydrocarbon solvents, but 
decomposes in chloroform and carbon tetrachloride. The 'H NMR spec- 
trum (60 MHz, acetone-d6, 6 in ppm downfield from TMS) shows two 
signals at: 4.63 (singlet, C5H5 protons) and 3.48 [virtual triplet, N = 12.0 
Hz, P(OMe)3 protons]. The UV spectrum (in hexane, A,, in cm-l) shows 
three maxima at: 23 920 (log E 2.7), 38 910 (log E 4.7), and 43 860 (log E 
5.0). 

The complex is a good nucleophile and reacts with acids (e.g., CF,C02H) 
and methyl iodide to form the corresponding salts of the cations [Co(q- 
CSH5)(P(OMe),),R] + (R = H, Me).21 Thermolysis gives the "supersand- 
wich" complex [C03(q-C5H5)2(~-P(o)(oMe)~)6],22 which is an important 
starting material for the syntheses of heterometallic di- and trinuclear phos- 
phonatemetal c o m p l e x e ~ . ~ . ~ ~  
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D. ($-CY CLOPENTADIENY L)BIS- 
(TRIMETHYLPHOSPHITE)RHODIUM(I)ZS 

[Rh(P(OMe),),Cl], + 2NaC5H5 - [Rh(q-C5H,)(P(OMe)3)2] + 2 NaCl 

Procedure 

In a 125-mL Schlenk tube, equipped with a nitrogen inlet and a magnetic 
stirring bar, 1.0 g (2.03 mmol) of [Rh(C8Hlz)Cl], (ref.26) is dissolved in 
50 mL of CH2Cl2. The solution is treated dropwise with 1 mL (8.1 mmol) 
of P(OMe)3 and stirred for 2 hr at room temperature. The solvent and 
excess phosphite are removed in vucuo. The residue is dissolved in 60 mL 
of THF, and 450 mg (5.1 mmol) of NaC5H5 (ref. 20) is added. The reaction 
mixture is stirred for 24 hr at room temperature, filtered, and concentrated 
in vucuo. The oily residue is dissolved in 10 mL of hexane, and the solution 
is chromatographed on A1203 (neutral, activity 111) using ether as eluant. 
The major yellow fraction is collected, the solvent is removed, and the 
resultant oily residue is dried for 24 hr in high vacuum torr). After 
storing the product for 3-4 weeks under an inert atmosphere without 
additional solvent at -lo", yellow crystals are formed. Yield: 605 mg 
(36%), mp 31". 

Anal. Calcd. for Cl1HuO6P2Rh: C, 31.74; H,  5.57; P, 14.88; MW, 416.15. 
Found: C, 31.84; H, 5.73; P, 14.72; MW, 416 (mass spectrometry). 

Properties 

(?-Cyclopentadienyl)bis(trimethylphosphite)rhodium(I) is a yellow crys- 
talline low-melting product that is air sensitive and should be stored under 
an inert atmosphere at 10-2Oo.It is soluble in hydrocarbon solvents but 
decomposes in chloroform and carbon tetrachloride. The 'H NMR spec- 
trum (60 MHz, benzene-& 6 in ppm downfield from TMS) shows two 
signals at 5.32 (doublet of triplets, JRhH = 0.6 Hz, JpH = 1.2 Hz, C5H5 
protons) and 3.40 [virtual triplet, N = 12.2 Hz, P(OMe), protons]. 

The complex is a good nucleophile and can be used as starting material 
for the syntheses of cationic complexes [Rh(q-C,H5)(P(OMe),)2R] + (R = 
H, It also reacts smoothly with alkali metal iodides MI (M = Li, 
Na, K) in two stages, via the intermediate [Rh(q-C,H,)CH,(P(OMe)3)- 
P(O)(OMe),], to the corresponding rhodiumbis(phosphonate) com- 
plexes [Rh(q-C,H,)CH3(P(0)(OMe),),]M.28 
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39. MIXED COBALT-RUTHENIUM 

DODECACARBONYLHYDRIDOTRI- 
COBALTRUTHENIUM, CO~RIIH(CO)~ 

DODECACARBONYL CLUSTERS: 
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Reported yields of the early methods for the preparation of the mixed 
cobalt-ruthenium cluster hydride CO~RUH(CO)~~ were generally very low 
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(-7%). 1.2 More recently yields improved up to -30% have been rep~r ted .~  
In the first two the ruthenium sources were R u ~ ( C O ) ~ ~  and 
[RU(CO)~C~~ 12, respectively, whereas in the last method ruthenium was 
introduced in the form of RuC13-3Hz0. We report here that the use of 
RU(CO)~ as a ruthenium source [which is easily obtained either thermally4a 
or photochemicallp from RU~(CO),~ J dramatically increases the overall 
yield in the synthesis of CO~RUH(CO),~ to 60-70%. 

All these methods, including ours, yield the cluster hydride from the 
anionic intermediate [Co,Ru(CO),,]-, by the addition of an acid in a polar 
solvent. We could also demonstrate in high pressure equipment that 
CO~RUH(CO)~~ is directly formed in an apolar solvent from CO~(CO)~ and 
R u ~ ( C O ) ~ ~  at 70" with a gas mixture composed of 100 bar H2 and 0.6 bar 
CO. Under these conditions a mixture is gradually obtained that contains 
all CO~-~RU,H,(CO)~~ species (x  = 0, 1,2,3,4) in addition to COH(CO)~ 
and CO~(CO)~ in a stable eq~ilibrium.~.~ About 30% of the dissolved cobalt 
that is present in the form of different carbonyls is in CO~RUH(CO)~~. This 
is in sharp contrast to the analogous iron-cobalt cluster, C O ~ F ~ H ( C O ) ~ ~ , ~  
which is thermodynamically unstable and is not formed from the compo- 
nents, but rather, when prepared through the anion [Co,Fe(CO),,]- de- 
composes in solution completely to yield Fe(CO)5 and mixture of cobalt 
carb~nyls.~.~ 

Caution. All operations should be carried out in an efficient fume 
hood, since both escaping carbon monoxide and volatile metal carbonyls 
are toxic. Contact of the metal carbonyl solutions with skin and inhalation 
of their vapors should be avoided. Octacarbonyl dicobalt is oxidized readily 
by air and must be handfed under an inert atmosphere. 

Procedure 

Ru~(CO)IZ + 3CO - 3Ru(CO)S (1) 

3 CO~(CO)~ + ~ R u ( C O ) ~  - [Co(solv),][Co3Ru(CO)lz]z + 14CO (2) 

[CO(~O~V), ][CO~RU(CO)~~]Z + 2HC1- 2C03RuH(C0)12 + COClz (3) 

1. Dodecacarbonyltriruthenium (2.5 g, 3.91 mmol) prepared as re- 
ported,8 is introduced into a 500-mL stainless steel (18-8-2) autoclave. 
Acetone (300 mL), purified by distillation over CaC1, or CaSO4-hHzO (Sic- 
con), is then added by suction. The autoclave is pressurized with carbon 
monoxide (220 bar), heated slowly to 154", and then shuttled or stirred 
under these conditions for 22 hr. The maximum working pressure reached 
during this procedure was 435 bar. 
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The autoclave is then gradually cooled, first to room temperature, and 
then to -78" in an acetone-dry ice mixture. Pressure is then released 
through a cold trap. The IR spectrum shows only the two C - 0  stretching 
bands of Ru(C0)' at 2042 and 1996cm-' (observed values in acetone 
solution). The yield is practically quantitative. This solution is used directly 
in the following steps. Note: In other solvents, like hexane or diethyl ether, 
the reaction is identical to that in acetone; the time required to the com- 
pletion of the reaction can vary considerably, however. 

2. Octacarbonyldicobalt (7.5 g, 22 mmol), prepared as r e p ~ r t e d , ~  is dis- 
solved in purified acetone (100 mL) and stirred under CO in a 750-mL 
three-necked flask at 50" for 15 min. Then a previously prepared solution 
(300 mL) of RU(CO)~ [-12 mmol, cf. point (l)], cooled to -78", is added 
in an atmosphere of CO. The combined solution is stirred at 60" for 17 hr. 
At the end of this period the solvent is removed at 60" in vacuo. The dry 
residue is kept at the same temperature under high vacuum ( < W 3  torr) 
for another 3-4 hr. 

3. The dry product of part (2) is extracted in the same vessel by 10 
portions of 100 mL each of distilled and deairated water under nitrogen. 
The resultant aqueous red solution is filtered under nitrogen and then 
acidified by the addition of hydrochloric acid (150 mL, 37%). The reddish- 
brown precipitate that is obtained in this way is filtered, washed with 
distilled water (20 mL), and dried at room temperature under high vacuum 

torr) for 3 days. The red raw product, C O ~ R U H ( C O ) ~ ~  (4.8 g, 
77 mmol, yield 61%) is recrystallized from a toluene-heptane mixture 
(1 : 1). The recrystallized sample and the raw product show the same IR 
spectrum. 

Anal. calcd. for C12H012C03R~: C, 22.44; H, 0.16; Co/Ru, 3.0. Found: 
C, 22.64; H, 0.39; CofRu, 2.9. 

Properties of C O ~ R U H ( C O ) ~ ~  

CO~RUH(CO),~ is an air-stable, red, crystalline solid. It is soluble in non- 
polar solvents such as hexane, and very soluble in more polar or polarizable 
organic solvents such as benzene or dichloromethane. In THF (5% water) 
C O ~ R U H ( C O ) ~ ~  behaves as a strong acid as shown by potentiometric titra- 
tion with piperidine.' 

Solutions of C O ~ R U H ( C O ) ~ ~  in various hydrocarbons are stable in air 
for about 1 day. 

The compound is best characterized by its IR spectrum in the C 4  
stretching region, which shows the following carbonyl bands (cm-') in 
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hexane solution: 2063 (s), 2056 (s), 2022 (m), 2010 (w,sh), and 1886 (m). 
The IR spectrum of CO~RUH(CO)~~ in acetone shows bands (cm-l) at 2060 
(w), 2017 (s), 2002 (s), 1970 (w), 1823 (w), which indicates the loss of the 
proton to give the cluster anion [CO,RU(CO)~~]-. The mass spectrum of 
CO~RUH(CO)~~ shows the parent ion at mle 616 and ions resulting from 
the successive loss of 12 carbonyls. In the UV-vis region the heteronuclear 
cluster CO,RUH(CO)~~ shows bands at 525 nm (3300 L.mo1-l cm-l), 395 
(5600) and 325 (10,OOO) (hexane solution). The C,, symmetry of the mol- 
ecule of CO~RUH(CO),~ is indicated by IR studies of the 13CO-enriched 
c~mpound.~ 

Co3RuH(C0),, and/or salt of [Co,Ru(CO),,]- were reported to act 
as homogeneous catalysts in the homologation of methanol. 
CO~RUH(CO)~~ has been also applied to yield, by controlled thermal de- 
composition, very active heterogeneous Fischer-Tropsch catalysts. l2 
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hexane solution: 2063 (s), 2056 (s), 2022 (m), 2010 (w,sh), and 1886 (m). 
The IR spectrum of CO~RUH(CO)~~ in acetone shows bands (cm-l) at 2060 
(w), 2017 (s), 2002 (s), 1970 (w), 1823 (w), which indicates the loss of the 
proton to give the cluster anion [CO,RU(CO)~~]-. The mass spectrum of 
CO~RUH(CO)~~ shows the parent ion at mle 616 and ions resulting from 
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cluster CO,RUH(CO)~~ shows bands at 525 nm (3300 L.mo1-l cm-l), 395 
(5600) and 325 (10,OOO) (hexane solution). The C,, symmetry of the mol- 
ecule of CO~RUH(CO),~ is indicated by IR studies of the 13CO-enriched 
c~mpound.~ 

Co3RuH(C0),, and/or salt of [Co,Ru(CO),,]- were reported to act 
as homogeneous catalysts in the homologation of methanol. 
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A variety of dinuclear phosphido$ or arsenido bridged complexes of mo- 
lybdenum have been reported although their reactions have been little 
studied. The direct reaction of Me2PH with [Mo(~~-C,H,)(CO),]~ gives 
[Mo(~~-C,H,)(CO),]~( p H ) (  k-Me2P),' and several structural studies of this 
complex have been reported .2-4 The preparations reported here are for 
the t-Bu,P and Me,As analogs of this c o m p l e ~ . ~  They may be prepared 
conveniently and in high yields, and they should prove to be useful starting 
materials for further investigation of the chemistry of phosphido or arsenido 
bridged complexes. 

General Procedure 

All reactions and operations must be carried out under dinitrogen or under 
vacuum, using standard Schlenk line techniques.6 Diethyl ether, THF, and 
hexane are freshly distilled from sodium benzophenone ketyl under nitro- 
gen. Toluene is freshly distilled from sodium under nitrogen. The com- 
pounds [ M O ( ~ ~ - C ~ H ~ ) ( C O ) ~ ] ~ , ~  t-Bu,PH,' and MezAsHs are prepared as 
described in the literature cited. 

A. TETRACARBONYLBIS(I~-CYCLOPENTADIENYL)- 
p-(DI-ferf-BUTYLPHOSPHID0)- 
p-HYDRIDODIMOLYBDENUM(2 + ) 

Procedure 

H Caution. Because of the toxicity of carbon monoxide and t-Bu,PH 
this reaction should be carried out in an efficient fume hood. 
The compound hexacarbonylbis(q5-cyclopentadienyl)dimolybdenum [Mo- 
(q5-C5H5)(C0)3]2 (1.0 g, 2.04 mmol) is placed in a 250-mL Schlenk tube 
and 95 mL of toluene is added. Di-tert-butylphosphine (t-Bu2PH) (0.596 
g, 4.08 mmol) is added either via vacuum transfer or by syringe and the 
mixture is heated at reflux under nitrogen for 8 hr. During this time the 
color of the solution changes from red to brown. Evolved carbon monoxide 
is vented via a mercury bubbler. After cooling to room temperature, vol- 
atile materials are removed under vacuum, and the residue is extracted 
into two 15-mL portions of diethyl ether. The combined extracts are fil- 

*Department of Chemistry, The University of Texas at Austin, Austin, TX 78712. 
t Department of Chemistry, West Virginia University, Morgantown, WV 26506. 
$Also known as phosphino. 
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tered, and the solution is cooled to -20". Red prisms of the product are 
formed in 72 hr. The supernatant liquid is decanted and the product dried 
under vacuum. Yield: 0.53 g (45%). 

Anal. Calcd. for G2HmMo204P: C, 45.53%; H, 5.04%. Found: C, 45.43%; 
H, 4.89%. 

Properties5 

The compound [Mo(~'-C~H,)(CO),]~(CI.-H)(~~-BU~P) is a red, crystalline, 
air-stable solid, mp 177 to 185" (dec). Infrared absorptions (CaF, cells, 
toluene) 1935 (s), 1857 (s), 1800 (w) cm-*. Proton NMR (C6D6, 200 MHz) 

35.4 Hz) (in ppm rel. Me4Si, 6 0.0). 31P {'H} NMR (C&, ambient tem- 
perature) 6 267.53 (s) (in ppm rel. 85% H3P04, 6 0.0 at 32.384 MHz). 

6 4.95 (s) (lOH), 6 1.28 (d) (J+H = 13.5 Hz, 18H), 6 -13.1 (d), ' J+H = 

B. TETRACARBONYLBIS(I~-CYCLOPENTADIENYL)-)I 
(DIMETHYLARSIDO)-)IHYDRIDODIMOLYBDENUM(~ + ) 

Procedure 

Caution. Because of the toxicity of carbon monoxide and MezAsH 
(ah0 pyrophoric) this reaction should be carried out in an eficient fume 
hood. 
The compound hexacarbonylbis(q5-cyclopentadienyl)dimolybdenum [Mo(q5- 
C5H5)(CO),], (1.25 g, 2.55 mmol) is dissolved in 100 mL of THF in a 250- 
mL Schlenk tube. Dimethylarsine (Me,AsH) (0.45 mL, 5.14 mmol) is 
added either via vacuum transfer br by syringe, and the solution is heated 
under reflux for 40 hr. The resulting deep red solution is filtered, and 
volatile materials are removed under vacuum. The residue is washed with 
two 15-mL portions of hexane, and then extracted into two 15-mL portions 
of diethyl ether. The combined extracts are filtered, and the volume of the 
solution is reduced to 15 mL by evaporation under vacuum. Cooling to 
-20" gives the product as orange, air-stable rods. A small amount (-10%) 
of another product (q5-C5H5)Mo(CO),( p.-AsMez)( ~ . . - A S ~ M ~ ~ ) M O ( C O ) ~  also 
crystallizes as yellow prisms. Fractional crystallization of the first crop of 
crystals can be used to seperate the two compounds since compound B is 
more soluble and crystallizes after (q5-C5H,)Mo(CO),(pAsMe,)( p- 
A s ~ M ~ ~ ) M o ( C O ) ~ .  Yield of B: 0.65 g (50%), mp 185 to 192" (dec). 

Anal. Calcd. for C1&,,A~Mo204: C, 35.58%; H, 3.17%. Found: C, 35.62%; 
H, 3.10%. 
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Properties' 

The product is moderately soluble in most polar organic solvents. The IR 
spectrum (THF solution, CaF, cells) shows two strong bands at 1935 and 
1870 cm-I. The 'H NMR spectrum has peaks at 6 4.65 (s) (lOH), 6 1.54 
(s) (6H) and 6 - 12.09 (s) (1H) (in c6D6, at ambient temperature, 90 MHz, 
ppm rel. Me,Si, 6 0.0). 
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41. DICARBONYLBIS(D1-tBUTYLPH0SPHINE)- 
( p-DI-terf -B UTYLPHOSPHID 0) - p-HYDRID 0- 

~-CHLORO-BIS(q4-1,5-CYCLOOCTADIENE) (p-DI-ferf- 
DIRHODIUM(1 + ) (Rhz(  P-t-BuzP) ( p-H) (CO)Z(t-Bu2PH)2 AND 

BUTYLPHOSPHIDO)DIRHODIUM(l + ) (&( P-t-BuzP)- 
~Cl(COD)z),(COD = 1,5-CYCLOOCTADIENE) 

toluene 
Rhd(C0)12 + 6.t-BuZPH - 

R~~(~-~-Bu~P)(~-H)(CO)Z(~-BU~PH)~ + 8CO f 
A 

hexane 
[Rh(COD)Cl], + Li-t-Bu,P - 

Rh2( p-t-Bu2P)( p-Cl)(q4-COD)2 + LiCl 5- 
B 

Submitted by R. A. JONES,* D. E. HEATON,* and T. C. WRIGHT 
Checked by D. W. MEEK? and C. SUPPLEEt 

Di-tert-butylphosphido$ (t-Bu,P) complexes of the d-block transition met- 
als have been synthesized in order to study the steric effects of phosphido 
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ligands in organometallic cherni~try.'-~ Most of the syntheses so far reported 
are tedious, difficult, or give low yields. The syntheses reported here are 
straightforward and give reasonable yields of dinuclear Rh( I) species with 
one t-Bu2P bridging ligand. They should prove to be useful starting ma- 
terials for further studies in this area. 

General Procedure 

Tetrahydrofuran (THF) and hexane are freshly distilled from sodium ben- 
zophenone ketyl under nitrogen. Toluene is freshly distilled from sodium 
metal under nitrogen. The starting materials; Rh4(C0)12,4 [Rh(COD)C1]2,5 
t-Bu,PH, and t-Bu,PLi (in THF)6 are prepared as previously described. 
All manipulations are performed under nitrogen or under vacuum, using 
standard procedures.' 

A. DIC ARB ONYLBIS (DI-rerr-B UTYLPHOSPHINE) ( p-DI-fert- 
BUTYLPHOSPHID0)- p-HY DRIDO-DIRHODIUM( 1 + ) 
[Rhz(p-t-BuzP)(~H)(CO),(t-BuzPff),I 

Procedure 

action should be carried out in an eficient fume hood. 
Caution. Because of the high toxicity of carbon monoxide this re- 

Dodecacarbonyltetrarhodium [Rh4(C0),,] (0.20 g, 0.27 mmol) is dissolved 
in 50 mL of toluene in a 100-mL Schlenk flask. To the red solution is added 
di-tert-butylphosphine ({-Bu,PH) (0.22 mL, 1.62 mmol) via syringe. * A 
reflux condenser is attached to the flask and the orange solution is stirred 
magnetically and heated under reflux for 12 hr. During this time the solu- 
tion becomes dark red in color. Evolved carbon monoxide (m CAU- 
TION, very toxic) is vented off via a mercury bubbler. After cooling to 
room temperature volatile materials are removed under vacuum (oil vac- 
uum pump, -lo-* ton). The residue is extracted with two 25-mL portions 
of hexane, which are then combined and filtered. The volume of the so- 
lution is reduced to -10 mL under vacuum and cooling to - 40" overnight 
gives large yellow prisms of €UI~(~-~-BU~P)(~-H)(CO)~(~-BU~PH)~, which 
are removed by decantation from the supernatant liquid and dried under 
vacuum. Yield: 0.23 g (61% based on Rh). 

'The stoichiometry is critical if Rh:P = 6:4 is used the cluster Rh6 (F-t-Bu,P), (co), 
( I.L - H)2 is produced. 
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Anal. Calcd. for G6H5,02P3Rh2: C, 44.57%; H, 8.14%; P, 13.29%. Found: 
C, 44.33%; H, 8.05%; P, 12.89%. 

Proper ties 

Dicarbonylbis(di-tert-butylphosphine)( p-di-tert-buty1phosphido)- p-hydri- 
dodirhodium(1 + ) is a yellow crystalline material that loses crystallinity 
under vacuum. It is soluble in common organic solvents such as hexane or 
toluene. It is moderately air sensitive in the solid state and more so when 
in solution. 

The 'H NMR spectrum, in toluene-$ solution at -80", shows reso- 
nances at 6 4.70 (d, JFH = 308.7 Hz) (2H, t-Bu2PH); 6 1.63 (JFH = 6.69 

10.40 (m) (lH, p-H) (in ppm rel. ext. MeSi; 6 0.0 at 90 MHz). The 31P 
{'H} NMR in THF at ambient temperature shows a triplet of triplets (t.t.) 
at 6 264.3 (p-t-Bu,P) (lJWP = 113 Hz, 2JFp = 190 Hz) and a doublet of 
doublets (d.d.) at 6 58.5, '.IWp = 123 Hz, zJp-p = 190 Hz (t-Bu,PH) (at 
32.384 MHz in ppm rel. 85% H,PO,(aq), 6 O.O),* mp 142-148" (dec), IR 
(Nujol mull, KI3r plates) 2292 (m), 1942 (vs), 1903 (sh) cm-'. The solid 
state structure has been determined by a single crystal X-ray diffraction 
study. The coordination geometry about each Rh atom is essentially planar 
with a fairly long Rh-Rh single bond of 2.905 

HZ) (18H, p-t-Bu2P); 6 1.18 (d, Jp-H = 11.69 Hz) (36H, t-Bu2PH); 6 - 

B. p-CHLORO-BIS(~4-1,5-CYCLOOCTADIENE)- 
(p-DI-ferf-BUTYLPHOSPHID0)-DIRHODIUM(1 + ) 
[Rhz( ~-~-Bu~P)~.L-C~(COD)~] 

Procedure 

In a 250-mL Schlenk flask is placed [Rh(q4-COD)C1I2 (0.63 g, 1.27 mmol) 
and 80 mL of hexane. The yellow suspension is stirred magnetically and 
cooled to 0". A solution of t-Bu,PLi (2.0 mL of a 0.66 M THF solution, 
1.32 mmol) is added dropwise via syringe. The red-orange mixture is then 
allowed to warm to room temperature over -0.5 hr. The flask is then fitted 
with a reflux condenser and the mixture is heated under reflux for -16 hr 
until the suspended [Rh(q4-COD)C1l2 is dissolved. The dark orange solution 
is then cooled to room temperature and volatile materials are removed 
under vacuum. The residue is extracted with three 50-mL portions of tol- 
uene and the extracts are combined and filtered. The solution is concen- 

*The checkers found 31P {lH} NMR at 202.5 M E ,  6 = 259.1, (t.t., ' J R + ~  = 113 Hz, 
*JIILp = 190 Hz), 6 = 54.5 (d.d., ' J R b p  = 121 Hz, 2 J p p  = 190 Hz) for A. 
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trated under vacuum to -20 mL and cooled to - 40" to yield yellow crystals 
of Rh,(p-t-B~,P)(p-Cl)(q~-C0D)~. Yield: 0.42 g (55% based on Rh). 

Anal. Calcd. for G4H&1PRh2: C, 47.80%; H, 6.97%; P, 5.15%. Found: 
C, 47.45%; H, 6.53%; P, 4.92%. 

Properties 

p,-Chloro-bis(q4- 1,5-~yclooctadiene)( p-di-tert-buty1phosphino)-dirhod- 
ium(1 + ) is a yellow, crystalline, moderately air-stable, hexane-soluble 
complex, mp 185-190" (dec). The 31P {'H} NMR spectrum in benzene-d, 
at ambient temperature shows a triplet at 6 43.2 ppm (lJWp = 114 Hz).* 
The crystal structure of this complex contains two planar Rh(1) units with 
no apparent direct bonding interactions between the metal centers 
(Rh-Rh = -3.3 A).8 
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42. ferf-BUTYLPHOSPHIDO (f-BuP(H)-) BRIDGED 
DIMERS OF RHODIUM( + 1) AND NICKEL( + 1) 

CONTAINING Rh=Rh DOUBLE AND Ni-Ni 
SINGLE BONDS 

Et,O 
[Rh(q4-C0D)C1], + 2(H)(t-Bu)PLi 

PMe, 
t-Bu 

+ LiCl + other products (A) 

H t-Bu 
COD = 1,s-cyclooctadiene 
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PMe, 

t-Bu 

NiCl,(PMe,), 4- 2(H)(t-Bu)PLi (B) 

H t-Bu 

Submitted by R. A. JONES* and M. H. SEEBERGER* 
Checked by A. A. CHERKAS,? F. VAN GASTEL,? and A. J. CARTYt 

Relatively few phosphido complexes of the transition metals are known 
that have an alkyl or aryl group (R) in addition to hydrogen attached to 
phosphorus [i.e., R(H)P-].’ The reactivity of the P-H unit has been 
studied in only a few cases.2 The syntheses described here are for dinuclear 
Rh( + 1) or Ni( + 1) complexes that have two t-BuP(H)- bridges. In both 
complexes the metals have pseudotetrahedral geometries. Of added inter- 
est for the rhodium complex is the presence of a Rh=Rh double bond.3 

General Procedure 

All operations are performed under nitrogen or under vacuum using stan- 
dard Schlenk  technique^.^ Diethyl ether, hexane, and THF are freshly 
distilled from sodium benzophenone ketyl. The compounds [Rh(q4- 
COD)C1]2,5 NiC12(PMe,)2,6 and t-BuPH? are prepared by the literature 
methods. A solution of the compound (H)(t-Bu)PLi is prepared by the 
addition of n-BuLi to a solution of f-BuPH, in THF (see below). 

A. BIS-fert-BUTYLPHOSPHIDOTETRAKIS- 
(TRIMETHYLPHOSPHINE)DIRHODIUM( + 1) 
[Rh(~f-Bu(H)P)(PMe5)212 

Procedure 
THF f-BuPH, + n-BuLi -78”- (H)(f-Bu)PLi + n-BuH t 

A dilute (-0.5 M) solution of (H)(f-Bu)PLi in THF is prepared by the 
addition of one equivalent of n-BuLi to t-BuPH, in THE 

*Department,of Chemistry, The University of Texas at Austin, Austin, TX 78712. 
tDepartment of Chemistry, The University of Waterloo, Waterloo, Ontario, Canada N2L 

3G1. 
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A 250-mL Schlenk tube, flushed with nitrogen and capped with a rubber 
septum, is cooled to -78" (dry icelacetone bath) and THF (50 mL) is 
added. t-BuPH, (3.68 g, 5.0 mL, 41 mmol) is then added via syringe. 
Exactly one equivalent of n-BuLi (18.6 mL of a 2.20 M hexane solution) 
is then added slowly via syringe while the mixture is stirred magnetically. 
The evolved butane is vented via a mercury bubbler. The solution is allowed 
to warm to room temperature over 4 hr. The yellow-orange solution is 
then used for subsequent reactions. It may be stored at -40" for several 
weeks. If a slight excess of n-BuLi is used, a darker orange color results 
although this does not appear to affect the final yield of either compound 
formed by procedures A or B. 

The compound di-p-chloro-bis(q4-1 ,5-cyclooctadiene)dirhodium,5 (0.95 
g, 1.93 mmol) is placed in a 250-mL Schlenk tube, and 100 mL of diethyl 
ether is added via syringe. The tube is cooled to - 100" (liquid nitrogen, 
ethanol slush), and a solution of (H)(t-Bu)PLi in THF (6.57 mL of a 0.56 
M solution, 3.68 mmol), prepared as just described, is added dropwise via 
syringe. The mixture is stirred magnetically and allowed to warm to room 
temperature over 10 hr. At this stage, an intensely red-purple solution is 
produced. The Schlenk tube is then recooled to - 100" and excess PMe3 
(CAUTION, TOXIC) (2.0 mL, 10 mmol) is added via syringe. The mixture 
is again allowed to warm to room temperature (over 2 hr). (The checkers 
found a green-brown solution at this stage.) The solution is then filtered, 
and the volatile materials are removed under vacuum. The residue is ex- 
tracted into 40 mL of hexane. (The checkers used 90 mL of hexane.) The 
solution is filtered and evaporated under vacuum to 10 mL. Cooling to 
-40" for 16 hr yields a large crystalline mass of the product. The super- 
natant liquid is decanted and the product is dried under vacuum at room 
temperature. 

Anal. Calcd. for C2&56P6&: C, 34.87%; H, 8.10%; P, 27.02%. Found: 
C, 35.49%; H, 8.38%; P, 26.38%. 

Properties 

The product is a red, crystalline, hexane-soluble material.' It is air stable 
in the solid state for short periods but unstable in solution when exposed 
to air. Yield: 85% (checkers found 74%), mp 219-221" (dec). The IR 
spectrum (Nujol mull, KBr plates) has a band of medium intensity at 2140 
cm-I assigned to the P-H stretch. The 31P {'H} NMR at 32.384 MHz in 
C6D6 at ambient temperature is a second-order pattern with two multiplets 
centered at 6 207.25 and 6 - 10.5 (in ppm rel. 85% H3P04, 6-0.0).' 
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B. BIS-tert-BUTYLPHOSPHIDOTETRAKIS- 
(TRIMETHYLPHOSPHINE)DINICKEL( + 1) 
E1Yi(p-t-Bu(H)P)(PEeJ)*12 

Procedure 

The compound dichlorobis(trimethylphosphine)nicke16 (2.11 g, 7.4 mmol) 
is placed in a 250-mL Schlenk tube, and 80 mL of diethyl ether is added. 
The mixture is then cooled to - 100" (liquid nitrogen, ethanol slush), and 
a solution of (H)(t-Bu)PLi (26.4 mL of a 0.56 M THF solution, 14.8 mmol) 
is added dropwise via syringe. The reaction mixture is stirred magnetically 
and allowed to warm to room temperature over a period of 10 hr. The 
solution is then filtered, the volatile materials are removed under vacuum, 
and the residue is extracted into 80 mL of hexane. The solution is filtered 
and concentrated to 15 mL under vacuum. Cooling to -40" gives a black 
solid after 12 hr. The supernatant liquid is decanted, and the solid is 
redissolved in hexane (40 mL). The resulting intensely purple colored 
solution is again concentrated (15 mL) and cooled (-40"). After 48 hr, 
large, deep purple crystals of the product are formed. They are separated 
from the supernatant liquid and dried under vacuum. Yield: 1.85 g (85%). 

Anal. Calcd. for GJI%Ni2P6: C, 40.00%; H, 9.33%; P, 31.00%. Found: 
C, 39.37%; H, 8.54%; P, 30.38%. 

Properties 

The product is deep purple (almost black) in the solid state and gives 
intensely colored purple solutions in hydrocarbon solutions. It is best han- 
dled under nitrogen at all times since it decomposes within minutes on 
exposure to the atmosphere, mp 119-121" (dec slowly over this range), IR 
(Nujol mull, KBr plates) 2160 (m) (cm-l) uILH. The 31P {'H} NMR shows 
resonances at 6 160.00 (s), 6 136.54 (s), 6-22.13 (s), 6-32.00 (in c6D6 
solution at 32.384 MHz, in ppm rel. 85% H3P04 6 O.O).' (The checkers 
found IR; vILH = 2173 cm-' and 31P {'H} NMR (101.26 MHz, toluene-d,; 
6-224.4 (s), 138.9 (s), 32.9 (s), -19.9 (s), -21.2 (s), -21.5 (s), (the 
unusual 31P NMR spectrum has been discussed previously') mp 119-121"). 
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43. TETRACARBONYLBIS( p-DI- fert- 
BUTYLPHOSPHIDO)DICOBALT( + 1) [CO( CI.-~-BU~P)(CO),], 

t-Bu2P 
oc,. /p, ..co 

Submitted by D. J. CHANDLER,* R. A. JONES,* K. S. RATLIEF,* 
and A. L. STUART* 

Checked by N. MSWANATHAN? and G. L. GEOFFROYt 

Varieties of dinuclear cobalt complexes are known with two phosphido 
bridges. * Those so far reported with the di-ferf-butylphosphido ligand 
have two pseudotetrahedral 18-electron Co atoms linked by a metal-metal 
bond formally of order 2. * Tetracarbonylbis( p-di-fert-buty1phosphido)- 
dicobalt( + 1) can be prepared from the reaction of CO(CO)~I (generated 
in sifu) with Li(t-Bu,P) in THE' We describe here a simplified, high yield 
synthesis of this dimer via the interaction of C O ~ ( C O ) ~  with t-Bu,PH in 
toluene. The complex should prove to be a useful starting material for 
further reactivity studies. 

General Procedure 

Hexane is freshly distilled from sodium benzophenone ketyl under nitro- 
gen. Toluene is freshly distilled from sodium under nitrogen. Octacarbon- 
yldicobalt {Co,(CO),} (Strem Chemicals) is used as obtained. Di-ferf-bu- 
tylphosphine is prepared by the literature method.* All manipulations are 

*Department of Chemistry, The University of Texas at Austin, Austin, TX 78712. 
tDepartment of Chemistry, The Pennsylvania State University, University Park, PA 16802. 
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performed under nitrogen or under vacuum using standard Schlenk line 
 technique^.^ 

Procedure 

Caution. Because of the high toxicity of carbon monoxide, this re- 
action should be carried out in an efficient fume hood. 

Octacarbonyldicobalt {Co,(CO),} (4.00 g, 11.7 mmol) is placed in a 250- 
mL Schlenk tube, which is then cooled to -78" with a dry ice-acetone 
bath. Toluene (150 mL) is added, and the reddish-brown suspension is 
stirred magnetically. Di-tert-butylphosphine (t-Bu,PH) (3.42 g, 23.4 mmol) 
is added via syringe, and the mixture is allowed to warm to room tem- 
perature. It is first brown, becomes reddish brown and then burgundy in 
color. The solution is heated under reflux, under nitrogen for 12 hr, and 
the color changes first to dark red and then almost black. The carbon 
monoxide that is evolved is allowed to escape via a mercury bubbler 
(m CAUTION. VERY TOXIC). After cooling to room temperature, 
volatile materials are removed under vacuum. The residue is washed with 
20 mL of hexane and then extracted into four 40-mL portions of toluene. 
The dark red hexane solution is discarded, the extracts are combined, and 
the solution is filtered. Some dark green residue is left on the filter. The 
volume of the solution is reduced to -100 mL under vacuum at room 
temperature and cooled to -40". After 24 hr, dark green crystals of the 
product are removed from the supernatant liquid and dried under vacuum. 
Additional product can be obtained from the supernatant liquid by further 
reduction in volume and recooling. Overall yield: 4.55 g (75%), mp 215- 
218" (sealed tube under nitrogen, 1 atm, uncorrected) (dec). 

Anal. Calcd. for C2,,H&0204P2: C, 46.1%; H, 6.92%; P, 11.9%. Found: 
C, 45.9%; H, 6.79%; P, 11.7%. 

Properties 

Tetracarbonylbis( p-di-tert-butylphosphido)dicobalt( + 1) is a deep green, 
almost black, crystalline solid. It is air-stable in the solid state for several 
hours. Solutions decompose slowly when exposed to air. The compound 
is soluble in toluene, benzene, and THF but only sparingly so in hexane. 
The IR spectrum (toluene solution, KBr cells) shows two strong bands at 
1997 and 1955 cm-'. The '€4 NMR spectrum in C6D6 at ambient tem- 
perature shows a multiplet at 6 1.15 (t-Bu,P) (in ppm rel. Me4Si 6 0.0, 
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90 MHz). The 31P {'H} NMR spectrum shows a broad singlet; 6 331.43 
(Awli2 = 33 Hz) (in ppm rel. 85% H3P04 (aq), 6 O.O).' 
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44. ($-CYCLOPENTAD1ENYL)DIRUTHENIUM 
COMPLEXES 

Submitted by N. M. DOHER=* and S. A. R. KNOX* 
Checked by C. P. CASEYt and G .  T. WHITEKERT 

The generation and interconversion of hydrocarbon fragments on metal 
surfaces is an important aspect of transition metal catalysis.' In an effort 
to model and understand these transformations, much attention has been 
focused on the synthesis and reactivity of organic species coordinated at 
polynuclear transition metal centers.2 Organodiruthenium complexes have 
provided a particularly rich area of study. The availability of a variety of 
organometallic derivatives of the bis(q5-cyclopentadieny1)diruthenium car- 
bony1 system has allowed extensive examination of the reactivity of bridging 
alkylidene, alkylidyne, and ethenylidene ligands. 

The starting material for preparation of these derivatives, [ R U ~ ( C O ) ~ ( ~ ~ -  
CSH5)2], has previously been obtained by the reaction of sodium cyclo- 
pentadienide with a dihaloruthenium(I1) carbonyl {[RU(CO)~I,] (ref. 3) or 
[ R ~ ( C 0 ) ~ C l ~ ] ~ ( r e f .  4)) prepared by carbonylation of the corresponding 
ruthenium(II1) trihalide. A more facile synthesis was later reported, in- 
volving the reaction of triruthenium dodecacarbonyl with cycl~pentadiene.~ 
The procedure described herein represents a modification of this second 
method, resulting in an improved yield. 

A number of synthetic routes to organic derivatives of [ R U ~ ( C O ) ~ ( ~ ~ -  
C,H,),] have been developed6,' and several representative examples are 
described here. One convenient entry into this chemistry is provided by 
the complex [Ru2(CO)( p-CO){p-q' : q3-C(0)~Ph2}(qs-C5H5)~](I). 

*Department of Inorganic Chemistry, The University, Bristol BS8 ITS, United Kingdom. 
tDepartment of Chemistry, University of Wisconsin, Madison, WI 53706. 
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I 

In boiling toluene, diphenylacetylene is rapidly displaced from this species 
by a variety of reagents; that is, it serves as an excellent source of the 
R U ~ ( C O ) ~ ( ~ ' - C ~ H ~ ) ~  fragment.9 Reaction with phosphorus ylides provides 
a series of p-alkylidene derivatives [Ru~(CO)~(  p-CO)(p-CHR)(qS- 
C,H,),]. lo Another route to organodiruthenium complexes involves anionic 
methyl attack on a coordinated carbonyl ligand of [Ru,(CO)~(~'-C~H~)~], 
followed by protonation to generate a cationic p-alkylidyne derivative, 
[Ru2(CO)~( p-CO)(p-CMe)(qS-C5H5)2] + . This can be deprotonated to give 
a p-ethenylidene complex [Ru2( CO),( p-CO)( p-CCH2)(q5-C5H&] or 
treated with hydride to yield the p-ethylidene derivative [RU*(CO)~( p- 
CO)(p-CHMe)(q5-CSH,),1." 

A. TETRACARBONYLBIS($-CYCL0PENTADIENYL)- 
DIRUTHENIUM 

Procedure 

A three-necked, 500-mL, round-bottomed flask equipped with a nitrogen 
by-pass, a reflux condenser, and a magnetic stirring bar is charged with 
triruthenium dodecacarbonyl (8.5 g, 0.013 mol) (best prepared by the 
carbonylation of RuCI3 in methanol12), 350 mL of dry, deoxygenated hep- 
tane; and freshly distilled cyclopentadiene (17.5 g, 0.265 mol) [prepared 
by cracking dicyclopentadiene over iron filings under a nitrogen atmo- 
sphere, and collecting the cyclopentadiene distillate (40-45") from a 12- 
in. fractionating column]. The mixture is heated at reflw for 1 hr, producing 
[RuH(CO),(q'-C,H,)]. A stopper is then removed from the flask and the 
volume of solvent is reduced to 50 mL by continued heating at reflux under 
a brisk flow of nitrogen, allowing the heptane to boil away. (This procedure 
is performed in a fume hood.) At this point orange product begins to 
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crystallize from the reaction mixture. An additional 300 mL of untreated 
heptane, obtained directly from the reagent bottle, is added to the flask, 
the stopper is replaced, and the solution is heated at reflux for a further 
2 hr. On cooling to room temperature the reaction mixture affords orange 
crystals of the product. The solid is collected by decantation and washed 
three times with 30-mL portions of hexane. After drying under vacuum 
the yield is 7.15 g. Additional product is obtained from the decanted so- 
lution and hexane washings by evaporation of the solvent followed by 
chromatography on a 3 x 20 cm alumina (Brockman grade 2) column. 
Elution with dichloromethane-hexane (1 : 3) removes unreacted starting 
materials and impurities as yellow bands. Elution with dichloromethane- 
hexane (1:l) develops a yellow band from which 0.77 g of product is 
obtained. Overall yield of product is 90-95% by this procedure. 

Anal. Calcd. for C14H1004Ru2: C, 37.8; H, 2.3. Found: C, 37.6; H, 2.1. 

Properties 

The compound is an air-stable, orange crystalline solid, soluble in common 
organic solvents. Solutions decompose slowly in air on exposure to light. 
The IR spectrum (in CH2C12) shows bands at 2003 (s), 1966 (s), 1934 (m), 
and 1771 (s) cm-' due to the carbonyl ligands. 

B. p-CARBONYL-CARBONYLBIS($-CYCLOPENTAD1ENYL)- 
( ~-~-OXO-~,~-DIPHENYL-~-I~ : 1,2,3-q-1-PROPEN-193-diyl)- 
DIRUTHENIUM(RRRU), [Ru2( CO)( p-CO){p-ql : 
~ 3 - ~ ~ ~ ~ ~ 2 ~ ~ * ~ ~ r l s - ~ s ~ , ~ 2 1  (1) 

[RU~(CO)~($-C~H&] + PhC2Ph 
[Ru~(CO)(~.L-CO){~.L-~~: q3-C(0)C2Ph2}(q5-C,H,)2] + CO 

Procedure 

The reaction is performed in a silica glass reaction tube (2.5 cm in diameter, 
40 cm in length, with a ground glass joint at the top) equipped with a 
nitrogen by-pass and a magnetic stirring bar. The UV irradiation source 
is a 250-W mercury lamp held -20 cm from the reaction vessel. A mixture 
of tetracarbonylbis(q5-cyclopentadienyl)diruthenium (1.40 g, 3.15 mmol) 
and diphenylacetylene (1.68 g, 9.43 mmol) in dry, deoxygenated toluene 
(150 mL) is irradiated under a nitrogen atmosphere for 40 hr, during which 
time the color of the solution changes from orange to dark red. The sol- 
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vent is evaporated from this mixture under reduced pressure and the resi- 
due is dissolved in the minimum of dichloromethane, then introduced to 
an alumina (Brockman grade 2) column (20 x 3 cm). Elution with di- 
chloromethane-hexane (7:3) separates a yellow band that yields 0.045 g 
(3%) of a yellow crystalline side product [Ruz(C0),(q5-C,H5){q5- 
C5H4Ru(CO)z(q5-C5H5)}] .E Elution with dichloromethane-acetone (20: 1) 
develops an orange band that yields 0.92 g (49%) of product after evap- 
oration of the eluent. 

Anal. Calcd. for G7HZs03RuZ: C, 54.5; H, 3.4. Found: C, 54.0; H, 3.4. 

Properties 

The compound is a red, crystalline, air-stable solid, soluble in common 
organic solvents. The IR spectrum (in CHzClz) exhibits bands at 1978 (s), 
1803 (s), and 1731 (m) cm-' due to the carbonyl and ketone groups. The 
'H NMR spectrum (in C5D5N) shows singlets at 6 = 5.28 and 5.56 for the 
q5-cyclopentadienyl ligands and a multiplet centered at 6 = 7.30 for the 
phenyl protons. 

The compound reacts readily in boiling toluene with alkynes (HC=CH, 
H e C M e ,  M e e C M e ,  H G C P h ,  M e G C P h ,  MeOOCGCCOOMe) 
to form the analogs [Ru2(CO)(p-CO){p-q1 : q3-C(0)CR1CRZ}(q5-C5H5)z] in 
good yields.E Likewise, reaction of the compound in refluxing toluene with 
C H 4 H z ,  SOz, or P(OMe)3, leads to substitution products of the formula 
[Ru~(CO)~(L)(~~-C~H~)~].~ With allene an unusual reaction occurs to yield 
[RU(CO)(~~-C~H,){~~-C,H~-~-RU(CO)~(~~-C~H~)}].~~ Ylides provide a gen- 
eral route to palkylidene compounds, exemplified below. 

C. p-CARBONYL-p-METHYLENE-BIS[CARBONYL- 
(qs-CY CLOPENTADIENYL)RUTHENIUM] 

Procedure 

A two-necked, 250-mL flask equipped with a nitrogen by-pass, a reflux 
condenser, and a magnetic stirring bar is charged with [RuZ(CO)(p-CO)- 
{p-q1:q3-C(0)GPhJ(q5-c,H,),1 (0.50 g, 0.84 mmol) and 100 mL of dry, 
deoxygenated toluene. A solution of Ph3PCH2 (3 mmol), prepared by the 
literature method,', in 20 mL of toluene is added to the flask and the 
mixture is heated at reflux for 0.5 hr, during which time a color change 
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from orange-red to yellow is observed. The solvent is removed under 
reduced pressure and the residue is chromatographed on an alumina 
(Brockman grade 2) column (20 x 3 cm). Elution with dichloromethane- 
hexane (2:3) develops a yellow band that yields 0.25 g (70%) of yellow 
crystalline product, and an orange band that yields 0.055 g (10%) of the 
side product [Ru2(CO)(PPh3)(p-CO)2(~s-C,H,),] as orange crystals. lo 

Anal. Calcd. for CI4Hl2O3Ru2: C, 39.1; H, 2.8. Found: C, 39.1; H, 2.9. 
Yields of 30 and 35% were obtained by the checkers. 

Properties 

The compound is an air-stable, yellow crystalline solid and is readily soluble 
in common organic solvents. It is isolated as a mixture of cis and trans 
isomers that interconvert in solution too rapidly to allow their separation 
by chromatography. The JR spectrum (in CH2C12) of the mixture of isomers 
show bands at 1985 (s), 1941 (m), and 1781 (m) cm-' due to the carbonyl 
ligands. The 'H NMR spectrum (in CDC13) exhibits singlet resonances for 
the trans isomer at 6 = 5.32 (cyclopentadienyl protons) and 8.44 (p- 
methylene protons) and for the cis isomer at 6 = 5.24 (C,H,) and at 7.52 
and 9.16 (p-CH2). 

Related p-alkylidene derivatives, [ R u ~ ( C O ) ~ ( ~ - C O ) ( ~ - C H R ) ( ~ ~ -  
C5H,)2] (R = Me, Et, Ph, CH=CH2) can be prepared in good to moder- 
ate yields by the analogous reaction of [Ru2(CO)(p-CO){p-q1 :$- 
C(0)~Ph2}(qs-C,H,)2] with Ph3PCHR." In a similar manner, the reactions 
of thermally robust diazoalkanes [CH(COOEt)N, or Ph2CN2] with 
[ Ru2(CO)( p-CO){ p-q1 : q3-C(0)C2Ph2}(qS-CSHS)2] in refluxing toluene pro- 
duce the corresponding p-alkylidene derivatives. lo 

The p-methylene complex [RU~(CO)~(~-CO)(~-CH~)(~~-C~H~)~] may 
be prepared directly from [Ru2(CO)4(qs-C5Hs)2] and Li[BHEt3] (see Sec- 
tion F). 

D. p.-CARBONYL-p-ETHENYJ.JDENE-BIS[CARBONYL- 
($-CY CLOPENTADIENYL)RU"HENIUM] 

[ R U ~ ( C O ) ~ ( ~ ~ - C ~ H ~ ) ~ ]  + MeLi - 
[Ru2(CO)3{C(0)Me}(qS-C,H,),]- + 2H+ - [RU~(CO)~{C(O)M~}(~~-C,H,),]- + Li+ 

[Ru2(Co)2(~-Co)(~-cMe)(~5-csHs)21+ + H20 
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H Caution. Methyllithium diethyl ether solutions are pyrophoric in air 
and must be handled under an inert atmosphere. It is advisable to use a 
hood. 

Procedure 

A Schlenk flask equipped with a stopper, a nitrogen by-pass, and a 
magnetic stirring bar is charged with tetracarbonylbis(q5-cyclopenta- 
dieny1)diruthenium (0.79 g, 1.78 mmol) and 100 mL of dry, deoxygenated 
THE Halide-free methyllithium in diethyl ether (2.0 mL of 1 M solution) 
is added by syringe and the solution is stirred at room temperature for 45 
min. The reaction mixture is cooled to -78" and an excess of H[BF4]-OEt2 
(-2 mL) is added, giving [RU~(CO)~(~-CO)(~-CM~)(~~-C~H~)~][BF~] as 
an orange precipitate. The mixture is allowed to warm to room temperature 
over -1 hr, an excess of NEt, (5 mL) added, and then the whole is stirred 
for a further 10 min. The solvent is removed under pressure and the oily 
residue extracted with dichloromethane (-200 mL). The extract is washed 
with water (-200 mL) to remove ammonium salt, the water layer is back- 
extracted with dichloromethane (-200 mL), and the solvent is evaporated 
from the combined dichloromethane solutions. The residue is chromato- 
graphed on an alumina column. Elution with dichloromethane-hexane 
(2 : 3) develops two yellow bands that yield, in turn, trans and cis isomers 
of the product in a combined yield of 0.60 g (76%). 

Anal. Calcd. for Cl5HI2O3Ru2: C, 40.7; H, 2.7. Found: C, 40.7; H,  2.8. 

Properties 

The compound is a yellow, crystalline, air-stable solid, soluble in common 
organic solvents. The IR spectrum (in CH,C12) of the trans isomer shows 
carbonyl bands at 1953 (s) and 1793 (m) cm-'; the cis isomer shows carbonyl 
bands at 1994 (s), 1951 (w), and 1788 (m) cm-'. The 'H NMR spectrum 
(in CDC1,) of the trans product exhibits singlets at 6 = 5.26 for the q5- 
CSHS protons and at 6.37 for the vinylidene protons; the cis product shows 
singlets at 6 = 5.20 (qS-C5HS) and 6.27 (p-CCH,). 

E. p-CARBONYL-p-ETHYLIDYNE-BIS[ CARBONYL- 
(~5-CYCLOPENTADIENYL)RUTHENIUM] 
TETRAFLUOROBORATE 
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Procedure 

The reaction is carried out in a 250-mL, round-bottomed flask equipped 
with a magnetic stirring bar. A nitrogen atmosphere was used, but is not 
strictly necessary. A sample of p-carbonyl-p-ethenylidene-bis[carbonyl(q5- 
cyclopentadienyl)ruthenium] (0.20 g, 0.45 mmol) is dissolved in 100 mL 
of dichloromethane. A few drops of H[BF,]-OEt, are added to the stirred 
solution, causing an immediate color change from yellow to orange. The 
solvent is removed under reduced pressure and the residue washed three 
times with 30-mL portions of diethyl ether. Crystallization from dichlo- 
romethane affords 0.22 g (92%) of product. 

Anal. Calcd. for C15H13BF403Ru2: C, 34.0; H, 2.5. Found: C, 34.2; H, 
2.7. 

Properties 

The compound is an orange crystalline solid that is stable under vacuum, 
but slowly decomposes in the air. It is soluble in dichloromethane and 
acetone, and solutions may be handled briefly in air. The IR spectrum (in 
CH,Cl,) shows bands at 2049 (s), 2014 (w), and 1859 (m) cm-I due to the 
carbonyl ligands. The 'H NMR spectrum (in CD,Cl,) shows singlets at 
6 = 4.62 for the ethylidyne protons and at 5.72 for the q5-cyclopentadienyl 
protons. 

E p-CARBONYL-p-ETHYLIDENE-BIS[ CARBONYL- 
($-CY CLOPENTADIENYL)RUTHENIUM] 

[Ru~(CO)~(~~-C,H,),] + MeLi -+ 

[Ru2(CO)3{C(0)Me}(q5-C5H5)z]- + 2H+ - 
[Ru~(CO),(~-CO)(~-CM~)(~~-C~H~)~]+ + H- - 

[RU~(CO)~{C(O)M~}(~~-C~H~)~]- + Li + 

[RU2(Co>2(CL-Co>(CL-cMe)(115-C5H5)zl + + HzO 

[Ruz(Ca>2(CL-CO)(CL-CHMe)(r15-C5H5)zl 

Caution. Methyllithium diethyl ether solutions are pyrophoric in air 
and must be handled under an inert atmosphere. Zt is advisable to use a 
hood. 
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Procedure 

A Schlenk flask equipped with a stopper, a nitrogen by-pass, and a 
magnetic stirring bar is charged with tetracarbonylbis(qs-cyclopenta- 
dieny1)diruthenium (1.00 g, 2.25 mmol) and 40 mL of dry, deoxygenated 
THF. Halide-free methyllithium in diethyl ether (2.3 mL of 1 M solution) 
is added by syringe and the mixture is stirred for 1 hr. The reaction is 
cooled to - 78", an excess of H[BF,]-OEt, (-2 mL) added, and the mixture 
stirred at this temperature for 30 min. An excess of Na[BH,] (0.5 g, 13 
mmol) is added and the mixture is allowed to warm to room temperature 
over 30 min. The solvent is evaporated at reduced pressure, the residue 
extracted with dichloromethane (-100 mL), and the extracts filtered 
through a short alumina column. The filtrate is chromatographed on an- 
other alumina (Brockman grade 2) column (20 x 3 cm). Elution with 
dichloromethane-hexane (1 : 1) gives a single yellow band which yields 0.89 
g (89%) of product. 

Anal. Calcd. for C1SH1403R~2: C, 40.5; H, 3.2. Found: C, 40.4; H,  3.2. 

Properties 

The compound is a yellow, air-stable crystalline solid, soluble in common 
organic solvents. The IR spectrum (in CH,Cl,) of the mixture of cis and 
trans isomers obtained shows bands at 1974 (s), 1933 (m), and 1776 (m) 
cm-' due to the carbonyl ligands. The 'H NMR spectrum (in CDC13) shows 
resonances for the trans isomer at 6 = 3.16 (d, J = 7 Hz, p-CHMe), 5.18 
(s, C5H5), 5.24 (s, CsHs), and 10.14 (q, J = 7 Hz, p-CHMe), and for the 
cis isomer at 6 = 3.04 (d, J = 7 Hz, p-CHMe), 5.18 (s, 2CsH5), and 10.94 
(q, J = 7 Hz, p-CHMe). 

A related sequence, involving the action of Li[BHEt3] on [Ru,(CO)~- 
(q5-C5H5),], produces the previously described methylene complex 
[Ru,(CO)~(~-CO)( p-CH,)(qs-C5Hs),] in excellent yield.l5 
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45. DI-p-IODO-BIS(TRICARBONYLOSMIUM), 

DICARBONYLIODO(~5-CYCLOPENTADIENYL)OSMIUM 
BIS(TETRACARBONYLIODOOSMIUM), AND 
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Metal carbonyl-halide complexes are valuable synthetic reagents for the 
preparation of many interesting mononuclear and polynuclear compounds. 
Osmium reagents include such complexes as OS(CO)~X~,~ os2(co)8x2,2 
and O S ~ ( C O ) ~ ( ~ , - X ) ~ , ~  where X = C1, Br, and I. The binuclear compounds 
serve as useful synthetic materials for the preparation of bi- and polynuclear 
organometallic compounds. The utility of the two binuclear reagents, how- 
ever, has been limited by the lack of convenient routes for their synthesis. 
Previously the title compounds have been obtained in low yields by reaction 
of CF31 or I2 with O S ~ ( C O ) , ~  in benzene in sealed tubes over several days.4 
The Oa(CO),I, complex has also been reported to be obtainable in good 
yield by reacting O S ~ C O ) ~ ~  with iodine under controlled conditions,3 but 
the specific details of this synthesis were not given. The same authors report 
that refluxing O S ~ ( C O ) ~ I ~  in heptane yields O S ~ ( C O ) ~ ( ~ I ) ~  in high yield.3 
Reported herein are details of the high-yield syntheses of Os,(CO),( ~ - 1 ) ~  

*Department of Chemistry, The Pennsylvania State University, University Park, PA 16802. 
tDepartment of Chemistry, Loyola University of Chicago, Chicago, IL 60626. 
*Department of Chemistry, Colorado State University, Fort Collins, CO 80523. 
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and O S ~ ( C O ) ~ I ~  by careful control of reaction variables in the O S ~ ( C O ) ~ ~  
+ I2 reaction. 

The thermal reaction of C5R5H (R = H, CH3) with O S ~ ( C O ) ~ ( ~ - I ) ~  
represents a convenient synthesis of the cyclopentadienyl complexes Os(q5- 
C,R,)(CO),I, and details of these preparations are given. The complex 
OSC~(CO)~I (Cp = C5HS) has been previously prepared in 51% yield by 
the thermal reaction of TIC5H5 with O S ( C O ) ~ B ~ ~  to give a mixture of 
OSC~(CO)~H and OS~C~,(CO)~,  which was subsequently treated with I2 
to yield the desired p r~duc t .~  The complex OSC~*(CO)~I (Cp* = C5Me5) 
has been prepared in 38% yield by the thermal reaction of O S ~ ( C O ) ~ ~  with 
C5Me5H to give OSC~(CO)~H, which was then treated with 12.5 

A. HEXACARBONYL-DI-p-IODODIOSMIUM(1) 

U Caution. The reaction should beperformed in a well-ventilated fume 
hood since toxic carbon monoxide is liberated. The Carius tube should be 
wrapped with a wire screen and placed behind a safety shield. 

Procedure 

Dodecacarbonyltriosmium, OS~(CO),~, used as starting material for this 
preparation may be synthesized as described in Vol 21 of Znorganic Syn- 
theses. 

A 300 mL resealable Carius tube fitted with a Teflon vacuum stopcock 
is charged with OS~(CO),~ (0.45 g, 0.5 mmol), I2 (0.19 g, 0.75 mmol), and 
25 mL of dry toluene. The Carius tube is evacuated to -0.01 torr and 
heated in an oil bath at 175-180' for 24 hr. The tube should be immersed 
as fully as possible in the oil bath. After cooling to room temperature, the 
Carius tube is opened in air and the yellow solution transferred to a 250- 
mL round-bottom flask. Anhydrous methanol (75 mL) is then added to 
facilitate removal of the solvent by rotary evaporation as a 3 : 1 azeotrope. 
The product obtained at this point may be pure enough for many synthetic 
purposes and the yield (0.57 g, 0.71 mmol) is nearly quantitative (95%). 
Further purification can be achieved by chromatography on Florisil using 
a 4 in. x 3 in. column with hexane as the eluant. The only material that 
elutes is yellow O S ~ ( C O ) ~ ( ~ - I ) ~ .  Evaporation of solvent from this band 
followed by drying in a stream of nitrogen gives the compound as .a yellow 
microcrystalline solid (0.48 g, 80%, mp 87-89'). If desired, the compound 
can be further purified by sublimation (0.01 torr,. 60"). 
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The yield of Os,(CO),( ~ - 1 ) ~  is highly dependent on reaction conditions, 
particularly temperature. Consequently, care must be exercised to mini- 
mize temperature gradients within the reaction vessel. The Carius tube 
should be immersed as fully as possible in the oil bath, exposed portions 
of the tube covered with foil, and the temperature of the bath maintained 
in the 175"-180" range. If the oil bath is allowed to drop below this tem- 
perature range, for example, to 165"-175", mixtures of Os2(C0),( ~ - 1 ) ~  
(-70%) and Os2(C0)J2 (-30%) are obtained. This mixture can be up- 
graded to give essentially quantitative formation of O S ~ ( C O ) ~ ( ~ - I ) ~  by re- 
heating in an evacuated Carius tube at 175-180" for 12 hr. Alternatively, 
the mixture can be conveniently separated by chromatography on Florid 
using a 4 in. x 8 in. column. Elution with hexane gives O S ~ ( C O ) ~ ( ~ , - I ) ~  
and subsequent elution with 1 : 1 (v/v) hexane4ichloromethane yields 
Os2(C0),I2 as a yellow solid. 

os2(co)812 2 os2(c0)6((L-I)2 + 2co (2) 

Caution. The reaction should beperformed in a well-ventilated fume 
hood since toxic carbon monoxide is liberated. The Carius tube should be 
wrapped with a wire screen and placed behind a safety shield. 

Procedure 

This procedure is similar to that described by Sutton and co-worker~.~ A 
sample of Os,(CO),I, (0.10 g, 0.12 mmol), prepared as described in the 
following synthesis, is suspended in 25 mL of dry nitrogen saturated hep- 
tane in a 100-mL, three-neck, round-bottom flask fitted with a gas inlet, 
a reflux condenser, and a magnetic stirring bar. The reaction mixture is 
stirred while heating to reflux under dry oxygen-free nitrogen. The sus- 
pended solid gradually dissolves as the heptane is heated to boiling and 
the resultant yellow solution is refluxed under nitrogen for 45 min. After 
the solution has cooled to room temperature, the solvent is removed under 
reduced pressure on a rotary evaporator. The resultant yellow solid is 
dissolved in hexane and purified by chromatography on Florid as described 
in the previous preparation. The complex O S ~ ( C O ) ~ ( ~ - I ) ~  is obtained as a 
yellow-orange microcrystalline solid (0.077 g, 80%). 

Properties 

The orange-yellow crystalline product is air stable. It readily dissolves in 
both polar and nonpolar solvents giving yellow moisture sensitive, but 
thermally stable, solutions. Full spectroscopic and structural data have been 
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r e p ~ r t e d , ~  and the compound may be conveniently characterized by its IR 
spectrum in the carbonyl stretching region: vCo(hexane, abs. mode) = 
2098 (m), 2069 (s), 2016 (s), 2010 (s), and 2004 (sh). The mass spectrum 
shows a parent ion at mle 806 (1920s) and fragment ions corresponding to 
progressive loss of 6 CO groups. The pure compound melts in the 87-89' 
range. 

B. BIS[TETRACARBONYLIODOOSMIUM(I) J 

os2(cO)6(pI)2 + 2 c o  - 0s2(c0)812 (3) 

H Caution. This synthesis should be performed in a well-ventilated 
fume hood since toxic carbon monoxide is involved. The glass pressure 
bottle should be wrapped in a wire screen and placed behind a safety shield. 

Procedure 

A 100-mL glass pressure bottle, Fig. 1, containing a magnetic stirring bar 
is charged with OS,(CO),(~-I)~ (1.25 g, 1.56 mmol) and hexane (50 mL).* 
The reaction vessel is then pressurized to 90 psi with carbon monoxide, 
vented, and repressurized to 90 psi with CO. Stirring is continued at room 
temperature for 36 hr. During this time, OS~(CO)~I~ gradually precipitates 
from solution as a yellow microcrystalline solid. The reaction vessel is 
vented in a fume hood in air. The crystals are collected by filtration, washed 
with several small portions of hexane, and air dried (0.74 g, 55%, mp 133- 
136'). Further material can be obtained by chromatography of the yellow 
filtrate on Florisil (4 in. x in. column). After loading the filtrate on the 
column, elution with hexane gives a yellow band of unreacted O%(CO),(p- 
I)2. Further elution with 1 : 1 (v/v) hexane-dichloromethane gives a yellow 
band of OS,(CO)~I~. The solvent is removed from the latter on a rotary 
evaporator. The resultant solid is transferred to a fritted glass filter and 
washed with 10 mL of hexane to give an additional 0.40 g of Os2(C0),J2 
(total yield 85%). 

Properties 

The yellow air-stable crystalline product readily dissolves in polar solvents, 
but is considerably less soluble in nonpolar solvents than OS~(CO),(~-I)~.  
Solutions of O S ~ ( C O ) ~ I ~  are thermally stable below -60%, but above this 

*Alternatively, an autoclave can be used for this procedure employing 700 psi of CO 
pressure at 23" for 18 hr. 
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Gar cylinder 
inlet 

Fig. 1 Sources and description of apparatus. (I) Pittsburgh Valve and Fitting 
Company: A, Nupro safety relief valve (100 psi release) 3-6R-4M-100; B, Cajon 
4 in. Tee B-4-T; C, Cajon 4 in. Hex long nipple B-4-HLN(2-4 in.); D, Cajon 4 in. 
Cross B-4-CS; E, Whitey Ball Valve B-43M-S4; F, Whitey 4 in. Forged Body Valve 
B-lVM4S4; G, Cajon hex reducing nipple, 4 to 4 in. B-4-HRN-2. (11) Mattheson 
Gas Products: H, Standard Guage (2-3% accuracy) 0-100 psig 63-3112. (111) Lab 
Crest Scientific: I, Needle Vaive adapter 110-957; Rubber washer 110-973; J, Aer- 
osol reaction vessel, 3 oz 110-023-0003. 

temperature the compound loses CO to yield O S ~ ( C O ) ~ ( ~ - I ) ~ .  Spectro- 
scopic data have been reported for this compound,4 and it may be con- 
veniently characterized by its IR spectrum in the carbonyl stretching region: 
uco (hexane, abs mode) = 2112 (s), 2076 (s), 2063 (s), 2060 (vs), 2049 (s), 
and 2029 (s) cm-'. The mass spectrum shows the parent molecular ion at 
mle 862 (IEOs) and fragment ions corresponding to progressive loss of 8 
CO groups. The pure material melts at 133-136'. 

C. DICARBONYL(~5-CYCLOPENTADIENYL)IODOOSMIUM 
AND DICARBONYLIODO(~SPENTAMETHYL- 
CYCL0PENTADIENYL)OSMIUM 

Caution. The reaction should be peformed in a well-ventilated fume 
hood since toxic carbon monoxide is liberated. The Carius tube should be 
wrapped with a wire screen and placed behind a safety shield. 
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Procedure 

O S ~ ( C O ) ~ ( ~ - I ) ~  is generated in situ in the manner described in Section A 
but substituting benzene for toluene solvent. The Carius tube is opened 
in air and charged with 4 mL of dicyclopentadiene (Aldrich Chemical Co.). 
After evacuation to 0.01 torr, the Carius tube is sealed and heated in an 
oil bath at 175-180" for 72 hr. It is important that the tube be immersed 
as fully as possible in the oil bath and the temperature maintained above 
175". After cooling and opening in air, solvent is removed from the yellow 
solution by rotary evaporation to yield a yellow solid. This is dissolved in 
25 mL of CH2Cl2 followed by addition of 50 mL of hexane. The solution 
is then concentrated to 25 mL and placed in a freezer at - 10" overnight. 
The yellow solid that precipitates is collected on a medium porosity frit, 
washed with 10 mL of hexane, and dried in vucuo to afford 899 mg (2.05 
mmol) of Cp(CO)20sI, in 62% yield. The filtrates from above may be 
concentrated by rotary evaporation and the recrystallization procedure 
repeated to afford another 30% (435 mg, 0.99 mmol) of OsCp(C0)J. The 
overall yield varies from 86 to 92%. The pentamethylcyclopentadienyl 
analog can be prepared similarly in 85438% yield by substituting 0.6 mL 
of CsMeSH (Alfa Products Company or ref. 7) for (CSI-I&. 

Properties 

Both OsCp(CO),I and OsCp*(CO),I are air stable yellow solids. They 
readily dissolve in polar solvents and are very slightly soluble in hexane. 
Full spectroscopic data have been reported for both complexes,S and they 
may be conveniently characterized by their IR spectra in the carbonyl 
stretching region: uo(hexane, abs modes), OSC~(CO)~I = 2039 (s), 1988 
(s) cm-*; Os(Cp*)(CO),I = 2020 (s), 1968 (s) cm-'. 
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46. p-NITRIDO-BIS(TRIPHENYLPHOSPHORUS)(l + )- 
p-CARBONYL-DECACARBONYL- 
p-HYDRIDOTRIOSMATE( 1 - ) 

Submitted by K. BURGESS* and R. P. WHITE* 
Checked by S. BASSNER,P G. L. GEOFFROY,? R. L. GRAY,$ 

and D. J. DARENSBOURGS 

The starting material for most of the osmium cluster chemistry published 
to date, O S ~ ( C O ) ~ ~ , ~  is quite stable and relatively unreactive. Hydroxide 
ions remove one carbonyl ligand from Os3(CO)12 and a triosmium anion 
results that is far more reactive than the cluster from which it is produced. 
Indeed, this anion, [OS~(~-H)(~-CO)(CO)~~]- ,  combines under mild con- 
ditions with a range of inorgani~ ,~ .~  organic,4v5 and organometallic,6*' elec- 
trophiles providing a route to functionalized triosmium complexes and 
mixed-metal clusters. A reliable and convenient modification of the original 
synthesis of [Os3(p-H)(p-CO)(CO)lo]-(ref 8) is presented here. 

O S ~ ( C O ) ~ ~  + KOH + (PPh3)zNCl--+ 

[(PP~~)ZN][OS~(~-CO)(CO),~] + KCl + CO2 

H Caution. Owing to the high toxicity of carbon monoxide and os- 
mium carbonyls these reactions should be carried out in an efficient fume 
hood. 

Powdered samples of 0.454 g (0.5 mmol) of O S ~ ( C O ) ~ ~  (ref. 1) and 1.403 
g (25 mmol) of KOH are placed in a 50-mL Schlenk tube with a magnetic 
stirrer. The reaction vessel is sealed with a septum and evacuated-filled 
with nitrogen three times to remove oxygen. The Schlenk tube and its 
contents are cooled in liquid nitrogen, 25 mL of methanol (distilled from 
magnesium and taken directly from a still collector vessel under dinitrogen) 
is added by syringe, and the mixture is degassed using three freeze-thaw 
cycles. The reaction mixture is then warmed to 25" and vigorously stirred 
for 6 hr during which time the solution changes from yellow to red. A 
degassed solution of 0.32 g (0.56 mmol) of (PPh3)zNC1 (Aldrich Chemical 

*University Chemical Laboratory, Cambridge, CB2 lEW, United Kingdom. Address 
correspondence to Kevin Burgess, Chemistry, Box 1892, Rice University, Houston, TX 77251. 

?Department of Chemistry, The Pennsylvania State University, University Park, PA 16802. 
$Department of Chemistry, Texas A&M University, College Station, TX 77843. 



194 Transition Metal Organometallic Compounds 

Co.) in 3 mL of methanol is added all at once and the stirring is continued 
for 15 min. Degassed distilled water (-2 mL required) is carefully added 
dropwise, with stirring, over 5 min until a red precipitate appears and 
persists on stirring for 2 min. The water should be added with care since 
too much will precipitate some (PPh3)*NC1. The suspension is stirred fur- 
ther for l hr. The precipitate is then filtered in air, washed with 5 mL of 
distilled water and 5 mL of cold methanol, and dried in V ~ C U O  overnight 
to give 58%, 0.414 g, (0.292 mmol) of p-nitrido-bis(tripheny1phos- 
phorus)( 1 + )p-carbonyl-decarbonyl-p-hydrido-triosmate( 1 - ). 

Anal. Calcd. for C47H31NOllPZO~3: C, 39.80; H, 2.20; N, 0.99; P, 4.37. 
Found: C, 40.05, H, 2.28; N, 1.10; P, 4.45. 

Properties 

p-Nitrido-bis(triphenylphosphorus)( 1 + ) p-carbonyl-decarbonyl-p-hy- 
drido-triosmate(1 -), [(PPh3)zNJ[Os3(p-H)(p-CO)(CO)lo] is obtained as a 
light red powder. The solid is air stable but solutions decompose in -5 
min when exposed to the atmosphere. It is soluble in THF, dichlorome- 
thane, acetonitrile, methanol, and diethyl ether, and insoluble in hydro- 
carbon solvents. The IR spectrum of the compound contains four CO 
stretching vibrations for terminal carbonyls and one bridging carbonyl 
stretch (CH,Cl,, cm-'): 2038 (w), 2021 (s), 1996 (s), 1951 (ms), and 1667 
(w), respectively. The 'H NMR spectrum (80 MHz, chloroform-d,, 6 in 
ppm downfield from TMS, ambient) shows a broad multiplet at 7.5, due 
to the protons attached to the aromatic rings in the cation, and a sharp 
metal hydride signal at - 13.8. 
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47. DECACARBONYL-($- 

COOS~(~-H),($-C~H~)(~-CO)(CO)~; NONACARBONYL- 
($-CYCLOPENTAD1ENYL)TRIHYDRIDO- AND 

($-CYCLOPENTAD1ENYL)TETRAHYDRIDOCOBALT- 
TRIOSMIUM, COOS~(~-H)~($-C~H~)(CO)~ AND COOS~(~-H),- 

CYCLOPENTADIENYL)DIHYDRIDOCOBALlTRIOSMIUM, 

(rlS-C5H5) (C0)9 

Submitted by DENG-YANG JAN,* TIM J. COFFY,* WEN-LIANG HSU,* 
and SHELDON G. SHORE* 

Checked by B. HANDWERKER? and GREGORY L. GEOEFROY? 

A general route to triosmium based mixed metal, tetranuclear clusters 
involves reactions of the cluster 0s3( P-H)~(CO) 1o with metal carbonyls 
under reaction conditions that cause formation of unsaturated metal car- 
bony1 fragments generated under thermaP or photochemical' conditions. 
While O S ~ ( ~ H ) ~ ( C O ) ~ ~  has usually been employed as the starting material 
it has also, apparently, been generated in situ from Os3(CO)12 in the for- 
mation of the mixed metal cluster in the presence of added H2.8.9 The effect 
of the presence or absence of added H2 to the reaction system can determine 
the cluster products f ~ r m e d ~ * ~ . ~ - ' ~  and in the reactions of [Ni(q5-C5H5)COI2 
(ref. 8) and [MO(~~-C~H,)(CO),]~ (n = 2,3)1° the added H2 is believed to 
assist in opening the metal-metal bond through formation of an interme- 
diate, reactive hydride. 

Here we describe the synthesis of Coos3( p-H)2(q5-C5H5)( p-CO)(CO), 
from the reaction of O S ~ ( ~ - H ) ~ ( C O ) ~ ~  with Co(q5-C5H5)(C0),, while 
two other clusters richer in hydrogen, COOS~(~-H)~(~'-C~H,)(CO), and 
C O O S ~ ( ~ H ) ~ ( ~ ~ - C ~ H ~ ) ( C O ) ,  were synthesized in the presence of HZ. 

Procedure 

should be run in a well-ventilated hood. 
H Caution. Because of the toxicity of the CO evolved, all the reactions 

*Department of Chemistry, The Ohio State University, 140 West 18th Avenue, Columbus, 

?Department of Chemistry, The Pennsylvania State University, University Park, PA 16802. 
OH 43210. 
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Materials 

Toluene is dried, distilled, and stored in the presence of sodium benzo- 
phenone ketyl. The cluster Os3(p-H)2(CO)lo is prepared according to a 
method in the literature" and Co(q5-C5H5)(C0), (Strem Chemicals) is 
distilled under high vacuum and stored at -78". 

In a drybox containing a N2 atmosphere a 10-mL quantity of dry toluene 
is syringed into a 50-mL round-bottom flask containing 51 mg Os3(p- 
H)2(C0)10 (0.06 mmol) and a Teflon coated magnetic stirring bar. By means 
of a syringe 140 mg Co(q5-C5Hs)(CO), (0.778 mmol) is then added to the 
solution. The flask is then capped with a solv-seal (grease-free) vacuum 
adapter and connected to a vacuum line. The flask is frozen at - 196" (liq 
N2) and the N2 gas is pumped away. After being allowed to warm up slowly 
to room temperature, the reaction mixture is stirred at 90" (under static 
vacuum). Consumption of O S ~ ( ~ - H ) ~ ( C O ) ~ ~  is checked by TLC (!SO2) and 
the CO produced in the reaction is pumped away from time to time (- 
every 6-8 hr). The O S ~ ( ~ - H ) ~ ( C O ) ~ ~  is consumed in 36 hr,12 at which point 
the solution is cooled to room temperature and the solvent and excess 
Co(q5-C5H5)(CO), is pumped away under vacuum.13 There remains in the 
reaction flask a dark green residue that is dissolved in a minimum amount 
of CHzC12 and subjected to TLC (SiOz preparative, 2 mm in thickness) 
using 1:4 toluene-hexane as the eluent. A green band (35 mg, 60%, 
Rf = 0.48) is collected and shown to be C~OS~(~-H)~(~'-C~H~)(~-CO)(CO)~. 

Properties of COOS~(~-H)~(~-C~H~)(~-CO)( CO), 

This compound is a green solid. It is stable in the solid state, while slowly 
decomposing in solution when exposed to air over a long period of time. 
It is soluble in CH2C12, but only slightly soluble in hexane. 

The IR spectrum (cyclohexane, uco): 2095 (m), 2068 (vs), 2050 (vs), 
2012 (vs), 2000 (sh), 1977 (m), 1968 (m), 1800 (s) cm-l. Mass spectrum: 
parent ion is at m f e  981.8223. Consistent with 'H, 12C15 l6Ol0 sgCO laOs3 
(calcd. value is 981.8207). 'H NMR spectra (90 ME, CD2C12, -80"): 
6 = 5.47 (s, SH), -17.17 (s, lH), -20.89 (s, 1H) ppm. 

A. DECACARBONYL($-CYCL0PENTADIENYL)- 
DIHYDRIDOCOBALITRIOSMIUM COOS~(~-H)~($ -C~H~) -  
(P-CO)(CO), 
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Anal. Calcd. 18.44C, 0.72 H. Found: 18.65 C, 0.77 H. 
The structure of this compound has been determined by X-ray diffraction, 
and its structure in solution, inferred from 13NMR spectrum at -75", is 
consistent with that in the solid state.6 

This reaction is carried out in a 50-mL, three-necked, round-bottom flask 
containing a magnetic stirrer, a gas inlet placed in one neck is tube posi- 
tioned below the surface of the reaction solution, and a reflux condenser 
placed on a second neck is connected to a mercury-oil bubbler. Prepurified 
H2 is bubbled through a toluene solution (20 mL) of 150 mg of Os3(p- 
H)z(CO)lo (0.176 mmol). The system is flushed with H2 for 30 min and 208 
mg of Co(q5-CsH5)(CO), (1.156 mmol) is then added by means of a syringe 
through the third neck of the flask under the stream of issuing H2. The 
third neck is then capped and with H2 flowing through the solution, the 
solution is heated up to 90" and stirred. The time required for the reaction 
in the presence of H2 depends on the flow rate of hydrogen. To make sure 
the reaction is complete, the reaction mixture is checked with TLC from 
time to time. For our particular parameters (H2 flow rate of 50 mLimin 
at 298 K and 1 atm), 60 hr of reaction time is required. The solution is 
then cooled to room temperature. Then toluene and unconsumed C0(q5- 
C,H,)(CO), are pumped away under vacuum13 to leave a dark brown res- 
idue that is dissolved in a minimum amount of CH2C12. Elution of this 
residue on a 2-mm preparative S O 2  TLC plate with 1 :4 toluene-hexane 
gives three bands, these being, in descending order of Rf value, purple 
C~OS&H)~(~'-C~H~)(CO)~ (54.2 mg, 32%, Rf = 0.83), dark green CoOs,(p- 
H),(qS-C5H5)(CO), (58.9 mg, 35%, Rf = 0.64), and green C00s~(p-H)~(q~- 
C5H5)(p-C0)(CO), (2 mg, I%, Rf = 0.48). 

Properties of C O O S ~ ( ~ - H ) ~ ( ~ ~ - - C J - € ~ ) (  CO), and 
cOoS,(p-H)4(r15-c5~5)(~o)9 

Coos3( p-H)3(qs-C5H5)(CO)9 and Coos3( p-H)4(q5-C5H5)(CO)9 are ob- 
tained as purple and dark green solids, respectively. While stable in the 

B. NONACARBONYL(~S-CYCLOPENTADIENYL)TRIHYDRIDO 
AND TETRAHYDRIDO ($-CYCLOPENTAD1ENYL)- 
COBALmRIOSMIUM, COOS~(CI.-H)~($-C&)(CO), 
AND CoO%(~H)4(rlS-CsH,)(C0)9 
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solid state, CH2C12 solutions of these two compounds decompose slowly 
when exposed to air. Both are very soluble in most organic solvents such 
as hexane, benzene, and methylene chloride. 
COO~~(~-H)~(~~-C~H~)(CO)~ is paramagnetic. It contains one unpaired 

electron as determined by the Evans method.14 The ESR signal is too broad 
(298-4K) to calculate a g value. The structure has been determined by X- 
ray diffraction4v6J5 and spectral data are IR spectrum (hexane, U ~ ~ ) :  2082 
(w), 2060 (s), 2008 (vs), 1990 (m), 1955 (vw) cm-'. Mass spectrum: parent 
ion at mle 954.8369, consistent with 'H, 12C14 1 6 0 9  59C0 '920s3 (calcd. value 
is 954.8336). 

Anal. Calcd. 17.71 C, 0.85 H. Found: 17.50 C, 0.82 H. 
The conditions chosen for reaction (2) permit significant yields of CoOs3(p- 

H)3(q5-C5H5)(C0)9. This compound, however, will react with H2 to convert 
to COO~~(~-H)~(~'-C~H~)(C~)~.~ Spectral data of Coos3( P - H ) ~ ( ~ ' -  
CsHs)(CO), are IR spectrum (hexane, vco): 2082 (m), 2060 (s), 2050 (s), 
2019 (s), 1995 (s,sh), 1992 (s), 1977 (m), 1952 (vw) cm-'. Mass spectrum: 
parent ion at mle 955.8387, consistant with 'H9 I2C14 1 6 0 9  59C0 1920s3 (calcd. 
value is 955.8415). 'H NMR spectrum (CD2C12, -60"): 8 = -5.23 (s, 
5H), -18.26 (s, 2H), 20.27 (s, 2H). 

Anal. Calcd. 17.71 C, 0.95 H. Found: 17.49 C, .99 H. 
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residue being eluted on TLC to have maximum yield of products. 
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nona-l(8),-2,3$tetraenide, 25:31 

Asymmetric synthesis, resolution of tris(oxa- 
1ato)chromate ion by second-order, 
25:139 

Azide, cesium tetracyanoplatinate (0.25:2: 1) 
hydrate, 21:149 

methyl]-, 24:94 
-, tris[(trimethylsilyl)methyl]-, 

Aziridinyl-amino substituted cyclophospha- 
2 4 9  

zenes, 25:86 

Barium(I1). bis(7,11:20,24-dinitrilodibenzo- 
[ b ,m][ 1,4,12,15] tetrazacyclodoco- 
sine)-, diperchlorate, 23:174 

Benzaldehy de ,2,3-dimethoxy-, 5 4  a-methyl- 
benzyl)semioxamazone, chromium com- 
plex, 23:88 

-, 3,4-dimethoxy-, 5-(a-methylben- 
zyl)semioxamazone, chromium com- 
plex, 23:88 

-, 2-(dipheny1phosphino)-, 21:176 
, 2-methoxy-, 5-(a-methylbenzyl)- 

semioxamazone, chromium complex, 
23% 

amazone, chromium complex, 
23237 

plexes, 24:195, 196, 198 

23:14 

nickel complex, 25:129 

-, 2-methyl-, 5(a-methylbenzyl)semiox- 

Benzenamine, rhenium and tungsten com- 

-, N,4-dimethyl-, tungsten complexes, 

Benzenamine, 2-(dipheny1phosphino)-, and 

Benzene, chromium complex, 21:1, 2 
-, l-chloro-4-isocyano-, molybdenum 

and tungsten complexes, 23:lO 
-, 1,3-dichloro-2-isocyano-, molybde- 

num and tungsten complexes, 23:lO 
-, ethynyl-, ruthenium complex, 21232; 

22: 177 
-, hexamethyl-, ruthenium complex, 

21:74-77 
-, isocyano-, molybdenum and tung- 

sten complexes, 23:lO 
-, 1-isocyano-4-methoxy-, molybde- 

num and tungsten complexes, 23:lO 

-, l-isocyano-4-methyl-: 
molybdenum and tungsten complexes, 

tungsten complex, 24: 198 
23:lO 

-, l-isopropyl-4-methyl-, ruthenium 

-, pentafluoro-: 
complex, 21:75 

cobalt complexes, 23:23-25 
lithium and thallium complexes, 21:71, 

-, 1,2,3,5-tetrafluoro-, thallium com- 

-, 1,2,4,5-tetrafluoro-, thallium com- 

-, 1,3,5-trifluoro-, thallium complex, 

Benzenesulfonate, 4-methyl-, 4,4',4",4"'- 

72 

plex, 21:73 

plex, 21:73 

21:73 

porphyrin-5,10,15,20-tetrayltetrakis- 
(1-methylpyridinium), 2357 

Benzenethiol: 
cadmium, cobalt, iron, manganese, and 

iron complex, 21:35 
manganese complex, 25116, 117, 118 
tin complex, 25114 

-, 4-ethyl-, gold complexes, 23:192 
Benzoic acid, 2-(diphenylphosphino)-, 

2,2'-Bi-1,3-diselenolylidene, 4,4',5,5'-tetra- 

zinc complexes, 21:24-27 

21:178 

methyl-, 24:131, 134 

hexafluoroarsenate (2:l). 24:138 
hexafluoroborate(1-) (2:1), 24:139 
hexafluorophosphate(1- ) (2: l ) ,  

perchlorate(2:1), 24:136 

radical ion( 1 + ): 

24: 142 

2,2'-Bipyridine: 
cobalt complex, 21:127 
chromium complexes, 23:183 
osmium and ruthenium complexes, 

palladium complex, 22:170 
ruthenium(I1) complexes, 25:108, 

24~291-298 

109 

heptaborane)]( 12), 2,2',3,3'-tetraethyL 
1,l-dihydto-, 22:215 

Bismuthide(2 -), tetra-, 
bis[(4,7,13,16,21,24-hexaoxa-l ,lo- 
diazabicyclo[ 8.8.81 hexa- 
cosane)potassium](l+), 22:151 

[ 1.1 '-commo-Bis(2,3-dicarba-l-ferra-closo- 
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Borane, carboxy-compd. with trimethylam- 

-, cyano compd. with trimethylamine 

-, dichlorophenyl-, 22:207 
-, diethylhydroxy-, 22:193 
-, diethylmethoxy-, 22:190 
-, (dimethy1amino)diethyl-, 22:209 

, [(2,2-dimethylpropanoyl)oxy]di- 

ine, 25:81 

(l:l), 25230 

ethyl-, 22:185 
-, (ethylcarbamoy1)-trimethylamine 

(l:l), 2583 
-, ethyldihydroxy, see Boronic acid, 

ethyl-, 24233 
-, (methoxycarbony1)-, compd. with 

trimethylamine, 25:84 
-, (pivaloyloxy)diethyl, see Borane, 

[ (2,2-dimethylpropanoyl)oxy]diethyl-, 
22: 185 

["'B]Borane, dibromomethyl-, 22:223 
Borate(1- ), ~yanotri[(~H)hydro]-, sodium, 

21:167 
-, (cyclooctane-l,S-diyl)dihydro-: 

lithium, 22:199 
potassium, 22200 
sodium, 22:200 

-, dodecahydro-7,8-dicarba-nido-un- 
decapotassium, 22:231 

-, dodecahydro-6-thia-arachno-deca- 
cesium, 22:227 

-, hydrotris(pyrazo1ato)-, copper com- 
plex, 21:108 

-, tetrafluoro-: 
p-carbonyl-p-ethylidyne-bis[carbonyl(q5- 

cyclopentadienyl)ruthenium]( 1 + ), 
25:184 

dicarbonyl(qs-cyclopentadienyl)(q5-2- 
methyl-1-propenyI)iron(l +), 24:lM 

pentaammine(pyrazine)ruthenium(II) 
(2:1), 24:259 

tetrabutylammonium, 24:139 
4,4',5,5'-tetramethyl-2,2'-bi-1,3-diseleno- 

lylidene, radical ion(l+) (1:2), 
24: 139 

-, tetrakis(pyrazolat0)-, copper com- 
plex, 21:llO 

-, tetraphenyl-,: 
tetrakis(1-isocyanobutane)bis[methylene- 

bis( diphenylphosphine)]dirhodium(I), 
21:49 

tetrakis( 1-isocyanobutane)rhodium(I), 

-, tris(3,5-dimethylpyrazolato)hydro-: 
2150 

boron-copper complexes, 21: 109 
molybdenum complexes, 23:4-9 

dioximato)-0: O'ldiphenyldi-: 

Borate@), tetrafluoro-, tetrafluoroam- 

Borinic acid, diethyl, see Borane, diethyl- 

-, diethyl, methyl ester, see Borane, 

Bornan-2-one, 3-endo-bromo-3-oxo-nitro-, 

-, 3-aci-nitro-, (1R)-, sodium salt, 
25:133 

Boron, bis-p-(2,2-dimethylpropanoato- 
O,O')-diethyl-p-oxo-di-, 22: 196 

-, tris[pentafluorooxotellurate(VI)], 
24:35 

[%I Boron brmide ('OBBr,), 22:219 
Boron compounds, labeling of, with boron- 

Boronic acid, ethyl-, 2483 
Boroxin, triethyl-, mixture with tetraethyl- 

Bromides, of rare earths and alkali metals, 

Bromoimidosulfurous difluoride, 24:20 
1-Butanamine, intercalate with hydrogen 

pentaoxoniobatetitanate(1-), 2289 
Butane: 

cobalt, iridium, and rhodium complexes, 

palladium complex, 22:167, 168, 169, 

-, isocyano-, rhodium complex, 21:49 
1-Butanol, [(N,N-diethylcarbamoyl)methyl]- 

phosphonate ester, 24:lOl 
2-Butanol, 3-0XO-, dimethylcarbamodisele- 

noate ester, 24:132 
Butyl, tin deriv., 25:112, 114 
tert-Butyl alcohol, perfluoro-, hypochlorite 

tert-Butylamine, N-(trimethylsily1)-, 25% 

Cadmate(II), tetrakis( benzenethio1ato)-, bis- 
(tetraphenylphosphonium), 21:26 

Borate(2-), tris[ p-[ (1,2-~yclohexanedione 

iron complex, 21:112 

monium (l:l), 24:42 

hydroxy-, 22:193 

diethylmethoxy-, 22: 190 

(1R)-, 25:134 

10, 22:218 

diboroxane, (1:3), 24:85 

22:1, 10 

22:171, 173, 174 

170 

ester, 24:61 
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Cadmium, bis(trifluoromethy1)-: 
1,2-dimethoxyethane, 2455 
pyridine, 2459 
tetrahydrofuran, 2457 

Cadmium( 11), aqua(7,11:20,24-dinitriIodi- 
benzo[b,rn][ 1,4,12,15]tetraazacyclodo- 
cosine)perchlorato 

perchlorate, 23:175 

strates, 22:W 

22:82 

num, 2234 

22231 

Cadmium chalcogenides, on metallic sub- 

Cadmium selenide (CdSe), on titanium, 

Cadmium selenide telluride, on molybde- 

Cadmium selenide telluride ( CdSeo.65Teo.35), 

Calcium manganese oxide (Ca2Mn308), 22:73 
Carbamodiselenoic acid, dimethyl-, 1- 

methyl-2-oxopropyl ester, 24:132 
Carbamodithioic acid, N,N-dialkyl-, tung- 

sten tricarbonyl complexes, 25: 157 
Carbodiphosphorane, hexakis(dimethy1- 

amino), see Phosphoranetriamine, 
P,P’-methanetetraylbis[N,N,N’ ,N’,  
N”,N”-hexamethyl-, 24: 114 

active, 23:61 
Carbonato complexes, of cobalt, optically 

Carbon dioxide, iridium complex, 21:lOO 
Carbon diselenide, 21:6, 7 
Carbonic acid: 

cobalt complexes, 21:120; 23:107, 112 
cobalt complexes, optically active, 23:62 
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, 23-25; 25177 
cobalt, iron, osmium, and ruthenium, 

cobalt-osmium, 25: 195-197 
cobalt-ruthenium cluster, 25164 
copper, 21:107-110 
gold(I), 24:236 
hafnium, titanium, and zirconium, 

iridium, 21:97 
iron, 2156, 68; 24:157-160, 161, 164, 

Carbonyl complexes: 

2231 

2158-65 

24:149-156 

166; 25154, 155 

iron and ruthenium, 22: 163 
manganese, 23:33; 25116, 117, 118 
molybdenum, 23:4-9; 25:168, 169 
niobium, 23:34 
osmium, 26:188-193 
palladium, 21:49 
rhenium, 23:42-44 
rhodium, 23:124; 25:171 
ruthenium, 21:30; 24:168,176; 25:180-185 
ruthenium(II), 25:108 

Catena-nitrogen-sulfur anions, 25 : 35 
Cerium, porphyrin complexes, 22: 156 
-, bis(2,4-pentanedionat0)[5,10,15,20- 

tetraphenylporphyrinato-(2 - )I-, 
22:160 

Cerium(II), hexakis(dipheny1phosphinic 
amide)-, tris(hexafluorophosphate), 
23:180 

-, (1,4,7,10,13,16-hexaoxacyclooctade- 
cane)trinitrato-, 23: 153 

-, trinitrato(l,4,7,10,13-pentaoxacy- 
c1opentadecane)- , 23 : 15 1 

-, trinitrato(l,4,7,10-tetraoxacyclodo- 
decane)-, 23:151 

-, tns( 1,4,7,10,13,16-hexaoxacyclooc- 
tadecane)dodecanitratotetra-, 23: 155 

Cerium(IV), tetrachlorobis(tripheny1phos- 
phine oxide)-, 23:178 

-, tetrakis(2,2’-bipyridine 1 ,I-diox- 
ide)-, tetranitrate, 23:179 

-, tetrakis(2,2,7-trimethyl-3,4-octane- 
dionato)-, 23:147 

-, tetranitratobis(tripheny1phosphine 
oxide)-, 23:178 

Cerium chloride (CeCl), 22:39 
Cesium azide tetracyanoplatinate (2:0.25:1), 

Cesium chloride tetracyanoplatinate 

Cesium fluorine sulfate (CsF(SO,)), 24:22 
Cesium fluoroxysulfate, see Cesium fluorine 

Cesium hexafluoromanganate(IV) (2: l ) ,  

Cesium [hydrogen bis(su1fate)l tetracyano- 

Cesium lutetium chloride (C%LuCIs), 22:6 
Cesium lutetium chloride (Cs3LuC&), 22:6 
Cesium lutetium chloride (Cs3Lu,C19), 

hydrate, 21:149 

(2:0.30:1), 21:142 

sulfate (CsF(S04)), 24:22 

24:48 

platinate (3:0.46:1), 21:151 

2 2 ~ 6  
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Cesium lithium thulium chloride (Cs2LiTm- 

Cesium praseodymium chloride (CsPr2C1,), 

Cesium scandium chloride (CsScCI3), 22:23 
Cesium scandium chloride (Cs3SqCI,), 22:25 
Chlorides, of rare earths and alkali metals, 

Chlorine fluoride (CIF), 24:1, 2 
Chlorine fluorosulfate, 24:6 
Chloroimidosulfurous difluoride, 24: 18 
Chloryl fluoride, 24:3 
Chromate, p-hydrido-bis[pentacarbonyl-, 

potassium, 23:27 
Chromate(1 -), pentacarbonylhydrido-, p- 

nitrido-bis(triphenyIphosphorus)( 1 +), 
22: 183 

Chromate(I), pentacyanonitrosyl-, tripotas- 
sium, 23:184 

Chromate(II), tetrachloro-: 

Ch), 20:lO 

22:2 

22:1, 10 

bis(alkylammonium), ferromagnets, 

bis(ethylammonium), ferromagnets, 

bis(methylammonium), ferromagnets, 

Chromate(III), (1,2-ethanediamine)tetra- 

24: 188 

24: 188 

24: 188 

fluoro-, cb-bis( 1,2-ethanediamine)- 
difluorochromium(III), 24: 185 

-, tris(oxa1ato)-, resolution of, by 
asymmetric synthesis, 25:139 

tripotassium, (+)-, dihydrate and (-)-, 
monohydrate, isolation of, 25:141 

(+)-, tris[( + )-bis(l,2-ethanediamine)- 
(oxalato)cobalt(III)], hexahydrate, 
25:140 

Chromatography, column, in resolution of 
tris(2,4-pentanedionato)cobalt(III) with 
A-( - )-ci.s(N02),tram(N)-bis(S-arge- 
nine)dinitrocobalt(III) chloride, 23:94 

Chromium, as substrate for cadmium chal- 
cogenides, 22:80 

Chromium, tetracarbonyl(tributy1phos- 
phine)(triphenylarsine)-, tram-, 23:38 

-, tetracarbonyl(tributy1phosphine)- 
(tripheny1phosphine)-, tram-, 23:38 

-, tetracarbonyl(tributy1phosphine)- 
(triphenyl phosphite)-, trum-, 23:38 

-, tetracarbonyl(trimethy1 phosphite)- 
(tripheny1arsine)-, tram-, 23:38 

-, tetracarbonyl(trimethy1 phosphite)- 
(tripheny1phosphine)-, tram-, 23:38 

-, tetracarbonyl(trimethy1 phosphite)- 
(triphenyl phosphite)-, trum-, 23:38 

-, tetracarbonyl(tripheny1arsine)- 
(triphenyl phosphite)-, trum-, 23:38 

-, tetracarbonyl(tripheny1phosphine)- 
(triphenyl phosphite)-, tram-, 23:38 

-, tricarbonyl[q6-2,3-dimethoxybenzal- 
dehyde 5-(a-methylbenzyl)semioxama- 
zone]-, 23:88 

-, tricarbonyl[q6-3,4-dimethoxybenzal- 
dehyde 5-(a-methylbenzyl)semioxama- 
zone]-, 23:88 

-, tricarbonyl[q6-2-methoxybenzalde- 
hyde 5-(a-methylbenzyl)semioxa- 
mazone]-, 23:88 

-, tricarbonyl[q6-2-methylbenzalde- 
hyde 5-(a-methylbenzyl)semioxama- 
zone]-, 23:87 

Chromium(O), thiourea complexes, 23: 1 
-, (q6-benzene)dicarbonyl(selenocar- 

-, pentacarbonyl(h',N'-di-tert-butyl- 

-, pentacarbonyl(N,N'-di-p-tolylthio- 

-, pentacarbonyl(selenocarbony1)-, 

-, pentacarbonyl(N,N,N',N'-tetra- 

-, pentacarbonyl(thi0urea)-, 23:2 
Chromium(I), (2,2'-bipyridine)nitrosylbis- 

-, nitrosyl(1,lO-phenanthro1ine)bis- 

Chromium(II), ferromagnets, 24: 188 
Chromium(III), bis( 1,2-ethanediamine)bis- 

(trifluoromethanesulfonato-0)-, cb-, 
trifluoromethanesulfonate, 24:251 

-, bis( 1,2-ethanediamine)difluoro-: 

bonyl), 21:1, 2 

thiourea)-, 23:3 

urea)-, 23:3 

21:1, 4 

methy1thiourea)-, 23:2 

(thiocyanato), 23: 183 

(thiocyanatof-, 23:184 

cb-, (1,2-ethanediamine)tetrafluorochro- 
mate(III), 24:185 

(?)-cis-, iodide, 24:186 
-, pentaammine(trifluoromethanesu1- 

fonato-0)-, bis(trifluoromethanesu1fo- 
nate), 24:250 

methanesulfonato-0)-, bis(trifluor0- 
methanesulfonate), 24:280 

-, pentakis(methanamine)(trifluoro- 
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-, tris(2,2,6,6-tetramethyl-3,5-heptane- 

Chromium fluoride oxide (CrO,F,), 24:67 
Chromium potassium oxide (KCrOJ, 2259 
Chromium potassium oxide (K&r02), 

Chromium potassium oxide (K0.6Cr02), 

Chromium potassium oxide (Ko.,CrO2), 

Chromium potassium oxide (Ko.nCr02), 

Chromyl fluoride, see Chromium fluoride 

Cluster compounds: 

dionato)-, 24:181 

bronze, 2259 

bronze, 2259 

bronze, 2259 

bronze, 2259 

oxide (CrOzFz), 24:67 

cobalt, iron, molybdenum, ruthenium, 

cobalt-ruthenium carbonyl, 25: 164 
molybdenum-sulfur, 23:118, 121 

Cobalt, (1 ,4-butanediyl)(q5-cyclopenta- 
dienyl)(triphenylphosphine)-, 
22171 

-, p-carbonyl-nonacarbonyl(q5-cyclo- 
pentadieny1)-di-p-hydrido-triosmium-, 
25195 

-, dodecacarbonylhydridoruthenium- 
tri-, 25164 

-, nonacarbonyl(q5-cyclopentadieny1)- 
tetra-p-hydrido-triosmium, 25: 197 

-, nonacarbonyl(q5-cyclopentadieny1)- 
tri-p-hydrido-triosmium, 25: 197 

-, tetracarbonylbis( p-di-tert-butylphos- 
phido)di-, (CdCo), 25177 

Cobalt(I), bis(qz-ethene)(q5-pentamethylcy- 
clopentadieny1)-, 23:19 

-, (qs-cyclopentadienyl)bis(trimethyl- 
phosphine)-, 25:160 

-, (q5-cyclopentadienyI)bis(trimethyl 
phosphite), 25162 

-, dicarbonyl(pentafluoropheny1)bis- 
(tripheny1phosphine)-, 23% 

-, dicarbonyl(qs-pentamethylcyclo- 
pentadieny1)-, 23:15 

-, tetracarbonyl(pentafluoropheny1)-, 
23:23 

-, tricarbonyl(pentafluoropheny1)- 
(tripheny1phosphine)-, 2324 

Cobalt(II), aqua(methanol)(5,5a-dihydro- 
24-methoxy-6,lO: 19, 23-dinitrilo-24H- 
benzimidazo[2,1-h][ 19,171benzotriaza- 

and osmium, 2151-68 

cyc1ononadecine)-, diperchlorate, 
23:176 

-, bis( 1,3-dihydro-l-methyl-2H-imida- 
zole-2-thione)dinitrato-, 23: 171 

-, bis(thiocyanat0-N)-bis-p-( 1H-l,2,4- 
triazole-N*:N')-, p l y - ,  23:158 

-, tetraaqua(0-su1fobenzoimidato)-, 
dihydrate, 23:49 

-, tetrakis(l,3-dihydro-l-methyl- 
2H-imidazole-2-thione)dinitrato-, 
23:171 

[triammine-, triperchlorate dihydrate, 
23:112 

-, p,-(acetylenedicarboxy1ato)tetra-p- 
hydroxo-tetrakis[ triammine-, hexaper- 
chlorate, pentahydrate, 23:115 

ethanediamine)-, diperchlorate, 21:19 

amine]tris(trifluoromethylsulfonato)-, 
fac-, 22106 

-, [2-[ 1-[(2-aminoethyI)imino]ethyl]- 
phenolate]( 1,2-ethanediamine)ethyl-: 

Cobalt(III), p-acetato-di-p-hydroxobis- 

-, (2-aminoethanethiolato-N,S)bis( 1,2- 

-, [N-(2-aminoethy1)-1 ,Z-ethanedi- 

bromide, 23:165 
iodide, 23:167 
perchlorate, 23:169 

-, [2-[ 1-[(3-aminopropyl)amino]ethyl]- 
phenolato]ethyl( 1,3-propanediamine)-, 
iodide, 23:169 

-, [2-[1-[(3-aminopropyl)imino]ethyl]- 
phenolato]methyl( 1,3-propanedi- 
amine)-, iodide, 23:170 

-, ammine(glycinato)(l,4,7-triazacy- 
clononane)-, iodide, monohydrate, 
23:78 

-, aquabromobis( 1 ,Z-ethanediamine)-: 
dibromide, cb-, monohydrate, 21:123 
dithionate, trans-, monohydrate, 21:124 

-, aquachlorobis( 1 ,Z-ethanediamine)-, 
dithionate, trans-, monohydrate, 21:125 

-, aqua(glycinato)( 1,4,7-triazacycIo- 
nonane)-, perchlorate, dihydrate, 23:76 

-, bis(S-arginine)dinitro-, A-( - )-cis- 
(NOz),trans(N)-, chloride, as resolving 
agent for tris(2,4-pentanedionato)- 
cobalt(III), 23:91, 94 

-, bis( l,Z-ethanediamine)bis(trifluo- 
romethanesu1fonato)-, cb-, trifluoro- 
methanesulfonate, 22: 105 
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-, bis( 1,2-ethanediamine)(2mercapto- 

-, bis( 1,2-ethanediamine)oxalato-, as 

(+ )-, (+ )-tris)oxalato)chromate(III) 

acetato(2-)-0 ,S)-, perchlorate, 21 :21 

resolving agent, 23:65, 68 

(3:1), hexahydrate, 25:140 

bromide, 21:120 

clopentadieny1)-, 23: 16 

[triammine-, triperchlorate, 23: 107, 
112 

-, diammine[N,N'-bis(2-aminoethyl)- 
1,2-ethanediamine]-, trans-, 23:79 

-, diamminecarbonatobis(pyridine)-, 
cis,cis-, chloride monohydrate, 23:73 

-, dibromobis( 1,2-ethanediamine)-, 
bromide, cis-, monohydrate, 21:121 

-, (carbonato)bis( 1,2-ethanediamine)-, 

-, carbonyldiiodo(q3-pentamethylcy- 

-, p-(carboxy1ato)-di-p-hydroxobis- 

bromide, trans-, 21:120 
-, di-p-hydroxo-bis[triammineaqua-, 

tetraperchlorate, pentahydrate, 23:lll 
-, di-p-hydroxo-p-(pyrazinecarboxyl- 

ato)-bix[triammine-, tetraperchlorate, 
monohydrate, 23:114 

-, di-p-hydroxo-pL-(4-pyridinecarbox- 
y1ato)-bis[triammine-, tetraperchlorate, 
23:113 

-, di-p-iodo-bis[iodo(q'-pentamethyl- 
cyclopentadieny1)-, 23: 17 

-, (glycinato)nitro(l,4,7-tiiazacyclon- 
onane)-, chloride, monohydrate, 23:77 

-, p-( hydrogenoxalato)di-p-hydroxo- 
bisttriammine-, triperchlorate, hemihy- 
drate, 23:113 

-, pentaammine(trifluorornethanesu1- 
fonato)-, trifluoromethanesulfonate, 
22: 104 

methanesulfonato-0)-, bis(trifluor0- 
methanesulfonate), 24:281 

-, tetra-p-hydroxo-b-oxalatotetrakis- 
[triammine-, hexaperchlorate, tetrahy- 
drate, 23:114 

chloride, 23:llO 

-, pentakis(methanamine)(trifluoro- 

-, triammineaquadichloro-, mer-, 

-, triamminetrinitro-, mer-, 23:109 
-, tri-phydroxo-bis[triammine-, fac-, 

triperchlorate, dihydrate, 23: 110 
-, tris(a1aminato)-, fac- and mer-, 

25137 

-, tris( 1 ,%-ethanediamine)-, cis-dicar- 
bonatodicyanocobaltate(III)dihydrate, 
2356 

-, tris(g1ycinato)-, fac- and mer-, 
25:135 

-, tris(2,4-pentanedionato)-, resolu- 
tion of, with A-(-)-cis(NO,),-frans(N)- 
bis(S-arginine)dinitrocobalt(III) chlo- 
ride, by column chromatography, 
23 : 94 

Cobaltate(1- ), tridecacarbonyltriruthen- 
ium-, p-nitrido-bis(tripheny1phos- 
phorus)(l+), 21:61 

Cobaltate(II), tetrakis(benzenethio1ato)-, 
bis(tetraphenylphosphonium), 21:24 

Cobaltate(III), bis(g1ycinato)dinitro-, cis- 
(NO,), frans(N)-, silver(I), 23:92 

-, [N,N'-1,2-cyclohexanediylbis[N- 
(carboxymethyl)glycinato](4 - )I-, 
trans-, cesium, 23:% 

-, [[R,R-( - )]-N,N-l ,2-cyclohexane- 
diylbis[N-(carboxymethy1)glycinato- 
(4-)]-: 

[A-( +)-I, cesium, 23:97 
[A-( +)I-, potassium, 23:97 
[A-( +)I-, rubidium, 23:97 

-, diamminecarbonatodicyano-, cis,- 

-, diamminecarbonatodinitro-, cis,- 

-, diamminedicarbonato-, cb-, lith- 

cis-, sodium, dihydrate, 2357 

cis-, potassium hemihydrate, 23:70 

ium, resolution of, 23:63 
cis-, potassium, U:62 

-, diamminedicyanooxalato-, cis,cb-, 
sodium, dihydrate, 23:69 

-, diamminedinitrooxalato- , cis, cis- , 
potassium, hemihydrate, 23:71 

-, dicarbonatodicyano-, tris( 1 ,2-ethane- 
diamine)cobalt(III), dihydrate, 23:66 

-, dicarbonato( 1,2-ethanediamine)-, 
potassium, 23:64 

-, (1,2-ethanediamine)bis(oxaIato)-, 
as resolving agent, 23:74 

-, [N,N'-1,2-ethanediylbis[N-(carboxy- 
methyl)glycinato](4 - )-: 

potassium, 2 3 9  
rubidium, 23:lOl 
trans-, cesium, 23:99 

-, [N,N'-(l-methyl-l,2-ethanediyl)bis- 
[N-(carboxymethyl)glycinato](4 - )I-, 
cesium, 23:lOl 
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-, [[R-( - )]-N,N'-( l-methyl-1,2- 
ethanediyl)bis[N-(carboxymethy1)- 
glycinatol(4 -)I-: 

[A-( +)I-, cesium, 23:lOl 
[A-( +)I-, potassium, 23:lOl 
[A-( +)I-, rubidium, 23:lOl 

-1 [[S-( - )]-N,N'-( l-methyl-l,2- 
ethanediyl)bis[N-(carboxymethy1)- 
glycinatol(4 - jl-, [A-( - )I-, cesium, 
23:lOl 

-, tricarbonato-, potassium, 23:62 
Cobalt potassium oxide (KCoOJ, 2258 
Cobalt potassium oxide (KO ,Cooz), bronze, 

Cobalt potassium oxide (Ko6,Cr02), 

Cobalt sodium oxide (NaCoOJ, 2256 
Cobalt sodium oxide (Nao.6Co02), 22:56 
Cobalt sodium oxide (Nao&o02), 22:56 
Cobalt sodium oxide (Na0.,,Co02), 22:56 
Cobalt sodium oxide (NaO.,CoOz), 

2256 
Containers, tantalum, as high-temp., for 

reduced halides, 20: 15 
Copper(I), carbonyl[hydrotris(pyrazolato)- 

boratol-, 21:108 
-, carbonyl[tetrakis(pyrazolato)bor- 

atol-, 21:llO 
-, carbonyl[tris(3,5-dimethylpyrazo- 

1ato)hydroboratol-, 21:109 
Copper(II), bis(thiocyanat0)-bis-p( 1 H- 

1,2,4-triazole-W:N4))-, poly-, 23:159 
-, bis( 2,2,7-trimethyl-3,5-octanedion- 

ato)-, 23:146 
-, (2,9-dimethyl-3,10-diphenyl-l,4,8,- 

1 1-tetraazacyclotetradeca-1,3,8,10- 
tetraene)-, bis[hexafluorophosphate- 

2257 

bronze, 22: 57 

(1-)I-, 22:llO 
-, (1 ,lo-phenanthroline)[serinato- 

-, [1,4,8,1 l-tetraazacyclotetradecane- 

Copper iodide (CuI), 22:lOl 
Crystal growth: 

(1-)I-, sulfate (2:1), 21:115 

5,7-dionato(2 -)I-, 23233 

of Li3N, 2251 
of oxides, by skull melting, 22:43 
of silver tungstate Ags(W,O,,), 22:78 

Cyanato complexes, silicon, 2 4 9  
Cyanide complexes: 

boron, 21:167 
cobalt, 2356-73 

chromium, 23:184 
platinum chain complexes, 21:142-156 

Cyclic nitrogen-sulfur anions, 25:30 
Cyclodiphosphazane , 1,3-di-tert-buty1-2,4- 

dichloro-, 25:8 
-, 2,4-dichloro-l,3-diisopropyl-, 

25:lO 
1 ,3,2X3,4A3-Cyclodiphosphazane, 2-chloro- 

1,3-diisopropyl-4-[isopropyl(trimethyl- 
silyl]amino]-, 25:lO 

1,3-CycIoheptadiene, ruthenium complex, 
22:179 

1,3-Cyclohexadiene, ruthenium complex, 
21:77; 22:177 

1,2-Cyclohexanedione, dioxime, boron-iron 
complex, 21:112 

1,5-Cyclooctadiene: 
indium complexes, 23:128 
rhodium complexes, 23:127, 129; 

ruthenium complex, 22:178 
25:172 

Cyclooctane, boron complex, 22:199 
1,3,5-Cyc~ooctatriene, ruthenium complex, 

1,3-Cyclopentadiene: 
22: 178 

cobalt complex, 22:171, 235 
cobalt and rhodium complexes, 25:158- 

cobalt-osmium complexes, 25: 195-197 
hafnium, titanium, and zirconium com- 

iron complexes, 21:37-46; 24:161, 164, 

molybdenum complexes, 25168, 169 
osmium complex, 25:191 
ruthenium complex, 21:78; 22:180; 

thallium complex, 24:97 
titanium and vanadium complexes, 

-, 1,2,3,4,5-pentamethyl-, 21:181 

163 

plexes, 24:149-151 

166, 170, 172 

25: 180- 185 

21234, 85 

cobalt complexes, 23:15-19 
hafnium, titanium, and zirconium com- 

plexes, 24:152-156 
osmium complex, 25:191 

1,5-CycIopentadiene, indium complexes, 

Cyclopentaphosphine, pentamethyl-, 25:4 
Cyclophosphanes, 25: 1 
Cyclophosphazenes, aziridinyl-, amino sub- 

24:173, 174, 175 

stituted derivs., 25236 
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Cyclotetraphosphazene, bis( 1-aziridiny1)- 
hexakis(methy1amino)-, trans-, 25:91 

Cyclotetraphosphazenes, amino-, 25: 15 
Cyclotriphosphazene, bis( 1-aziridiny1)tetra- 

-, pentachloro(viny1oxy)-, 25:75 
-, tetrachloromethyl[(trimethylsilyl)- 

methyl]-gem, 25:61 
-, tri-tert-butyl-, 25:2 
L-Cysteine, gold complex, 21:31 
Cytidine, palladium(I1) complexes, 2354 

kis(methylamin0)-, 2586 

DC510150, see Poly(dimethylsi1oxane-co- 

Decaborane(l4), 22:202 
diars, see Arsine, o-phenylenebis(dimethy1-, 

1 H,5H-[  1,4,2,3]DiazadiphosphoIo[2,3-b]- 

methylphenylsiloxane), 22: 116 

21:18 

[ 1,4,2,3]diazadiphosphole-2,6-(3H,7H)- 
dione, 1,3,5,7-tetramethyl-, 24: 122 

molybdenum complex, 24:122 
Diboroxane, tetraethyl-, 22: 188 

mixture with triethylboroxin (3:1), 
24% 

1,2-Dicarba-3-cobalta-closo-dodecaborane- 
(11) 

3-(qs-cyclopentadienyl-, 22:235 
1,2-Dicarba-closo-dodecaborane( 12)-9-thiol, 

2,3-Dicarba-nido-hexaborane(8) ,2,3-di- 

2,6-Dicarba-nido-nonaborane( 1 l) ,  22:237 
7,8-Dicarba-nido-undecaborane( 1 1), 9-(di- 

methyl sulfide)-, 22:239 
Difluorodioxouranium(VI), 25: 144 
Dimethylamine, N-fluoro-, 2466 
Dimethyl sulfide: 

22:241 

ethyl-, 22:211 

boron complex, 22:239 
niobium complex, 21:16 
platinum(I1) complexes, 22:126, 128 

6,lO: 19,23-Dinitrilo-24H-benzimidazo[2,1- 
h][ 1,9,17]benzotriazacyclononadecine, 
5,5a-dihydro-24-methoxy-, 23: 176 

7,11:20,24-Dinitrilodibenzo[ b ,m] [ 1,4,12,15]- 
tetraazacyclodocosine, barium and cad- 
mium complexes, 23:174 

4,7-Dioxa-l ,lo-diphosphadecane, 1,1,10,10- 
tetraphenyl-, gold complexes, 
23:193 

diphos, see Phosphine, 1,2-ethane-diyIbis- 
(diphenyl-, palladium complex, 
22:167 

Diphosphate, tetraammonium (( NH,),- 

Diphosphine, tetramethyl-disulfide, hazards 

Diphosphorous acid, platinum complex, 

Diselenocarbamic acid, N, N-diethyl-, 

1,3-DiseIenole-2-selone, 4,5-dimethyl-, 

Disilaselenane, see Disilyl selenide, 24: 127 
Disilyl selenide, 24:127 
Disulfide complexes, molybdenum, 23: 120, 

1,3X4,2,4,5-Dithiadiazastannole, 5,S-di- 

Dithiazolone (S2N2CO), 2553 
1 ,3X4,2,4-DithiadiazoI-5-one, 2553 
Dithionate: 

(P207), 21:157 

in preparation of, 23:199 

24:211 

nickel complex, 21:9 

24: 133 

121 

methyl-, 2553 

aquabis( 1,2-ethanediarnine)hydroxorho- 

cis-tetraammineaquahydroxorhodium- 

Divanadium, polymer-stabilized, 22: 116 
dppe, see Phosphine, 1,2-ethanediylbis(di- 

phenyl-, niobium complex, 21:18 
Dysprosium, porphyrin complexes, 22: 156 
-, (2,4-pentanedionato)[5,10,15,20- 

-, (2,2,6,6-tetramethyl-3,5-heptane- 

dium(III), 24:230 

(111), 24:225 

tetraphenylprphyrinato(2 -)I-. 22:160 

dionato)[5,10,15,20-tetraphenylporphy- 
rinato(2-)]-, 22160 

10,13-pentaoxoacyclopentadecane)- 
tetra-, 23:153 

-, hexakis(dipheny1phosphinic am- 
ide)-, tris(hexafluorophosphate), 
23:180 

-, (1,4,7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-, 23: 153 

-, trinitrato( 1,4,7,10,13-pentaoxacy- 
c1opentadecane)-, 23: 151 

-, trinitrato( 1,4,7 ,lO-tetraoxacyclodo- 
decane)-, 23:151 

-, tris( 1,4,7,10,13,16-hexaoxacyclooc- 
tadecane)dodecanitratotetra-, 23: 155 

Dysprosium chloride (DyCI,), 22:39 
Dysprosium potassium chloride (KDy2C17), 

Dysprosium(III), dodecanitratotris(l,4,7,- 

22:2 

Erbium, porphyrin complexes, 22: 156 
-, (2,4-pentanedionat0)[5,10,15,20- 
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tetrakis(3-fluorophenyl)porphyrinato- 

-, (2,4-pentanedionat0)[5,10,15,20- 
tetraphenylporphyrinato(2 - )I-, 
22: 160 

Erbium(III), dodecanitratotris( 1,4,7,10,13- 
pen taoxacyc1opentadecane)tetra- , 
23:153 

-, hexakis(dipheny1phosphinic am- 
ide)-, tris(hexafluorophosphate), 
23:180 

-, (1,4,7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-, 23: 153 

-, trinitrato(l,4,7,10,13-pentaoxacy- 
c1opentadecane)-, 23: 151 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 
decane)-, 23:151 

-, tns( 1,4,7,10,13,16-hexaoxacyclooc- 
tadecane)dodecanitratotetra-, 
23:155 

(2-)I-, 22:160 

Erbium chloride (ErCIJ, 22:39 
Ethanamine: 

intercalate with hydrogen pentaoxonio- 
batetitanate(1-), 22939 

molybdenum complexes, 23:8 
Ethane, ruthenium complexes, 25184, 

185 
-, 1,2-bis(dichlorophosphino), see 1,2- 

Ethanediylbis(dichlorophosphine), 
23:141 

-, 1 ,Zdimethoxy-, bis(trifluoromethy1)- 
cadmium, 2455 

-, 1 , 1 '-[ thiobis( 2,l -ethanediylthio)] bis- 
[2-chloro-, 25:124 

1.2-Ethanediamine: 
chromium complexes, 24:185, 186 
chromium, iridium, and rhodium com- 

plexes, 24:251, 283-290 
cobalt complex, 25:140 
cobalt complexes, 2354, 165 
cobalt(II1) trifluoromethanesulfonate 

rhodium complex, 24:227, 229-231 

cobalt(II1) trifluoromethanesulfonate 

cobalt complex, 21:19,21, 120-126 
-, N,N'-bis(2-aminoethyI)-, cobalt 

-, N,N-bis[2-(dimethylamino)ethyl- 

complexes, 22: 105 

-, N-(2-aminoethyl)-: 

complexes, 22:106 

complexes, 23:79 

N' , N'-dimethyl- 
palladium complex, 21:129-132 

-, N,N'-bis[2-(dimethylamino)ethyl]- 
N,N'-dimethyl-, palladium complex, 
21:133 

-, N,N'-bis(1-methylethyl)-, platinum 
complex, 21:87 

-, (S,S)-N,N'-bis( 1-phenylethy1)-, plat- 
inum complex, 21237 

-, N,N'-dimethyl-N,N'-bis(1-methyl- 
ethyl)-, platinum complex, 21:87 

-, N,N'-dimethyl-N,N-bis(1-phenyl- 
ethyl)-, (R,R)-, platinum complex, 
21:87 

complexes, 21% 

complex, 22:168 

-, N,N,N',N'-tetraethyl-, platinum 

-, N,N,N',N-tetramethyl-, palladium 

1,2-Ethanediol, iron complex, 22:88 
Ethanethiol, iron complex, 21:39 
-, 2-amino-, cobalt complex, 

-, 1,l-dimethyl-, iron complex, 21:36, 

Ethanol: 

21 : 19 

37 

[ (N, N-diethylcarbamoyl)methyl]phospho- 

phosphorofluoridate diester, 24:65 
uranium complex, 21:165 

nate ester, 24:lOl 

-, 1-methyl, [(N,N-diethylcarbamoy1)- 
methyl]phosphonate ester, 24:lOl 

-, 2,2'-[thiobis(2,1-ethanediylthio)]bis- 

Ethene: 
(, 25:lU 

cobalt complexes, 23:19 
iron complex, 21:91 
platinum complexes, 21536-89 
platinum(0) complexes, 24:213-216 
ruthenium complex, 21:76; 25183 

Ethyl, cobalt complexes, 23:165 
Ethylamine, see Ethanamine, molybdenum 

Ethylene glycol, see 1,2-Ethanediol, iron 

Europium, porphyrin complexes, 22:156 
-, (2,4-pentanedionat0)[5,10,15,20- 

complexes, 23:8 

complex, 22238 

tetrakis(3,5-dichlorophenyl)porphyrin- 
ato(2-)I-, 22:160 

, (2,4-pentanedionato)[S1 10,15,20- 
tetrakis(4-methylpheny1)prphyrinato- 
(2-)I-, 22:160 

-, (2,4-pentanedionato)[SI 10,15,20- 
tetraphenylporphyrinato(2)]-, 
22:160 
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Europium(III), hexakis(dipheny1phosphinic 
amide)-, tris(hexafluorophosphate), 
23:180 

decane)trinitrato-, 23: 153 

c1opentadecane)-, 23: 151 

decane)-, 23:151 

tadecane)dodecanitratotetra-, 23: 155 

-, (1,4,7,10,13,16-hexaoxacycloocta- 

-, trinitrato( 1,4,7,10,13-pentaoxacy- 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 

-, tris( 1,4,7,10,13,16-hexaoxacyclooc- 

Europium chloride (EuCl,), 22:39 

Ferrate( 1 - ), tricarbonylnitrosyl-, p-nitrido- 
bis(triphenylphosphorus)(l + ), 22:163, 
165 

ium-, p-nitrido-bis(tripheny1phospho- 
rus)(l+), 21:60 

24:157 

-, tridecacarbonylhydridotriruthen- 

Ferrate(2 - ), octacarbonyldi-, disodium, 

-, tetracarbonyl-, disodium, 24:151 
-, tetrakis(benezenethio1ato)tetra-p- 

seleno-tetra-bis(tetrabutylammonium), 
21:36 

thio-tetra-, bis(tetrabutylammonium), 
21:35 

1ato)tetra-p-seleno-tetra-,bis(tetrabutyl- 
ammonium), 21:37 

1ato)tetra-p-thio-tetra-, bis(tetramethy1- 
ammonium), 21:36 

-, tridecacarbonyltetra-, p-nitrido-bis- 
(triphenylphosphorus)(l +), 2156, 68 

-, undecacarbonyltri-, bis[ p-nitrido- 
bis(triphenylphosphorus)(l +)I ,  24:157 

Ferrate(II), [[(1,2-cyclohexanediyldinitrilo)- 
tetraacetatol(4 - )](dinitrogen-, diso- 
dium, dihydrate, 24:210 

-, (dinitrogen)[[(l,2-ethanediyldini- 
trilo)tetraacetato](4 -)-, disodium, di- 
hydrate, 24:208 

phenylphosphonium), 21:24 

tetra-p3-thio-tetra-, bis(tetrapheny1- 
pbosphonium), 21 :27 

Ferrate(III), tetrakis(benzenethio1ato)di-+- 

-, tetrakis(benzenethio1ato)tetra-p- 

-, tetrakis(1 J-dimethylethanethio- 

-, tetrakis(1,l-dimethylethanethio- 

-, tetrakis(benzenethio1ato)-, bis(tetra- 

Ferrate(I1, III), tetrakis(benzenethio1ato)- 

thio-di-, bis(tetraphenylphosphonium), 
21:26 

Ferromagnets, of organic intercalated ionic 
chromium(iI), 24: 188 

Fluorine cesium sulfate (CsF(SO,)), 24:22 
(Fluorocarbonyl)imidosulfurous difluoride, 

Fluorosulfate, chlorine, 24:6 
Formic acid, (formy1oxy)-, iridium com- 

Furan, tetrahydro-: 

24:lO 

plex, 21:102 

bis(trifluoromethyl)cadmium, 2457 
hafnium, niobium, scandium, titanium, 

vanadium, and zirconium complexes, 
21:135-139 

iron-magnesium complexes, 24: 172 
molybdenum complexes, 24: 193 

Gadolinium, porphyrin complexes, 22:156 
-, (2,4-pentanedionat0)[5,10.15,20- 

tetraphenylporphyrinatol-, 22:160 
Gadolinium(III), dodecanitratotris( 1,4,7,- 

10,13-pentaoxacyclopentadecane)tetra-, 
23:153 

-, hexakis(dipheny1phosphinic am- 
ide)-, tris(hexafluorophosphate), 
23:180 

-, trinitrato(l,4,7,10,13-pentaoxacy- 
c1opentadecane)-, 23: 15 1 

-, trinitrato(l,4,7,10-tetraoxacyclodo- 
decane)-, 23:151 

-, tris( 1,4,7,10,13,16-hexaoxacyclooc- 
tadecane)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 

-, hexachlorodi-, bis(tripheny1phos- 
phonium), 22135, 138 

-, hexaiododi-, bis( triphenyl- 
phosphonium), 22:135, 138 

Glycine: 
cobalt complex, 25135 
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cobalt complexes, 23:75, 92 
-, N,N'-1,2-cyclohexanediylbis[N-(car- 

boxymethy1)-, cobalt complexes, 23:96 
-, N,N'-1,2-ethanediylbis[N-(carboxy- 

methyl)-, cobalt complexes, 2 3 9  
-, N,N'-(1-methyl-1 ,Zethanediyl)bis- 

[N-(carboxymethy1)-, cobalt com- 
plexes, 23:lOl 

Gold(I), carbonylchloro-, 24:236 
-, (L-cysteinat0)-, 21:31 
-, dichloro-p-( 1,l ,lO,lO-tetraphenyl- 

4,7-dioxa-l J0-diphosphadecane)-di-, 
23:193 

-, (4-ethylbenzenethiolato)-, 23: 192 
Guanidinium (hydrogen diflu0ride)tetracy- 

anoplatinate (2:0.27:1) 
hydrate (1:1.8), 21:146 

Guanosine, palladium(I1) complexes, 
23~51-54 

Hafnium, dicarbonylbis(q'-cyclopentadi- 

-, dicarbonylbis(q5-pentarnethylcyclo- 

-, dichlorobis(q5-pentamethylcyclo- 

Hafnium(IV), tetrachlorobis(tetrahydro- 

Heptadecatungstodiphosphate, (P2WI7- 

eny1)-, 24:151 

pentadienyl), 24: 155 

pentadienyl), 24: 154 

furan)-, 21:137 

06110-), thorium and uranium com- 
plexes, 23:188 

3,5-Heptanedione, 2,2,6,6-tetramethyl-: 
actinide and lanthanide complexes, 

chromium complex, 24:181 
22: 156 

2,4,6,8,9,10-Hexaazallh3,3X3,5A3,7h3-tetra- 
phosphatricyclo[5.1 .l.13>]decane, 2,4,- 
6,8,9,10-hexaisopropyl-, 25:9 

1-Hexanol, [(N,N-diethylcarbamoy1)- 
methyllphosphonate ester, 24: 101 

1,4,7,10,13,16-Hexaoxacyclooctadecane, 
lanthanoid complexes, 23: 149 

potassium complex, 25:126 
4,7,13,16,21,24-Hexaoxa- 1,lO-diazabicyclo- 

[ 8.8.81 hexacosane, potassium complex ,. 
22:151 

stoichiometric, 21:14 

25:123 

Hexasulfide, palladium complex, non- 

1,4,7,10,13,16-Hexathiacyclooctadecane, 

Holmium, porphyrin complexes, 22: 156 
-, (2,4-pentanedionat0)[5,10,15.20- 

-, (2,2,6,6-tetramethyl-3,5-heptane- 
tetraphenylporphyrinato(2 - )I-, 22: 160 

dionato)[5,10,15,20-tetraphenylporphy- 
rinato(2-)I-, 22:160 

13-pentaoxacyclopentadecane)tetra-, 
23:153 

-, hexakis(dipheny1phosphinic am- 
ide)-, tris(hexafluorophosphate), 
23:180 

-, (1,4,7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-, 23: 153 

-, trinitrato(l,4,7,10,13-pentaoxacy- 
clopentadecane), 23: 151 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 
decane)-, 23:151 

-, tris( 1,4,7,10,13,16-hexaoxacyclooc- 
tadecane)dodecanitratotetra-, 23: 155 

Holmium chloride (HoC13), 22:39 
Hydrido complexes: 

Holmium(III), dodecanitratotris(l,4,7,10,- 

chromium, molybdenum, and tungsten, 

chromium and tungsten, 23:27-29 
cobalt, iron, osmium, and ruthenium, 

cobalt-osmium, 25:195-197 
cobalt-ruthenium cluster, 25:164 
iron complexes, 21:92 
osmium, 25:193 
rhodium, 25:171, 172 
ruthenium, 24:168 

22:181 

2158-65 

[hydrogen bis(sulfate)], cesium tetracyano- 
platinate (0.46:3:1), 21:151 

Hydrogen difluoride, potassium tetracyano- 
platinate (0.30:2:1), trihydrate, 21:147 

Hydrogen difluoride, tetrafluoroammon- 
ium, 24:43 

Hydrogen pentafluorooxotellurate(VI), 
24:34 

Hydrogen pentaoxoniobatetitanate(1- ), 
22:89 

Hydroxo complexes: 
cobalt, 23:1W, 111-115 
molybdenum, 23: 135-139 
platinum, 25:100, 102-105 
rhodium, 23:129 

Hypochlorous acid, perfluoro-tert-butyl es- 

-. trifluoromethyl ester, 24:60 
ter, 24:61 
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2H-Imidazole-2-thione, 1,3-dihydro-1- 
methyl-, cobalt complexes, 23:171 

Imidosulfurous difluoride: 
bromo-, 24:20 
chloro-, 24:18 
(fluorocarbony1)-, 24: 10 
mercury complex, 24:14 

Indium(III), [[4,4',4",4"'-porphyrin-5,10,- 
15,2O-tetrayltetrakis( 1 -methylpyridiniu- 
mato)(2 -)I- 

pentaperchlorate, 2355, 57 
-, tris[(trimethylsilyl)methyl]-, 24:89 
Indium iodide (I&), 24237 
Inosine, palladium(I1) complexes, 

Insertion compounds, lithium, 24:200 
Intercalation compounds, 22:86, 89 

23~51-54 

organic ionic containing chromium(II), 

Iridium, (1 ,3-butanediyl)(qs-pentamethylcy- 
24: 188 

clopentadienyl)( tripheny1phosphine)-, 
22:174 

-, chloro(q2-cyclooctene)tris(trimethyl- 
phosphine)-, 21 : 102 

-, chloro((formy1-KC-oxy)formato- 
KO(2 - )]thio(trimethylphosphine)-, 
21:102 

Iridium(1 +), bis[l,2-ethanediylbis(di- 
me thylphosphine)]- , chloride, 
21:loo 

-, (carbon dioxide)bis[l,2-ethanediyl- 
bis( dimeth y1phosphine))- , chloride, 
21:100 

Iridium(I), bis(qs-l ,S-cyclooctadiene)-di-p 
methoxy-di-, 23:128 

-, carbonylchlorobis(dimethylpheny1- 
phosphine)-, trans-, 21:97 

-, (q+-l,S-cyclooctadiene)bis(pyri- 
dine)-, hexafluorophosphate(1- ), 
24:174 

-, ($-I ,5-cyc1ooctadiene)fpyridine)- 
(tricyc1ohexylphosphine)-, hexafluoro- 
phosphate(1-), 24:173, 175 

Iridium(III), bis(l,2-ethanediamine)bis(tri- 
fluoromethanesulfonato-0)-,cis-, trifluo- 
romethanesulfonate, 24290 

-, chlorobis( 1,2-ethanediamine)(tri- 
fluoromethanesulfonato-0)-, trans-, tri- 
fluoromethanesulfonate, 24:289 

-, dichlorobis( 1,2-ethanediamine)-: 
cis-, chloride, monohydrate, 24287 

trans-, chloride, monohydrochloride, di- 
hydrate, 24:287 

-, hexaamine-: 
trichloride, 24:267 
tris(trifluoromethanesulfonate), 24:267 

-, pentaammineaqua-, tris(trifluor0- 
methanesulfonate), 24:265 

-, pentaammine(trifluoromethanesu1- 
fonato-0)-, bis(trifluoromethanesu1fo- 
nate), 24:264 

-, tris(acetonitrile)nitrosylbis(triphe- 
ny1phosphine)-, bis(hexafluorophos- 
phate], 21:104 

Iron, bis (qs-cyclopentadienyl)-p-(disulfur)- 
bis-p-(ethanethiolat0)-di-, 21:40, 41 

-, bis[ 1,2-ethanediyIbis(diphenylphos- 
phine)](ethene)-, 21:91 

-, bis[ 1,2-ethanediyIbis(diphenylphos- 
phine)](trimethylphosphite)-, 21:93 

-, bromo(qkyclopentadienyl)[ 1.2- 
ethanediylbis(diphenyIphosphine))-, 
24:170 

-, bromo(qs-cyclopentadienyl)[ 1,2- 
ethanediylbis(diphenylphosphine)]bis- 
(tetrahydrofuran)-magnesium-, (Fe- 
Mg), 24172 

-, dicarbonyl(qs-cyclopentadienyl)(2- 
methyl-l-propenyl-KC')-, 24: 164 

-, {2-[2-(diphenylphosphino)ethyl]- 
phenylphosphino}phenylC, P,P'][ 1,2- 
ethanediylbis( diphenylphosphine)]hy- 

-, [1,2-ethanediolato(2 -)]dioxodi-, 

-, [1,2-ethanediylbis(diphenylphos- 

-, methoxyoxo-, 22537 
-, tetracarbonyl(tri-tea-butylphos- 

-, tetrakis(qs-cyclopentadienyl)-p,-(di- 

-, tetrakis(qs-cyclopentadienyl)-p,-(di- 

-, tricarbis(tricyclohexy1phosphine)-, 

-, tricarbonylbis(tributy1phosphine)-, 

-, tricarbonylbis(trimethylphosphine), 

-, tricarbonylbis(tripheny1phosphine)-, 

drido-, 21~92 

222% 

phine)]bis(2,4-pentanedionato)-, 21:94 

phine)-, 25: 155 

sulfur)-di-p3-thiotetra-, 21:42 

sulfur)-tri-p3-thiotetra-, 21:42 

25:154 

25:155 

25155 

25:154 
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-, tridecacarbonyldihydridotriosmium-, 
21:63 

-, tridecacarbonyldihydridotriruthen- 
ium-, 2158 

Iron( 1 + ), dicarbonyl(q5-cyclopentadieny1)- 
(q5-2-methyl-l-propenyl)-, tetrafluoro- 
borate(1-), 24:166 

-, tricarbonyl(q5-cyclopentadieny1)-, 
trifluoromethanesulfonate, 2 4  161 

Iron(2 + ), bis(acetonitrile)bis(qs-cyclopen- 
tadieny1)bis-p-(ethanethiolat0)-di-, bis- 
(hexafluorophosphate), 21 :39 

-, tetrakis(q5-cyclopentadienyl)w1- 
(disu1fur)tri-p,-thio-tetra-, bis(hexa- 
fluorophosphate), 21:44 

Iron(II), bis(acetonitriIe)(2,9-dimethyl-3,10- 
dipheny I- 1,4,8,1 l-tetrazacyclotetrade- 
ca-l,3,8,10-tetraene)-, bis[hexafluoro- 
phosphate(1 -)I, 22:108 

triazole-N2:N4)-, poly-, 23:158 

dihydrate, 23:49 

tetraacetatol(3 - )I-, monohydrate, 
24:207 

-, {[tris[p-[( 1,2-~yclohexanedione- 
dioximat0)-0: O']]diphenyldiborato- 
(2~)]-N,N',N",N"',N'''',N'"''}-, 
21:112 

-, bis(thiocyanato-N)-bis-p-(lH-1,2,4- 

-, tetraaquabis(0-su1fobenzoimidato)-, 

Iron(III), aqua[(l,2-ethanediyldinitrilo)- 

Iron chloride oxide (FeCIO), intercalate: 
with 4-aminopyridine (4: I), 22:86 
with pyridine (4: l ) ,  22:86 
with 2,4,6-trimethypyridine, 22% 

Iron oxide (Fe,O,), magnetite, crystal 
growth of, by skull melting, 22:43 

Iron titanium hydride (FeTiH,& 2 2 9  

Labeling, of boron compounds, with boron- 
10, 22:218 

Lanthanides, 5,10,15,20-tetraphenylporphy- 
rin complexes, 22:156 

Lanthanium(III), hexakis(dipheny1phos- 
phinic amide)-, tris(hexafluorophos- 
phate), 23:180 

decane)trinitrato-, 23:153 

c1opentadecane)-, 23: 151 

decane)-, 23:151 

-, (1,4,7,10,13,16-hexaoxacycloocta- 

-, trinitrato( 1,4,7,10,13-pentaoxacy- 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 

-, tris( 1,4,7,10,13,16-hexaoxacyclooc- 

Lanthanium iodide (LaI,), 22:36 
Lanthanum, (2,4-pentanedionato)[5,10,15,- 

20-tetraphenylporphyrinato(2 - )I-, 
22: 160 

dionato)[ 5 ,lo, 15,20-tetraphenylpor- 
phyrinato(2-)]-, 22160 

(AILaNbH,), 22:% 

tadecane)dodecanitratote tra- , 23: 155 

-, (2,2,6,6-tetramethyl-3,5-heptane- 

Lanthanum aluminum nickel hydride 

Lanthanum chloride (LaCl,), 22:39 
Lanthanum iodide (LaI,), 22:31 
Lead oxide (PbO,), solid s o h .  with ru- 

thenium oxide (Ru20,), pyrochlor, 
22:69 

Lead ruthenium oxide (P~.6,Ru1.3306.5), pyro- 
chlore, 22:69 

Lithium, insertion compounds, 24:200 
-, (pentafluoropheny1)-, 21:72 
-, [(trimethylsilyl)methyl]-, 24:95 
Lithium cesium thulium chloride (C$LiTm- 

Lithium nitride (Li3N), 22:48 
Lithium rhenium oxide (LiReO,), 24:205 
Lithium rhenium oxide (L&.,ReO,), 24:203, 

Lithium rhenium oxide (Li,ReO,), 24:203 
Lithium vanadium oxide (LiVI05), 

Lutetium, porphyrin complexes, 22:156 

tetraphenylporphyrinato(2 - )I-, 
22:160 

Lutetium(III), dodecanitratotris(l,4,7,10,- 
13-pentaoxacyclopentadecane) tetra-, 
23:153 

-, hexakis(dipheny1phosphinicamide)-, 
tris(hexafluorophosphate), 23: 180 

-, (1,4,7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-, 23: 153 

trinitrato(l,4,7,10,13-pentaoxacy- 
clopentadecane), 23: 151 

decane)-, 23:151 

tadecane)dodecanitratotetra-, 23: 155 

Cb), 20: 10 

206 

24:202 

, (2,4-pentanedionato)[5,10,15,20- 

-, trinitrato(1,4,7,10-tetraoxacyclodo- 

-, tris( 1,4,7,10,13,16-hexaoxacyclooc- 

Lutetium cesium chloride (Cs2LuC5), 22:6 
Lutetium cesium chloride (Cs,LuC&), 22:6 
Lutetium cesium chloride (Cs,LuCl,), 22:6 
Lutetium chloride (LuCI,), 22:39 
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Macrocyclic complexes, crown ether, lantha- 
noid, 23:149 

Magnesium, bromo(qs-cyclopentadienyl)- 
[ 1,2-ethanediyIbis(diphenylphos- 
phine)]bis(tetrahydrofuran)iron-, 
(Fe-Mg), 24:172 

Magnetite (Fe,O,), crystal growth of, by 
skull melting, 22:43 

Manganate(I), tris( p-benzenethiolat0)-, 
hexacarbonyldi-, tetraethylammonium, 
25: 118 

Manganate(II), tetrakis(benzenethio1ato)-, 
bis(tetraphenylphosphonium), 21 :25 

Manganate(III), pentafluoro-: 
diammonium, 2451 
dipotassium, monohydrate, 2451 

bis(tetrafluoroammonium), 24:45 
dicesium, 24:48 

Manganese, dibromooctacarbonyldi-, 
23:33 

-, octacarbonyldiiododi-, 23:34 
Manganese(& bis( p-benzenetholato)-, 

octacarbonyldi-, 25: 116 
-, tetrakis(pl-benzenethiolato)-, 

dodecacarbonyltetra-, 25: 117 
Manganese(II), bis(thiocyanat0-N)-bis-p- 

(1H-1,2,4-triazole-N:N4)-, poly-, 
23:158 

octanedionat0)-, 23: 148 

2293 

complexes, 25: 115 

Manganate(IV), hexafluoro-: 

ManganesefIII), tris(2,2,7-trimethyl-3,5- 

Manganese calcium oxide (Ca2Mn108), 

Manganese thiolate, bridged carbonyl 

Mercury, acetatomethyl-, 24:145 
-, bis(trifluoromethy1)-, 24:52 
Mercury(II), bis(imidosulfurousdifluoridato- 

-, iodomethyl-, 24:143 
-, methyl-: 

24: 145 

24: 143 

24:144 
-, methylnitrato-, 24:144 
Methanamine: 

N)-, 24: 14 

acetate, see Mercury, acetatomethyl-, 

iodide, see Mercury(II), iodomethyl-, 

nitrate, see Mercury(II), methylnitrato-, 

chromium, cobalt, and rhodium 
complexes, 24280-281 

intercalate with hydrogen pentaoxonio- 
batetitanate(1 -), 22239 

molybdenum complex, 2154 
molybdenum and tungsten complexes, 

Methanaminium, N-(4,5-dimethyl-l,3-disel- 
enol-2-ylidene)-N-methyl-iron( 1 + ), 
24:161 

-, N-methyl-: 

23: 11-13 

hexafluorophosphate, 24~133 
Methane, fluorotriphenyl-, 24:66 
-, isocyano, molybdenum and 

-, trifluoro-: 
tungsten complexes, 23:lO-13 

cadmium complex, 2455, 59 
mercury complex, 2452 

Methanesulfonate, trifluoro-: 
metal complexes and salts, 24:243-306 
silver, reactions, 24:247 
tricarbonyl( q5-cyclopentadienyl)iron- 

( l + ) ,  24:161 

amine complexes, 22:104, 105 
Methanesulfonic acid, trifluoro-, cobalt(II1) 

Methanol: 
iridium complexes, 23:128 
rhodium complex, 23: 127, 129 

phosphonate ester, 24:lOl 
-, [( N,N-dimethylcarbamoyl)methyl]- 

-, trifluoro-, hypochlorite ester, 24:60 
Methyl: 

cobalt complexes, 23:170 
mercury complexes, 24: 143-145 
platinum complex, 25:104, 105 

Methyl acrylate, ruthenium complex, 

Methylene, ruthenium complex, 25182 
Microcrystals, of platinum, 24:238 
Molecular sieves, 22:61 
Molybdate( 1 - ), pentacarbonylhydrido-p- 

nitrido-bis(triphenylphosphorus)( 1 + ), 
22: 183 

Molybdate(V), pentafluorooxodipotassium, 
21:170 

Molydbenum, as substrate for cadmium 
chalcogenides, 22230 

-, dicarbonylnitrosyl{tris(3,5-di-me- 
thylpyrazoly1)hydroborato)-, 23:4, 5 

-, dichlorotetrakis(dimethy1amido)-di-, 
(MorMo),  2156 

-, diodonitrosyl(tris(3 3- 
dimethylpyrazoly1)hydroborato)-, 23:6 

24:176 
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-, ethoxyiodonitrosyl{tris(3,5-di-me- 
thy1pyrazolyl)hydroborato)-, 23:7 

-, (ethylarnido)iodonitrosyl{tris(3,5- 
dirnethylpyrazoly1)hydroborato)-, 239 

-, hexacarbonyl-tris[p-1,3,5,7-tetra- 
methyl-lH,SH-[ 1,4,2,3]diazadiphos- 
pholo[2,3-b][ 1,4,2,3]diazadiphosphole- 
2,6-(3H,7H)-dione]-di-, 24:124 

-, hexakis(dimethy1amido)di-, 
( M e M o ) ,  2154 

-, tetracarbonylbis(qs-cyclopentadi- 
enyl)( pdi-tert-butylphosphid0)-p-hy- 
drido-di-, 25:168 

-, tetracarbonylbis(q5-cyclopentadi- 
enyl)( p-dimethy1arsino)-p-hydrido-di-, 
25169 

benzene)bis[ 1 ,Zethanediylbis( diphenyl- 
phosphine)]-, trans-, 23:lO 

zene)bis[ 1,2-ethanediyIbis(diphenyl- 
phosphine)], trans, 23:lO 

-, bis[ 1,2-ethanediyIbis(diphenylphos- 
phine)]bis(isocyanobenzene)-, trans-, 
23:lO 

phine)]bis( isocyanornethane)- , trans-, 
23: 10 

phine)]bis( 1-isocyano-4-methoxyben- 
zene)-, trans-, 23:lO 

-, bis[ 1,2-ethanediyIbis(diphenylphos- 
phine) ] bis( 1 -isocyano-3-rnethylben- 
zene)-, trans-, 23:lO 

-, bis[ 1,2-ethanediyIbis(diphenylphos- 
phine)] bis(2-isocyano-2-rnethylpro- 
pane)-, trans-, 23:lO 

Molybdenum(II), octaaquadiion, 23: 131 
Molybdenum( 111) , di- phydroxo-di- , ion, 

-, hexaaqua-, ion, 23:133 
-, trichlorotris(tetrahydrofuran)-, 

Molybdenurn(IV), bis[ 1,2-ethanediylbis(di- 

Molybdenum( 0) , bis( 1 -chloro-4-isocyano- 

-, bis( 1,3-dichlor0-2-isocyanoben- 

-, bis[ 1,2-ethanediyIbis(diphenylphos- 

-, bis[ 1,2-ethanediyIbis(diphenylphos- 

hydrate, 23:135 

24: 193 

phenylphosphine)]bis[ (methylamino)- 
rnethylidynel-, trans-, bis[tetrafluoro- 
borate(1-)], 23:14 

-, bis{ 1,2-ethanediyIbis(diphenylphos- 
phine)](isocyanornethane)-[(methyl- 
amino)methylidyne]-, trans-, tetrafluo- 
roborate(1-), 23:12 

-, nonaaqua-tetra-~,-oxo-tri-, ion, 
23:135 

-, tetra-p,-0x0-tri-, ion, hydrate 
23:135 

Molybdenum(V), p(diethy1phosphinodi- 
thioato)-tris(diethy1phosphinodithio- 
ato)-tri-pthio-p,-thio-triangulo-tri, 
23:121 

-, di-p-0x0-dioxodi-, ion, hydrate, 
23:137 

-, hexaaqua-di-F-oxo-dioxodi-, ion, 
23:137 

-, tris(diethy1phosphinodithioato)tris- 
~-(disulfido)-~~-thio-triangulo-tri-, di- 
ethylphosphinodithioate, 23: 120 

23:139 
Molybdenum(VI), dihydroxotetraoxodiion, 

-, hydroxodioxo-, ion, 23:139 
-, hydroxopentaoxodi-, ion, 23: 139 
-, trihydroxotrioxodi-, ion, 23:139 
Molybdenurn(V1) oxide (MOO,), dihydrate, 

Molybdenum chloride oxide(MoCl,O), 
24:191 

23:195 

Neodymate(IIi), tetranitrato-, (1,4,7,10,13,- 
16- hexaoxac yclooctadecane)dinitrato- 
neodymiurn(III), (2: l),  23:150 

Neodymium, (2,4-pentanedionat0)[5,10,15,- 
20-tetraphenylporphyrinato(2 - )I-. 
22:160 

dionato)[5,10,15,20-tetraphenylprphy- 
rinato(2-)I-, 22:160 

Neodymium(III), hexakis(dipheny1phosphi- 
nic amide)-, tris(hexafluorophosphate), 
23:180 

tadecane)dinitrato-, bis[tetranitratoneo- 
dyrnate(III)], 23:150 

tadecane)trinitrato-, 23: 153 

c1opentadecane)-, 23: 151 

decane)-, 23:151 

tadecane)dodecanitratotetra-, 
23:155 

-, (2,2,6,6-tetrarnethyl-3,5-heptane- 

-, (1,4,7,10,13,16-hexaoxacyclooc- 

-, (1,4,7,10,13,16-hexaoxacyclooc- 

-, trinitrato(l,4,7,10,13-pentaoxacy- 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 

-, tris( 1,4,7,10,13,16-hexaoxacyclooc- 

Neodymium chloride (NdCI,), 22:39 
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Nickel, bis( p-tert-buty1phosphido)tetrakis- 
(trimethy1phosphine)di-, (Ni-Ni), 
25176 

Nickel(I1). bis[2-(diphenylphosphino)ben- 
zenaminel-, dinitrate, 25:132 

-, bis(thiocyanato)-bis-p-(H-l,2,4-tri- 
azole-N2: N4)-, p-poly-, 23:159 

-, chloro(hI,N-diethyldiselenocarba- 
mato)(triethylphosphine)-, 21:9 

-, dibromobis(3,3‘,3”-phosphinidyne- 
tripropionetri1e)-, 22:113, 115 

polymer, 22:115 
-, dichlorobis(3,3’,3”-phosphinidyne- 

-, hexakis( thiocyanato-N)-hexakis-p- 

-, tetraaquabis(0-sulfobenzo-, imi- 

Nickel aluminum lanthanum hydride 

Niobate( - I), hexacarbonyl-, sodium, 23:34 
Niobium(III), di-pchloro-tetrachloro-p-(di- 

methyl sulfide)bis(dimethyl su1fide)di-, 
21:16 

-, hexachlorobis[ 1,2-ethanediylbis(di- 
pheny1phosphine)ldi-, 21: 18 

-, hexachlorobis((2-[(dimethylarsino)- 
methyl]-2-methyl-l,3-propanediyl]- 
bis( dimethy1arsine)l- , 21 : 18 

methy1arsine)ldi-, 21:18 

ran)-, 21:138 

phenylphosphorus)(l + ), 2535 

phenylphosphorus)( 1 +), 2537 

tripropionitrile)-, 22:113 

(4H-1,2,4-triazole-N’ : W)tri-, 23: 160 

dato)-, dihydrate, 23:48 

(AILaN-), 22:% 

-, hexachlorobis(o-phenylenebis(di- 

Niobium(IV), tetrachlorobis(tetrahydrofu- 

Nitrate(1- ), bis(disu1fido)-p-nitrido-bis(tri- 

-, sulfido(disulfido)-p-nitrido-bis-(tri- 

-, tetrathiopenta-, 25:31 

Nitric acid: 
-, trithiotri-, 25:32 

cerium complexes, 23:178 
cobalt complexes, 23:171 
lanthanoid complexes, 23:151 

Nitro complexes, cobalt, 23:70, 71, 77, 91, 

Nitrogen, osmium complex, 24:270 
Nitrogen (NJ iron complexes, 24:208, 210 
Nitrogen fluoride sulfide (NSF), see Thiazyl 

Nitrogen fluoride sulfide (NSF,), see Thia- 

109 

fluoride (NSF), 24:12 

zyl trifluoride (NSF3), 24:12 

Nitrogen-phosphorus ring compounds, 

Nitrogen sulfide (NS), see Sulfur nitride 

Nitrogen-sulfur catena anions, 2535 
Nitrogen-sulfur cyclic anions, 25:30 
Nitrogen-sulfur cyclic compounds, 

Nitrogen sulfur oxide (NzS30). 2552 
Nitrogen sulfur oxide (N,S,O,), 2550 
Nitrosyl complexes: 

chromium, 23:183 
iridium, 21:104 
iron and ruthenium, 22:163 
molybdenum, 23:4-9 

25:7 

(SN), polymer, 22:143 

2549 

Nitrosyl hexachloroplatinate(1V) (2: l ) ,  

Nitryl hexafluoroarsenate, 24:69 

3,5-Octanedione, 2,2,7-trimethyl-, cerium, 

24:217 

copper, and manganese complexes, 
23:144 

cyclo-Octasulfur monoxide, 21: 172 
Offretite, tetramethylammonium 

substituted [K,Na[(CH,),N]A&- 
(Si,,O, 6)]1.7H20, 22:M 

Osmate( 1 - ), p-carbonyl-decacarbonyl-p- 
hydrido-tri-p-nitrido-bis( triphenyl- 
phosphorus)(l +), 25:193 

Osmium, ptarbonyl-nonacarbonyl(qs-cy- 
clopentadieny1)di-p-hydridwobalttri-, 
25:195 

-, dicarbonyl(q’-cyclopentadienyl)-, 
iodo-, 25:191 

-, dicarbonyliodo(qs-pntamethylcy- 
clopentadieny1)-, 25: 191 

-, nonacarbonyl(q5-cyclopentadieny1)- 
tetra-p-hydrido-cobalttri-, 29197 

-, nonacarbonyl(q5-cyclopentadienyl)- 
tri-p-hydrido-cobalttri-, 25: 197 

-, tridecacarbonyldihydridoirontri-, 
21:63 

-, tridecacarbonyldihydridoruthenium- 
tri-, 21:64 

Osmium(I), bis[tetracarbonyliodo-, 
25:190 

-, hexacarbonyl-di-p-iododi-, 25: 188 
Osmium(II), aqua(2,2’-bipyridine-N,N’)- 

(2,2’ : 6’,2”-terpyridine-N,Nf ,N”)-, 
bis(trifluoromethanesulfonate), mono- 
hydrate, 24:304 
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-, (2,2'-bipyridine-N,N')(2,2' : 6'2"- 
terpyridine-N,N' , N")(trifluorome- 
thanesulfonato-0-, trifluorome- 
thanesulfonate, 24:303 

-, bis(2,2'-bipyridine-N,N')dichloro-, 

-, pentaamine(dinitrogen, &chloride, 
24:270 

Osmium( 111) , (ace t0nitrile)pentaammine- , 
tris(trifluoromethanesulfonate), 24:275 

-, aqua(2,2'-bipyridine-N,N')- 
(2,2' : 6',2"-terpyridine-N, N' , N")-, 
tris(trifluoromethanesulfonate), 
dihydrate, 24:304 

-, (2,2'-bipyridine-N,N')(2,2':6',2"- 
terpyridine-N,N' , N' ')(trifluorome- 
thanesulfonato-0)-, bis(trifluorome- 
thanesulfonate), 24:301 

bis( trifluoromethanesulfonato-0)- 
cis-, trifluoromethanesulfonate, 24:295 

-, bis(2,2'-bipyndine-N,N')dichloro- 
cis-, chloride, 24:293 

dihydrate, 24:293 

cis-, 24~294 

-, bis(2,2'-bipyridine-N,N')- 

-, diaquabis(2,2'-bipyridine-N, N')- 
cis-, tris(trifluoromethanesulfonate), 

24:2% 
-, hexaammine- 

trichloride, 24:273 
tris(trifluoromethanesulfonate), 24:273 

-, pentaammineaqua- 
tns( trifluoromethanesulfonate), 24:273 

-, pentaammine(trifluoromethanesu1- 
fonato-0)-bis( trifluoromethanesulfo- 
nate), 24:271 

Osmium fluoride (OsF,), 24:79 
Oxalic acid 

chromium complex, resolution of, 

cobalt complexes, 23:69, 113, 114 
rhodium complex, 24:227 

Palladate(II), bis(hexasuEdo)-, 

25:139, 141, 142 

diammonium, nonstoichiometric, 
21:14 

butanediy1)-, 22,170 

phosphine)-, 22:169 

(dipheny1phosphine)l-, 22: 167 

Palladium, (2,2'-bipyridine)( 1,4- 

-, (1,4butanediyl)bis(triphenyl- 

-, (l,Cbutanediyl)[l ,Zethane-diylbis- 

-, (l,4-butanediyl)(N,N,Nf,N'-tetra- 

Palladium(I), p-carbonyl-dichlorobis- 
methyl-1 ,Zethanediamine)-, 22: 168 

[methylenebis(diphenylphosphine)]di-, 
21:49 

-, dichlorobis-p-[methylenebis(diphe- 
ny1phosphine))-di-, (Pd-Pd), 21:48 

Palladium( 11) , [ N, N'-bis[ 2-( dimethylam- 
ino)ethyl]-N,N'-dimethyl-l,2-ethanedi- 
aminel-, bis( hexafluorophosphate), 
21:133 

-, [N,N-bis[2-(dimethylamino)ethyl]- 
N',N'-dimethyl-l,2-ethanediamine]- 
bromo-, bromide, 21:131 

N' ,N'-dimethyl-l,2-ethanediamine]- 
chloro-, chloride, 21:129 

N' ,N'-dimethyl-l,2-ethanediamine]- 
iodo-, iodide, 21:130 

-, [N, N-bis[2-(dimethylamino)ethyl]- 
N ' ,N'-dimethyl-1 ,2-ethanediamine]- 
(thiocyanato-N-), thiocyanate, 21 : 132 

-, bis(guanosinat0)-, cis- and trans-, 
2352, 53 

-, bis(inosinat0)-, cis- and trans-, 
2352, 53 

-, chloro(N,N-diethyldiselenocarba- 
mato)(triphenylphosphine)-, 21: 10 

-, dichlorobis(guanosine)-, cis- and 
trans-, 23:52, 53 

-, dichlorobis(in0sine)-, cis- and 
trans-, 2352, 53 

2,4,6,8,9-Pentaaza-1X5,3h5,5A5,7X5-tetra- 
phosphabicyclo[ 3.3.1 Inona- 1,3,5,7-tet- 
raene: 

9-ethyl-l,3,3,5,7,7-hexakis(ethylamino)-, 
25:20 

3,3,5,7,7-pentakis(dimethyIamino)-9- 
ethyl-1-(ethylamino), 2518 

-, [ N, N-bis[2-(dimethylamino)ethyl]- 

-, [ N,N-bis[2-(dimethylamino)ethyl]- 

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 
Pentanitrogen tetrasulfide chloride, 2538 
1,4,7,10,13-Pentaoxacyclopentadecane, 

Pentasulfide, platinum and rhodium 
lanthanoid, 23:149 

complexes, 21:12 
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Perchloric acid, cadmium complexes, 

1 ,lo-Phenanthroline: 
23:175 

chromium complexes, 23:185 
copper complex, 21:115 
ruthenium complex, 25: 108 

cobalt complexes, 23:165 

cobalt complexes, 23:169 

antimony complexes, 23:194 
platinum complexes, 25:102, 103 
tin deriv., 25: 11 1 

Phenol, 2-[1-[(2-aminoethyl)irnino]-ethyl]-, 

-, 2-[ 1-[(3-aminopropyl)imino]-ethyl]-, 

Phenyl: 

Phosphane, difluorotris (2,2,2-trifluoro- 
ethoxy)-, tram-, 24:63 

Phosphate, hexafluoro-N-(4,5-dimethyl-l,3- 
diselenol-2-ylidene)-N-me thylmethana- 
minium, 24:133 

Phosphate(1- ), hexafluoro-: 
(2,2'-bipyridine)bis( 1 ,lo-phenanthroline) 

bis(acetonitrile)bis(q5-cyclopentadieny1)- 
ruthenium(I1) (2:1), 25108 

bis-~-(ethanethiolato)diiron(2 + ) (2: l ) ,  
21:39 

(q4-l ,5-cyclooctadiene)bis(pyridine)iri- 
dium(I), 24:174 

(q4-l,5-cyclooctadiene)(pyridine)(tricyclo- 
hexylphosphine)iridium, 24: 173, 175 

tetrabutylammonium, 24:141 
4,4',5,5'-tetramethyl-2,2'-bi-1,3-diseleno- 

lylidene radical ion(l+) (1:2), 24:142 
tris(2,2'-bipyridine)ruthenium(II) (2: l ) ,  

25:109 
-, (qS-cyclopentadienyl)(phenylvinyl- 

ene)bis( tripheny1phosphine)ruthenium- 
(11), 21230 

-, tetrakis(q5-cyclopentadienyl)-~3-(di- 
sulfur)tri-p3-thio-tetrairon(2 + ) (2: l ) ,  
21:44 

Phosphazenes, cyclic and poly-, 25:60 
Phosphide, dicyano-, (1,4,7,10,13,16-hexa- 

oxacyclooctadecane)potassium( 1 + ), 
25:126 

Phosphine, iridium complex, 21:104 
-, [bis(trimethylsilyl)methylene] [chlo- 

robis(trimethylsilyl)methyl]-, 24: 119 
-, tert-butyl-nickel and rhodium com- 

plexes, 25:174, 176 
-, chlorobis[ (dich1orophosphino)- 

methyl]-, 25:121 

-, chloro[phenyl(trimethylsilyl)methyl- 
ene, see Phosphinous chloride, [phenyl- 
(trimethylsilyl)methylene]-, 24: 111 

-, di-tert-butyl-: 
cobalt complex, 25:177 
molybdenum complex, 25: 168 
rhodium complexes, 25:171, 172 

-, diethylphenyl-, platium(0) com- 

-, dimethyl-, 21:180 
-, dimethylphenyl-, 22:133 

iridium complex, 2 1 9  
tungsten complexes, 24:196, 198 

-, 1 ,2-ethanediylbis(dich1oro-, 

-, 1,2-ethanediylbis(dimethyl-, iridium 

-, 1,2-ethanediyIbis(diphenyl-: 

plex, 24:216 

23:141 

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 

-, methyldiphenyl-, tungsten complex, 

-, me th ylenebis( dichloro- , 25 : 12 1 
-, methylenebis(dimethy1-, 25: 121 
-, me th ylenebis( diphenyl- , palladium 

and rhodium complexes, 21:47-49 
-, 1,3-propanediylbis(diphenyl-, plati- 

num complex, 25105 

preparation of, 23:199 

24: 198 

-, tributyl-, 25:155 
chromium complexes, 23:38 

-, tri-tert-butyl-, 25: 155 
-, tricyclohexyl-: 

iridium complex, 24:173, 175 
iron complex, 251.54 
platinum complex, 25:104 

nickel complex, 21:9 
platinum complex, 25: 102 
platinum(0) complexes, 24:214 
tungsten complexes, 24: 196, 198 

cobalt and rhodium complexes, 25: 158- 

iron complex, 25155 
iridium complex, 21: 102 

-, triethyl-: 

-, trimethyl-: 

160 
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nickel and rhodium complexes, 25174, 

tungsten complexes, 24:196, 198 

chromium complexes, 23:38 
cobalt complexes, 23:24-25 
cobalt, iridium, and rhodium complexes, 

22:171, 173, 174 
iron complex, 25154 
platinum complex, 25103 
platinum(0) complex, 24:216 
rhenium and tungsten complexes, 24:1% 

cerium complexes, 23:178 
palladium complex, 22: 169 
ruthenium complexes, 21:29, 78 

176 

-, triphenyl-: 

-, oxide: 

-, tris( 1-methylethyl)-, platinum(0) 
complex, 24:215 

Phosphines, methylene bridged, 25: 120 
Phosphines, triaryl, 21:175 
Phosphinic amide, diphenyl-, lanthanoid 

complexes, 23:180 
Phosphinimidic acid, P,P-dimethyl-N-(tri- 

methylsily1)-, 2,2,2-trifluoroethyl ester, 
25:71 

silyl)-, 2,2,2-trifluoroethyl ester, 2572 

complexes, 23:120, 121 

(trimethylsil yl)- , 25: 69 

methylsily1)-, 25:72 

silyl)methylene]-, 24: 111 

methyl]-: 

-, P-methyl-P-phenyl-N-(trimethyl- 

Phosphinodithioic acid, diethylmolybdenum 

Phosphinous amide, P, P-dimethyl-N, N-bis- 

-, P-methyl-P-phenyl-N,N-bis(tri- 

Phosphinous chloride, [phenyl(trimethyl- 

Phosphonic acid, [(N,N-diethylcarbamoy1)- 

bis(1-methylethyl) ester, 24:lOl 
dibutyl ester, 24:lOl 
diethyl ester, 24:lOl 
dihexyl ester, 24:lOl 
dimethyl ester, 24:lOl 

Phosphonium, (2-aminophenyl)triphenyl-, 
chloride, 25:130 

-, tetraphenyl-: 

(2:1), 21:26 

(2:1), 21:24 

rate(II1) (2:1), 21:26 

tetrakis(benzenethiolato)cadmate(II) 

tetrakis( benzenethiolato)cobaltate(II) 

tetrakis( benzenethio1ato)di-p-thiodifer- 

tetrakis(benzenethiolato)ferrate(II) (2: l ) ,  

tetrakis(benzenethiolato)manganate(II) 

tetrakis(benzenethio1ato)tetra-p.,-thio- 

tetrakis(benzenethiolato)zincate(II) (2: l ) ,  

21:24 

(2:1), 21:25 

tetraferrate(I1, 111) (2:1), 21:27 

21:25 

ride, 24:107 

ene]chloro-, 24:120 

24:108 

24: 115 

bis[N,N, N',N' ,N' ' , N"-hexamethyl-, 
24114 

Phosphorimide bromide, P, P-dimethyl-N- 
(trimethylsily1)- , 25:70 

Phosphorofluoridic acid, diethyl ester, 
24:65 

Phosphorotrithious acid, tributyl ester, 
22:131 

Phosphorus( 1 + ) , pnitrido-bis(trich1oro-, 
hexachloroantimonate(1 -), 25:25 

-, p-nitrido-bis(tripheny1-: 

-, triphenyl(trichloromethy1)-, chlo- 

Phosphorane, bis[bis(trimethylsilyl)methyl- 

-, (dichloromethy1ene)triphenyl-, 

-, methanetetraylbis[triphenyl-, 

Phosphoranetriamine, P, P'methanetetrayl- 

bis(disulfido)nitrate( 1 - ), 2535 
pcarbonyldecacarbonyl-phydridotrios- 

decacarbonyl-pnitrosyl-tnruthe- 

hexafluorouranate(V), 21: 166 
nitrite, 22:164 
pentacarbonylhydridohromate( 1 - ), 

pentacarbonylhydridomolybdate( 1 - ), 

pentacarbonylhydridotungstate(1- ), 

sulfido(disulfido)nitrate(l - ), 2537 
1A4,3X4,5X4,7-tetrathia-2,3,5,8,9-pentaaza- 

bicycle[ 3.3.l]nona-l(8) ,2,3 $tetraen- 
ide, 25:31 

tricarbonylnitrosylferrate(1 -), 22: 163, 
165 

tridecacarbonylcobaIttriruthenate( 1 - ), 
21:61 

tridecacarbonylhydridoirontriruthenate- 

mate(1-), 25:193 

nate(1-), 22:163, 165 

22: 183 

22:183 

22:182 

(1-), 21:60 
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Phosphorus(1 + ) (Continued) 
tridecacarbonyltetraferrate(2 - ) (2:1), 

undecacarbonyltriferrate(2 -) (2:1), 
24: 157 

-, 1,1,2-trichloro-l-methyl-2,2-di- 
phenyl-p-nitrido-di-, chloride, 25:26 

Phosphorous diamide, N, N, N',N'-tetrame- 
thyl-P-[phenyl( trimethylsilyl)methyl]-, 
24:llO 

25:7 

21:66,68 

Phosphorus-nitrogen ring compounds, 

Platinate, tetracyano: 
cesium azide (1:2:0.25), hydrate, 21:149 
cesium chloride (1:2:0.30), 21:142 
cesium [hydrogen bis(su1fate)l (1:2:0.46), 

21:151 
guanidinium (hydrogen difluoride) 

(1:3:0.27), hydrate (1: 1 4 ,  21: 146 
potassium (hydrogen difluoride) 

(1:2:0.30), trihydrate, 21:147 
rubidium chloride (1:2:0.30), trihydrate, 

21:145 
Platinate(II), bis(pentasu1fido)-, bis(tetra- 

propy1ammonium)-, 20:13 
-, tetrakis[dihydrogen diphosphito- 

(2 -)]-, tetrapotassium, 24:211 
-, tetracyano-: 

dithallium, 21:153 
thallium carbonate (1:4:1), 21:153, 154 

-, tetraiodo-, dipotassium, dihydrate, 

-, trichloro(dimethy1 sulfide)-, tetra- 

Platinate(IV), hexachloro-, dinitrosyl, 

-, tris(pentasu1fido)-, diammonium, 

Platinum, microcrystals, 24238 
Platinum(O), bis(diethy1phenylphosphine)- 

-, [ 1,2-ethanediyIbis(diphenylphos- 

-, (ethene)bis(triethylphmphine)-, 

-, (ethene)bis(triphenylphosphine)-, 

-, (ethene)bis[tris(l-methylethyl)- 

Platinum(2.25 + ), bis[bis( p-2-pyridonato- 

25:98 

butylammonium, 22: 128 

24:217 

21:12, 13 

(ethene)-, 24:216 

phine)(ethene)-, 24216 

24:214 

24:216 

phosphinel-, 24:215 

N':02)bis(diammine-, pentanitrate, 
monohydrate, 25 : 95 

Platinum(II), [N,N'-bis(l-methyIethyl)-l,2- 
ethanediamine]dichloro(ethene)-, 
21:87 

-, [ (S, S)-N, N'-bis( l-phenylethyl)-l,2- 
ethanediamine]dichloro(ethene)-, 
21:87 

-, chloro(N, N-diethyldiselenocarba- 
mato)(triphenylphosphine)-, 21: 10 

-, chlorotris(dimethy1 sulfide)-, 
tetrafluoroborate(1 -), 22:126 

-, diammineaquachloro-, trans-, ni- 
trate, 22:125 

-, dianiminechloroiodo-, trans-, chlo- 
ride, 22: 124 

-, di-pchloro-, dichlorobis(dimethy1 
sulfide)di-, 22:128 

-, dichloro[N, "-dime th yl-N, N' -bis( 1 - 
methylethyl)-l,2-ethanediamine]- 
(ethene)-, 21237 

N, N-bis( 1 -phenylethyl)- 1 ,Zethanedi- 
amine](ethene)-, 21:87 

tetraethyl-l,2-ethanediamine)-, 
21:86, 87 

-, (N, N-diethyldise1enocarbamato)- 
methyl(tripheny1phosphine)-, 20:lO 

-, hydroxomethylbis(tricyc1ohexyl- 
phosphine)-, trans-, 22104 

-, hydroxomethyl[ 1,3-propanediyl- 
bis( diphen ylphosphine)]- , trans-, 
25105 

-, hydroxophenylbis(triethy1phos- 
phine)-, irons-, 25:102 

-, hydroxophenylbis(tripheny1phos- 
phine)-, trans-, 25:103 

-, tetraaqua-, 21:192 
-, triamminechlorochloride, 

Platinum(IV), pentaamminechloro-, tri- 

-, pentaammine(trifluoromethane- 

-, dichloro[ ( R  , R)-N, N' -dimethyl- 

-, dichloro(ethene)(N,N,N',N'- 

22: 124 

chloride, 24:277 

sulfonato-0-), tris(trifluoromethanesu1- 
fonate), 24:278 

Plumbate(IV), hexachloro-, dipyridinium, 
22:149 

Pol y [chloro-gem-meth yl[trimeth ylsily1)- 
methyl]phosphazene], 25:63 

Poly(dimethylphosphane), 25:69, 71 
Poly(dimethy1siloxane-co-meth ylphen ylsil- 

oxane), in divanadium stabilization, 
22: 116 
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Poly[2,2-dimethyl-4,4,6,6-tetrakis(2,2,2-tri- 
fluoroethoxy)catenatriphosphazene- 1,6- 
diyl], 25:67 

phosphazene], 25:67 

73 

Poly[gern-dimethyl(2,2,2-trifluoroethoxy)- 

Poly(methylphenylphosphazene), 25:69, 72, 

Poly[methylphenylsilylene), 2556 
Poly[2-methyl-4,4,6,6-tetrakis(2,2,2-trifluo- 

roethoxy)-2-[(trimethylsilyl)methyl]- 
catenatriphosphazene-1,6-diyl], 25:64 

Poly[ gemmethyl[ (trimethylsilyl)methyI]- 
(2,2,2-trifluoroethoxy)phosphazene, 
2554 

2569, 71 

idyne)], 25:69, 72, 73 

Poly[nitrilo(dimethyIphosphoranylidene)] , 

Poly[nitrilo(methylphenylphosphoranyl- 

Polyorganosilanes, 25:59 
Poly[2,2,4,4,6-pentachloro-6-(ethenyloxy)- 

1 ,3,5,2h5,4A5,6X5-triazatriphosphorine], 
2537 

phazene], 25:77 

methylsilyl)methyl]catenatriphos- 
phazene-1,6-diyl]-, 25:63 

Polythiazyl, see Sulfur nitride (SN), poly- 
mer, 22:143 

Porphyrin: 

22:156 

Poly[pentachloro(vinyloxy)cyclotriphos- 

Poly[2,2,4,4-tetrachloro-6-methyl-6-[(tri- 

actimide and lanthanide complexes, 

indium(II1) complexes, 2355 
-, 5,10,15,20-tetrakis(4-methyl- 

pheny1)-, actinide and lanthanide com- 
plexes, 22:156 

-, 5,10,15,20-tetrakis(4-pyridinyl)-, 
2356 

-, 5,10,15,20-tetraphenyl-, actinide 
and lanthanide complexes, 22:156 

Potassium( 1 + ), (1,4,7,10,13,16-hexaoxacy- 
clooctadecane)dicyanophosphide( 1 - ), 
25: 126 

-, (4,7,13,16,21,24-hexaoxa-l,l0-dia- 
zabicyclo[ 8.8.81 hexacosane)-, tetrabis- 
muthide(2-) (2:1), 22:151 

Potassium chromium oxide (KCrO,), 
2259 

Potassium chromium oxide (K,,.5Cr0,), 
bronze, 2259 

Potassium chromium oxide (K,,,CrO,), 
bronze, 2239 

Potassium chromium oxide (K,,,Cr02), 

Potassium chromium oxide (K,, TICr02)r 

Potassium cobalt oxide (KCoO,), 2258 
Potassium cobalt oxide (K,, 5Co02),  bronze, 

Potassium cobalt oxide (K,, 6 7 C ~ 0 2 ) ,  bronze, 

Potassium dysprosium chloride (KD,,CI,), 

Potassium hexafluorouranate(V), 21: 166 
Potassium (hydrogen difluoride)tetra- 

bronze, 22:59 

bronze, 2239 

2257 

22:57 

22:2 

cyanoplatinate (2:0.30:1), trihydrate, 
21 : 147 

monohydrate, 24:51 

(2:1), 21:170 

22939 

aluminum silicate hydrate 

A&(Si,,O, 6)].7H20r 2256 

hydrate, 25:98 

Potassium pentafluoromanganate(III)( 1 :2), 

Potassium pentafluorooxomolybdate(V) 

Potassium pentaoxoniobatetitanate( 1 - ), 

Potassium sodium tetramethylammonium 

[K2Na[CH3),N1- 

Potassium tetraiodoplatinate(I1) (2: l) ,  di- 

Potassium tributylstannate(1 -), 25:112 
Potassium triphenylstannate(1 -), 25:llO 
Praseodymium, prophyrin complexes, 

-, (2,4-pentanedionato)[S,lO,15,20- 
22:156 

tetrakis(4methylphenyl)porphyri- 
nato(2-)]-, 22:160 

-, (2,4-pentanedionat0)[5,10,15,20- 
tetraphenylporphyrinato(2 - )I-, 
22: 160 

phenyl)porphyrinato(2 - )I-, 22: 160 

phosphinic amide)-, tris(hexafluor0- 
phosphate), 23:180 

decane)trinitrato-, 23: 153 

c1opentadecane)-, 23: 151 

decane)-, 23:151 

tadecane)dodecanitratotetra-, 23: 155 

22:2 

-, [5 ,  10,15,20-tetrakis( 4-methyl- 

Praseodymium(III), hexakis(dipheny1- 

-, (1,4,7,10,13,16-hexaoxacycloocta- 

-, trinitrato(l,4,7,10,13-pentaoxacy- 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 

-, tris( 1,4,7,10,13,16-hexaoxacyclooc- 

Praseodymium cesium chloride (CsPr2CI,), 
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Praseodynium chloride (PrCI,), 22:39 
1-Propanamine, intercalate with hydrogen 

pentaoxoniobatetitanate( 1 - ), 22239 
Propane, 2-isocyano-2-methylmolybdenum 

and tungsten complexes, 23:lO-12 

1,3-Propanediamine, cobalt complexes, 
23:169 

2-Propanethiol, 2-methylrhodium complex, 
23:123, 124 

1-Propene, 2-methyl-, iron complexes, 
24:164 

Propionitrile, 3,3’,3”-phosphinidynetri-, 
nickel complexes, 22:113, 115 

Pyrazine, ruthenium complexes, 24:259 
Pyrazinecarboxylic acid, cobalt complexes, 

1H-Pyrazole, boron-copper complex, 

-, 3,5-dimethyl-, boron-copper com- 

Pyridine: 

tungsten complex, 24: 198 

23:114 

21:108, 110 

plex, 21:109 

bis(trifluoromethyl)cadmium, 2457 
cobalt complex, 23:73 
intercalate with FeClO (1:4), 22:86 
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 com- 

Pyridinium, 4,4’4,”,4”’-porphyrin- 

indium(II1) complexes, 2355, 57 
tetrakis(4-methylbenzenesulfonate), 

(1:4), 22:86 

FeClO, 22% 

plexes, 23:113 

5,10,15,20-tetrayltetrakis( 1-methyl-: 

2357 

25:95 
2-Pyridone, platinum diammine complexes, 

Rare earth alkali metal bromides and chlo- 

Rare earth chlorides, anhydrous, 25:146 
Rare earth trichlorides, 22:39 
Rare earth triiodide, 22:31 
Resolution: 

rides, 22:1, 10 

of ammine(glucinato)(l,4,7-triazacyclon- 

of aqua(glucinato)(l,4,7-triazacyclono- 
onane)cobalt( III), 23:75 

nane)cobalt(III), 23:76 

of trans-diammine(N,N’-bis(2-amino- 
ethyl)-l,2-ethanediamine]cobalt(III), 
23:79 

dine)cobalt (111) , 23: 73 

baltate(III), 23:68 

baltate(III), 23:71 

balt(III), 23:69 

ate(III), 23:73 

nane)cobalt(III), 23:77 

ate(II1) and cis-dicarbonato(l,2- 
ethanediamine)cobaltate(III), 23:63 

bis(glycinato)nitrocobaltate( III), 
23% 

of tris(oxa1ato)chromate ion by second- 
order asymmetric synthesis, 25:139 

of tris(2,4-pentanedionato)cobalt with A- 
( -)-&(NO,), truns-(N)-bis(S- 
argenine)dinitrocobaIt(III) chloride, by 
column chromatography, 23:94 

butylammonium), 23:116 

of cis, cis-diamminecarbonatobis(pyri- 

of cis, cis-diamminecarbonatodicyanoco- 

of cis ,cis-diamminecarbonatodinitroco- 

of cis, cis-diamminedicyanooxalatoco- 

of cis, cis-diamminedinitrooxalatocobalt- 

of (glycinato)nitro( 1,4,7-triazacyclono- 

of Lithium cis-diamminedicarbonatocobalt- 

of silver(1) cis(NOZ), truns(N)- 

Rhenate(III), octachlorodi-, bis(tetra- 

Rhenium, bromopentacarbonyl-, 2 3 4  
-, pentacarbonylchloro-, 23:42, 43 
-, pentacarbonyliodo-, 2 3 4  
Rhenium(V), dioxotetrakis(pyridine)-: 

Chloride, Irans-, 21:116 
perchlorate, trans-, 21:117 

-, trichloro(phenylimino)bis(triphenyl- 

Rhenium(VI), tetrachloro(pheny1imino)-, 

Rhenium lithium oxide (LiReO,), 24:205 
Rhenium Lithium oxide (Lb.zReO,), 24:203, 

Rhenium lithium oxide (Li2Re03), 24:203 
Rhodate(III), tris(pentasu1fido)-, triam- 

Rhodium, bis(p-tert-buty1phosphido)tetra- 

phosphine)-, 24:1% 

24:195 

206 

monium, 21:15 

kis(trimethy1phosphine)di-, (Rh*Rh), 
25174 

clopentadienyl)(triphenylphosphine)-, 
22:173 

-, (I ,4-butanediyl)(q5-pentamethylcy- 
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-, p-chloro-bis(q4-1 ,5-cyc1ooctadiene)- 

-, dicarbonylbis(di-rerr-butylphos- 
(p-di-tert-buty1phosphido)-di-, 25: 172 

phine)( p-di-tert-buty1phosphino)-p-hy- 
drido-di-, 25171 

Rhodium(1 +), bis[o-phenylenebis(di- 
methylarsine)]-, chloride, 21:lOl 

-, (carbon dioxide)bis[o-phenylene- 
bis(dimethy1arsine)l-, chloride, 
21:lOl 

p-hydroxo-di-, 23: 129 

thoxy-di, 23:127 

tetrakis(trimethy1 phosphite)di-, 
23:123 

-, (qs-cyclopentadienyI)bis(trimethyl- 
phosphine)-, 25159 

-, (q5-cyclopentadienyI)bis(trimethyl 
phosphite)-, 25:163 

-, dicarbonyl-bis-pL-(2-methyl-2-pro- 
panethiolat0)-bis(trimethy1 ph0sphite)- 
di-, 23:124 

-, tetrakis(1-isocyan0butane)-, tetra- 
phenylborate(1-), 2150 

-, tetrakis(l4socyanobutane)bis- 
[methylenebis(diphenylphosphine)]di-, 
bis[tetraphenylborate( 1 - )], 21 :49 

Rhodium( 111) , aquabis( 1 2-ethanediamine) 
hydroxo-, dithionate, 24:230 

-, bis( 1,2-ethanediamine)bis(trifluoro- 
methanesulfonato-0)-, cis-, trifluoro- 
sulfonate, 24285 

-, bis( 1,2-ethanediamine)(oxalato)-, 
perchlorate, 24227 

-, chlorobis( 1 ,2-ethanediamine)(tri- 
fluoromethanesulfonato-0)-, trans-, tri- 
fluoromethanesulfonate, 24:285 

-, dichlorobis( 1 ,Z-ethanediamine) 
chloride perchlorate (2:1:1), 24:229 

cis-, chloride, monohydrate, 24:283 
trans-, chloride, monohydrochloride, di- 

-, di- -hydroxo-bis[bis( 1 ,Zethanedi- 

-, di-p-hydroxobis( [tetraammine-, tet- 

-, hexammine-: 

Rhodium(1) , bis( qs- 1,5-~yclooctadiene)-di- 

-, bis(q4-1,5-cyclooctadiene)-di-p-me- 

-, bis-p-(2-methyl-2-propanethiolato)- 

hydrate, 24983 

amine)-, tetrabromide, 24231 

rabromide, 24:226 

triperchlorate, 24:255 
tris(trifluoromethanesulfonate), 24:255 

-, pentaammineaqua-, triperchlorate, 
24254 

-, pentaamminechloro-, dichloride, 
24222 

-, pentaammine(trifluoromethane- 
sulfonato-0)-bis( trifluoromethane- 
sulfonate), 24:253 

methanesulfonato-0). bis(trifluorome- 
thanesulfonate), 24281 

-, tetraammineaquahydroxo-, cis-, di- 
thionate, 24:225 

-, tetraamminedichloro-, cis, chloride, 
24:223 

Ring compounds, phosphorus-nitrogen, 
25:7 

Rubidium chloride tetracyanoplatinate 
(2:0.30:1), trihydrate, 21:145 

Ruthenate( 1-), p-carbonyl-1KC2KC-deca- 
carbonyl-lK3C,2K3C,3K4C-p-hydrido- 
1 K: 2K-triangulo-tri-tetraethylammo- 
nium, 24:168 

trido-bis(triphenylphosphorus(1 + ), 
22163, 165 

-, tridecacarbonylcobalttri-, p-nitrido- 
bis(triphenylphosphorus)( 1 + ), 21:61 

-, tridecacarbonylhydridoirontri-, p- 
nitrido-bis(triphenyIphosphorus)(l + ), 
21:m 

Ruthenium, (q6-benzene)(q4-1,3-cyclohexa- 
diene)-, 22177 

-, bis(qs-cycloheptanedienyl)-, 22: 179 
-, bis(q5-cyclopentadienyl)-, 22: 180 
-, p-carbonylcarbonylbis(q5-cyclopen- 

-, pentakis(methanamine)(trifluoro- 

-, decacarbonyl-p-nitrosyl-tri-, p-ni- 

tadienyl)(p-3-0~0-1,2-diphenyl-l-q: 1 ,- 
2,3-q-l-propen-l,3-diyl)di-, (Ru-Ru), 
25:181 

-, p-carbonyl-p-ethenylidene-bis[car- 
bonyl(q5-cyclopen tadieny1)-, 25: 183 

-, p-carbonyl-p-ethylidene-bis[car- 
bonyl(q5-cyclopentadienyl)-, 25: 185 

-, p-carbonyl-p-methylene-bis[car- 
bonyl(q5-cyclopentadienyl)-, 25: 182 

-, carbonyltri-p-chloro-chlorotetrakis- 
(tripheny1phosphine)di-, compd. with 
acetone (1:2), 21:30 

clooctatriene), 22:178 

25:164 

-, (q'-l ,5-cyclooctadiene)(q6-l ,3,5cy- 

-, dodecacarbonylhydridotricobalt-, 
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-, pentaammine(trifluoromethanesu1- 
fonato-0)-, bis( trifluoromethanesulfo- 
nate), 24:258 

dienyl)di-, 25: 180 

24:176 

tetrakis(tripheny1phosphine)di-, compd. 
with acetone (l:l),  21:29 

-, tridecacarbonyldihydridoirontri-, 
2158 

-, tridecacarbonyldihydridotriosmium-, 
21:64 

Ruthenium(O), bis(q2-ethene)(q6-hexame- 
thy1benzene)-, 21:76 

-, (q'-l,3-cyclohexadiene)(q6-hexa- 
methylbenzene), 21:77 

Ruthenium(1 +), p-carbonyl-pethylidyne- 
bis[carbonyl(qs-cyclopentadienyl-), tet- 
rafluoroborate(1-), 25:184 

di-, pentaiodide, 24:261 

phenanthroline)-, bis[hexafluorophos- 
phate(1 -)I, 25:108 

-, (2,2'-bipyridine-N, N ')-chloro-2,2' : 
6',2"-terpyridine-N,Nf, N")chloride, 
2.5 hydrate, 24:300 

-, (2,2'-bipyridine-N,")(2,2':6',2"- 
terpyridine-N, N', N")(trifluorome- 
thanesulfonato-0)-, trifluoromethane- 
sulfonate, 24:302 

-, bis(2,2'-bipyridine-N,N')dichloro-, 
cis-, dihydrate, 24:292 

-, chloro(q5-cyclopentadienyl)bis(tri- 
phen y1phosphine)- , 21 :78 

-, (qs-cyclopentadienyl)(phenyleth- 
ynyl)bis(triphenylphosphine)-, 21 :82 

-, (q5-cyclopentadienyI)(phenylvinyl- 
idene)bis( triphenylphosphine), hexa- 
fluorophosphate(1 -), 21:80 

-, dicarbonyldichloro(2,2'-bipyri- 
dine)-, 25108 

-, di-p-chloro-bis[chloro-q6-hexame- 
thylbenzene), 21:75 

-, pentaammine(pyrazine)-: 

-, tetracarbonylbis(q'-cyclopenta- 

-, tetracarbonyl(q2-methyl acrylate)-, 

-, tri-p-chloro-chloro(thiocarbony1)- 

Ruthenium(5 +), decaamine(ppyrazine)- 

Ruthenium(II), (2,2'-bipyridine)bis( 1 ,lo- 

bis(tetrafluoroborate(1- )], 24:259 
dichloride, 24259 

-, tris(2,2'-bipyridine)-, dichloride, 
hexahydrate, 21:127 

-, tris(2,2'-bipyridine)bis[ hexafluoro- 
phosphate(1 -)I, 25109 

Ruthenium(III), aqua(2,2'-bipyridine-N,- 
N')(2,2':6',2"-terpyridine-N, N', N")-, 
tris(trifluoromethanesulfonate), trihy- 
drate, 24:304 

-, (2,2'-bipyridine-N, N')(2,2':6',2''- 
terpyridine-N,N' ,N")- 
(trifluoromethanesulfonato-0)-, 
bis(trifluoromethanesulfonate), 24:301 

-, bis(2,2'-bipyridine-N,N')bis(trifluo- 
romethanesulfonato-0)-, cis-, trifluoro- 
methanesulfonate, 24:295 

-, bis(2,2'-bipyridine-N,N')dichloro-, 
cis-, chloride, dihydrate, 24293 

-, pentaamminechloro-, dichloride, 
24:258 

Ruthenium lead oxide (Pbz.6,R~1.3306.1). pyro- 
chlor, 22:69 

Ruthenium oxide (Ru203), solid s o h .  with 
lead oxide (PbO,), pyrochlor, 22:69 

Ruthenocene, see Ruthenium, bis-(q5-cyclo- 
pentadieny1)-, 22:180 

Samarium, porphyrin complexes, 22:156 
-, (2,4-pentanedionato)[5,10,15,20- 

tetraphenylporphyrinato(2 - )I-, 22: 160 
-, (2,2,6,6-tetramethyl-3,5-heptanedio- 

nato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

Samarium(III), hexakis(dipheny1phosphinic 
amide)-, tris(hexafluorophosphate), 
23:180 

c1opentadecane)- ,23: 15 1 

decane)-, 23:151 

tadecane)dodecanitratotetra-, 23: 155 

-, trinitrato( 1,4,7,10,13-pentaoxacy- 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 

-, tris(1,4,7,10,13,16-hexaoxacyclooc- 

Saramium chloride (SmC13), 22:39 
Scandium(III), trichlorotris(tetrahydro- 

Scandium cesium chloride (CsScCI3), 22:23 
Scandium cesium chloride (Cs3Sc2C1,), 

Scandium chloride (ScC13), 22:39 
Selenate(VI), pentafluorooxoxenon(2 + ) 
Selenide, iron complex, 21:36, 37 
Seleninyl fluoride, see Selenium fluoride 

furan)-, 21:139 

22:25 

(2:1), 24:29 

oxide (SeOF,), 2428 
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Selenium, iron polynuclear complexes, 

Selenium fluoride (SeF,), 24:28 
Selenium fluoride oxide (SeOF,), 24:28 
Selenocarbonyls, chromium, 21:1, 2 
Semioxamazide, 5-(a-methylbenzyl), (S)- 

Serine, copper complex, 21:115 
Silanamine, 1,1, I-trimethyl-N-sulfiny1-, 

Silane , (dichloromethylene) bis[ trimethyl-, 

-, tetraisocyanato-, 2 4 9  
-, tetramethyl-, 24:89 

aluminum complex, 24:92, 94 
indium complex, 24239 
lithium complex, 24:95 

21:33-37 

(-)-, 23~86 

2548 

24:118 

Silicate(IV), hexafluoro-, bis(tetrafluoroam- 

Silicon, tin sulfur-nitrogen compounds, 

Siloxane, dimethyl-, copolymer with 

monium), 24:46 

2543 

methylphenylsiloxane, in divanadium 
stabilization, 22:116 

-, methylphenyl-, copolymer with di- 
methylsiloxane, in divanadium stabili- 
zation, 22:116 

roarsenate, 24~74 
Silver( 1 + ), bis(cyclo-0ctasulfur)-, hexafluo- 

-, p3-thio-tri-, nitrate, 24:234 
Silver hexafluoroarsenate, 24:74 
Silver trifluoromethanesulfonate, reactions, 

Silver tungstate (Ags(W,OI6)), 22:76 
Sodium aluminum silicate hydrate (NaAl- 

Si0,.2.25H20), 22:61 
Sodium aluminum silicate hydrate 

(NaZA12Si5014.XHZO), 22:64 
Sodium cobalt oxide (NaCoO,), 2256 
Sodium cobalt oxide (Na0.6C002), 2256 
Sodium cobalt oxide (Na&oO,), 2256 
Sodium cobalt oxide (N~.t4CoOz), 2256 
Sodium cobalt oxide (Naa.nCo02), 2256 
Sodium ~yanotri[(~H)hydro]borate(l-), 

21:167 
Sodium [ [ (1,2-~yclohexanediyldinitrilo)tetra- 

acetatol(4 - )](dinitrogen)ferrate(II) 
(2:1), dihydrate, 24:210 

Sodium (dinhogen)[[( 1,2-ethanediyIdini- 
trilo)tetraacetato](4 - )]ferrate(II) (2: l), 
dihydrate, 24:208 

24:247 

Sodium hexafluorouranate(V), 21: 166 
Sodium octacarbonyldiferrate(2 - ), 

Sodium potassium tetramethylammonium 
24: 157 

aluminum silicate hydrate (K2Na[(CH3)- 
rN]AL(Si140r)].7H20, 22:66 

Sodium tetracarbonylferrate(2 - ), 24: 157 
Sodium tetrapropylammonium aluminum sili- 

cate (Na, , (C&~)~N]~~-AIZ d,S~imOnn)), 
22:67 

24: 157 
Sodium undecacarbonyltriferrate(2 - ), 

Stannate(1 -), tributyl-, potassium, 25112 
-, triphenyl-, potassium, 25:111 
Stannates, trialkyl-, and triaryl-, 25110 
Styrene, see Benzene, vinyl-, 21:80 
Sulfur: 

46 
iron cyclopentadienyl complexes, 21:37- 

iron polynuclear complexes, 21:33-37 
silver complex, 24:234 

-, chloropentailuoro, see Sulfur chlo- 

Sulfur(IV), tribromo-, hexafluoroarsenate, 

Sulfur chloride fluoride (SCIF,), 24:8 
Sulfur dicyanide, 24:125 
Sulfur diimide, bis(trimethylsily1)-, 2544 
-, bis(trimethylstanny1)-, 2544 
-, mercapto-, tin complex, 25:44 
Sulfur nitride (SN), polymer, 22:143 
Sulfur-nitrogen catena anions, 25:35 
Sulfur-nitrogen cyclic anions, 25:30 
Sulfur-nitrogen cyclic compounds, 2549 
Sulfur nitrogen oxide (N&O), 2552 
Sulfur nitrogen oxide (NIS,O2), 2550 
Sulfur oxide (S,O), 21:172 

Tantalum, as high-temp. container for re- 

Technetate(V), tetrachlorooxo-, tetrabutyl- 

TeUurate(VI), pentafluorooxo-: 

ride fluoride (SCIF,), 24:8 

24:76 

duced halides, 20:15 

ammonium (l:l), 21:160 

boron(3+) (3:1), 24:35 
hydrogen, 2 4 3  
xenon(2+) (2:1), 24:36 

Tellurium chloride fluoride (TeCIF,), 24:31 
Terbium, porphyrin complexes, 22: 156 
-, (2,4-pentanedionat0)[5,10,15,20- 

tetraphenylporphyrinato(2 - )I-, 
22: 160 
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-, (2,2,6,6-tetramethyl-3,5-heptanedio- 
nato)(5, 10,15 ,lO-tetraphenylporphyri- 
nato(2 -)I-, 22:160 

Terbium( 111) , dodecanitratotris( 1,4,7,10,13- 
pentaoxacyc1opentadecane)tetra-, 
23:153 

amide)-, tris(hexafluorophosphate), 
23:180 

decane)trinitrato-, 23: 153 

c1opentadecane)-, 23: 151 

decane)-, 23:151 

c1ooctadecane)dodecanitratotetra-, 
23:155 

-, hexakis(dipheny1phosphinic 

-, (1,4,7,10,13,16-hexaoxacycloocta- 

-, trinitrato( 1,4,7,10,13-pentaoxacy- 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 

-, tris(1,4,7,10,13,1&hexaoxacy- 

Terbium chloride (TbCI,), 22:39 
2,2’:6’,2”-Terpyridine, osmium and ruthen- 

ium complexes, 24:291-298 
1,4,8,11-Tetraazacyclotetradecane-5,7- 

dione, copper complexes, 2382 
1,4,8,11-Tetraazacyclotetradeca-1,3,8,10- 

tetraene , 2,9-dimethyl-3,10-di- 
phenyl-, copper, iron, and zinc com- 
plexes, 22:107, 108, 110, 111 

1 ,3,5,7.U~,4A5,6As,8As-Tetraazatetraphos- 
phocine, 2-(1-aziridinyl)-2,4,4,6,6,8,8- 
heptachloro, 2591 

hexachloro-, 2591 

hexachloro-, cis- and trans-, 25:91 

hexachloro-, cis- and trans-, 25:91 

hexakis(methylamin0)-, cis- and trans-, 
25:91 

-, 2,4-bis(tert-butylamin0)-2.4,6,6,8,8- 
hexachloro-, 2521 

-, 2,6-bis(tert-butylamino)-2,4,4,6,8,8- 
hexachloro-, 2521 

-, 2,4,4,6,8,8-hexachloro-truns-2,6- 
bis(ethylamin0)-, 25: 16 

-, 2,4,4,6,8,8-hexakis(dimethylamino)- 
2,6-bis(ethylamino)-, trans-, 25:19 

-, 2,2,4,4,6,6,8,8-octakis(tert-butyl- 
amino)-, 25:23 

-, 2,2,6-tris( l-aziridinyl)-4,4,6,8,8- 
pentachloro- , 25 :9 1 

-, 2,2-bis( l-aziridinyl)-4,4,6,6,8,8- 

-, 2,4-bis( l-aziridinyl)-2,4,6,6,8,8- 

-, 2,6-bis( l-aziridinyI)-2,4,4,6,8,8- 

-, 2,6-bis( l-aziridinyl)-2,4,4,6,8,8- 

-, 2,4,6-tris( l-aziridinyI)-2,4,6,8,8- 
pentachloro-, 2,6-cis-4-tram- and 2.4- 
cis-6-trans-, 25:91 

2,3,7,8-Tetracarbadodecaborane(l2), 2,3,7,- 
8-tetraethyl-, 22: 17 

1,4,7 ,lo-Tetraoxacyclocyclododecane, lan- 
thanoid complexes, 23:149 

Tetraphosphate(III), cycfo-octathio-, di- 
ethylammonium (1:4), 25:s 

Tetraselenafulvalene, tetramethyl, see 2,2’- 
Bi-1,3-diselenolylidene, 4,4’,5,5’-tetra- 
methyl-, 24:131 

1A4,3A‘,SA4,7-Tetrathia-2,3,5,8,9-pentaazabi- 
cyclo(3.3.l]nona-l(8) ,2,3,5,7-tetraen- 
ide, p-nitrido-bis(tripheny1phosphor- 
ous)(l + ), tetraphenylarsonium, 25:31 

bicyclo(3.3.1]-1(9),-2,3,5,7-pentaeny- 
lium, 25:38 

1A4,3A4,5A4,7h4-Tetrathia-2,4,6,8,9-pentaaza- 

Thallium( I), cyclopentadien yl- , 24: 97 
Thallium(II1) , chlorobis(pentafluoro- 

-, chlorobis(2,3,4,6-tetrafluoro- 

-, chlorobis(2,3,5,&tetrafluoro- 

-, chlorobis(2,4,6-trifluorophenyl)-, 

Thallium carbonate tetracyanoplatinate(I1) 

Thallium chloride (TICI,), 21:72 
Thallium tetracyanoplatinate(I1) (2: 1), 

1 -ma-closo-decaborane( 9), 22229 
6-Thia-nido-decaborane( 1 1), 22:228 
1A4,2,4,6,3As,5As-Thiatriazadiphosphorine, 

Thiazyl fluoride (NSF), 24:16 
Thiazyl trifluoride (NSF,), 24:12 
Thiocarbonyl complexes, ruthenium, 21:29 
Thio complexes, molybdenum, 23:120, 121 
Thiocyanate complexes, cobalt, copper, 

iron, manganese, nickel, and zinc, 
23:157 

Thiocyanic acid: 

pheny1)-, 21:71, 72 

pheny1)-, 21:73 

pheny1)-, 21:73 

21:73 

(4:1:1), 21:153, 154 

21:153 

l-chlor0-3,3,5,5-tetrapheny I-, 25 :40 

chromium complexes, 23: 183 
palladium complex, 21:132 

Thioethers, crown, 25:122 
Thiourea, chromium(0) complexes, 23:2 
-, N,N’-di-tert-butylchromium(0) 

complexes, 23:3 
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-, N,N'-di-p-tolylchromium(0) com- 
plexes, 23:3 

-, N, N, N',N'-tetramethylchromium- 
(0) complexes, 23:2 

Thorate(IV), bis(heptadecatungstodiph0s- 
phato)-, hexadecapotassium, 23: 190 

-, bis(undecatungstoborato)-, tetrade- 
capotassium, 23:189 

-, bis(undecatungstophosphato) deca- 
potassium, 23:189 

Thorium, porphyrin complexes, 22:156 
-, bis(2,4-pentanedionato)[S, 10,15,20- 

-, (2,2,6,6-tetramethyl-3,5-heptane- 
tetraphenylporphyrinato(2-)]-, 22: 160 

dionato)[5,10,15,20-tetraphenylpor- 
phyrinato(2-)]-, 22:160 

Thulium, hexakis(dipheny1phosphinic am- 
ide)-, tris(hexafluorophosphate), 
23:180 

Thulium(III), dodecanitratotris(l,4,7,10,13- 
pentaoxacyc1opentadecane)tetra-, 
23:153 

-, (1,4,7,10,13,16-hexaoxacycloocte- 
decane)trinitrato-, 23: 153 

-, trinitrato(l,4,7,10,13-pentaoxacy- 
c1opentadecane)-, 23: 151 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 
decane)-, 23:151 

-, tris( 1,4,7,10,13,16-hexaoxacy- 
c1ooctadecane)dodecanitratotetra-, 
23:155 

(CkLiTmClJ , 20: 10 
Thulium cesium lithium chloride 

Thulium chloride (TmC13), 22:39 
Tin, pentatitanium tetrasulfide preparation 

-, (benzenethio1ato)tribibutyl-, 25:114 
-, bis[p-mercaptosulfur diimidato- 

-, dibromodiphenyl-, 23:21 
-, silicon sulfur-nitrogen compounds, 

Titanate( 1-), pentaoxoniobate-: 

in liquid, 23: 161 

(2-)]tetramethyldi-, 2546 

25:43 

hydrogen, 22:89 
hydrogen, intercalate with 1-butanamine, 

hydrogen, intercalate with ethanamine, 

hydrogen, intercalate with methanamine, 

hydrogen, intercalate with NH3, 22:89 

22239 

22539 

22:89 

hydrogen, intercalate with l-propana- 
mine, 22:89 

potassium, 22:89 

genides, 22:80 

24: 149 

pentadieny1)-, 24: 152 

eny1)-, 21:84 

21:137 

furan)-, 21:135 

Titanium, as substrate for cadmium chalco- 

-, dicarbonylbis(q5-cyclopentadienyl)-, 

-, dicarbonylbis(q5-pentamethylcyclo- 

Titanium(III), chlorobis(q'-cyclopentadi- 

-, trichlorotris(tetrahydrofuran)-, 

Titanium(IV), tetrachlorobis(tetrahydro- 

Titanium chloride (Tic&), 24:181 
Titanium iron hydride (FeTiHI.PI), 2 2 9  
Titanium sulfide (Ti&), preparation in li- 

quid tin, 23:161 
TMTsF, see 2,2'-Bi-1,3-diselenolylidene, 

4,4'JJ'-tetramethyl-, 24:131 
Transition metal alkali metal oxides, 2256 
triars, see Arsine, [2-[(dimethylarsino)- 

methyl]-2-methyl-l,3-propanediyl]- 
bis(dimethy1-, niobium complex, 21:18 

1,4,7-Triazacyclononane, cobalt complexes, 
23:75 

1,3,5,2A5,4A5-Triazadiphosphinine, 2-chloro- 
2-methyl-4,4,6-triphenyl-, 2529 

-, 2,4-dichloro-2,4,6-triphenyl-, 
25:B 

-, 2,2,4,4-tetrachloro-6-(dimethyl- 
amino)-, 25:27 

1 ,3,5,2A5,4A5-Triazadiphosphinines, 25:24 
1,3,5,2,4,6-Triazatriphosphorinane, 2,4,6- 

trichloro-l,3,5-triethyl-, 25: 13 
1 ,3,5,2A5,4A5,6A5-Triazatriphosphorine, 2-(1- 

aziridinyl)-2,4,4,6,6-pentachloro-, 25937 
-, 2,2-bis( l-aziridinyl)-4,4,6,6-tetra- 

chloro-, 25:87 
-, 2,4-bis(l-aziridinyl)-2,4,6,6-tetra- 

chloro-, cis- and tram-, 25231 
-, 2,2-bis(l-aziridinyl)-4,4,6,6-tetra- 

kis( methylamino)-, 25: 89 
-, 2,4-bis(l-aziridinyl)-2,4,6,6-tetra- 

kis(methy1amino)-, cis- and truns-, 
25:86, 89 

-, 2,2,4,4,6-pentachloro-6-(ethenyl- 

-, 2,2,4,4-tetrachloro-6-methyl-6-[(tri- 
OXY)-, 25~75 

methylsilyl)methyl]-, 25:61 
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-, 2,2,4-tris( l-aziridinyl)-4,6,6-tri- 
chloro-, 25:87 

1H-Triazole, cobalt, copper, iron, man- 
ganese, nickel, and zinc complexes, 
23:157 

fluoro-, metal complexes and salts, 
Triflate, see Methanesulfonate, tri- 

24~243-306 
Trimethylamine-carboxyborane, 25:81 
Trimethylamine-cyanoborane, 25:80 
Trimethylamine-(ethyIcarbamoyl)borane, 

Trimethylamine-(methoxycarbonyl)borane, 

Trimethyl phosphite: 

25:83 

25:84 

chromium complexes, 23:38 
cobalt and rhodium complexes, 25:162, 

iron complex, 21:93 
rhodium complex, 23:123, 124 

163 

Triphenyl phosphite, chromium complexes, 
23:38 

[10B2]-1,2,4,3,5-Trithiadibor~lane, 3,5-di- 
methyl-, 22:225 

lh4,3,5,2,4,6-Trithiatriazenide, p-nitrido- 
bis(triphenylphosphorus)(l + ), tetra- 
meth yl-ammonium , 25: 32 

Tungstate, p-hydrido-bis[pentacarbonyl-, 
potassium, 23:27 

Tungstate(1-), pentacarbonylhydrido-, p- 
nitrido-bis(triphenyIphosphorus)(l + ), 
22:182 

Tungstate(VI), pentafluorwo-, tetrafluo- 
roammonium ( 1 : 1) , 2 .-+ I 

Tungsten, tricarbonylbis( N,N-dialkylcarba- 
modithioat0)-, 25: 157 

-, tricarbonylbis( N,N-diethylcarba- 
modithioat0)-, 25: 157 

TungstenfO), bis( 1-chloro-4-isocyanoben- 
zene)bis[ 1,2-ethanediyI( diphenylphos- 
phine)]-, trans-, 23:lO 

zene)bis[ 1,2-ethanediyI(diphenylphos- 
phine)]-, trans-, 23:lO 

phine)]bis(isocyanobenzene)-, trans-, 
23:lO 

phine)]bis(isocyanomethane)-, trans-, 
23:lO 

-, bis( 1,3-dichloro-2-isocyanoben- 

-, bis[ 1,2-ethanediylbis(diphenylphos- 

-, bis[ 1,2-ethanediyIbis( diphenylphos- 

-, bis[ 1,2-ethanediylbis(diphenylphos- 
phine) Ibis( 1 -isocyano-4-methoxyben- 
zene)-, trans-, 23:lO 

-, bis[ 1,2-ethanediylbis(diphenylphos- 
phine)]bis( 1-isocyano-4-rnethylben- 
zene)-, truns-, 23:lO 

-, bis[l,2-ethanediylbis(diphenylphos- 
phine)] bis( 1 -isocyano-2-methylpro- 
pane)-, trans-, 23:lO 

Tungsten( IV), bis[ 1,2-ethanediylbis(di- 
phenylphosphine)]bis[(methylamino)- 
methylidynel-, trans-, bis[ tetrafluoro- 
borate(1-)], 23:12 

-, bis[ 1,2-ethanediyIbis(diphenyl- 
phosphine)]bis[ [ (4methylphenyl)- 
amino]methylidyne]-, trans-, bis[tetra- 
fluoroborate(1-)], 23:14 

-, bis[ 1,2-ethanediylbis(diphenyl- 
phosphine)]( isocyanomethane)- 
[(methylamino]methylidyne]-, 
tram-, tetrafluoroborate( 1-)], 
23:ll 

-, bis[ 1,2-ethanediylbis(diphenyl- 
phosphine)](2-isocyano-2-methyl- 
propane)[(methylamino)(methyli- 
dyne]-, trans-, tetrafluoroborate( 1-)], 
23:12 

-, dichloro(phenylimido)tris(triethyl-. 
phosphine), 24:198 

-, dichloro(phenylimido)tris(trimethyl- 
phosphine)-, 24:198 

-, dichlorotris(dimethyIpheny1phos- 
phine)(phenylimido)-, 24: 198 

-, dichlorotris( 1-isocyano-4-methyl- 
benzene)(phenylimido)-, 24: 198 

-, dichlorotris(2-isocyano-2-methyl- 
propane)(phenylimido)-, 24:198 

-, dichlorotris(methy1diphenylphos- 
phine)( phenylimid0)-, 24: 198 

Tungsten(V), trichlorobis(dimethen-. 
phenylphosphine)(phenylimino)-, 
24:1% 

-, trichloro(pheny1imido)bis- 
(triethy1phosphine)-, 24: 196 

-, trichloro(pheny1imido)bis- 
(trimethy1phosphine)-, 24: 196 

-, trichloro(pheny1irnino)bis- 
(tripheny1phosphine)-, 24: 196 

Tungsten(VI), tetrachloro(pheny1imido)-, 
24:195 
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Tungsten chloride oxide ( WC140), 23: 195 
Tungsten fluoride oxide (WF40), 24:37 

Undecatungstoborate (BW,,O,,O-) 

Undecatungstophosphate (PWI1O397-) 

Uranate(IV), bis(heptadeca- 
tungstodiphosphat0)- 

hexadecapotassium, 23: 188 

thorium complexes, 23: 189 

thorium and uranium complexes, 23:186 

-, bis(undecatungstophosphato)-, de- 
capotassium, 23:186 

Uranate(V), hexafluoro-, pnitrido-bis- 
(tiphenylphosphorus)( 1 + ), 21: 166 

potassium, 21:166 
sodium, 21:166 

Uranate(VI), trifluorodioxo-, hydrogen, 

Uranium(1V) chloride (UCh), 21:187 
Uranium(V), pentaethoxy-, 21: 165 
Uranium(V) fluoride (US), 21:163 
Urea, N,N'-dimethyl-N,N'-bis(tri- 

dihydrate, 25:145 

methylsyly1)-, 24: 120 

Vanadium(III), chl~robis(~~-cyclopenta- 

-, trichlorotris(tetrahydrofuran)-, 

Vanadium chloride (VCI,), 21: 185 
Vanadium lithium oxide (LiV205), 24:202 
Vanadium sulfide (VS,), 24:201 

Water: 

dieny1)-, 21235 

21:138 

cadmium and cobalt complexes, 23:175 
cobalt complexes, 21:123-126; 23:76, 110 
iridium, osmium, and rhodium com- 

molybdenum complexes, 23: 130-139 
platinum complex, 21:192; 22:125 

plexes, 24~254, 265 

Welding, of tantalum, 20:7 

Xanthosine, palladium(I1) complexes, 2354 
Xenon bis[pentafluorooxoselenate(VI)], 

Xenon bis[pentafluorooxotellurate(VI)], 
24:29 

24:36 

Ytterbium, porphyrin complexes, 22:156 
-, (1,4,7,10,13,16-hexaoxacycloocta- 

decane)trinitrato-, 23: 153 

-, (2,4-pentanedionat0)[5,10,15,20- 

-, [5,10,15,20-tetrakis( 3-fluoro- 
tetraphenylporphyrinato(2-)]-, 22: 156 

phenyl)porphyrinato(2-)](2,2,6,6-tetra- 
methyl-3,5-heptanedionato)-, 22:160 

phenyl)porphyrinato(2-)](2,2,6,6-tetra- 
methyl-3,5-heptanedionato)-, 22: 156 

Ytterbium(III), dodecanitratotris( 1,4,7,10,- 
13-pentaoxacyclopentadecane)tetra-, 
231153 

-, hexakis(dipheny1phosphinic am- 
ide)-, tris(hexafluorophosphate), 
23:180 

-, trinitrato(l,4,7,10,13-pentaoxacy- 
c1opentadecane)-, 23: 151 

-, trinitrato(l,4,7,10-tetraoxacyclodo- 
decane)-, 23:151 

-, tris( 1,4,7,10,13,16-hexaoxacyclooc- 
tadecane)dodecanitratotetra-, 23: 155 

Ytterbium chloride (YbC13), 22:39 
Yttrium, porphyrin complexes, 22:156 
-, (2,4-pentanedionat0)[5,10,15,20- 

Yttrium chloride (YCI,), 22:39 

-, [5,10,15,20-tetrakis(4-methyl- 

tetraphenylporphyrinato(2-)]-, 22: 160 

anhydrous, 25:146 

Zeolite, 22:61 
Zeolite A (NaA1Si0,2.25H20), 22:63 
Zeolite Y (Na,AI,Si,O,l.XH,O), 22:64 
Zinc(II), bis(thiocyanat0-N)-bis-p( 1H- 

1,2,4-triazole-W:N4)-, poly-, 23:160 
-, chloro(2,9-dimethyl-3,10-diphenyl- 

1,4,8,1 l-tetraazacyclotetradeca- 
1,3,8,10-tetraene)- hexafluorophos- 
phate(1-), 22:111 

-, tetraaquabis(0-su1fobenzoimidato)-, 
dihydrate, 23:49 

Zincate(II), terakis(benzenethiolat0)-, 
bis(tetraphenylphosphonium), 21 :25 

Zirconium, dicarbonylbis($-cyclopenta- 
dieny1)-, 24:150 

-, dicarbonylbis(q5-pentamethylcyclo- 
pentadienyl), 24:153 

Zirconium(IV), tetrachlorobis(tetrahydro- 
furan)-, 21:136 

Zirconium bromide (ZrBr), 22:26 
Zirconium chloride (ZrCI), 22:26 
ZSM-5 (NaZ.4 [(C3H7)4N13 6 A12.6(Silm0207))r 

22:67 
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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., F a a U  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., 
FeOI3Ru3Cl3Hl3 is also listed at Ru3FeO13C13H13. Ligand groupings are also listed separately 
in the same order, e.g., N2GH8, 1,2-Ethanediamine, cobalt complexes. Thus individual com- 
pounds are found at their total formula in the alphabetical listing; compounds of any metal 
may be scanned 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 Cyano complexes. 

Water of hydration, when so identified, is not added into the formulas of the reported 
compounds, e.g., Cb.&PtRb2C4 . 3H20. 

AgAsF,, Arsenate, hexafluoro-, silver, 
24:74 

AgAsF6S16, Silver( 1 + ), bis(cycboctasu1- 
fur)-, hexafluoroarsenate, 24:74 

AgCoN408C4H8, Cobaltate(III), bis- 
(g1ycinato)dinitro-, &(No2), trans(N)-, 
silver(I), 23:92 

nate, reactions, 24:247 

24:234 

AgF303SC, Silver trifluoromethanesulfo- 

A&N03S, Silver(l+), p3-thio-tri-, nitrate, 

AhO16W4, Silver tungstate, 22:76 
A I B L S ~ ~ C ~ H ~ ~ ,  Aluminum, bromobis- 

[(trimethylsilyl)methyl]-, 24:94 
AIH4LaNi,, Aluminum lanthanum nickel 

hydride, 22:% 
A1Na04Si . 2.25H20, Sodium aluminum sil- 

icate, 22:61 
-, Zeolite A, 22:63 
AISi3CI2Ha, Aluminum, tris[(tri- 

methylsilyl)methyl]-, 24:92 
Al2Na2OI4Si . XH20, Sodium aluminum sil- 

icate hydrate, 2254 
- 3  Zeolite Y, 2264 

Alt6N3 6Na2 40mSilmC43Hlm, Sodium tetra- 
propylammonium aluminum silicate, 
22:67 

-, ZSMJ, 22:67 
Al,K2NNa03.6SillC4H12 . 7H20, Offretite, 

tetramethylammonium substituted, 
22:65 

monium aluminum silicate hydrate, 
22:65 

AsAgF,, Arsenate, hexafluoro-, silver, 
24:74 

AsAgF6SI6, Arsenate, hexafluoro-, bis- 
(cyclo-octasulfur)siIver( 1 + ) , 24:74 

AsBr3F6S, Arsenate, hexafluoro-, tribromo- 
sulfur(IV), 24:76 

AsGH,, Arsine, dimethyl- 
molybdenum complex, 25: 169 

AsClsH15, Arsine, triphenyl- 
chromium complexes, 23:38 

AsC,H,,, Arsonium, tetraphenyl- 
lh4,3A4,5X4,7-tetrathia-2,4,6,8,9-pentaaza- 

bicyclo[3.3.l]nona-l(8) ,2,3,5-tetraen- 
ide, 25:31 

-, Potassium sodium tetramethylam- 

243 
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AsF6NCl6HXr Arsenate, hexafluoro-, tetra- 

AsFaO,  Arsenate, hexafluoro-, nitryl, 

AsF6Se8C&IZ4, Arsenate, hexafluoro, 

butylammonium, 24:138 

24:69 

4,4‘,5,5’-tetramethyl-2,2’-bi-1,3-dise- 
lenolyldene radical ion( 1 + ) (1 :2), 
24:138 

AsMoz04CldiH,,, Molybdenum, tetracar- 
bonylbis(qs-cyclopentadienyl)( p- 
dimethy1arsino)-p-hydrido-di-, 25: 169 

(dimethyl)-rhodium complex, 21:lOl 

dioxide)bis[o-phenylenebis(dimethy1- 
arsine)]-, chloride, 21:lOl 

AS~CIR~C&~, Rhodium(1 +). bis[o-phen- 
ylenebis(dimethylarsine)]-, chloride, 
21:lOl 

As,CL,Nb2C&13,, Niobium(III), hexachlo- 
robis[o-phenylenebis(dimethy1- 
arsine)]di-, 21:18 

As&Nb,GH,, Niobium(III), hexachlo- 
robis[[2-[(dimethylarsino)methyl]-2- 
methyl- 1,3-propanediyl] bis(dimethy1- 
arsine)]-, 21:18 

ASZC,0H16, Arsine, o-phenylenebis- 

A S ~ C ~ O ~ R ~ C ~ ~ H ~ ~ .  Rhodium(1 + ), (carbon 

AuCIOC, Gold(I), carbonylchloro-, 24:236 
AuCI2O2P2CJ-IY2, Gold($ dichloro-p- 

(1,1,10,10-tetraphenyl-4,7-dioxa-l ,lo- 
diphosphadecane)-di-, 21: 193 

AuN02SC3&, Gold(I), (L-cysteinato), 
21:31 

AuSC$19, Gold(I), (4-ethylbenzenethiol- 
ato)-, 23:192 

BBr2CH3, (‘OBlBorane, dibromomethyl-, 

BBr,, [“B]Boron bromide, 22:219 
BCIF4PtSYw18, Platinum(II), chlorotris- 

22:223 

(dimethyl sulfide)-, tetrafluoroborate- 
(1-), 22:126 

BCI2C&I5, Borane, dichlorophenyl-, 22:207 
BCuN6OC,,Hl0, Copper(I), carbonyl [hy- 

drotris(pyrazolato)borato]-, 21:108 

[tris(3,5-dimethylpyrazolato)hydro- 
boratol-, 21:109 

BCuN,0C,lH12, Copper(I), carbonyl [tet- 
rakis(pyrazolato)borato)-, 21:llO 

BF4Fe02CIIHlY, Borate(1 -), tetrafluoro-, 

BCUN~OC~~HZ, Copper(I), carbonyl- 

dicarbonyl(q5-cyclopentadienyl)(qz-2- 
methyl-1-propenyl(iron(1 +), 24:166 

BF4MoN2P4CJ-15,. Molybdenum(III), bis- 
[ 1 ,Zethanediylbis( 1,2-diphenylphos- 
phine)](isocyanomethane)[ (methyl- 
amino)methylidyne]-, trans-, tetra- 
fluoroborate( 1 - ), 23: 12 

BF4NCI6Hx, Borate(1- ), tetrafluoro-, tet- 
rabutylammonium, 24:139 

BF4N2P4WC&5s, Tungsten(IV), bis[l,2- 
ethanediylbis(diphen y1phosphine))- 
(isocyanomethane)[(methylamino)- 
methylidyne]-, trans-, tetrafluoro- 
borate(1-), 23:ll 

BF4N2P,WCa61, Tungsten(IV), bis[l,2- 
ethanediylbis(diphenylphosphine)](2- 
isocyano-2-methylpropane)[ (methyl- 
amino)methylidyoe]-, trans-, tetrafluo- 
roborate(1-), 23:12 

bonyl-p-ethylidyoe-bis[carbonyl(q’-cy- 
clopentadieny1)-, tetrafluoroborate- 

BF4Se8GoOu, Borate(1- ), tetrafluoro-, 
4,4‘ ,5,5’-tetramethyl-2,2’-bi-1,3-dis- 
elenolylidene, radical ion(1 +) (1:2), 
24: 139 

BF8N, Borate(III), tetrafluoro-, tetrafluoro- 
ammonium (l:l), 2442 

BFI5OYTe3, TeUurate(VI), pentafluorooxo-, 
boron(3+) (3:1), 24:35 

BKGHI6, Borate(1 -), (cyclooctane-1,s- 
diy1)dihydro-, potassium, 22200 ‘ 

BLiGH,,, Borate(1 -), (cyclooctane-1.5- 
diy1)dihydro-, lithium, 22199 

B N w I 6 ,  Borane, (dimethy1amino)diethyl-, 
22:209 

BNNaC2HY, Borate(1 -), cyanotri[(W)- 
hydro]-, sodium, 21:167 

BNO2C,HI2, Borane, carboxy- 

BN02C5HI,, Borane, (methoxycarbony1)- 

BNIC,HII, Borane, cyano- 

BF403Ru2C15H,,, Ruthenium( 1 + ), p-car- 

(1-), 25:184 

compd. with trimethylamine (l:l), 25:81 

compd. with trimethylamine (l:l), 25:84 

compd. with trimethylamine (l:l), 
25:80 

BN30C&11,, Borane, (ethylcarbamoy1)- 
compd. with trimethylamine (l:l), 2583 

BN4RhCuHa, Rhodium(1). tetrakis(1-iso- 
cyanobutane)-, tetraphenylborate(1 -), 
2150 
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BN&HIO, Borate(1 -), hydrotris(pyra- 
zo1ato)- 

copper complex, 21:108 

pyrazo1ato)hydro- 
copper complex, 21:109 

BN6C1&, Borate(1 -), tris(3,S-dimethyI- 

-, Borate(1- ), tris(3,5-dimethylpyra 
zolyl)hydro- 

molybdenum complexes, 23:4-9 
BN&12H12, Borate(1- ), tetrakis- 

(pyrazo1ato)- 
copper complex, 21:llO 

BNaGH16, Borate(1 -), (cyclooctane-1,S- 

B O W I I ,  Borane, diethylhydroxy-, 22:193 
BOC3H,,, Borane, diethylmethoxy-, 

BOGHm, Diboroxane, tetraethyl-, 22: 188 
B02C2H7, Boronic acid, ethyl-, 24233 
BO2C&,, Borane[(2,2-dimethylpropa- 

BO,W,,, Undecatungstoborate(9 -) 

B2FBMoN2P,C&IYlr Molybdenum( IV), 
bis[ 1,2-ethanediyIbis(diphenyl- 
phosphine)]bis[(methylamino)- 
methylidynel-, trans-, bis[tetra- 
fluoroborate(1 -)I, 23:14 

B2F8N2P,WC,H,, Tungsten(IV), bis[l,2- 
ethanediylbis(dipheny1phosphine))- 

diy1)dihydro-, sodium, 22:200 

22:190 

noy1)oxyldiethyl-, 22: 185 

thorium complexes, 23:189 

B ~ N ~ O ~ C ~ M ,  Borate(2 -), his[+-[( 1,2-Cy- 
clohexanedione dioximato)-O,O']- 
diphenyldi- 

iron complex, 21:112 
B20GH,, Diboroxane, tetraethyl-, 24% 
BZ05C14H28r Boron, bis-p(2,2-dimethyl- 

propanoato-O,O')-diethyl-p-oxodi-, 
22:1% 

B&C& [1aB2]-1,2,4,3,5-Trithiadiborolane, 
3,5-dimethyl-, 22:225 

B303C&5, Boroxin, triethyl-, 24235 
B&,&, 2,3-Dicarba-nido-hexaborane(8), 

2,3-diethyl-, 22:211 
B,FeC,,H,, [ 1 ,l'-comrno-Bis(2,3-dicarba-l- 

ferra-closo-heptaborane)]( 12), 
2,2',3,3'-tetraethyl-l,l-dihydro., 22:215 

B7C2H,,, 2,6-Dicarba-nido-nonaborane, 
22:237 

BeClzHts, 2,3,7,8-Tetracarbadodecarborane- 
(12). 2,3,7,8-tetraethyl-, 22:217 

B9CoGH16, 1,2-Dicarba-3-cobalta-closo-do- 
decaborane( l l ) ,  3-(q5-cyclopentadi- 
enyl)-, 22:235 

B9CsH12S, Borate(1- ), dodecahydrod- 
thia-aruchno-deca-, cesium, 22:227 

B a a ,  l-Thia-closo-decaborane(9), 22:22 
B,H,,S, &Thia-nido-decaborane(ll), 22:228 
B9KGH12, Borate(1 -), dodecahydro-7,s- 

dicarba-nido-undeca-, potassium, 
22:231 

bis[ (methy1amino)methylidynel-, trans-, B9SC4H,,, 7,8-Dicarba-nido-undecaborane- 
bisjtetrafluoroborate(1- )], 23:12 

B2F8N2P,WC,&, Tungsten(1V) , bis[l,2- 
ethanediylbis(diphenylphosphine)]- 
bis[ [ (4-methylphenyl)amino]methyl- 
idynel-, trans-, bis(tetrafluoro- 
borate(1 -)I, 23:14 

pentaamine(pyrazine)ruthenium(II) 
(2:1), 24:259 

B2FeN606C&,, Iron(II), {[tris[p-[(l,2-cy- 
clohexanedione dioximato)-O:O']di- 
phenyldi borato(2 - )]-N, N' ,N" ,N' " ,- 

B2K1,0mThWU, Thorate(IV), bis(undeca- 
tungstoborato)- , tetradecapotassium , 
23: 189 

B2N4P,Rh2C,18H120, Rhodium(I), tetrakis( 1- 
isocyanobutane)bis[methylenebis(di- 
pheny1phosphine)ldi-, bisItetrapheny1- 
borate(1 -)I, 21:49 

B2FsN7RuC,Hl9, Borate(1 -), tetrafluoro-, 

NI"'"'""~, 21:112 

( l l ) ,  9-(dimethyl sulfide)-, 22239 
Bla14, Decaborane(l4), 22:202 
BI,,SGHl2, 1,2-Dicarba-closo-dodecaborane- 

BaC1&&o~N6, Barium(II), bis(7,ll: 
(12)-9-thiol, 22:241 

20,24-dinitrilodiben[b, rn][l,4, 
12,15]tetraazacyclodocosine)-, diper- 
chlorate, 23:174 

B&KZN2012CJIn, Potassium, (4,7,13, 
16,21,24-hexaoxa-1 ,lo-diazabicy- 
clo[ 8.8 .S]hexacosane)- , tetrabis- 
muthide(2-) (2:1), 22:151 

BrAISi2C,Hn, Aluminum, bromobis[(tri- 
methylsilyl)methyl]-, 24:94 

B~CON,OC,~H~,  Cobalt(III), [2-[1-[(2-ami- 
noethyl)imino]ethyl]phenolato]( 1,2- 
ethanediamine)ethyl-, bromide, 23: 165 

BrCoN403G&, Cobalt( 111), (carbonate) 
bis( 1,2ethanediamine)-, bromide, 
21:120 
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BrCoN,0,S2C,H18 . H20,  Cobalt(JII), aqua- 
bromobis( 1,2-ethanediamine)-, dithio- 
nate, fruns-, monohydrate, 21:124 

BrF2NS, Imidosulfurous difluoride, bromo-, 
24:20 

BrFeMg02PCwH,,, Magnesium, bromo(qs- 
cyclopentadienyl)[ 1,2-ethanediyIbis- 
(diphenylphosphine)]bis( tetrahydro- 
furan)iron-, (Fe-Mg), 24:172 

dienyl)[ 1,2-ethanediyIbis(diphenyl- 
phosphine)]-, 24:170 

bromo-3-exo-nitro- 

BrFeP2C31H29, Iron, brorno(qs-cyclopenta- 

BrNO,CI,Hl4, Bornan-2-one, 3-endo- 

(1R)-, 25:132 
BrNPSiCsHIs, Phosphorimide bromide, P,P- 

dimethyl-N-(trimethyIsily1)-, 25:70 
BrZr, Zirconium bromide, 22:26 
Br2Mn208C8, Manganese, dibromooctacar- 

bonyldi-, 23:33 
Br2N4PdCI2Ha, Palladium(II), [N,N-bis[Z- 

(dimethylamino)ethyl]-N',N'-dimethyl- 
1,2-ethanediamine)bromo-, bromide, 
21:131 

Br2NJViP2C18H2,, Nickel(II), dibromobis- 
(3,3' ,3"-phosphindynetripropionitrile)-, 
22:113, 115 

(Br2NJViP2C18H2,)x, Nickel(II), dibromobis- 
(3,3' ,3"-phosphindynetripropionitri1e)-, 
polymer, 22:115 

Br,AsF,S, Sulfur(IV), tribrornohexafluoro- 
arsenate, 24:76 

Br3CoN,C,Hl6, Cobalt(III), dibromobis(l,2- 
ethanediamine) , bromide, tram-, 
21:120 

Br3CoN4C,HI(, . H20,  Cobalt(III), dibromo- 
bis( 1,2-ethanediamine)-, bromide, cis-, 
monohydrate, 21:121 

Br,CoN40C,H,, . H20,  Cobalt(III), aquabro- 
mobis( 1,2-ethanediamine)-, dibromide, 
cis-, monohydrate, 21:123 

tetraethylammonium, 22:141 

tetrabutylammonium, 22: 139 

droxo-bis[tetraamine-, tetrabromide, 
24:226 

Br4N8O2Rh2C8H3, Rhodium(III), di-phy- 
droxo-bis[bis( 1,2-ethanediamine)-, tet- 
rabromide, 24:231 

Br,GaNC,H,, Gallate( 1 - ), tetrabromo-, 

Br4GaNCI6Hxr Gallate(1- ), tetrabromo-, 

Br4Hd8O2Rh2, Rhodium(III), di-p-hy- 

Br6Ga2P7C&32, Gallate(2 - ), hexabro- 
modi-, bis(triphenylphosphonium), 
22:135, 138 

Br6Ga,P2C,Ha, Gallate(2 - ), hexabro- 
modi-, bis( tetraphenylphosphonium), 
22:139 

CF,H, Methane, trifluoro- 
cadmium complex, 2455 
mercury complex, 24:$2 

CF,NOS, Imidosulfurous difluoride, 

CH2, Methylene 

CH2C14P2, Phosphine, methylenebis- 

CH,, Methyl 

(fluorocarbony1)-, 24: 10 

ruthenium complex, 25182 

(dichloro)-, 25:121 

cobalt complexes, 23:170 
mercury complexes, 24: 143-145 
platinum complex, 25:104, 105 

silicon complex, 2 4 9  
CNO, Cyanato 

CN,0S2, 1,3A4,2,4-Dithiadiazol-5-one, 2553 
CO, Carbon monoxide 

chromium complexes, 21:1, 2; 23:87 
cobalt complex, 25:177 
cobalt, iron, osmium, and ruthenium 

complexes, 2 1 :58- 65 
cobalt-osmium complexes: 25: 195-197 
cobalt-ruthenium cluster complexes, 

copper complex, 21:107-110 
gold(I), 24:236 
hafnium, titanium, and zirconium, 

indium complex, 21:97 
iron complex, 2156, 68 
iron complexes, 24:257-160; 25:154, 

iron and ruthenium complexes, 22:163 
manganese complexes, 25116-118 
molybdenum complexes, 25: 168-169 
osmium complexes, 25:188-193 
palladium complex, 21:49 
rhodium complex, 25:171 
ruthenium complex, 21:30; 25:108, 

25164 

24~149-156 

155 

180- 185 
~H3ClsN,0P3, Poly[2,2,4,4,6-pentachloro- 

6 4  etheny1oxy)- 1,3,5 ,2As ,4Xs ,6Xs-triaza- 
triphosphorine], 25:77 
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-, 1 ,3,5,2X’,4As,6hs-Triazatriphosphor- 
ine, 2,2,4,4,6-pentachloro-6-(ethenyl- 
OXY)-, 25:75 

GI&, Ethene 
cobalt complexes, 23:19 
iron complex, 21:91 
platinum complexes, 21536-89; 24:213- 

ruthenium complex, 21:76; 25:183 
GH4CIsN4P3, 1,3,5,2X5,4A5,6X5-Triazatri- 

216 

phosphorine, 2-(l-aziridinyl)-2,4,4,6,6- 
pentachloro-, 25:87 

GI&CIsP3, Phosphine, chlorobis[(dichloro- 
phosphino)methyl]-, 25: 121 

GH4CI7N5P4, 1 ,3,5,7,2h5,4h5,6Xs,8hS-Tetra- 
azatetraphosphocine, 2-( l-aziridinyl)-2, 
4,4,6,6,8,&heptachloro-, 25:91 

GHs, Ethyl 
cobalt complexes, 23:165, 167 

GH,, Ethane 
ruthenium complexes; 25:184-185 

GH$N, Dimethylamine, N-fluoro-, 

C,H&IP, Poly[nitrilo(dimethylphosphoranyl- 

~H&12S2Sn2, 1,3X4,2,4,5-Dithiadiazastan- 

24:66 

idene)], 25:69, 71 

nole 
5,5-dimethyl-, 2553 

C3&Cl,N4P2, 1,3,5,2hS,4AS-Triazadiphos- 
phinine, 2,2,4,4-tetrachloro-6-(dimeth- 
ylamino)-, 2527 

C3HgOSSi, Silanamine, l,l,l-trimethyl-N- 
sulfinyl-, 2548 

C4&02, Acrylic acid, methyl ester 

C4H8, 1-Propene, 2-methyl- 

C4H8C14NsP3, 1 ,3,5,2X’,4Xs,6hS-Triazatri- 

ruthenium complex, 24:176 

iron complexes, 24:161, 164, 166 

phosphorine 

2587 

cis- and trans-, 25:87 

azatetraphosphocine 

chloro-, 2591 

chloro-, cis- and trans-, 25:91, 

chloro-, cis- and trans-, 2591 

2,2-bis( l-aziridinyl)-4,4,6,6-tetrachloro-, 

2,4-bis( 1 -aziridinyl)-2,4,6,6-tetrachloro-, 

C4H8C&N$,, 1,3,5,7,2h5,4A5,6h5,8h5-Tetra- 

2,2-bis(l-aziridinyl)-4,4,6,6,8,8-hexa- 

2,4-bis( l-aziridinyI)-2,4,6,6,8,8-hexa- 

2,6-bis( l-aziridinyI)-2,4,4,6,8,8-hexa- 

C4H9, Butyl 
tin deriv., 25:112, 114 

cobalt, iridium and rhodium complexes, 
22:171, 173, 174 

palladium complex, 22:167, 168, 169, 170 
C4HIIBNZ, Borane, cyano- 

compd. with trimethylamine (l:l),  2590 
C4H12BNOz, Borane, carboxy- 

compd. with trimethylamine (l:l), 25:81 
C4H12Cl&P4, 1,3,5,7,2XS,4A5,6hs,8hS-Tetra- 

C4HIO, Butane 

azatetraphosphocine 

bis(ethy1amino)-, 25: 16 
2,4,4,6,8,8-hexachloro-tranr-2,6- 

C4H12N4S3, Ammonium, tetramethyl- 
1A4,3,5,2,4,6-trithiatriazenide, 2532 

C4H12N4S,Sn,, Tin, bis[ p-mercaptosulfur 
dumidato(2 - )]tetramethyldi-, 2546 

C4N404Si, Silane, tetraisocyanato-, 24:99 
C5H4N0, 2-Pyridone 

platinum diammine complex, 2595 
C5&, 1,3-Cyclopentadiene 

cobalt complex, 22:171, 235 
cobalt and rhodium complexes, 25:158- 

cobalt-osmium complexes, 25:195-197 
iron complexes, 21:39-46; 24:161, 164, 

molybdenum complexes, 25: 168 
osmium complex, 25:191 
ruthenium complex, 21:78; 22:180; 

thallium complex, 24:97 
titanium complexes, 24:149-151 
titanium and vanadium complexes, 21:84, 

163 

166, 170, 172 

25:180-185 

85 
C5HI4BNO2, Borane, (methoxycarbony1)- 

compd. with trimethylamine (l:l), 
25:84 

CsH14CLN,P3Si, Poly[2,2,4,4-tetrachloro-6- 
methyl-6-[( trimethylsilyl)methyl]catena- 
triphosphazene-1,6-diyl]-, 2363 

-, 1,3,5,2Xs,4AS,6hS-Triazatriphosphor- 
ine , 2,2,4,4-tetrachloro-6-methyl-6-[ (tri- 
methylsilyl)methyl]-, 25:61 

methyl-, 25:121 
CSH14P2, Phosphine, methylenebis(di- 

C5HlSBrNPSi, Phosphorimide bromide 

C5Hl,Ps, Cyclopentaphosphine, penta- 
P,P-dimethyl-N-(trimethylsily1)-, 25:70 

methyl-, 25:4 
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C&, Phenyl 
antimony complexes, 23: 194 
platinum complexes, 25: 102-103 
tin deriv., 25:111 

chromium complex, 21:1, 2 
ruthenium complex, 22: 177 

ruthenium complex, 21.:77; 22:177 

Cd-IH,, Benzene 

c&,, 1,3-CycIohexadiene 

C&,,CI,N$,, 1 ,3,5,2Xs,4hS,6Xs-Triazatri- 
phosphorine, 2,2,4-tris( l-aziridinyl)-4, 
6,6-trichloro-, 2987 

Cd-Il2CIsN7P4, 1,3,5 ,7,2Xs,4hS,6Xs,8As-Tetra- 
azatetraphosphocine , 

2,2,6-tris( l-aziridiny1)-4,4,6,8,8-penta- 
chloro-, 25:91 

2,4,6-tris( l-aziridinyI)-2,4,6,8,8-penta- 
chloro-, 2,6-cis-4-trans- and 2,4-cis-6- 
~ T U ~ S - ,  25:91 

Cd-Il4CI2NZP2. Cyclodiphosphazane, 2,4- 
dichloro-l,3-diisopropyl-, 25: 10 

Cd-IISCI,N3P,, 1,3,5,2,4,6-Triazaphosphori- 
nane, 2,4,6-trichloro-1,3,5-triethyl-, 
25:13 

C&BN20, Borane, (ethylcarbamoy1)- 
compd. with trimethylamine (l:l),  2583 

C&,,N,SSn,, Sulfur diimide, bis( trimethyl- 

C&19N2SSi2, Sulfur diimide, bis(trimethy1- 

C7HsNOaS, o-Benzosulfimide (saccharin) 

C,H,NP,Poly[nitrilo( methylphenylphosphor- 

C&Se, Poly(methylphenylsilylene), 2556 
C7HI0, 1,3-CycIoheptadiene 

C,H,,F,NOPSi, Phosphinimidic acid, P, P- 

stanny1)-, 25:44 

silyl)-, 25:44 

metal complexes, 23:47 

anylidyne)], 25:69, 72-73 

ruthenium complex, 22:179 

dimethyl-N-( trimethylsily1)- 
2,2,2-trifluoroethyl ester, 2571 

C,H,,NSi, tert-Butylamine, 
N(trimethylsily1)-, 258  

G,&, Benzene, ethynyl- 
ruthenium complex, 21:82 

GH,, Benzene, vinyl- 
ruthenium complex, 21:80 

-, Styrene see - Benzene, 

C,,H,,, 1,3,5-Cyclooctatriene 
vinyl-, 21:80 

ruthenium complex, 22:178 

C8HI2, 1,5-CycIooctadiene 
indium complexes, 23:127; 24:173, 174, 

rhodium complex, 23:127, 129; 25:172 
ruthenium complex, 22:178 

iridium complex, 21:102 

boron complex, 22:199 

175 

C&, Cyclooctene 

c & 6 ,  Cyclooctane 

C8Hl6CI2S3, Ethane, l,l'-[thiobis(2,1-eth- 
anediylthio)]-bis[2[2-chloro-, 25:124 

CSH18C12N~P2r Cyclodiphosphazane, 1,3-di- 
tert-butyl-2,4-dichloro-, 25 : 8 

c&O&, Ethanol, 2,2'-[thiobis(2,1-eth- 
anediy1thio))-bis, 25: 123 

C8H&i,&$,, 1,3,5,7,2As,4Xs,6hs,8As-Tetra- 
azatetraphosphocine 

2,4-bis(tert-butylamino)-2,4,6,6,8,8-hexa- 
chloro-, 2521 

2,6-bis(tert-butylamino)-2,4,4,6,8,8-hexa- 
chloro-, 2521 

C8HUNPSi2, Phosphinous amide, P, P-didi- 
methyl-N,N-bis( trimeth ylsily1)- , 25: 69 

C8HZ4N$,, 1,3,5 ,2X5 ,4Xs,6X5-Triazatnphos- 
phorine 

2,2-bis( l-aziridinyI)-4,4,6,6-tetrakis(me- 
thylamino)-, 25239 

2,4-bis( l-aziridinyl)-2,4,6,6-tetrakis- 
(methylamino)-, cis- and trans-, 25239 

CI,,H20100~1CISHs, Osmium, p-carbonyl- 
noncarbonyl(qs-cyclopentadienyl)-di-p- 

CI,,H3090s3C14Hs, Osmium, nonacarbonyl(qs- 
cyclopentadieny1)-tri-p-hydrido-cobalt- 

C,,,H4090slC14Hl~, Osmium, nonacarbonyl- 
(qs-cyclopentadienyI)-tetru-phydrido- 
cobalt-tri-, 25:197 

hydrido-cobalttri-, 25~195 

tri-, 25~197 

C,,,H14 , Benzene, 1-isopropyl-4-methyl- 

C,,,HlJ3rN03, Bornan-Zone, 3-endo- 
ruthenium complex, 21:75 

bromo-3-exo-nitro- 
(1R)-, 25~134 

C l ~ l ~ l z N ~ 0 4 P , ,  Poly[2,2-dimethyl-4,4,6,6- 
tetrakis-(2,2,2-trifluoroethoxy)catena- 
triphosphazene-1 ,bdiyl], 25:67 

CI,,HI4NNaO3, Bornan-Zone, 3-uci-nitro- 

c1&16, 1,3-Cyclopentadiene, 1,2,3,4,5-pen- 
(1R)-, sodium salt, 22133 

tamethyl-, 21:181 
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cobalt complexes, 23:15-19 
hafnium, titanium, and zirconium com- 

iridium and rhodium complexes, 22: 173, 

osmium complex, 25:191 

plexes, 24:152-156 

174 

Clb132N12P4, 1,3,5,7,2Xs,4hS,6X5,8A5-Tetra- 
azatetraphosphocine , 2,6-bis( 1 -aziridi- 
nyl)-2,4,4,6,8,8-hexakis(methylamino)- 

trans-, 2591 

ruthenium complexes, 21:74-77 
CI2Hl8, Benzene, hexamethyl- 

C12Hl&OPSi, Phosphinimidic acid, P- 
methyl-P-phenyl-N-(trimethylsily1)- 

C12H~06, 1,4,7,10,13,16-Hexaoxacycloocta- 
2,2,2-trifluoroethyl ester, 2572 

decane 
potassium complex, 25:126 

CI2HUS6, 1,4,7,10,13,16-Hexathiacycloocta- 
decane, 25:123 

CI2H2,P3, Cyclotriphosphane, tri-tert-butyl-, 
25:2 

CI2HaCIN3P2, 1,3 ,2X3,4X3-Cyclodiphospha- 
zane 

2-chloro-l,3-diisopropyl-4-[isopropyl( tri- 
methylsilyl)amino, (trimethylsily1)- 
amino]-, 2910 

C13Hj3CI4NP2, PhoSphorus(l+ ) 
1,1,2-trichloro-l-methyl-2,2-dipheny1-p- 

CI3HUFI2N3O4P3Sir Poly[2-methyl-4,4,6,6-tet- 
nitrido-, chloride, 25:26 

rakis(2,2,2-trifluoroethoxy-2-[(trimeth- 
ylsilyl)methyl]catenatriphosphazene-1 , 
6-diyl1, 25:64 

C13H2,NPSir Phosphinous amide 
P-methyl-P-phenyl-N,N-bis( trimethyl- 

Cl4I-LINllP4, 2,4,6,8,9-Pentaaza-lhS,3hS,5hS, 
7X5-tetraphosphabicyclo[3.3. llnona- 
1,3,5,7-tetraene 

9-ethyl-l,3,3,5,7,7-hexakis(ethylamino)-, 
25:20 

3,3,5,7,7-pentakis(dimethylamino)-9- 
ethyl-1-(ethylaminof-, 25: 18 

C1.,HUIN12P4. 1,3,5,7,2X5,4h~,6hs,8htTetra- 
azatetraphosphocine 

2,4,4,6,8,8-hexakis(dimethylamino)-2,6- 
bis(ethylamin0)-, trans-, 25:19 

Cl&N4P4S8, Tetraphosphate(III), cyclo-oc- 

~ilyl)-, 25:72 

diethylammonium (1:4), 255 
Cl8HI6NP, Benzenamine, 2-(diphenylphos- 

C18H42N$6, 2,4,6,8,9,10-Hexaaza- 1 A3 ,3h3, 
phino)-, 25129 

5A3,7X3-tetraphosphatricyclo[5.1.1.13~s]- 
decane 

2,4,6,8,9,10-hexaisopropyl-, 25 :9 
C1&CI2N3P2, 1 ,3,5,2hS,4As-Triazadiphos- 

phinine, 2,4-dichloro-2,4,6-triphenyl-, 
25:28 

C1&F, Methane, fluorotriphenyl-, 24:66 
CJI18C1N3P2, 1 ,3,5,2As,4X5-Triazadiphos- 

phinine 
2-chloro-2-methyl-4,4,6-triphenyl-, 25:29 

&HmCIN3P2S, lh',2,4,6,3h5,5XS-Thiatriaza- 
diphosphorine 

l-chloro-3,3,5,5,-tetraphenyl-, 25:40 
CUH21ClNP, Phosphonium, (2-amino- 

phenyl) triphenyl- 
chloride, 25130 

C32H&12P,, 1,3,5,7,2A5,4X5,6Xs,8A5-Tetra- 
azatetraphosphocine 

25:23 

bis( triphenyl- 

2,2,4,4,6,6,8,8-octakis(tert-butylamino)-, 

C&&P2S3, PhoSphoruS(l+ ), p-nitrido- 

sulfido(disulfido)nitrate(l -), 2537 
CJ&N2P2S4, Phosphorus( 1 +), p-nitrido- 

bis( triphenyb 
bis(disuffido)nitrate(l -), 2535 

Ca2Mn308, Calcium manganese oxide, 

CdCI2N6O&Hm, Cadmium(II), 
22:73 

aqua(7,11:20,24-dinitrilodibenzo- 
[b,m][ 1,4,12,15]tetraazacyclodode- 
cosine)perchlorato-, perchlorate, 
23:175 

CdF6G . NC&, Cadmium, bis(trifluor0- 
methyl)-, -pyridine, 2457 

cdF6G . OC4H,, Cadmium, bis(trifluoro- 
methyl)-, -tetrahydrofuran, 2457 

CdF& . 02C,H10, Cadmium, bis(trifluoro- 
methyl)-, -1,2-dimethoxyethane, 
2455 

CdP2S4C,&,, Cadmate(II), tetrakis(ben- 
zenethiolat0)-, bis(tetrapheny1phos- 
phonium), 21:26 

CdSe, Cadmium selenide, 22232 
CdSe.Te,.., Cadmium selenide telluride, 

tathio- 22:84 
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CdSeo ,Tea.,,, Cadmium selenide telluride, 

CeCl,, Cerium chloride, 22:39 
CeCI,O,P,C&,, Cerium(IV), tetrachloro- 

bis(tripheny1phosphine oxide)-, 23: 178 
CeFI8N6O$,,~Hn, Cerium(III), hexakis- 

(diphenylphosphinic amide)-, tris(hexa- 
fluorophosphate), 23: 180 

CeN@&&6, Cerium(III), trinitrato( 1,4, 
7,10-tetraoxacyclododecane)-, 23: 151 

CeN30,,Cl,J3m, Cerium(III), trinitrato( 1,4, 
7,10,13-pentaoxacyclopentadecane)-, 
23:151 

CeN301SC12Hz4, Cerium(III), (1,4,7,10,13, 
16-hexaoxacyclooctadecane)trinitrato-, 
23:153 

&N,04C&2, Cerium, bis(2,4-pentanedio- 
nato)[5,10,15,20-tetraphenylporphyri- 
nato(2 -)I-, 22:160 

CeN,O,,P,C,H,, Cerium(IV), tetranitrato- 
bis(tripheny1phosphine oxide)-, 23: 178 

CeN,,OmC,HU, Cerium(IV), tetrakis(2,2'- 
bipyridine 1 ,l'-dioxide)-, tetranitrate, 
23:179 

Ce08C,H76, Cerium(IV), tetrakis(2,2,7-tri- 
methyl-3,5-octanedionato)-, 23: 147 

Ce,N ,,O,C&,, Cerium(III), tns( 1,4,7 ,lo, 
13,16-hexaoxacyclooctadecane)dodeca- 
nitratotetra-, 23: 155 

CICONO,C,,H~, Cobalt(III), [2-[ 1-[(2-ami- 
noethyl)imino]ethyl]phenolato]( 1,2- 
ethanediamine)ethyl-, perchlorate, 
23:169 

CICoN,02SC,H,,, Cobalt(III), bis( 1,2- 
ethanediamine)(2-mercaptoace- 
tato(2 - ) -0 ,S) - ,  perchlorate, 2121 

CICoN4O3Cl,Hl6 . H20,  Cobalt(III), dia- 
mine( carbonato) bis( p yridine)- , cis ,cis-, 
chloride, monohydrate, 23:77 

CICoN407GH2, * 2H,O, Cobaltate(III), 
aqua(glycinato)( 1,4,7-triazacyclono- 
nane)-, perchlorate, dihydrate, 23:76 

aquachlorobis(l,2-ethanediamine)-, di- 
thionate, trans-, monohydrate, 21:125 

CICoN,O,~H,, - H20,  Cobalt(III), (glycin- 
ato)nitro( 1,4,7-triazacyclononane)-, 
chloride, monohydrate, 23:77 

22241 

CICoN40,S2C,H18 * H20,  Cobalt(III), 

CIF, Chlorine fluoride, 24:1, 2 
CIFO,, Chloryl fluoride, 24:3 

CIF03S, Chlorine fluorosulfate, 24:6 
ClF2NS, Imidosulfurous difluoride, chloro-, 

ClF30C, Hypochlorous acid, trifluoro- 

CIFsS, Sulfur chloride pentafluoride, 24:8 
CIF,Te, Tellurium chloride pentafluoride, 

24:18 

methyl ester, 24:60 

24:31 

bis( 1,2-ethanediamine)( trifluoro- 
methanesulfonato-0)-, trans-, trifluorc- 
methanesulfonate, 24:289 

bis( 1,2-ethanediamine)(trifiuorometh- 
anesulfonato-0)-, trans-, trifluorometh- 
anesulfonate, 24:285 

CIF$I,PZnG,H,, Zinc(II), chloro(2,9-di- 
methy1-3,10-diphenyl-l,4,8,1 l-tetraaza- 
cyclotetradeca-l,3,8,10-tetraene)-, 
hexafluorophosphate(1 -), 22:111 

CIF8TIC12H2r Thallium(III), chlorobis- 
(2,3,4,6-tetrafluorophenyI-), 21:73 

CIF90C4, Hypochlorous acid, perfluoro-ferf- 
butyl ester, 24:61 

CIFlOTlCI2, ThaUium(III), chlorobis(penta- 
fluoropheny1)-, 21:71, 72 

ClFeO, Iron chloride oxide 

CIFdrN@&@I,6, Iridium(III), ChlOrO- 

ClF6N406RhS2W16, Rhodium(III), ChIOrO- 

intercalate with Caminopyridine (4:1), 

intercalate with pyridine (4:1), 22:86 
intercalate with 2,4,6-trimethylpyridine 

(6:1), 22:86 
CIH8N30,Pt, Platinum(II), diamineaqua- 

chloro-, trans-, nitrate, 22125 
CIIrOPC,,H,, Iridium(I), carbonylchlorobis- 

(dimethylpheny1phosphine)-, trans-, 
21:97 

ClIrOzP4C,3H32, Iridium( 1 + ), (carbon diox- 
ide)bis[ 1,2-ethanediylbis(dimethylphos- 
phine)J-, chloride, 21:lOO 

KC-oxy)forrnato-K0-(2 - )Jtris(trimeth- 
y1phosphine)-, 21:102 

C1IrP3CI7)4,, Iridium, chloro(ql-cyclooc- 
tene)tris(trimethylphosphine)-, 
21:102 

CIIrPIC12H32r Iridium(1 +), bis[l,2-ethan- 
diylbis(dimethylphosphine)]-, chloride, 
21:lOO 

22:86 

CIIr0,P3CIIHn, Iridium, chloro[(formyl- 

CINGH,, Benzene, 1-chloro-4-isocyano- 
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molybdenum and tungsten complexes, 

CINNiPSe2CIlHB, Nickel(II), chloro(N,N- 
23: 10 

diethyldiselenocarbarnato)(triethyl- 
phosphine)-, 21:9 

CIN04Cl&, Ammonium, tetrabutyl-, per- 
chlorate, 24:135 

C1NPC24H21r Phosphonium, (2-amino- 
pheny1)triphenyl chloride, 25:130 

CINPPdSe2&HB, Palladium, chloro-(N,N- 
diethyldiselenocarbamato)( triphenyl- 
phosphine), 21:lO 

(N,N-diethyldiselenocarbamato)( tri- 
pheny1phosphine)-, 21:lO 

CIN3P2CI2H,, 1 ,3,2,2A4,4h3-Cyclodiphospha- 
zane 

(trimethylsilyl)amino]-, 25: 10 

diphosphorine 

CINPPtSe2C&HB, Platinum(II), chloro- 

2-chloro-l,3-diisopropyl-4-[isopropyl- 

CIN3P&&Hm, 1A4,2,4,6,3h5,5A5-Thiatriaza- 

l-chloro-3,3,5,5-tetraphenyl-, 25:40 
CINQ2C&HIS, 1,3,5 ,2As,4A5-Triazadiphos- 

phinine 

2529 
CIN402ReCJIm, Rhenium(V), dioxotetra- 

kis(pyridine)-, chloride, trans-, 21:116 
CIN,06ReC&Hm, Rhenium(V), dioxotetra- 

kis(pyridine)-, perchlorate, trans-, 
21:117 

CIN,O,RhC&, Rhodium(III), bis( 1,2- 
ethanediamine)(oxalato)-, krchlorate, 
24:227 

CINsS4, lA4,3X4,5A4,7-Tetrathia-2,4,6,8,9- 
pentaazabicyclo[3.3.1]-1(8),2,3,5-tet- 
raenylium chloride, 2938 

cadmium complexes, 23:175 

2-chloro-2-methyl-4,4,6-triphenyl-, 

C10& Perchloric acid 

CI04SesC&,, 2,2'-Bi-1,3-diselenolylidene, 
4,4',5,5'-tetramethyl-, radical ion(1 + ), 
perchlorate (2:1), 24:136 

CIPRh2C&,2, Rhodium, p-chlorobis(q4-l, 
5-cyclooctadiene)( p-di-tert-butylphos- 
phido)-di-, 25: 172 

ClPSiC,JI,,, Phosphinous chloride, [phenyl- 
(trimethylsilyl)methylene]-, 24: 11 1 

CIPSi,C,H,, Phosphine, bis(trimethylsily1)- 
methylene][chlorobis(trimethylsilyl)- 
methyl-, 24:119 

-, Phosphorane, bis[bis(trimethylsilyl)- 
methylene]chloro]-, 24: 120 

CIP2RuC,IH3s, Ruthenium(II), chloro(qs-cy- 
clopentadienyl)bis( triphenylphos- 
phine)-, 21:78 

CITiC1&Ilo, Titanium(III), chlorobis(q5-cy- 
clopentadieny1)-, 21:84 

CIVCIJ-Ilo, Vanadium(III), chlorobis(qs-cy- 
clopentadieny1)-, 21% 

CIZr, Zirconium chloride, 22:26 
Cl, &s2N,PtC4, Platinate, tetracyano-, ces- 

Cb,&PtRb,C, . 3H20, Platinate, tetracy- 
ium chloride (1:2:0.30), 21:142 

ano-, rubidium chloride (1:2:0.30), 
trihydrate, 21:145 

C12CoN508SC&, Cobalt(III), (Z-amino- 
ethanethiolato-N,S)bis(l ,Zethanedi- 
amhe)-, diperchlorate, 21:19 

anol)(5,5a-dihydro-24-methoxy-6,10: 
19,23-dinitrilo-24H-benzimidazo[2,l-h]- 
[ 1,9,17]-benzotriazacyclononadecine)-, 
diperchlorate, 23: 176 

CI2H2IN2Pt, Platinum(II), diaminechloro- 
iodo-, trans-, chloride, 22:124 

CI2H9N3Pt, Platinum(II), triaminechloro-, 
chloride, 22:124 

CI2HlSN70s, Osmium(II), pentaammine(di- 
nitrogen)-, dichloride, 24:270 

CI2HfC&Im, Hafnium, dichlorobis($-pen- 
tamethylcyclopentadieny1)-, 24  154 

CI2Mo2N4GHU, Molybdenum, dichlorotet- 
rakis( dimethy1amido)di- , ( M L M o ) ,  
2156 

ano- 

23:lO 

(phenylimido)tris(trimethylphosphine)-, 
24: 198 

(phenylimido)tris( triethy1phosphine)-, 
24:198 

CI,NP3WC&Is, Tungsten(IV), dichlorotris- 
(dimethylphenylphosphine)(phenyl- 
imido)-, 24:198 

C12NP3WC45HI*, Tungsten(IV), dichlorotris- 
(methyldiphenylphosphine)(phenyl- 
imido)-, 24:198 

C12CON601,C&~, Cobalt( II), aqua( meth- 

CI,NC,H,, Benzene, 1,3-dichIoro-2-isocy- 

molybdenum and tungsten complexes, 

C12NP3WC15H32, Tungsten(IV), dichloro- 

C12NP3WG4Hs, Tungsten(IV), dichloro- 
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CI2N2O2RuCl2HS, Ruthenium(II), dicarbon- 
yldichloro(2,2'-bipyridine)-, 25: 108 

C12N2P2C&, Cyclodiphosphazane, 2,4- 
dichloro-l,3-diisopropyl-, 25: 10 

CIzN2P2C8H18, Cyclodiphosphazane, 1,3-di- 
rerr-butyl-2,4-dichloro-, 2.5% 

C12NlP2C19Hls, 1,3,5 ,2Xs ,4XS-Triazadiphos- 
phinine, 2,4-dichloro-2,4,6-triphenyl-, 
25 : 28 

methylethyl)-l,2-ethanediamine)di- 
chloro(ethene)-, 21237 

Cl2N2PtC1&,, Platinum(II), [N,N'-bis(1- 

CI2N2PtCl2Na, Platinum(II), dichloro- 
[N,N'-dimethyl-N,N'-bis( 1-methylethyl)- 
1,2-ethanediamine](ethene)-, 21237 

-, dichloro(ethene)(N,N,N' , "-tetra- 
ethyl-l,2-ethanediamine)-, 21:86, 87 

CI2NZPtCJIBr Platinum(II), [(S,S)-N,N'- 
bis( 1-phenylethy1)-1 ,Zethanediamine]- 
dichloro(ethene)-, 21:87 

C12NQtf&H,, Platinum( 11) , dichloro[ (R ,I?)- 
N, N'-dimethyl-N, N' -bis( 1 -phenyl- 
ethyl)-l,2-ethanediamine](ethene)-, 
21:87 

CI2N4Os~,,Hl6, Osmium(II), bis(2,2'-bipyri- 
dine-N,N')dichloro-, cis-, 24~294 

C12N,PdCnHn, Palladium(II), [N,N-bis[2- 
(dimethy1amino)ethylJ-N' ,N'-dimethyl- 
1,2-ethanediamine]chloro-, chloride, 
21:129 

CI2N4RuC&Hl6 . 2H20, Ruthenium(II), bis- 
(2,2'-bipyridine-N, N' )dichloro- , cis-, di- 
hydrate, 24:292 

C12N4WC18H32, Tungsten(IV), dichlorotris- 
(2-isocyano-2-methylpropane)(phenyl- 
imido)-, 24198 

CI2N4WCJIZ6, Tungsten(IV), dichlorotris- 
(l-isocyano-4-methylbenzene)(phenyl- 
imido)-, 24:198 

Cl2NSRu&Hl9 . 2.5H20, Ruthenium(II), 
(2,2'-bipyridine-N,N')chloro(2,2':6' ,2"- 
terpyridine-N,N',N')-, chloride, 2.5 
hydrate, 24:300 

3' ,3"-phosphinidynetripropionitri1e)-, 
22:113 

(2,2'-bipyridine)-, dichloride, hexahy- 
drate, 21:127 

minefnvrazineb. dichloride. 24:259 

CI&"P2ClsH,, Nickel(II), dichlorobis(3, 

C12NJU&,H, . 6H20, Ruthenium(II), tris- 

ClzN7RuC4Hl9. Ruthenium(I1). pentaam- 

C120P,Pd2CslI-L, Palladium(I), p-carbonyl- 
dichlorobis[methylenebis(diphenyl- 
phosphine)]di-, 21:49 

CI2PCI9HIs, Phosphorane, (dichloromethy- 
1ene)triphenyl-, 24: 108 

CI2P,Pd2C&, Palladium(I), dichlorobis-p- 
[ methylenebis(diphenyIphosphine)]-di-, 

C12SI~H16, Ethane, 1,l '-[thiobis(2, l-ethane- 

CI2Si2C,Hl8, Siane, (dichloromethy1ene)bis- 

C12Ti, Titanium dichloride, 24:181 
CI2V, Vanadium chloride, 21:185 
CIICoNIOHl Cobalt (111) , triammineaqua- 

dichloro-, mer-, chloride, 23:llO 

ato)di-p-hydroxo-bis[tnammine-, tri- 
perchlorate, 23:107, 112 

hydroxo-bis[triammine-, fuc-, triper- 
chlorate, dihydrate, 23:100 

acetato)di-p-hydroxo-bis[triammine-, 
triperchlorate, dihydrate, 23:112 

(hydrogenoxalat0)di-p-hydroxo-bis- 
[triammine-, triperchlorate, hemihy- 
drate, 23:113 

22:23 

(Pd-Pd), 21~48 

diylthio)]bis[2-chloro-, 25: 124 

[trimethyl-, 24:118 

C13C0&0&H~, Cobalt(III), p-(carboxyl- 

C13C02N601sH21 * 2H20, Cobalt(III), tri-p- 

CI~CO~N~OI~CZHU * 2H20, Cobalt(III), (p- 

CIICO~N&H~~ 0.5H20, Cobalt(III), )I- 

CllCsSc, Cesium scandium chloride, 

CllDy, Dyprosium chloride, 22:39 
C13Er, Erbium chloride, 22:39 
CllEu, Europium chloride, 22:39 
C13Gd, Gadolinium chloride, 22:39 
C13H12N,Rh, Rhodium(III), tetraamminedi- 

chloro-, ck-, chloride, 24:223 
CllHlsNsRh, Rhodium(III), pentaammine- 

chloro-, dichloride, 24:222 
ClIHIsNsRu, Ruthenium(II1). pentaammine- 

chloro-, dichloride, 24:255 
CI,Hl,N5Ol3Rh, Rhodium(III), pentaam- 

mineaqua-, triperchlorate, 24:254 
CllHI8IrN6, Iridium(III), hexaammine-, tri- 

chloride, 24:267 
CllH18N6012Rh, Rhodium(III), hexaam- 

mine-, triperchlorate, 24:255 
CI&N,Os, Osmium(III), hexaammine-, 

trichloride, 24:273 
CI,Ho, Holmium chloride, 22:39 
CI,IrN.C.H,, . HCI 2H,O. Iridium(II1). 
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dichlorobis( 1,2-ethanediamine)-, trans-, 
chloride, monohydrochloride, dihy- 
drate, 24:287 

C I ~ I ~ N I C ~ H ~ ~  . H20, Iridium(III), dichloro- 
bis(1 ,Zethanediamine)-, cis-, chloride, 
monohydrate, 24:287 

C13La, Lanthanum chloride, 22:39 
C13Lu, Lutetium chloride, 22:39 
C13Mo03C12H24, Molybdenum(III), trichlo- 

rotris(tetrahydr0furan)-, 24: 193 
C13NP2ReC4,H3,, Rhenium(V), trichloro- 

(phenylimido)bis( tripheny1phosphine)-, 
24:1% 

(phenylimido)bis( trimethy1phosphine)-, 
24: 1% 

(phenylimido)bis( triethy1phosphine)-, 
24: 196 

C13NP2WCnHn, Tungsten(V), trichloro- 
bis(dimethy1phenylphosphine)- 
(phenylimid0)-, 24: 196 

CI3NPZWC,,H3,, Tungsten(V), trichloro- 
(phenylimido)bis(triphenylphosphine)-, 
24: 1% 

methyl sulfide)-, tetrabutylammonium, 
22: 128 

C13N3P,C&, 1,3,5,2,4,6-Triazatriphosphor- 
inane, 2,4,6-trichloro-1,3,5-triethyl-, 
2513 

C13N,0~C&116, Osmium(III), bis(2,2‘-bi- 
pyridine-N,N’)dichloro-, cis-, chloride, 
24:293 

CI3N40SC&I16 * 2H20, OSmiUm(III), 
bis(2,2’-bipyridine-N,N‘)dichloro-, cis-, 
chloride, dihydrate, 24:293 

C13N4RhC4H,, * HCI . 2H20, Rhodium(III), 
dichlorobis( 1,2ethanediamine)-, tram-, 
chloride, monohydrochloride, dhy- 
drate, 24:283 

Cl&RhC& . H20, Rhodium(III), dichlo- 
robis( 1,2-ethanediamine)-, cb-, chlo- 
ride, monohydrate, 24283 

bis( 2,2’-bipyridine-N, N’)dichloro- , cis- , 
chloride, dihydrate, 24:293 

phosphorine, 2,2,4-tris( 1-aziridiny1)- 
4,6,6-trichloro-, 2587 

CI3NP2WCl2H3,, Tungsten(V), trichloro- 

C ~ ~ P ~ W C ~ ~ H ~ S ,  Tungsten(V), trichloro- 

Cl$iPtSC18&, Platinate(II), trichloro(di- 

C&N&I(&H,~ 2H20, Ruthenium(III), 

CI3N$&H12, l,3,5,2A5,4A’,6AS-Tri~tri- 

C13Nd, Neodymium chloride, 22:39 

CI,O,ScC,,H,, Scandium(II1). trichloro- 
tris(tetrahydr0furan)-, 21:139 

CI3O3TiCl2H,, Titanium(III), trichloro- 
tris(tetrahydr0furan)-, 21: 137 

C1303VC12H21r Vanadium(II1). trichlorotris- 
(tetrahydrofuran), 21: 138 

C13Pr, Praseodynium chloride, 22:39 
C13SbC12HI0, Antimony(V), trichlorodi- 

CI,Sc, Scandium chloride, 22:39 
CI,Sm, Saramium chloride, 22:39 
cI3Tb, Terbium chloride, 22:39 
Cl3=, Thallium chloride, 21:72 
C13Tm, Thulium chloride, 22:39 
cl,Y, Yttrium chloride, 22:39 

CI,Yb, Ytterbium chloride, 22:39 

phenyl-, 23:194 

anhydrous, 25:146 

cl4CSN60&24 * 5H20, Cobalt(III), di-p- 
hydroxo-bis[triammineaqua-, tetra- 
perchlorate, pentahydrate, 23:111 

Cb&N7O&Hu, Cobalt(III),. di-p-hy- 
droxo-p(4-pyridinecarboxylato)bis[ tri- 
ammine-, tetraperchlorate, 
23: 113 

hydroxo-p-(pyrazinecarboxylato)bis[ tri- 
ammine-, tetraperchlorate, monohy- 
drate, 23:114 

CI,CrN,GH,,, Chromate(II), tetrachloro-, 
bis(methylammonium), ferromagnets, 
24:188 

ClrCTN2C&, Chromate(II), tetrachloro-, 
bis(ethylammonium), ferromagnets, 
24:188 

Cl,H,,N~t, Platinum(IV), pentaammine- 
chloro- , trichloride ,24: 277 

CI,HfO2GHI6, Hafnium(IV), tetrachlo- 
robis(tetrahydrofuran)-, 21: 137 

Cl,GaNCI&IHy, Gallate(1- ), tetrachloro-, 
tetrabutylammonium, 22:139 

Cl,MoO, Molybdenum chloride oxide, 
23:195 

CI,NOTcC1&IHy, Technetate(V), tetrachlo- 
rooxo-, tetrabutylammonium (1: l),  
21:160 

chloro-1-methyl-2,2-diphenyl-pL-nitrido- 
di- 

CI&~N~O&H24 . H20,  Cobalt(III), di-p- 

CbNP2CiiH13, Phosphom(l+), 1,1,2-tri- 

chloride, 25:26 
CI,NReC&I,, Rhenium(V1) , tetrachloro- 

(phenylimid0)-, 24:195 
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Cl,NWCJ15, Tungsten(VI), tetrachloro- 

Ci,NbOZC4Hl6, Niobium(IV), tetrachloro- 

C&N3PlSiC5Hl,, Poly[2,2,4,4-tetrachloro-6- 

(phenylimid0)-, 24:195 

bis(tetrahydr0furan)-, 21 : 138 

methyl-6-[ (trimethylsilylJcatenatriphos- 
phazene-1 ,&diyl]-, 25:63 

-, 1,3,5,2A5,4X5,6X5-Triazatriphosphor- 
ine, 2,2,4,4-tetrachloro-6-methyl-6- 
[(trimethylsilyl)methyl]-, 25:61 

Cl,N4PzC31-&, 1,3,5,2A5,4h5-Triazadiphos- 
phinine, 2,2,4,4-tetrachloro-6-(dirneth- 
y1amino)-, 2527 

phosphorine 
2,2-bis( l-aziridinyl)-4,4,6,6-tetrachloro-, 

25 : 87 
2,4-bis( l-aziridinyl)-2,4,6,6-tetrachloro-, 

cb- and trans-, 25:87 
CI,N$,C,H,, 1,3,5 ,7,2,2X5,4h5,6X5,8X5-Tet- 

raazatetraphosphocine, 2,2-bis( l-aziri- 
dinyl)-4,4,6,6,8,8-hexachloro-, 2591 

CI,0P4Ru2CnHa, Ruthenium, carbonyltri- 
p-chloro-chlorotetrakis( triphenylphos- 
phine)di-, compd. with acetone (1:2), 
21:30 

Cl,N,P,C,H,, 1,3,5 ,2h5 ,4A5 ,6h5-Triazatri- 

Cl,OW, Tungsten chloride oxide, 23:195 
C&O;TiC&6, Titanium(IV), tetrachloro- 

bis(tetrahydr0furan)-, 21 : 135 
C1402Zr~H16, Zirconium(IV), tetrachlo- 

robis(tetrahydr0furan)-, 21: 136 
C&PCI9Hl5, Phosphonium, triphenyl(trichl0- 

romethy1)-, chloride, 24:107 
CI,P2CH2, Phosphine, methylenebis(di- 

chloro-, 25121 
Cl~,C2H4, Phosphine, 1,2-ethanediylbis- 

(dichloro-, 23:141 
C14P,Ru2SG&, Ruthenium, tri-p-chloro- 

chloro(thiocarbonyl)tetrakis( triphenyl- 
phosphine)di-, compd. with acetone, 
21:29 

Cl,PtZS2C&, Platinum(II), di-p-chloro- 
dichlorobis(dimethy1 sulfide)di-, 22: 128 

C14Ru2C&28, Ruthenium(II), di-p-chloro- 
bis[chloro(q6-l-isopropyl-4-methylben- 
zene)-, 21:75 

CI,Ru2CJIz, Ruthenium(II), di-p-chloro- 
bis[chloro(q6-hexarnethylbenzene)-, 
21:75 

Cl,U, Uranium(IV) chloride, 21:187 

Cl&Lu, Cesium lutetium chloride, 22:6 
C15N,0P3CZH3, Poly[2,2,4,4,6-pentachloro- 

6-(etheny1oxy)-1 ,3,5,2h5,4X5,6A5-triaza- 
triphosphorine], 2577 

-, 1,3,5,2h5,4X5,6h5-Triazatriphosphor- 
ine, 2,2,4,4,6-pentachloro-6-(ethenyl- 
OXY)-, 25~75 

C15N5P3C& 1,3,5 ,2X5,4A5,6X5-Triazatri- 
phosphorine, 2-(1-aziridinyl)-2,4,4,6,6- 
pentachloro-, 2.5237 

C15N,P4Cd-I12, 1,3,5,7,2h5,4A5,6h5,8h5-Tetra- 
azate traphosphocine 

2,2,6-tris( l-aziridinyl)-4,4,6,8,8-penta- 
chloro-, 25:91 

2,4,6-tris( l-aziridinyl)-2,4,6,8,8-penta- 
chloro-, 2,6-cis-4-trans- and 2,4-cis-6- 
trans-, 25: 9 1 

phosphino)methyl]-, 25: 121 

tetra-p-hydroxo( p,-oxa1ato)-tetrakis- 
[triammine-, hexaperchlorate, tetrahy- 
drate, 23:114 

Cl&o,N12012C,H, - 5H20, Cobalt(iII), p4- 
(acetylenedicarboxy1ato)tetra-p-hy- 
droxo-tetrakis[triammine-, hexaper- 
chlorate, pentahydrate, 23:115 

ride, 21:lO 

CI5P1C& Phosphine, chlorobis[(dichloro- 

C&CO,N~~O~~C&, . 4H20, Cobalt(III), 

C&C&LiTm, Cesium lithium thulium chlo- 

CI6Cs3Lu, Cesium lutetium chloride, 22:6 
C&Ga2P2C&2, Gallate(2 - ), hexachlorodi-, 

bis( triphen y lphosphonium) , 22: 135, 
138 

bis( trichloro- 
C&NP2, Phosphorus(1 +), p-nitrido- 

hexachloroantimonate(1- ), 25:25 
C&N202Ptr Platinate(IV), hexachloro-, dini- 

trosyl, 24:217 
C&N2PbC,&11,, Plumbate(IV), hexachloro-, 

dipyridinium, 22:149 
C&N$,C4H,, 1,3,5,7 ,2h5 ,4h5,6h5 ,8A5-Tetra- 

azatetraphosphocine 
2,4-bis( l-aziridinyl)-2,4,6,6,8,8-hexa- 

chloro-, cis- and trans-, 2591 
2,6bis( l-aziridinyl)-2,4,4,6,8,8-hexa- 

chloro-, cis- and tram-, 25:91 
2,4,4,6,8,8-hexachloro-trans-2,6- 

bis(ethylamin0)-, 25: 16 

azatetraphosphocine 
C&N$,GH,, 1 ,3,5,7,2h5,4X5,6h5,8A5-Tetra- 
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2,4-bis(tert-butylamino)-2,4,6,6,8,8-hex- 
achloro-, 25:21 

2,6-bis(tert-butylamino)-2,4,4,6,8,8-hex- 
achloro-, 25:21 

C&Ns04Rh2GH32, Rhodium(III), dichloro- 
bis( 1,2-ethanediamine)-, chloride per- 
chlorate (2:1:1), 24:229 

C&N&P2C&Iz4, Niobium(III), hexachloro- 
bis[ 1,2-ethanediylbis(diphenylphos- 
phine)]di-, 21:18 

tetrachloro-p-(dimethyl sulfide)-bis- 
(dimethyl su1fide)di-, 21:16 

C&Sb, Antimonate(1- ), hexachloro- 

C&NbzS,C&, Niobium(III), di-p-chloro- 

p-nitrido-bis(trichlorophosphorus)( 1 + ), 
25:25 

C17CsPr2, Cesium praseodymium chloride, 
22:2 

C17DyzK, Potassium dyprosium chloride, 
22:2 

CI7NSP&H4, 1 ,3,5,7,2A5,4A5,6As,8AS-Tetra- 
azatetraphosphocine, 2 4  1-aziridiny1)- 
2,4,4,6,6,8,8-heptachloro-, 25:91 

C 1 8 E ~ N 4 0 2 C ~ 2 7 ,  Europium, (2,4-pentane- 
dionato)[5,10,15,20-tetrakis(3,5-dichlo- 
rophenyl)porphyrinato(2 -)I-, 22:160 

C18N2RezC32Hn, Rhenate(III), octachlorodi-, 
bis(tetrabutyIammonium), 12116 

CI9Cs3Lu2, Cesium lutetium chloride, 22:6 
C19Cs3Sq, Cesium scandium chloride, 

CoAgN408C,H8, Cobaltate(III), bis(g1y- 
22:25 

cinato)dinitro-, &(NO), trans(N)-, sil- 
ver(I), 23:92 

CoB,C,H,,, 1,2-Dicarba-3-cobalta-closo-do- 
decaborane( 1 l ) ,  3-(qs-cyclopenta- 
dieny1)-, 22:235 

CoBrN4OCI4HX, Cobalt(III), [2-[1-[(2-ami- 
noethyl)imino]ethyl]phenolato)(l,2- 
ethanediamine)ethyl-, bromide, 
23:165 

CoBrN403CsH,,, Cobalt(III), (carbonat0)- 
bisf 1 ,Zethanediamine)-, bromide, 
21:120 

CoBrN407S2C4H18 . HzO, Cobalt(III), aqua- 
bromobis( 1 ,Zethanediamine)-, dithio- 
nate, trans-, monohydrate, 21:124 

CoBr3N4C4H16, Cobalt(III), dibromobis(1,Z 
ethanediamine)-, bromide, trans-, 
21 : 120 

CoBr,N4C4H,, . H20,  Cobalt(III), dibromo- 
bis( 1,2-ethanediamine)-, bromide, cis-, 
monohydrate, 21:121 

CoBr3N40C4H18 . H20,  Cobalt(III), aqua- 
bromobis( 1 ,Zethanediamine)-, di- 
bromide, cis-, monohydrate, 21:123 

CoC14Hn, Cobalt(I), bis(q2-ethene)(qs-pen- 
tamethylcyclopentadienyl)-, 23: 19 

CoC1N4O2S~HI8, Cobalt(III), bis(l,2- 
ethandiamine)(2-mercaptoacetato(2 - )- 
O,S)-, perchlorate, 21:21 

CoCIN403Cl,Hl, . H20, Cobalt(III), diam- 
mine(carbonato)bis( pyridine)- , cis ,cis-, 
chloride, monohydrate, 23:77 

aqua(glycinato)( 1,4,7-triazacyclono- 
nane)-, perchlorate, dihydrate, 23:76 

aquachlorobis( 1,2-ethanediamine)-, di- 
thionate, trans-, monohydrate, 21:125 

CoClNSO4GHl9 . H20, Cobalt(III), (glycin- 
ato)nitro( 1,4,7-triazacycIononane)-, 
chloride, monohydrate, 23:77 

C O C I N ~ ~ O ~ C ~ ~ H ~ ,  Cobalt(III), bis(d-argi- 
nine)dinitro-, A-( - )-cis(NOJ, 
rrans(N)-, chloride, 23:91 

CoC12Ns08C&Iz, Cobalt(III), (2-amino- 
ethanethiolato-N,S)bis( 1,2-ethanedi- 
amhe)-, diperchlorate, 21:19 

anol)(5,5a-dihydro-24-methoxy-6,10: 19, 
23-dinitrilo-24H-benzimidazo[2,2-h]- 
[ 1,9,17)-benzotriazacyclononadecine)-, 
23:176 

CoC13N30HIl, Cobalt(III), triamminea- 
quadichloro-, mer-, chloride, 23:llO 

CoCsN2O8C1&Il2, Cobaltate(III), [N,N’- 
ethanediylbis[N-(carboxymethy1)- 
glycinatol(4 -)I-, trans-, cesium, 
2 3 9  

CoCsN208CllH14, Cobaltate(III), [N,N’-(l- 
methyl-l,2-ethanediyl)bis[N-(carboxy- 
methyl)glycinato](4 - )I-, cesium, 
23:lOl 

diyl) bis[N-(carboxymethyl)glycinato]- 
(4-)I-, [A-( +)I-. cesium, 23:lOl 

diyl)bis[N-(carboxymethyl)glycinato]- 
(4-)-, [A-( -)I-, cesium, 23:lOl 

CoCIN407GH2, . 2H20, Cobalt(III), 

CoCIN40,S2C4H18 . H20,  Cobalt(III), 

C O C ~ ~ N ~ ~ ~ ~ ~ & ~ ,  Cobalt(II), aqua(meth- 

-, [[I?-( - )-N,N’-( l-methyl-l,2-ethane- 

-, [[S-( + )-N,N’-( l-methyl-l,2-ethane- 
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CoCsN208CI,H18, Cobaltate(III), [N,N'-1,2- 
cyclohexanediylbis[N-(carboxymethy1)- 
glycinato](4-)]-, trans-, cesium, 23:96 

-, [[R,R-( - )]-N,N'-l ,2-cyclohexane- 
diylbis[N-(carboxymethyl)glycinato]- 
(4-)], [A-( +)I-, cesium, 23:97 

CoF502P2C,Hm, Cobalt(I), dicarbonyl- 
(pentafluorophenyl)bis(triphenyl- 
phosphine)-, 23:25 

CoF5O3PG7Hl5, Cobalt(I), tricarbonyl- 
(pentafluorophenyl)(triphenyl- 
phosphine)-, 23:24 

CoF504Clo, Cobalt(1). tetracarbonyl (penta- 
fluoropheny1)-, 23:23 

CoF9N5O9S3GHZ, Cobalt(III), pentakis- 
(me thanamhe)( trifluoromethane- 
sulfonato-0)-, bis(trifluoromethane- 
sulfonate), 24:281 

noethyl)-l,2-ethanediamine]tris(tri- 
fluoromethanesu1fonato)-, fac-, 22: 106 

CoF$J4O9C,HI9, Cobalt(III), bis(1,Zethane- 
diamine) bis( trifluoromethanesulfo- 
nato)-, cis-, trifluoromethanesulfonate, 
22: 105 

CoF&,09S3C3H15, Cobalt(III), pentaam- 
mine( trifluoromethanesu1fonato)-, tri- 
fluoromethanesulfonate, 22: 104 

CoIN4OCI4H,, Cobalt(lII), [2-[1-[(2-ami- 
noethyl)imino]ethyl]phenolato]( 1,2- 
ethanediamine)ethyl-, iodide, 23: 167 

CoIN40C15HB, Cobalt(III), [2-[1-[(3-amino- 
propyl)imino]ethyl]phenolato]methyl]- 
(1,3-propanediamine)-, iodide, 23:170 

COIN40C16H~, Cobalt(III), [2-[ 1-[ (3-amino- 
propyl)imino]ethyl]phenolato]ethyl( 1,3- 
propanediamine)-, iodide, 23: 169 

CoIN~02GHZ . H20,  Cobalt(III), ammine- 
(glycinato)( 1,4,7-triaza(glycinato)- 
(1,4,7-triazacycIononane)-, iodide, 
monohydrate, 23:78 

CoI20CIlHI5, Cobalt(III), carbonyldiiodo- 
(q5-pentamethylcyc1opentadienyl)-, 
23:16 

CoKN206GH6, Cobaltate(III), diammine- 
bis(carbonat0)-, cis-, potassium, 
23:62 

CoKN2O6C4H8, Cobaltate(III), bis(carbo- 
nato)( 1 ,Zethanediamine)-, potassium, 
23:64 

COF&O9S3c,Hl6, Cobalt(III), [N-(2-ami- 

CoKN2O8CIJ-II2, Cobaltate(III), [N,N'-1,2- 
ethanediylbis[N-(carboxymethy1)- 
glycinato](4)]-, potassium, 2 3 9  

COKN~O~C,,H,~, Cobaltate(III), [[R-( -)I- 
N,"-( 1-methyl-1 ,Zethanediyl)bis[N- 
(carboxymethyl)glyciato](4 - )-, [A- 
(+)]-, potassium, 23:lOl 

CoKN2O8C,,H1,, Cobaltate( III), [ [R,R( - )]- 
N,N-l,2-cyclohexanediylbis(carboxy- 
methyl)glycinato](4-)]-, [A-( +)I-, po- 
tassium, 23:97 

CoKn,O,CH, 0.5H20, Cobaltate(III), 
diammine(carbonato)dinitro-, cis,cis-, 
potassium, hemihydrate, 23:70 

CoKN408GH, - 0.5H20, Cobaltate(III), 
diamminedinitro(oxa1ato)-, &,cis-, po- 
tassium, hemihydrate, 23:71 

CoK02, Potassium cobalt oxide, 22% 
CO&.~O~,  Potassium cobalt oxide, 

c0&.6702, Potassium cobalt oxide, 

CoK309C3, Cobaltate(III), tris(carbonat0)-, 

CoLiN206C&, Cobaltate(III), diammine- 

2257 

2257 

potassium, 23:62 

bis(carbonat0)-, cis-, lithium, resolu- 
tion of, 23:63 

C O N O , ~ P ~ R U ~ C ~ ~ H ~ ,  Ruthenate(1- ), tri- 
decacarbonylcobalttri- 

21:61 

cyano-, cis-, tris( 1 ,Zethanediamine)- 
cobalt(III), dihydrate, 2356 

amine)bis(oxalato)- 
as resolving agent, 23:74 

p-nitrido-bis(triphenylphosphorus)(l + ), 

CoN2O6C4, Cobaltate(III), bis(carbonat0)di- 

CoN208CH,, Cobaltate(III), (1,Zethanedi- 

CoN2O8RbC1J-Il2, Cobaltate(III), [N,N'- 
1 ,Zethanediylbis[ N-(carboxy methyl)- 
glycinato](4-)]-, rubidium, 23: 100 

CoN208RbClIH14, Cobaltate(III), [[R,(-)]- 
N,N' -( 1 -methyl- 1,2-ethanediyI) bis- 
[ N-(carboxymethyl)-g~ycinato](4-)]-, 
(A-( +)I-, rubidium, 23:lOl 

CoN208RbC1,H18, Cobaltate(III), [[R,R- 
(-)]-N,N- 1,2-cycIohexanediylbis-[ N- 
(carbox y methyl)glycinato]( 4-)I-, [A- 
(+)]-, rubidium, 23:97 

CON@&H12, Cobalt(III), tris(glycinat0)- 
fac- and mer-, 25:135 
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CON106~H18, Cobalt(III), tns-(alaninato)- 

CoN,NaOIC,H, + 2H20, Cobaltate(III), 
fac-, and mer-, 25:137 

diamine(carbonato)dicyano-, cis&-, 
sodium dihydrate, 23:67 

diaminedicyano( oxa1ato)- , cis ,cis-, so- 
dium, dihydrate, 23:69 

(=ON,O,CJII6, Cobalt(III), bis(1 ,Zethane- 
diammine)(oxala to)- 

as resolving agent, 23:65 

CoN,NaO,C,H, . 2H20, Cobaltate(III), 

CoN4010~2Cl,H16 2H20, Cobalt(III), tet- 
raaquabis( o-su1fobenzoimidato)-, di- 
hydrate, 23:49 

CoN6c&,, Cobalt( 111), diammine[ N, N’- 
bis(2-aminoethyl)-l,2-ethanediam- 
mine]-, trans-, 23:79 

(carbonato)dicyanocobaltate(III), dihy- 
drate, 23:66 

CoN60J19, Cobalt(III), triamminetrinitro-, 
mer-, 23:109 

hydro-1 -methyl-2H-imidazole-2- 
thione)dinitrato-, 23: 171 

CoN&C&, Cobalt(II), bis(thiocyanat0- 
N)-bis-( p-lH-1,2,4-triazole-W: N‘)-, 

-, tns( 1,2-ethanediamine)-, cis-bis- 

CON606S2GH12, Cobalt(II), bis( 1,3-di- 

poly-, 23~159 
CoNlo06S4Cl.&H,, Cobalt(II), tetrakis-(l,3- 

dihydro-l-methyl-2H-imidazole-2- 
thi0ne)dinitrato-, 23:171 

CoNaO,, Sodium cobalt oxide, 2256 
CoNk602, Sodium cobalt oxide, 2256 
CoNha02, Sodium cobalt oxide, 2256 
CoN&,,O,, Sodium cobalt oxide, 2256 
C O N ~ O , , ~ ~ ,  Sodium cobalt oxide, 2256 
CoO2CI2Hl5, Cobalt(I), dicarbonyl(q5-pen- 

tamethylcyc1opentadienyl)-, 23: 15 
COO6C&1, Cobalt(III), tris(2.4-pentane- 

dionato)-, 23:94 
C006p2CllHu, Cobalt(I), (q5-cyclopenta- 

dienyl)bis(trimethyl phosphite)-, 25: 162 
CoPGHn, Cobalt, (1 ,4-butanediyl)(q’-cy- 

clopentadienyl)(triphenylphosphine), 
22:171 

dienyl)bis(trimethylphosphine)-, 25:160 

zenethio1ato)-, bis(tetrapheny1phos- 

CoP2CI,Hu, Cobalt(I), (q’-cyclopenta- 

CoP,S,Gz&, Cobaltate(II), tetrakis(ben- 

CO~C~IN~O~~CHU),  Cobalt( III), p-(carboxyl- 
ato)di-p-hydroxo-bis[triammine-, tri- 
perchlorate, 23:107, 112 

hydroxo-bis[triammine, fac-, triper- 
chlorate, dihydrate, 23:llO 

acetato)di-p-hydroxo-bis[triammine-, 
triperchlorate, dihydrate, 23: 112 

CO,CI~N~O,~H~, . 0.5H20, Cobalt(III), (p- 
hydrogenoxa1ato)di-p- hydroxo- 
bis[triammine-, triperchlorate, hemihy- 
drate, 23:113 

Co2C&N6O&i2, - 5H20, Cobalt(III), di-p- 
hydroxo-bis[triammineaqua-, tetra- 
perchlorate, pentahydrate, 23:111 

COzChN,O&H,, Cobalt(III), di-p-hy- 
droxo-p-(4-pyridinecarboxylato)- 
bis[triammine-, tetraperchlorate, 
23:113 

CO~CI~N~O&H, H20, Cobalt(III), di-p- 
hydroxo-p-(pyrazinecarboxy1ato)- 
bis[triammine-, tetraperchlorate, 
monohydrate, 23:114 

[iodo(q5-pentamethylcyclopenta- 
dieny1)-, 23:17 

diamine)-, cis-bis(carbonat0)dicyano- 
cobaltate(III), 23:66 

di-tert-buty1phosphido)di-(-), 
25177 

Co3CrNI2O2,G& * 6H20, Cobalt(III), 
bis( 1,2-ethanediamine)(oxalato)- 

(+)-,( + )-tris(oxalato)chromate(III) 
(3: l),  hexahydrate, 25:140 

C O , H O ~ ~ R U C ~ ~ ,  Cobalt, dodecacarbonylhy- 
dridorutheniumtri-, 29164 

co,c&&032G& * 4H20, Cobalt(III), 
tetra-p-hydroxo-( p,-oxa1ato)-tetra- 
kis[triammine-, hexaperchlorate, tetra- 
hydrate, 23:114 

(acetylenedicarboxy1ato)tetra-p-hy- 
droxo-tetrakis[ triammine-, hexaper- 
chlorate, pentahydrate, 23:115 

bonyl(tributylphosphine)(triphenyl- 

C O ~ C ~ ~ N ~ ~ ~ ~ H ~ ~  . 2H20, Cobalt(III), tri-p- 

COZC~~N~O&HU * 2H20, Cobalt(III), (p- 

Cobalt(III), di-p-iodo-bis- 

Co2N806Cl~24,  Cobalt(III), tris( 1,2-ethane- 

Co2O4P2C&HM, Cobalt, tetracarbonylbis( p- 

(=01C16N12032c4& * 5H,O, Cobalt(III), ~ 4 -  

CrAsO,PCwHI2, Chromium, tetracar- 

phonium), 21:24 arsine)-, trans-, 23:38 
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CrAsO,PGH,,, Chromium, tetracar- 
bonyl(trimethy1 phosphite)(triphenyl- 
arsine)-, trans-, 23:38 

CrAs07PC,,,Hm, Chromium, tetracarbonyl- 
(triphenylarsine)(triphenyl phosphite)-, 
trans-, 23:38 

CrCLNZGHI2, Chromate(II), tetrachloro-, 
bis(methylammonium), ferromagnets, 
24188 

CrCLN2c&, Chromate(II), tetrachloro-, 
bis(ethylammonium), ferromagnets, 
24:188 

bis( 1,2-ethanediamine)(oxalato)- 

hexahydrate, 25:140 
CrF21N4C4H,,, Chromium(III), bis( 1 ,2-eth- 

anediamine)difluoro-, (?)-cis-, iodide, 
24:186 

C~CO~N,~O~,CJ& . 6H20, Cobalt(III), 

(+ )-,( + >tris(oxalato)chromate(IIl)(3: l ) ,  

CrF2OZ, Chromium fluoride oxide, 24:67 
CrF9N,09S3~Hl,, Chromium(III), bis-( 1,2- 

e thanediamine)-bis(trifluoromethane- 
sulfonato-0)-, cis-, trifluoromethane- 
sulfonate, 24:251 

taammine( trifluorome thanesulfonato- 
0)-, bis(trifluoromethanesulfonate), 
24:250 

CrF9N509S,C8H,, Chromium(III), penta- 
kis(methanamine)(trifluoromethane- 
sulfonato-0), bis(trifluoromethane- 
sulfonate), 24:280 

CrF9NJOPS3C3H15, Chromium(III), pcn- 

CrK02, Potassium chromium oxide, 2259 
CrK, 502, Potassium chromium oxide, 2259 
CrKo.,02, Potassium chromium oxide, 2259 
CrKo.,02, Potassium chromium oxide, 

CrKo.,.,02, Potassium chromium oxide, 

CrK&OCs, Chromate(I), pentacyanonitro- 

CrKIOl2C6 f H 2 0  and 2Hz0, Chromate(III), 

(+)-, dihydrate and (-)-, monohydrate, 

2259 

2259 

syl-, tripotassium, 23:184 

tris(oxa1ato)-, tripotassium 

isolation of, 25141 

bonylhydrido-, b-nitrido-bis(tripheny1- 
phosphorus)(l+), 22:183 

bonyl(thi0urea)-, 23:2 

CrNOQzC41HlI, Chromate(1-), pentacar- 

CrNZOSSC&, Chromium(O), pentacar- 

CrN20sSC14Hm, Chromium(O), pentacar- 
bonyl(N,N’-di-tert-buty1thiourea)-, 23:3 

CTN205S(&,H16, Chromium(O), pentacar- 
bonyl(N,N’-di-p-to1ylthiourea)-, 23:3 

-, pentacarbonyl(N,N,N‘,N’-tetrame- 
thy1thiourea)-, 23:2 

CrN305~,H, , ,  Chromium, tricarbonyl[q6-2- 
methylbenzaldehyde 5-(a-methylben- 
zyl)semioxamazone]-, 23:87 

C T N ~ O ~ G ~ H , ~ ,  Chromium, tricarbonyl[q6-2- 
methoxybenzaldehyde 5-(a-methyl-ben- 
zyl)semioxamazone]-, 23:88 

CrN307GHZI, Chromium, tricarbonyl[+ 
2,3-dimethoxybenzaldehyde 5-(a-me- 
thylbenzyl)semioxamazone]-, 232% 

-, tricarbonyl[q6-3 ,Cdimethoxybenzal- 
dehyde 5-(a-methylbenzyl)sernioxama- 
zone]-, 23238 

CrN5OS2CI2H8. Chromium(I), (2,2’-bi-pyri- 
dine)nitrosylbis(thiocyanato)-, 23: 183 

CrNsOS2Cl,H8, Chromium(I),nitrosyl( 1,lO- 
phenanthro\ine)bis( thiocy anato)- , 
23:185 

Cr02SeC&, Chromium(O), ($-benzene)- 
dicarbonyl(selenocarbony1)-, 21: 1, 2 

CrO,P2CYHI2, Chromium, tetracarbonyl- 
(tributylphosphine)(triphenylphos- 
phine)-, trans-, 23:38 

Cr05SeG, Chromium(O), pentacarbonyl- 
(selenocarbony1)-, 21:1, 4 

Cr06CaH5,, Chromium(III), tris(2,2,6,6-tet- 
ramethyl-3,5-heptane-dionato)-, 
24: 183 

Cr07P2&Hz4, Chromium, tetracarbonyl- 
(trimethyl phosphite)(triphenylphos- 
phine)-, trans-, 23:38 

Cr07PzC,H,, Chromium, tetracarbonyl- 
(tributylphosphine)(triphenyl phos- 
phite)-, trans-, 23:38 

Cr07P2C,,,Hy), Chromium, tetracarbonyl- 
(triphenylphosphine)(triphenyl phos- 
phite)-, trans-, 23:38 

CrOl$z&H24, Chromium, tetracarbonyl- 
(trimethyl phosphite)(triphenyl phos- 
phite)-, trans-, 23:38 

CrOI2G, Chromate(III), tris(oxalat0)- reso- 
lution of, by asymmetric synthesis, 
25:139 

Cr2F6N6C&, Chromium(III), bis( 1,2- 
ethanediamine)difluoro-, cis-, (1,2- 
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ethanediamine)tetrafluorochromate- 
(III), 24:185 

CrzHKO,oC,o, Chromate, phydrido-bis- 
[pentacarbonyl-, potassium, 23:27 

CsC13Sc, Cesium scandium chloride, 22:23 
CsCI,Pr,, Cesium praseodymium chloride, 

CsF04S, Cesium fluorine sulfate, 24:22 
Cs,CL, &,PtC4, Platinate, tetracyano-, ces- 

ium chloride (1:2:0.30), 21:142 
cs$lsLu, Cesium lutetium chloride, 22:6 
CsZC&iTm, Cesium lithium thulium chlo- 

Cs,F&ln, Manganate(IV), hexafluoro-, di- 

CkN, 7,0PtC, * XH20, Platinate, tetracy- 

22:2 

ride, 20:lO 

cesium, 24:48 

ano, cesium wide (1:2:0.25), hydrate, 
21:149 

Cs3C&u, Cesium lutetium chloride, 22:6 
Cs,Cl&u,, Cesium lutetium chloride, 22:6 
Cs3Cl9Sc2, Cesium scandium chloride, 22% 

Cobaltate(II1). [N,N'-1,2- 
ethanediylbis[ N-(carboxymethy1)gly- 
cinatoI(4-)-, trans-, cesium, 2 3 9  

CsCoN208CIIH14, Cobaltate(III), [N,N'-(l- 
methyl-l,2-ethanediyl)bis[ N-(carboxy- 
methyl)glycinato](4-)]-, cesium, 23: 101 

-, [[ R-(-)]N,N'-( 1-methyl-1 ,2-ethane- 
diyl)bis[ N-(carboxymethyl)glycinato]- 
(4-)I-, (A-( +)I-, cesium, 23:lOl 

-,[[ S-( +)]-N,N'-(l-methyl-l,2-etha- 
nediyl) bis[ N-(carboxyme thyl)glycinato] 
(4-)I-, [a-(-)]-, cesium, 23:lOl 

CSCON~O,C,~H,,, Cobaltate(III), [ N,N'-1,2- 
cyclohexanediyl bis[ N-(carboxy- 
methyl)glycinato](4-)]-, trans-, cesium, 
23:% 

-, [[R,R-(-)]-N,N'-l ,2-cyclohexane- 
di ylbis[ N-(carboxymethyl)glycinato]- 
(4-)I-, [A-( +)I-, cesium, 23:97 

cesium [hydrogenbis(sulfate)] 
(1 :3:0.46), 21:151 

CUBN6OC1,&, Copper(I), carbonyl[hydro- 
tris(pyrazolato)borato]-, 21:108 

CuBN60Cl~32,  Copper(I), carbonyl[tris- 
(3,5-dimethylpyrazolato)hydroborato]-, 
21:109 

CuBN90CI3H1,, Copper (I), carbonylltetra- 

Cs3N,03.sPtS,,PzH,,46, Platinate, tetracyano-, 

CuFlZN4P2CZ4HZ8, Copper(II), (2,9-dimethyl- 
3,10-diphenyl-l,4,8,1 l-tetraazacyclotet- 
radeca-l,3,8,10-tetraene)-, bis[hexa- 
fluorophosphate(1-)], 22:lO 

CuI, Copper iodide, 22:lOl 
CuN3O,SCIsH,,, Copper(I1). (1 ,lo-phenan- 

throline)[serinato( 1-)I-, sulfate, 21: 115 
CuN40zC,&, Copper(II), [ 1,4,8,11-tetra- 

zacyclotetradecane-5,7-dionato(2-)]-, 
23233 

CuN&C&, Copper(II), bis(thiocyanat0- 
N)-bis-(p1H-1,2,4-triazole-N2:N4)-, 
POly-,  23:159 

CuO,C&Ha, Copper(II), bis(2,2,7-tri- 
methyl-3,5-octanedionato)-, 23: 146 

DyCI,, Dyprosium chloride, 22:39 
DyF,8N60$lz~Hn, Dyprosium(III), hex- 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

DyN,OI3GHl6, Dyprosium(III), trini- 
trato(l,4,7,10-tetraoxacyclododecane)-, 
23:151 

trato( 1,4,7,10,13-pentaoxacyclopenta- 
decane)-, 23:151 

DyN301sC12H24, Dysprosium(III), 
(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)-trinitrato-, 23:153 

DyN40zC4&, Dyprosium, (2,4-pentane- 
dionato) [ 5.10,15,10-tetraphenylpor- 
phyrinato(2-)I-, 22: 166 

DyN4OzCsH,,, Dysprosium, (2,2,6,6-tetra- 
methyl-3,5-heptanedionato)[5,10,15,20- 
tetraphenylporphyrinato(2-)]-, 22: 160 

Dy2CJ7K, Potassium dysprosium chloride, 
22:2 

Dy$J120S1C&, Dysprosium(III), dode- 
canitratotris( 1,4,7,10,13-pentaoxacyclo- 
pentadecane)tetra-, 23:153 

Dy4Nl2OUC&IR, Dysprosium(III), tris( 1,4,7, 
10,13,16-hexaoxacyclooctadecane)- 
dodecanitratotetra-, 23:155 

DyN3Ol4Cld-Irn, Dysprosium(III), trini- 

ErCI,, Erbium chloride, 22:39 
ErF4N40zC49H31, Erbium, (2,4-pentanedi- 

onato)[5,10,15,20-tetrakis(3-fluoro- 
kis(pyrazo1ato)bbratbj-, 21:llO phenyl)porphyrinato(2-)]-, 22: 160 



260 Formula Index 

ErF,,N,O$,,(&H,, Erbium(III), hex- 
akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

ErN3011C,,H16, Erbium(III), trinitrato( 1,4, 
7,10-tetraoxacyclododecane)-, 23: 151 

ErNIO14Cld-Ito, Erbium(III), trinitrato( 1,4, 
7,10,13-pentaoxacyclopentadecane)-, 
23:151 

ErN3OI5C,,H,,, Erbium( III), (1,4,7,10,13,16- 
hexaoxacyclooctadecane) trinitrato-, 
23:153 

ErN40ZC49H35, Erbium, (2,4-pentanedi- 
onato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

Er,N12051C&, Erbium(III), dodecanitra- 
totris( 1,4,7,10,13-pentaoxacyclopenta- 
decane)tetra-, 23: 153 

Er4NI2OwCdn, Erbium(III), tris(l,4,7, 
10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23:155 

E U F ~ ~ N ~ O $ ~ ~ G H ~ ,  Europium(III), hex- 
akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

EuC13, Europium chloride, 22:39 
EUCI~N,O~C~&,~, Europium, (2,4-pentane- 

dionato)[5,10,15,20-tetrakis(3,5-dichlo- 
rophenyl)porphyrinato(2-)]-, 22: 160 

trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

13,16-hexaoxacyclooctadecane)tri- 
nitrato-, 23:153 

EUN,OZC,~H~~, Europium, (2,4-pentane- 
dionato)[5,10,15,20-tetraphenylpor- 
phyrinato(Z)]-, 22:160 

EuN4O2C5,H,,, Europium, (2,4-pentane- 
dionato)[5,10,15,20-tetrakis(4-methyl- 
phenyl)porphyrinato(2-)]-, 22: 160 

Eu,NI2O,C&,, Europium(III), tris(l,4,7, 
10,13,16-hexaoxacyclooctadecane)do- 
decanitratotetra-, 23: 155 

E u N ~ ~ ~ ~ ~ H ~ ~ ,  Europiurn(III), trini- 

EuN10,4Cl~a,  Europium(III), trinitrato- 

EuN3015ClzHz4, Europium(III), (1,4,7,10, 

FCl&15, Methane, fluorotriphenyl-, 24:66 
FCI, Chlorine fluoride, 24:1,2 
FCIQ, Chloryl fluoride, 24:3 
FCIOIS, Chlorine fluorosulfate, 24:6 

FCsO,S, Cesium fluorine sulfate, 24:22 
FNC&, Dimethylamine, N-fluoro-, 24:66 
FNS, Thiazyl fluoride, 24:16 
FOlPC4HlO, Phosphorofluoridic acid, di- 

ethyl ester, 24:65 
FouNl$tCd-Il,27 . 1.8H20, Platinate, tetra- 

cyano-, guanidinium (hydrogen difluo- 
ride) (1 :2 :0.27), hydrate (1 : 1 : 8), 
21:146 

Fo &N4PtC4&,, 3Hz0, Platinate, tetra- 
cyano-, potassium (hydrogen difluo- 
ride) (1:2:0.30), 21:147 

F,BrNS, Imidosulfurous difluoride, bromo-, 
24:20 

F,CINS, Imidosulfurous difluoride, chloro-, 
24:18 

F2CrIN4C4H,,, Chromium(II1). bis(l,2- 
ethanediamine)difluoro-, (+)-cis-, io- 
dide, 24:186 

24:67 
F2Cr02, Chromium difluoride dioxide, 

F,HNS, Imidosulfurous difluoride 

F,OSe, Selenium diiluoride oxide, 24:28 
F202U, Uranium(VI), difluorodioxo-, 

FICH, Methane, trifluoro- 
cadmium complex, 24:55,59 
mercury complex, 2452 

F3C&, Benzene, 1,3,5-trifluoro- 
thallium complex, 21:73 

FICIOC, Hypochlorous acid, trifluoro- 
methyl ester, 24:60 

F$eo6Sc&&, Methanesulfonate, trifluoro-, 
tricarbonyl(qs-cyclopentadienyl)iron- 
( l + ) ,  24:161 

FlH02U * 2H20, Uranate(V1). trifluoro- 
dioxo- 

mercury complex, 24:14 

25:144 

hydrogen, dihydrate, 25:145 
F3NOPSiC,HI7, Phosphinimidic acid, P, P- 

dimethyl-N-( trimethylsily1)- 
2,2,2-trifluoroethyl ester, 2571 

FlNOSC, Imidosulfurous difluoride, (fluo- 

FINS, Thiazyl trifluoride, 24:12 
F103SC, Methanesulfonate, trifluoro- 

metal complexes and salts, 24:243-306 
F103SCH, Methanesulfonic acid, trifluoro-, 

rocarbony1)-, 24:lO 

cobalt(I1,I) 
amine complexes, 22:104, 105 
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F.FBeO2CIIHI3, Borate(1-), tetrafluoro-, di- 
carbonyl(q5-cyclopentadienyl)(q5-2- 
methyl-1-propenyl)iron(l +), 24:166 

FJ3NC,aH,, Borate(1-), tetrafluoro-, tetra- 
butylammonium, 24: 139 

FJ303Ru2C15H13, Ruthenium(1 +), p-car- 
bonyl-p-ethylidyne-bis[carbonyl(q5-cy- 
clopentadieny1)- 

tetrafluoroborate( 1-), 25: 184 
FJ3Se8%O2,, Borate(1-), tetrafluoro-, 

4,4' ,5,5'-tetramethyl-2,2'-bi-l ,3-dise- 
lenolylidene, radical ion(1 +) (1 :2), 
24:139 

F 4 W 3 ,  Benzene, 1,2,3,5-tetrafluoro- 
thallium complex, 21:73 

-, 1,2,4,5-tetrafluoro- 
thallium complex, 21:73 

F4HgN2S2, Mercury(II), bis(imidosu1furous 
difluoridato-N)-, 24: 14 

F4N402YbC55H,,, Ytterbium, [5,10,15,20- 
tetrakis(3-fluoropheny1)porphyrinato 
(2-)][2,2,6,6-tetramethyl-3,5-heptane- 
dionato)-, 22:160 

F,OW, Tungsten fluoride oxide, 24:37 
F,SE, Selenium tetrafluoride, 2 4 2  
F G H ,  Benzene, pentafluoro- 

cobalt complexes, 2323-25 
lithium and thallium complexes, 21:71, 

F5CIS, Sulfur chloride pentafluoride, 24:8 
F5ClTe, Tellurium chloride pentafluoride, 

24:31 
F5HOTe, Tellurate(VI), pentafluorooxo-, 

hydrogen, 24:34 
F5H,N2Mn, Manganate(III), pentafluoro-, 

diammonium, 2451 
F&Mn * H20,  Manganate(III), penta- 

fluoro- , dipotassium , monohydrate, 
2451 

21:72 

dipotassium, 21:170 

72 

F5LiG, Lithium, (pentafluoropheny1)-, 

FSMoOK2, Molybdate(V), pentafluorooxo-, 

F5U, Uranium(V) fluoride, -, 21:163 
&AgAS, Arsenate, hexafluoro-, silver, 

24:74 

bis( cyclo-octasulfur)silver(l +), 24:74 

sulfur(IV), 24:76 

F&A&, Arsenate, hexafluoro-, 

F6AsBr3S, Arsenate, hexafluoro-, tribromo- 

F6AsNCl&%, Arsenate, hexafluoro-, tetra- 

F,AsNO, Arsenate, hexafluoro-, nitryl, 

F6AsSe8C&,, Arsenate, hexafluoro-, 

butylammonium, 24: 138 

24:69 

4,4' ,5,5'-tetramethyl-2,2'-bi-1,3-dise- 
lenolyldene radical ion( 1 + ) (1 : 2), 
24: 138 

F6cdG * NC5H5, Cadmium, bis(trifluoro- 
methyl)-, -pyridine, 2457 

F&dG * OC&, Cadmium, bis(trifluoro- 
methyl)-, -tetrahydrofuran, 2457 

F6CdG 02C4Hro, Cadmium, bis(trifluor0- 
methyl)-, -1,2-dimethoxyethane, 
2455 

F&N6C&,, Chromium(III), bis(l,2- 
ethanediamine)difluoro-, ck-, (1,2- 
ethanediamine)tetrafluorochromate- 
(111), 24:185 

F&Mn, Manganate(IV), hexafluoro-, di- 
cesium, 24:48 

F&N, Ammonium, tetrafluoro-, (hydrogen 
difluoride), 24:43 

F&gG, Mercury, bis(trifluoromethy1)-, 
2452 

FdrNP2C3,H,, Iridium(I), (q4-l ,5-cycloocta- 
diene)(pyridine)( tricyclohexylphos- 
phine)-, hexafluorophosphate( 1-), 
24:173, 175 

FdrN2PCl,,Hn, Phosphate( 1-), hexafluoro-, 
(q4-1,5-cyclooctadiene)bis(pyridine)- 
iridium(I), 24:174 

F S U ,  Uranate(V), hexafluoro-, potassium, 
21:166 

F$JPC,&IH,, Phosphate( 1-), hexafluoro-, 
tetrabutylammonium, 24: 141 

F,pPSe2C,HI2, Methanaminium, N-(4,5-di- 
methyl-l,3-diselenol-2-ylidene)-N- 
methyl-, hexafluorophosphate, 24:133 

F,pP,UC,&,, Uranate(V), hexafluoro-, p- 
nitrido-bis(triphenyIphosphorus)( 1 + ), 
21:166 

F$J5O6Os!j&,HI9, Osmium(II), (2,2'-bipyr- 
idine-N,N')(Z,Z' :6,2"-terpyridine- 
N,N' ,N")( tritluoromethanesulfonato- 
0)-, trifluoromethanesulfonate, 24:303 

F$J506RuS2CnH19, Ruthenium(II), (2,2'-bi- 
pyridine-N,N')(2,2' : 6',2"-terpyridine- 
N,N' , N")(tritluoromethanesulfonato- 
0)-, tritluoromethanesulfonate, 24:302 
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F&J5O7O~S2GH2, . HzO, Osmium(II), 
aqua(2,2'-bipyridine-N,N')(2,2' : 6' ,2"- 
terpyridine-N,N',N'')-, bis(trifluor0- 
methanesulfonate), monohydrate, 
24:304 

F,NaU, Uranate(V), hexafluoro-, sodium, 
21:166 

F60s, Osmium(V1) fluoride, 24:79 
F&'Se8G,,H2,, Phosphate( 1-), hexafluoro-, 

4,4',5,5'-tetramethyl-2,2'-bi-l,3-dise- 
lenolylidene radical ion( 1 + ) (1 : 2), 
24:142 

F$,RuC,&, Ruthenium@), (q5-cyclopen- 
tadienyl)(phenylvinylene)bis( triphenyl- 
phosphine)-, hexafluorophosphate(1-), 
21230 

F8BN, Borate(III), tetrafluoro-, tetrafluo- 
roammonium (1 : l ) ,  24:42 

F8BzN7RuC,Hl9, Borate(1-), tetrafluoro-, 
pentammine(pyrazine)ruthenium(II) 
(2: l ) ,  24:259 

F9CIOC4, Hypochlorous acid, periluoro-tert- 
butyl ester, 24:61 

FJrN,09S3C7H16, Iridium(III), bis( 1,2- 
ethanediamine)bis( trifluorometh- 
anesulfonato-0)-, cis-, trifluorometh- 
anesulfonate, 24:290 

ammine( trifluoromethanesulfonato-0 )-, 
bis( trifluoromethanesulfonate), 
24:264 

F91rN50,&C3H17, Iridium(III), penta- 
ammineaqua-, tris(trifluor0- 
methanesulfonate), 24:265 

mine-, tris(trifluoromethanesulfonate), 
24:267 

tetrafluoroammonium (1 : I), 24:47 

bipyridine-N, N')bis( trifluoromethane- 
sulfonato-0), cb-, trifluoromethanesul- 
fonate, 24:295 

F9N409RhS,c,H16, Rhodium(III), bis( 1,2- 
ethanediamine)bis( triftuorometh- 
anesulfonato-0)-, cb-, trifluorosulfo- 
nate, 24:285 

bis(2,2'-bipyridine-N,N')bis(trifluoro- 
methanesulfonato-0)-, cis-, trifluoro- 
methanesulfonate, 24:295 

F9IrN,O9S,C3HH,,, Iridium(III), penta- 

F91rN609S,C,H18, Iridium(III), hexaam- 

F9NOW, Tungstate(VI), pentafluorooxo-, 

Ffi,090sS,C,H16, Osmium(JII), bis(2.2'- 

F9N4OPRuS3CUHI6, Ruthenium(III), 

F9N,O1,0sS3~Hz0, Osmium(III), diaqua- 
bis(2,2'-bipyridine-N,N')-, cis-, 
tris(trifluoromethanesu1fonate). 24:296 

F9N5O9OsS3~HI9, Osmium(III), (2,2'-bi- 
pyridine-N,N')(2,2' : 6',2"-terpyridine- 
N , N ,  N")(trifluoromethanesulfonato- 
0)-, bis(trifluoromethanesulfonate), 
24:301 

F9N509RhS,C,Hl,, Rhodium(III), pentaam- 
mine(trifluoromethanesu1fonato-0)-, 
bis(trifluoromethanesulfonate), 24253 

F9N5O9RhS3C8HZ, Rhodium(III), pen- 
takis(methanamine)(trifluoro- 
methanesulfonato-0)-, bis(trifluoro- 
methanesulfonate), 24:281 

F9N509RuSpC,H19, Ruthenium(III), 
(2,2'-bipyridine-N,N')(2,2' : 6',2"- 
terpyridine-N,N' ,N' ')(trifluoro- 
methanesulfonato-0)-, bis(trifluoro- 
methanesulfonate), 24:301 

F9N509S30sC,H15, Osmium(III), pentaam- 
mine( trifluoromethanesulfonato-0)-, 
bis(trifluoromethanesulfonate), 24:271 

F f i 5 0 1 0 0 ~ S 3 ~ H 1 7 ,  Osmium(III), penta- 
amineaqua-, tris(trifluoromethane- 
sulfonate), 24:273 

F9N50,00sS,~H21 . 2H20, Osmiurn(III), 
aqua(2,2'-bipyridine-N,N')(2,2' : 6',2"- 
terpyridine-N, N' ,N' ) ) - ,  tris(trifluor0- 
methanesulfonate), dihydrate, 24:304 

ium(III), aqua(2,2'-bipyridine- 
N,N')(2,2' :6',2"-terpyridine- 
N, N' , N' I ) - ,  tris(trifluoro- 
methanesulfonate), trihydrate, 24:304 

amine( trifluoromethanesulfonato-0)- , 
bis(trifluoromethanesulfonate), 24:258 

mine-, tris( trifluoromethanesulfonate) , 
24~273 

FJV6O90sS3C5Hl8, Osmium(III), (acetoni- 
tri1e)pentaammine-, tris(trifluoro- 
methanesulfonate), 24:275 

F9N609RhS3C3HH18, Rhodium(III), hexaam- 
mine-, tris(trifluoromethanesulfonate), 
24:255 

F,,$JSb, Antimonate(V), hexafluoro-, tetra- 
fluoroammonium (1: l),  24:41 

FloOZSezXe, Selenate(VI), pentafluoro- 
0x0-, xenon(2+) (2: l ) ,  2429 

F&OIJtuS3~H21 * 3H20, Ruthen- 

F9N5RuS3C3H15, Ruthenium(III), penta- 

F9N6090SS&&&8, Osmium(III), hexaam- 
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Flo02TeXe, Tellurate(VI), pentafluoro- 
0x0-, xenon(2+) (2:1), 24:36 

Fl@3Pcd&, Phosphane, difluorotris(2,2,2- 
trifluoroethoxy)-, trans-, 24:63 

F12FeN$(&H3,, Iron(II), bis(acetonitri1e)- 
(2,9-dimethyl-3,10-diphenyl-l,4,8,Jl- 
tetraazacyclotetradeca-l,3,8,10-tet- 
raene)-, bis[hexafluorophosphate( 1-)], 
22: 108 

bis(acetonitri1e) bis(q5-cyclopenta- 
dieny1)bis-p-(ethanethio1ato)-di- 
bis(hexafluorophosphate), 21:39 

F12Fe,P2S5CJIB, Iron(2 + ), tetrakis(qs-cy- 
clopentadienyl)-p3-(disulfur)-tri-p3- 
thio-tetra-, bis(hexafluorophosphate), 
21:44 

Fl2IrN,OP,C&Ie, Iridium(III), tris(aceto- 
nitrile)nitrosylbis( tripheny1phosphine)-, 
bis[hexafluorophosphate], 21 : 104 

F12N30,P3C1&, Poly[2,2-dimethyl-4,4,6,6- 
tetrakis(2,2,2-trifluoroethoxy)- 
catenatriphosphazene-1,6-diyl], 25:67 

F1ZN304P3SiC13HZ2, Poly[2-methyl-4,4,6,6-tet- 
rakis(2,2,2-trifluoroethoxy)-2-[(trimeth- 
ylsily1)methy llcatenatriphos- 
phazene-1.6-diyl1, 2564 

F,2N4PZPdC,2H30, Palladium( 11) , [ N, N‘bis[ 2- 
(dimethylamino)ethyl]-N,N’-dimethyl- 
1 ,Zethanediamine]-, bis(hexafluor0- 
phosphate), 21:133 

mine(trifluoromethanesu1fonato-0)-, 
tris( trifluoromethanesulfonate), 
24:278 

F12N&RuCmH2,, Ruthenium(II), tris(2,2’- 
bipyridine)- 

bis[hexafluorophosphate(l-)], 25: 109 
F12N6P2RuC32H2,, Ruthenium(II), (2,2’-bi- 

pyridine)bis( 1,lO-phenanthr0line)- 
bis[hexafluorophosphate(l-)], 25: 108 

F14MnN2, Manganate(IV), hexafluoro-, 
bis(tetrafluoroammonium), 24:45 

F,N2Si, Silicate(IV), hexafluoro-, 
bis(tetrafluoroammonium), 24:46 

FlSBO3Te3, Tellurate(VI), pentafluorooxo-, 
boron(3+) (3:1), 24:35 

F18GdN60$12c&R, Gadolinium(III), hex- 
akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F18H~N60$12C7ZHn, Holmium(III), hex- 

Fl2Fe2N2P2S2ClSHM, Iron@ + 1, 

F12NJ012S4PtC4HIs, Platinum(IV), pentaam- 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F18LaN60$12&Hn, Lanthanium(III), hex- 
akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F18N~d0$12&Hn, Neodymium(III), hex- 
akis(dipheny1phosphinic amide)-, 
tris(hexduorophosphate), 23: 180 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F18N60$12Smc,&In, Samarium(III), hex- 
akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 
23:180 

F18N60$lzYb~Hn, Ytterbium(III), hex- 
akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

FeBF2102CllH13, Iron(1 +), dicarbonyl(qs- 
cyclopentadienyl)(q2-2-methyl- l-pro- 
pheny1)-, tetrafluoroborate( 1-), 
24: 166 

clohexanedione dioxirnat0)-O,O‘]di- 
phenyldiborato(2-)]-N, N’, N” , N’ ” , 

FlsLuN60$12&Hn, Lutetium(III), hex- 

F18N60$12Pr%HR, Praseodymium(III), 

Fl&”O$12Tb&Hn, Terbium(III), hex- 

F,,N,O$,,Tm&H,, Thulium(III), hex- 

FeB2N,O6CJ&, Iron(II), {[tris[p[(1,2-cy- 

N’”’,“’’’}-, 21:112 
FeBCl2H,, [l,l-commo-bis(2,3-dicarba-l- 

ferra-closo-heptaborane)]( 12), 2,2’ ,3,3’- 
tetraethyl-1 ,l-dihydro-, 22:215 

FeBrMg02PC&,, Magnesium, bromo(q5- 
cyclopentadienyl)[ 1,2-ethanediyl- 
bis(diphenylphosphine)]bis-( tetrahy- 
drofuran)iron-, (Fe-Mg),  24:172 

FeBrP2C3,HB, Iron, bromo(q’-cyclopenta- 
dienyl)[ 1,2-ethanediyIbis(diphenyl- 
phosphine)]-, 24: 170 

FeCIO, Iron chloride oxide 
intercalate with 4-aminopyridine 

intercalate with pyridine (4: l ) ,  22% 
intercalate with 2,4,6-trimethylpyridine 

(4:1),22:86 

(6: l ) ,  22:86 
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FeF3O6SC&, Iron(1 + ), tricarbonyl(q5cy- 
clopentadieny1)-, trifluoromethanesul- 
fonate, 24:161 

FeF,,N$C&H,, , Iron( 11) , bis( acetonitrile) 
(2,9-dimethyl-3,10-diphenyl- 1,4,8,11- 
tetraazacyclotetradi-1,3,8,lO-tetraene)-, 
bis[hexafluorophosphate(l-)], 22: lW, 
108 

FeH,.,Ti, Iron titanium hydride, 2 2 9  
FeN0,3P,Ru3C49H,I, Ruthenate( 1-), trideca- 

carbonylhydridoirontri-, p-nitrido- 
bis(triphenylphosphorus)(l +), 21:60 

FeN,O,P,C&,, Ferrate( 1-), tricarbonylni- 
trosyl-, p-nitrido-bis(tripheny1phos- 
phorus)(l+), 22:163, 165 

FeN,0,C,P,5 * H20, Iron(III), aqua[[(l,2- 
ethanediyldinitrilo)tetraacetato](3-)]-, 
monohydrate, 24207 

FeN4Na208CI~lt  . 2H,O, Ferrate(II), (dini- 
trogen)[ [( 1,2ethanediyldinitrilo)- 
tetraacetato)(4-)]-, disodium, dihy- 
drate, 24:208 

[[(1,2-cyclohexanediyldiNtrilo)- 
tetraacetato](4-)](dinitrogen)-, diso- 
dium, dihydrate, 24:210 

FeN40,0S,C14H,6 . 2H20, Iron(II), tetra- 
aquabis( o-su1fonbenzoimidato)-, dihy- 
drate, 23:49 

FeNS2C&, Iron(II), bis(thiocyanat0-N)- 
bis-p(lH-l,2,4-triazole-M: M)-, poly-, 
23:185 

FeNa?04C4, Ferrate(2-), tetracarbonyl-, di- 
sodium, 24:157 

FeOzCHl, Iron, methoxyoxo-, 22:87 
FeOlCllHt2, Iron, dicarbonyl(qs-cyclopenta- 

dienyl)( 2-methyl- 1 -propenyl-kC)- , 
24:164 

FeO,P,~H,,, Iron, tricarbonyl- 
bis(trimethy1phosphine)-, 25: 155 

FeO,P,C&H,, Iron, tricarbonyl- 
bis(tributy1phosphine)-, 25: 155 

FeO,P,C&,, Iron, tricarbonyl- 
bis(tripheny1phosphine)-, 25: 154 

Fe0,P2C3&, Iron, tricarbonyl- 
bis( tricyclohexy1phosphine)- , 25 : 154 

FeO4Pc&&,, Iron, tetracarbonyl(tri-terr-bu- 
ty1phosphine)-, 25: 155 

FeO,P,C&I,, Iron, (1 ,Zethanediyl- 
bis(diphenylphosphine)]bis(2,4-pen- 
tanedionato), 21:94 

FeN4Na2O8CI,Hl8 * 2H20, Ferrate(II), 

Fe05P5CsHn, Iron, bis[ 1,2-ethanediyl- 
bis(diphenylphosphine)](trimethyl 
phosphito)-, 21:93 

Fe0130~3C13H2, Osmium, tridecacarbonyldi- 
hydridoirontri-, 21:63 

FeOURu3Cl1H2, Iron, tridecacarbonyldihy- 
dridotriruthenium-, 21% 

FeP,S,&&, Bis(tetrapheny1phosphonium) 
tetrakis(benzenethiolato)ferrate(II), 
21:24 

FeP4C5,&, Iron, [[2-2-(diphenylphos- 
phino)ethyl]phenylphosphino]- 
phenyl-C, P,P][1,2-ethanediyl- 
bis( dipheny1phosphine))h ydrido- , 2 1 :92 

bis( diphenylphosphine)] (ethene)-, 
21:91 

FeS4C14H,, Iron, bis(q5-cyclopentadienyl)- 
p-(disulfur)bis-p-(ethanethiolat0)-di-, 
21:40,41 

FeZF1~N2P2S2C18H36, Iron(2 + 1, 
bis(acetonitrile)bis(q5-cyclopen- 
tadieny1)bis-p-(ethanethio1ato)-di-, 
bisfhexafluorophosphate), 21:39 

Fe,Na208G, Ferrate(2 - ), octacarbonyldi-, 
disodium, 24:157 

Fe204, Iron oxide, 2243 
-, Magnetite, 22:43 
Fe,0,GH4, Iron, [ 1,2-ethanedioIato- 

(2 - )]dioxodi- ,2288 
Fe2P&&H72, Ferrate(III), tetra- 

kis(benzenethio1ato)di-p-thio-di-, 
bis(tetraphenylphosphonium), 21 :26 

FelNa2011C11, Ferrate(2 -), undecacarbon- 
yltri-, disodium, 24:157 

F e 3 N 2 O 1 , P 4 ~ , ~ ,  Ferrate(2 - ), undecacar- 
bonyltri-, bis[p-nitrido-bis(tripheny1- 
phosphorus)(l +)I, 24:157 

clopentadienyl)-p,-(disulfur)tri-p,-thio- 
tetra-, bis(hexafluorophosphate), 21:44 

Fe,Nz0,Q4~51&,, Ferrate(1- ), tridecacar- 
bonyltetra-, p-nitrido-bis(tripheny1- 
phosphorus)(l+) (1:2), 21:66, 68 

Fe4N,S,Se4C,H,, Ferrate(2 - ), tetra- 
kis( 1,l-dimethylethanethiolato)tetra-p- 
selenotetra-, bis(tetrabuty1ammon- 
ium), 21:37 

kis( benzenethiolato) tetra-p-selenotet- 
ra-, bis(tetrabutylamrnonium), 21:36 

FeP4CuHs2, Iron, bis[ 1 ,Zethanediyl- 

Fe4F12P2S5C&12D, Iron(2 + ), tetrakis(qky- 

Fe4N2S4Se4C&&, Ferrate(2 - ), tetra- 
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Fe,N&C&,,, Ferrate(2 -), tetrakis(1,l-di- 
methylethanethio1ato)tetra-p-thio- 
tetra-, bis(tetramethylammonium), 
21:30 

kis(benzenethio1ato)tetra-p-thio-tetra-, 
bis(tetrabutylammonium), 21 :35 

Fe,P&G€L,, Ferrate(I1, III), tetra- 
kis(benzenethiolato)-p&o-tetra-, 
bis(tetraphenylphosphonium), 21:27 

Fe4SsCmHm, Iron, tetrakis(qs-cyclopen- 
tadienyl)-p3-(disulfur)tri-pl-thio-tetra-, 
21:45 

tadienyl)bis-pl-(disulfur)-di-pJ-thio- 
tetra-, 21:42 

Fe+N&Wn, Ferrate(2- ), tetra- 

Fe4S6C&Im, Iron, tetrakis(qs-cyclopen- 

GaBr,NCgHm, Gallate(1- ), tetrabromo-, 
tetraethylammonium, 22:141 

GaBr,NC&,, Gallate(1- ), tetrabromo-, 
tetrabutylammonium, 22: 139 

GaCLNClbI,, Gallate(1 -), tetrachloro-, 
tetrabutylammonium, 22:139 

Ga4NClbI,, Gallate(1 -), tetraiodo-, 
tetrabutylammonium, 22: 140 

Ga2Br2P2C&I12, Gallate(2 - ), hexabro- 
modi-, bis(triphenylphosphonium), 
22:135, 138 

Ga2Br&CaH,, Gallate(2 - ), hexabromodi-, 
bis(tetraphenylphosphonium), 
22:139 

GaZClp2C36H32, Gallate(2 -), hexachlorodi-, 
bis(triphenylphosphonium), 22: 135, 
138 

bis(triphenylphosphonium), 22135, 
138 

Ga21$2C&12, Gallate(2 - ), hexaiododi-, 

GdCI,, Gadolinium chloride, 22:39 
GdF181&O$12~H?2, Gadolinium(III), hex- 

akis(dipheny1phosphc amide)-, 
tris(hexafluorophosphate), 23: 180 

GdNI0&Hl6, Gadolinium(III), trini- 
trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

trato(l,4,7,10,13-pentaoxacyclopen- 
tadecane)-, 23:151 

dianato)[ 5,10,15,20-tetraphenylpor- 
phyrinato(2 -)I-, 22: 160 

GdN3OI4C1,,Hm, Gadolinium(III), trini- 

GdN,OZC4&Ia, Gadolinium, (2,4-pentane- 

G d 4 N 1 2 0 s l C ~ ,  Gadolinium(lll), dode- 
canitratotris( 1,4,7,10,13-pentaocacyclo- 
pentadecane)tetra-, 23: 151 

Gd4NI2OMC&IR, Gadolinium(III), 
tris( 1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

H C O ~ O ~ ~ R U C ~ ~ ,  Cobalt, dodecacarbonylhy- 
dridorutheniumtri-, 25164 

HCrNOsP2C41Hm, Chromate(1- ), pen- 
tacarbonylhydrido-, p-nitrido- 
bis(triphenylphosphorus)( 1 + ), 
22:183 

bis[pentacarbonyl-, potassium, 
23:27 

complex, 24:14 

dioxo- 

HCr2KOIoC10, Chromate, p-hydrido- 

HF,NS, Imidosulfurous difluoride mercury 

HF30zU 2 H20,  Uranate(VI), trifluoro- 

hydrogen, dihydrate, 25:145 
HFsOTe, Tellurate(VI), pentafluorooxo-, 

hydrogen, 24:34 
HFa , Ammonium, tetrafluoro- , (hydrogen 

difluoride), 24:43 
HFeN0,~2Ru3C,.&,, Ruthenate(1- ), tri- 

decacarbonylhydridoirontri-, p-nitrido- 
(triphenylphosphorus)( 1 + ), 21:60 

HFeP4CS&, Iron, [[2-[2-(diphenylphos- 
phino)ethyl]phenylphosphino]pheny I- 
C,P,P'][1,2-ethanediylbis(diphenyl- 
phosphine)]hydrido-, 21:92 

HKOloW2Clo, Tungstate, p-hydrido- 
bis[pentacarbonyl-, potassium, 
23:27 

HMoNOsPZC4,H,, Molybdate(1- ), pen- 
tacarbonylhydrido-, p-nitrido-bis- 
(triphenylphosphorus)( 1 + ), 22: 183 

HNOSPzWC4,H,, Tungstate(1 -), pentacar- 
bonylhydrido-, p-nitrido-bis(tripheny1- 
phosphorus)(l +), 22:182 

bonyl-decacarbonyl-p-hydrido-tri- 

25:193 
HNOllRu3Cl&In, Ruthenate(1 -), p-car- 

bonyl-1 KC:ZKC-decacarbonyl- 

triangulo-tri-, tetraethylammonium, 
24:168 

HNOIIPzOslC4,Hm, Osmate(1 -), p-car- 

p-nitrido-bis(triphenylphosphorus)(l + ), 

1 K3C,2K1C,3K4C-&-hydrid~-1 K :2K- 
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HNbO,Ti, Hydrogen pentaoxoniobatenio- 

intercalate with 1-butanamine, 22239 
intercalate with ethanamine, 2289 
intercalate with methanamine, 22239 
intercalate with NH,, 22:89 
intercalate with 1-propanamine, 22239 

cobalt complexes, 23:107, 111-115 
platinum complexes, 25: 102-105 

HO2P3Rh2c&%,, Rhodium, dicarbonyl- 
bis( di-tert-butylphosphine)( p-di-tert-bu- 
ty1phosphido)-p-hydrido-di-, 25: 171 

batetitanate(1-), 22239 

HO, Hydroxo, 

H08S2, [hydrogen bis(sulfate)], 
platinum chain complexes, 21:151 

HI ,FeTi, Iron titanium hydride, 2 2 9  
H2Co0100s3C1,H5, Osmium, p-carbonyl- 

noncarbonyl(qs-cyclopentadienyl)-di-p- 
hydrido-cobaltri-, 25195 

dihydridoirontri-, 21:63 

dridotriruthenium-, 21:58 

plex, 25:46 

HZFeOl30s3CI3, Osmium, tridecacarbonyl- 

HzFeO13Ru3C13, Iron, tridecacarbonyldihy- 

H2N& Sulfur diimide, mercapto-, tin com- 

H20,  Water 
iridium, osmium, and rhodium com- 

plexes, 24:254,265 
H ~ 0 ~ , 0 s ~ R u C ~ , ,  Osmium, tridecacarbonyl- 

dihydridorutheniumtri-, 21:64 
H3C0090~3C14H1s. Osmium, nonacar- 

bonyl(qs-cyclopentadienyl)-tri-p-hy- 
drido-cobalttri-, 25: 197 

H3N, Ammonia 

W L a N i , ,  Aluminum lanthanum nickel 

H4C0090~CllH1s, Osmium, nonacar- 

intercalate with HNbTiOS, 22:89 

hydride, 22:% 

bonyl(q’-cyclopentadieny1)-tetra- p-hy- 
drido-cobalttri-, 25: 197 

H40SP2, Diphosphorous acid 
platinum complex, 24:211 

H8FSN2Mn, Manganate(III), pentafluoro-, 
diammonium, 2451 

H8&0a8Pt ,  Platinate(II), tetrakis- 
[dihydrogen diphosphito(2 - )-I, tetra- 
potassium, 24:211 

H804Pt, Platinum(II), tetraaqua-, 21:192 
HlsN,08&Rh, Rhodium(III), tetraamine- 

aquahydroxo-, cis-, dithionate, 24:225 

H,a40,Pz, Ammonium diphosphate, 
21:157 

2H3BNNaC, Borate(1-), cyano- 
tri[(2H)hydro]-, sodium, 21:167 

HfCI2CJIm, Hafnium, dichlorobis(q-’-pen- 
tamethy1cyclopentadienyl)-, 24:154 

HfC402c&., Hafnium(IV), tetrachlo- 
robis(tetrahydr0furan)-, 21:137 

HfO2CI2H,,, Hafnium, dicarbonylbis(q5-cy- 
clopentadieny1)-, 24:151 

HfO2GHm, Hafnium, dicarbonylbis(q-’- 
pentamethylcyclopentadieny1)-, 24: 151 

HgF4N2S2, Mercury(II), bis(imidosu1furous 
ditluoridato-N)-, 24: 14 

HgF6G, Mercury, bis(trifluoromethy1)-, 
2452 

HgICH,, Mercury(II), iodomethyl-, 24:143 
HgN03CH,, Mercury(II), methylnitrato-, 

HgO2C,&, Mercury(II), acetatomethyl-, 

HoCI,, Holmium chloride, 22:39 
HoFlsN60$12C&Hz, Holmium(III), hex- 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23:180 

trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

trato(l,4,7,10,13-pentaoxacyclopen- 
tadecane)-, 23:151 

HON,O~~C,~H,~, Holmium(III), 
(1,4,7,10,13,16-hexacyclooctade- 
cane)trinitrato-, 23: 152 

HoN,~~C,&I~~,  Holmium, (2,4-pentane- 
dionato)[5,10,15,20-tetraphenylpr- 
phyrinato(2-)], 22:160 

HoN~O~~,I-I.,~, Holmium, (2,2,6,6-tetrame- 
thyl-3,5-heptanedionato)[5,10,15,20- 
tetraphenylporphyrinato(2 - )I-, 22:160 

H O ~ N , , O ~ ~ C & ~ ,  Holmium(III), dodecani- 
tratotris( 1,4,7,10,13-pentaoxacyclopen- 
tadecane)tetra-, 23: 153 

H O ~ N ~ ~ O & J ~ , ~ ,  Holmium(III), 
tris( 1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23:155 

24:144 

24:145 

HON3013c&6, Holmium(III), tnni- 

HoN,014Cl,,Hlo, Holmium(II1). trini- 

IBMoN7O2CI7Hn, Molybdenum, ethoxyio- 
donitrosyl{tris(3,5-dimethylpyrazolyl)- 
hydroborato}-, 23:7 
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IBMoN8OCl7HD, Molybdenum, (ethylam- 
ido)iodonitrosyl{tris(3,5-dimethylpyra- 
zolyl) h y droborato}- , 23 : 8 

ICrFzN4C4H16, Chromium(III), bis(1 ,2-etha- 
nediamine)difluoro( &)-cis-$ iodide, 
24: 186 

IHgCH], Mercury(II), iodomethyl-, 24:143 
IOZ0sC7H5, Osmium, dicarbonyl(q5-cyclo- 

pentadieny1)iodo-, 25: 191 
IO20sCl2HI5, Osmium, dicarbonyliodo(q5- 

pentamethylcyclopentadieny1)-, 25: 191 
12BMoN70C15H,, Molybdenum, diiodoni- 

trosyl{ tris(3,5-dimethylpyrazolyl)- 
hydroborat0)-, 23:6 

12La, Lanthanium iodide, 22:36 
12Mn208C,, Manganese, octacarbonyldi- 

12N4PdC12Hm, Palladium(II), [N,N- 
iododi-, 23:34 

bis[2(dimethylamino)ethyl]-N’, N’-di- 
methyl-l,2-ethanediamine]iodo-, io- 
dide, 21:130 

iododi-, 25188 

iodo-, 25:190 

12060s2C6, Osmium(I), hexacarbonyldi-p- 

1 2 0 8 0 s z ~ ,  Osmium(I), bis(tetracarbony1- 

&In, Indium iodide, 24247 
&La, Lanthanum iodide, 22:31 
14K2Pt . 2Hz0, Platinate(II), tetraiodo- 

ISNI2RuzC4Hx, Ruthenium(5 + ), decaam- 
dipotassium, dihydrate, 25:98 

mine(p-pyrazine)-di-, pentaiodide, 
24:261 

[[4,4‘,4”,4’’’-porphyrin-5,10,15,20- 
tetrayltetrakis( l-methylpyridini- 
umato)](2 - )I-, pentaperchlorate, 
2355, 57 

InC15N80&.,Ha. Indium(III), 

IdI ,  Indium iodide, 24:87 
InSi3C12H33r Indium(III), tris[(trimethyl- 

IrC1F&,O6S2CJfl6, Iridium(III), chlo- 
silyl)methyl]-, 24:89 

robis( 1,2-ethanediamine)(trifluoro- 
methanesulfonato-0)-, pans-, trifluoro- 
methanesulfonate, 24~289 

robis(dimethylpheny1phosphine)-, 
trans-, 21:97 

IrC102P4C,3Hlz, Iridium( 1 + ), (carbon-diox- 
ide)bis[ 1,2-ethanediylbis(dimethyl- 

IrCIOPC,7H,, Iridium(I), carbonylchlo- 

IrCI0,PlC,lH27, Iridium, chloro[(formyl- 
KC-oxy)formato-K0-(2 - )]tris- 
(trimethy1phosphine)-, 21: 102 

IrCIP3C17H,I, Iridium, chloro(qz-cyclooc- 
tene)tris(trimethylphosphine)-, 21: 102 

IrCIP,C12H12, Iridium(1 + ), bis[l,2-ethane- 
diylbis(dimethylphosphine)]-, chloride, 
21:loo 

IrClIHleNa, Iridium(III), hexaamine-, tri- 
chloride, 24:267 

IrCl&C& . HCI * 2H20, Iridium(III), 
dichlorobis( 1,2-ethanediamine)-, Pans-, 
chloride, monohydrochloride, dihy- 
drate, 24237 

IrCI&C,H,, . H20, Iridium(III), dichlo- 
robis( 1,2-ethanediamine)-, cis-, chlo- 
ride, monohydrate, 24:287 

IrF,NP,C,,H,, Iridium(I), (q4-l ,5-cyclooc- 
tadiene)(pyridine)( tricyclohexylphos- 
phine)-, hexafluorophosphate( 1 - ), 
24:173, 175 

tadiene)bis(pyridine)-, hexafluorophos- 
phate(1-), 24:174 

IrF,N,O,SIC,H,,, Iridium(III), bis( 1 ,2-etha- 
nediamine)bis( trifluoromethanesul- 
fonato-0)-, cis-, trifluoromethanesul- 
fonate, 24:290 

mine( trifluoromethanesulfonato-0)-, 
bis(trifluoromethanesulfonate), 24:264 

IrF9N501~lCIH17, Iridium(III), pentaammi- 
neaqua-, tris(trifluoromethane- 
sulfonate), 24:265 

IrF9N609S3ClH18r Iridium(III), hexaam- 
ine-, tris(trifluoromethanesu1fonate). 
24:267 

(acetonitrile)nitrosyIbis(triphenyl- 
phosphine)- , bis[ hexafluorophosphate] , 
21:104 

IrPC32Hs. Iridium, ( 1,3-butanediyl)(q5-pen- 
tamethylcyclopentadienyl)( triphenyl- 
phosphine), 22:174 

Irz02C18HB, Iridium(I), bis(q4-l ,5-cyclooc- 
tadiene)-di-p-methoxy-di-, 23: 128 

I~F~PN~CI~H, ,  Iridium(I), (q4-1,5-CyCI00C- 

IrF9N509SlClH15, Iridium(III), pentaam- 

IrFlZN4OP4C,&, Iridium(III), tris- 

KCoN208Cl&I12, Cobaltate(III), [N,N’-1,2- 
ethanediylbis[N-(carboxymethy1)- 
elvcinatol(4 - j1-. mtassium. 23:s  phosphine)]-, chloride, 21:lOO w ,  1. I ,  . . 
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KCoN2O8CllHI4, Cobaltate(III), [ [R(  -)]- 
N, A”-( 1-methyl-1 ,Zethanediyl)bis[N- 
(carboxymethyl)glycinato](4 - )I-, [A- 
(+)]-, 2 3 : l O l  

KCoN2O8C1,HI8, Cobaltate(III), [ [R, R- 
( - )]-N,N-l ,2-cyclohexanediyl- 
bis( carboxymethy1)glycina to]( 4 - )I-, 
[A-( +)I-, potassium, 23:97 

KCoN407CH, 0.5H20, Cobaltate(III), 
diamine(carbonato)dinitro-, cis,&, 
potassium, hemihydrate, 23:70 

KCoN408C& . 0.5HZO, Cobaltate(III), 
diamminedinitro(oxalato)-, cis&-, po- 
tassium, hemihydrate, 23:71 

KCoO,, Potassium cobalt oxide, 2258 
KChDy,, Potassium dysprosium chloride, 

KCrO,, Potassium chromium oxide, 2259 
KCrzHOloC,o, Chromate, p-hydrido- 

bis(pentacarbony1-, potassium, 23:27 
K&U, Uranate(V), hexafluoro-, potassium, 

21:166 
KH0,0W2C,o, Tungstate, p-hydrido- 

bis[pentacarbonyl-, potassium, 23:27 
I(N206pC1&4, Potassium(1 +), 

(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)- 

22:2 

dicyanophosphide(1 - ), 25126 
KNbOsTi, Potassium, pentaoxoniobateti- 

KSnC,,H,, Stannate(1 -), tributyl- 

KSnCl8HlS, Stannate(1 -), triphenyl- 

Ko3CoOz, Potassium cobalt oxide, 2257 
KO sCr02, Potassium chromium oxide, 2259 
Ko67&02, Potassium cobalt oxide, 2257 
KO ,Cr02, Potassium chromium oxide, 2259 
Ko7Cr0,, Potassium chromium oxide, 2259 
KO &r02, Potassium chromium oxide, 

2259 
K2Al,NNa0&4C,H12 - 7&0, Potassium 

sodium tetramethylammonium alumi- 
num silicate hydrate, 22:65 

(4,7,13,16,21,24-hexaoxa-1 ,lo-diazabi- 
cyclo[8.8.8]hexacosane)-, tetrabismu- 
thide, 22:151 

racvano-. wtassium (hvdroeen difluo- 

tanate(1-), 22239 

potassium, 25:112 

potassium, 25:111 

KzBi,N2012C&n, Potassium, 

K2F0&14PtC4& yI . 3H20, Platinate, tet- 

KKMn * H20,  Manganate(III), penta- 
fluoro- , dipotassium , monohydrate, 
2451 

dipotassium, 21:170 
K2F,Mo0, Molybdate(V), pentafluorooxo, 

K,I,Pt . 2H,O, Platinate(II), tetraiodo- 
dipotassium, dihydrate, 2598 

K2S~O12GH,, Antimonate(2 -), 

as resolving agent, 23:76-81 

mate(III), tris(oxalat0)- 
tripotassium, (+)-, dihydrate and (-)-, 

monohydrate, isolation of, 25141 

[dihydrogen diphosphito(2 - )I-, tetra- 
potassium, 24:211 

Klo078PzThWz, Thorate(IV), bis(undeca- 
tungstophosphat0)-, decapotassium, 
23:189 

K10078P2UW22, Uranate(IV), bis(undeca- 
tungstophosphat0)-, decapotassium, 
23:186 

K14B207sThWn, Thorate(IV), bis(undeca- 
tungstoborat0)-, tetradecapotassium, 
23:189 

catungstodiphosphat0)-, hexadecapo- 
tassium, 23: 190 

decatungstodiphosphato)-, hexadeca- 
potassium, 23:188 

bis[taratrato(4 - )]di-, potassium 

K3CrOI2C, * H 2 0  and 2H20, Chro- 

K,H80g8Pt, Platinate(II), tetrakis- 

K1601uP4ThWr, Thorate(IV), bis(heptade- 

KI(IOIPP~UW~, Uranate(IV), bis(hepta- 

LaAIH,N&, Aluminum lanthanum nickel 

Lac&, Lanthanum chloride, 22:39 
LaF18N60$12&Hn, Lanthanium(III), hex- 

akis(dipheny1phosphc amide)-, 
tris(hexafluorophosphate), 23: 180 

hydride, 22:96 

LaI,, Lanthanum iodide, 22:36 
La13, Lanthanum iodide, 2231 
LaN3013GH16, Lanthanium(III), trini- 

trato( 1,4,7,1@tetraoxacyclododecane)-, 
23:151 

trato( 1,4,7,10,13-pentaoxacyclopenta- 
decane)-, 23:151 

~1.4,7,10,13,16-hexaoxacvciooctade- 

LaN3OI4C1&,, Lanthanium(LII), trini- 

LaN301sC,2H24r Lanthanium(III), 
. . . .  

ridd) (1:2:0.30), trihyd;ate,>l:147 cane)trinitro-, 23:153 - 
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LaN4O2C4J-II5, Lanthanum, (2,4-pentane- 
dionato)[5,10,15,20-tetraphenylpor- 
phyrinato(2-)], 22:160 

phenylporphyrinato(2 -)I-, 22: 160' 

tris( 1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

LiCI&Tm, Cesium lithium thulium chlo- 
ride, 22:lO 

LiF5G,, Lithium, (pentafluoropheny1)-, 
21:72 

LiOIRe, Lithium rhenium trioxide, 24:205 
LiOsV2, Lithium divanadium pentaoxide, 

LiSiC4Hll, Lithium, [(trimethylsilyl)- 

L&.203Rer Lithium rhenium trioxide, 

Li203Re, Dilithium, rhenium trioxide, 

Li3N, Lithium nitride, 22:48 
LuCI], Lutetium chloride, 22:39 
LuCl&, Cesium lutetium chloride, 22:6 
LuC&Cs3, Cesium lutetium chloride, 22:6 
LuF18N60$12CnHn, Lutetium(III), hex- 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

trato( 1,4,7,10,13-pentaoxacyclopenta- 
decane)-, 23:151 

(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)trinitrato-, 23:153 

LuN4O2C.J-Il5, Lutetium, (2,4-pentanedion- 
ato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)I-, 22:160 

LaN402C551&7, Lanthanum, (2,2,6,6-tetra- 

La,NI2OrC&in, Lanthanium(III), 

24:202 

methyl]-, 24:95 

24:203, 206 

24203 

L U N ~ O ~ ~ ~ H ~ ~ ,  Ytterbium(III), trini- 

L U N ~ O ~ ~ C ~ J ~ ~ ,  Lutetium(III), trini- 

L u N ~ O ~ ~ C ~ ~ H ~ ~ ,  Lutetium(III), 

Lu2Cl&sl, Cesium lutetium chloride, 22:6 
LU,N~~O~~C&I~, Lutetium(III), dodecani- 

tratotris( 1,4,7,10,13-pentaoxacyclopen- 
tadecane)tetra-, 23:153 

Lu.Nl2OrCan, Lutetium(III), 
tris( 1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

Me2Ph2[14]-1 ,3,8,10-tetraeneN4 see- 
1,4,8,1l-Tetraazacyclotetradeca- 

1,3,8,10-tetraene, 2,9-dimethyl-3,10-di- 
phenyl-, 22:107 

MgBrFeO,PC,H,,,, Magnesium, bromo($- 
cyclopentadienyl)[ 1 ,2-ethanediylbis- 
(diphenylphosphine)]bis(tetrahydro- 
furan)iron-, (Fe-Mg), 24172 

MnCkF6, Manganate(IV), hexafluoro-, di- 
cesium, 24:48 

MnF5H8N2. Manganate(III), pentafluoro-, 
diammonium, 2451 

MnF5K2 * H20,  Manganate(III), penta- 
fluoro-, dipotassium, monohydrate, 
2451 

bis(tetrafluoroammonium), 24:45 

bis(thiocyanat0-N)-bis-p-( 1H-1,2,4- 
triazole-N2: N4)-, poly-, 23:158 

MnO6CI3Hn, Manganese(III), tris(2,2,7-tri- 
methyl-3,5-octanedionato)-, 23: 148 

MnP2S4C,&, Bis(tetrapheny1phos- 
phonium) tetrakis( benzenethiolato) 
manganate(II), 21 :25 

bonyldi-, 23:33 

iododi- , 23: 34 

hbF14N2r Manganate(IV), hexafluoro-, 

MnN8S2G,)16, Manganese(II), 

Mn2Br208G, Manganese, dibromooctacar- 

Mn21208G, Manganese, octacarbonyldi- 

Mn2N0&C32H35, Ammonium, tetraethyl- 
tris( p-benzenethio1ato)hexacarbonyl- 

dimanganate(I), 25118 
Mn208&CJ410, Manganese(I), bis( p-ben- 

zenethio1ato)octacarbonyldi-, 25: 116 
Mn,Ca2O8, Calcium manganese oxide, 

22:73 
Mn1Ol2S4C&iZ0, Manganese(I), tetrakis(p,- 

benzenethio1ato)dodecacarbonyltetra-, 
25:117 

MOBF,N~P,C.&~, Molybdenum(III), 
bis[ 1,2-ethanediyIbis( 1,2-diphenylphos- 
phine)](isocyanomethane)- 
[ (methylamino)methylidyne]- , frum- , 
tetrafluoroborate(1 -), 23:12 

MoBIN,O,C,,H,, Molybdenum, ethoxyio- 
donitrosyl{tris(3,5-dimethylpyrazolyl)- 
hydroborat0)-, 23:7 

MoBIN80Cl,H,, Molybdenum, (ethylam- 
ido)iodonitrosyl{tris(3,5-dimethylpyra- 
zoly1)hydroborato)-, 23:8 

MoB12N70ClsHr2, Molybdenum, diiodoni- 
trosyl{tris(3,5-dirnethylpyrazolyl)- 
hydroborato}-, 23:6 
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MoBN7OJCl7HU, Molybdenum, dicarbonyl- 
nitrosyl{tris(3,5-dimethylpyrazolyl)- 
hydroborat0)-, 23:4 

MoB2F$12P4CJ-la. Molybdenum(IV), 
bis[ 1,2-ethanediylbis(diphenyl- 
phosphine)]bis(methylamino)- 
methylidynel-, trans-, bis[tetra- 
fluoroborate(1 -)I, 23:14 

MoCIzN,P4CJ€,, Molybdenum(O), bis( 1- 
chloro-4-isocyanobenzene)bis[ 1,2-eth- 
anediylbis( diphen y1phosphine)l- , 
trans-, 23:lO 

MoCI,O,C,~H~~, Molybdenum(III), trichlo- 
rotris(tetrahydr0furan)-, 24: 193 

MoCI,N,P,C&,, Molybdenum(O), bis( 1,3- 
dichloro-2-isocyanobenzene)bis[ 1,2- 
ethanediylbis(diphenylphosphine)]-, 
trans-, 23: 10 

23: 195 

dipotassium, 21:170 

bonylhydrido-, p-nitrido- 
bis(triphenylphosphorus)( 1 +), 
22:183 

MoN202P,C&,,, Molybdenum(O), bis[ 1,2- 
ethanediylbis(dipheny1phosphine)l- 
bis( l-isocyano-4-methoxybenzene)-, 
trans-, 23:lO 

MoNZP4C&,, Molybdenum(O), bis[ 1,2- 
ethanediylbis(diphenylphosphine)]- 
bis(isocyanomethane)-, trans-, 23: 10 

MoN2P&H,, Molybdenum(O), bis[ 1,2- 
e thanedi ylbis( diphenylphosphine)] bis- 
(2-isocyano-2-methylpropane)-, trans-, 
23:lO 

MoN2P4C&lY. Molybdenum(O), bis[l,2- 
ethanediylbis(dipheny1phosphine))- 
bis(isocyan0benzene)-, trans-, 23: 10 

MoN2P,C,&, Molybdenum(O), bis[ 1,2- 
ethanediylbis(dipheny1phosphine)l- 
bis( l-isocyano-4-methylbenzene)-, 
trans-, 23:lO 

Mo03H, Molybdenum(VI), hydroxodioxo-, 
ion, 23:139 

Moo3 . 2H20, Molybdenum(V1) oxide, 
dihydrate, 24:191 

Mo0&II2, Molybdenum(III), hexaaqua-, 
ion, 23:133 

MoChO, Molybdenum, chloride oxide, 

MoFSOK2, Molybdate(V), pentafluorooxo, 

M o N O ~ P ~ C ~ ~ H ~ ~ ,  Molybdate(1- ), pentacar- 

Mo01JI12. Molybdenum(V), hexaaqua-di- 

Mo2AsO&H17, Molybdenum, tetracarbo- 
p-0x0-dioxodi-, 23: 137 

nylbis(+cyclopentadienyl)( p-dimethyl- 
arsino)-p-hydridodi-, 25: 169 

tetrakis( dimethy1amido)di- , ( M o ~ ~ o ) ,  
2156 

(dimethy1amido)di-, (Mor Mo), 21 :43 
Molybdenum, hexacar- 

bonyl-tris[ p-l,3,5,7-tetramethyl- 
lH,SH-[ 1,4,2,3)diazadiphospholo[2,3- 
b ] [  1,4,2,3]diazadiphosphole-2,6- 
(3H,7H)dione]di-, 24: 124 

MoZO2H2 * XH,O, Molybdenum(III), di-b- 
hydroxo-di-, ion, hydrate, 23: 135 

Mo204P&Hm, Molybdenum, tetracarbo- 
nylbis( qs-cyclopentadienyl)( p-di-tert- 
buty1phosphido)-p-hydrido-di-, 25168 

dioxodi-, ion, hydrate, 23:137 

taoxodi-, ion, 23:139 

tetraoxodi-, ion, 23: 139 

trioxodi-, ion, 23:139 

ion, 23:131 

0x0-tri-, ion, hydrate, 23:135 

tetra-p,-0x0-tri-, ion, 23:135 

ethy1phosphinodithioato)-tris(diethy1- 
phosphincdithioato)-tri-p-thio-p3-thio- 
triangufo-tri-, 23:121 

tris(diethy1phosphinodithioato)tris- 
p-(disulfido)-p3-thio-triangufo-tri-, di- 
ethylphosphinodithioate, 23: 120 

Mo,Cl,N,GH,, Molybdenum, dichloro- 

MqNSCI2Hx, Molybdenum, hexakis- 

Mo204 . XH20, Molybdenum(V), di-p-oxo- 

Mo,O,H, Molybdenum(VI), hydroxopen- 

Mo20J-IZ, Molybdenum(VI), dihydroxo- 

Mo20&, Molybdenum(VI), trihydroxo- 

M0208H16, Molybdenum(II), octaaquadi-, 

Mo,O, XHzO, Molybdenum(IV), tetra+>- 

M030&8, Molybdenum(IV), nonaaqua- 

MO~P,S,~C~~&, Molybdenum(V), p-(di- 

Mo3P4S15C1&, Molybdenum(V), 

NAsF6C16Hx, Ammonium, tetrabutyl-, hexa- 

NAsF,O, Arsenate, hexafluoro-, nitryl, 

NBF4C1&, Ammonium, tetrabutyl-, tetra- 

fluoroarsenate, 24: 138 

24:69 

fluoroborate(1 -), 24:139 
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NBF,, Borate(III), tetrafluoro-, tetrafluo- 
roammonium (l:l), 24:42 

NBO2C,HI2, Borane, carboxy- 

NBO2CSHI4. Borane, (methoxycarbony1)- 
compd. with trimethylamine (l:l), 25231 

compd. with trimethylamine (l:l), 
25:84 

NBrF2S, Imidosulfurous difluoride, bromo-, 

NBr03C,,,Hl,, Bornan-Zone, 3-endo- 
24:20 

bromo-3-exo-nitro- 
(lR)-, 25:132 

NBrPSiC,H,,, Phosphorimide bromide, 

NC, Cyanide 

-, Cyano 

P,P-dimethyl-N-(trimethylsily1)-, 25:70 

cobalt complexes, 23:66-69 

boron complex, 21:167 
chromium complexes, 23:184 
platinum chain complexes, 21:142-156 

chromium, cobalt, and rhodium com- 

intercalate with HNbTiO,, 22939 

copper, iron, and zinc complexes, 22:108, 

iridium complex, 21:104 
iron complexes, 21:39-46 
osmium complex, 24:275 

-, Methane, isocyano- 
molybdenum and tungsten complexes, 

NCH,, Methanamine 

plexes, 24:280-81 

NGH3, Acetonitrile 

110,111 

23: 10-13 
NC2HI, Ethanamine 

intercalate with HNbTiO,, 22239 
molybdenum complexes, 23:8 

-, Methaneamine, N-methyl- 
molybdenum complex, 21:54 

NGHlO, Methanamine, N-methyl- 
molybdenum and tungsten complexes, 

23~11-13 
NC& 1-Propanamine 

intercalate with HNbTi05, 22239 
NC,H9, Propane, 2-isocyano-2-methyl- 

tungsten complex, 24:198 
NC,H,,, 1-Butanamine 

intercalate with HNbTiO,, 22:89 
NCSH,. Pyridine 

cobalt complexes, 23:73 
intercalate with FeClO (1:4), 22:86 

iridium complexes, 24:173, 174, 175 
rhenium complex, 21:116, 117 

NCsH, . CdF& Pyridine 
-bis(trifluoromethyl)cadmium, 24:57 

NC,H9, Butane, l-isocyano- 
rhodium complex, 21:49 

-, Propane, 2-isocyano-2-methyl- 
molybdenum and tungsten complexes, 

23~10-12 
NCd-17, Benzenamine 

rhenium and tungsten complexes, 24: 195, 
196, 198 

NC,H5, Benzene, isocyano- 
molybdenum and tungsten complexes, 

tungsten complex, 24: 198 

molybdenum and tungsten complexes, 

tungsten complex, 24:198 

tungsten complexes, 23:14 

intercalate with FeClO (1:6), 22:86 

23:lO 

NGH,, Benzene, 1-isocyano-4-methyl- 

23: 10 

NGHII, Benzenamine, N,4-dimethyl- 

-, Pyridine, 2,4,6-trimethyl- 

NCIF,S, Imidosulfurous difluoride, chloro-, 

NClO,C.&, Ammonium, tetrabutyl-, 

NCIP%HII, Phosphonium, 2-(amino- 

24:18 

perchlorate, 24: 135 

pheny1)triphenyl- 
chloride, 25:130 

NCIdP2CI3H13, PhosphoruS(l+ ), 1,1,2-tri- 
chloro-l-methyl-2,2-diphenyl-p-nitrido- 

chloride, 25:26 
NC&P2, Phosphorus(1 +), p-nitri- 

dobis(trichloro- 
hexachloroantimonate(1- ), 2525 

NFC&, Dimethylamine, N-fluoro-, 

NFS, Thiazyl fluoride, 24:16 
NF2HS, Imidosulfurous difluoride 

mercury complex, 24:14 
NF30PSiC7H17, Phosphinimidic acid, P, P- 

24:66 

dimethyl-N-( trimethylsily1)- 
2,2,2-trifluoroethyl ester, 25:71 

NF,OSC, Imidosulfurous difluoride, (fluo- 

NF,S, Thiazyl trifluoride, 24:12 
NFd-I, Ammonium, tetrafluoro-, (hydrogen 

rocarbony1)-, 24:lO 

difluoride) , 2443 
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NF$C,&,, Ammonium, tetrabutyl-, hexa- 
fluoroammonium, 24:141 

NF$Se2C,HI2, Methanaminium, N-(4,5-di- 
methyl-l,3-diselenol-2-ylidene)-N- 
methyl-, hexafluorophosphate, 24: 133 

NF90W, Tungstate(VI), pentafluorooxo-, 
tetrafluoroammonium (l:l), 2447 

NF,Sb, Antimonate(V), hexafluoro-, tetra- 
fluoroammonium (l:l), 24:41 

NHOIIP20s,C,7Hm. Osmate(1 -), p-car- 
bonyl-decarbonyl-p-hydrido-tri- 

25:193 

24: 144 

p-nitrido-bis(triphenylphosphorus)( 1 + ), 
NHg03CH3, Mercury(II), methylnitrato-, 

NMn206S3C32H3s, Ammonium, tetraethyl- 
tris( k-benzenethiolato) hexacarbonyl- 

NNaO,C,JI,,, Bornan-Zone, 3-aci-nitro- 

NO, Nitrogen oxide 

dimanganate(I), 25: 118 

(1R)-, sodium salt, 25:133 

chromium complexes, 23:183 
iridium complex, 21:104 
iron and ruthenium, 22:163 
molybdenum complexes, 23:4-9 

NOC, Cyanato 
silicon complex, 2 4 9  

NOC5H,, 2-Pyridone 
platinum complex, 25:95 

NOGH,, Benzene, 1-isocyano-4-methoxy- 
molybdenum and tungsten complexes, 

NOPCI2Hl2, Phosphinic amide, diphenyl- 

NOPSiCI2Hl9, Phosphinimidic acid, P- 

23:lO 

lanthanoid complexes, 23: 180 

methyl-P-phenyl-N-( trimethylsily1)- 

NOSSiCJ-19, Silanamine, l,l,l-trimethyl-N- 

NOSe2C,H13, Carbamodiselenoic acid, di- 
methyl-, 1-methyl-Zoxopropyl ester, 
24:132 

2,2,2-trifluoroethyl ester, 25:72 

~ullhyl-, 25~48 

NO2, Nitrite 

109 
cobalt complexes, 23:70-71, 77, 91, 

N02GH5, Glycine 
cobalt complex, 29135 
cobalt complexes, 23:75, 92 

cobalt complex, 25:137 
NO2CJ-II7, Alanine 

N02C&15, 4-Pyridinecarboxylic acid 
cobalt complexes, 23:113 

N02SC3H7, L-Cysteine 
gold complex, 21:31 

N03C3H7, Serine 
copper complex, 21:115 

N O a ,  Nitric acid 
cerium complexes, 23: 178 
cobalt complexes, 23:171 

metal complexes, 23:47 
N03SC,Hs, o-Benzosulfimide (saccharin) 

NO,PGH,,, Phosphonic acid, [(N,N-didi- 
ethylcarbamoyl)methyI]-, dimethyl es- 
ter, 24:lOl 

NO,PC,JI,, Phosphonic acid, [(N,N-didi- 
ethy1carbamoyl)methyl-1, diethyl ester, 
24:lOl 

ethylcarbamoyl)methyI]-, bis(1-methyl- 
ethyl)ester, 24:lOl 

ethylcarbamoyl)methyI]-, dibutyl ester, 
24:lOl 

ethy1carbamoyl)methyI-1, dihexyl ester, 
24:lOl 

N05P2WC,,H3,, Tungstate(1- ), pentacar- 
bonylhydrido-, p-nitrido-bis(tri- 
phenylphosphorus)(l +), 22:182 

carbonyl-1 KC2KC-decarbonyl- 

triangulo-triruthenate(1- ), 24:168 
NPC& Poly[ nitrilo(dimethy1phos- 

phoranylidene)], 25:69, 71 
NPGH,, Poly[nitrilo(methylphenylphos- 

phoranylidyne)], 25:69,72-73 
NPClSHI6, Benzenamine, 2-(diphenylphos- 

phino)- 

N0,PC12HB, Phosphonic acid, [(N,N-di- 

NO,PC,,H,, Phosphonic acid, [(N,N-di- 

N04PC,d-IH,, Phosphonic acid, [(N,N-didi- 

NOIIR~3C19H21, Ammonium, tetraethyl-, p- 

1K3C,2K3C,3K'C-p-hydrido-1K:2K- 

and nickel complex, 25:129 
NPPtSe2G,HB, Platinum(I1). (N,N-di- 

ethyldiselenocarbamato)methyl( tri- 
pheny1phosphine)-, 21: 10 

NPSiC13Hn, Phosphinous amide, P-methyl- 
P-phenyl-N, N-bis( trimethy1silyl)- , 
25:72 

methyl-N,N-bis(trimethylsily1)-, 25:69 

bis(tripheny1- 

NPSi2GH2,, Phosphinous amide, P,P-di- 

NP>C&Im, PhOSphO~S(l+), p-nitrido- 
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1A4,3A‘,5h4,7-tetrathia-2,4,6,8,9-pentaaza- 
bicyclo[3.3.l]nona-1(8),2,3,5-tetraen- 
ide, 2531 

1A4,3,5,2,4,6-trithiatriazenide, 2532 
(NS)., Sulfur nitride, polymer, 22:143 
NSC, Thiocyanate 

cobalt, copper, iron, manganese, nickel, 
and zinc complexes, 23:157 

chromium complexes, 23: 183 
palladium complex, 21:132 

NSGH7, Ethanethiol, 2-amino- 
cobalt complex, 21:19 

NSZC5Hl1, Carbamodithioic acid, N,N-di- 

NSCH, Thiocyanic acid 

ethyl- 
tungsten complex, 25:157 

NSe2CsHll, Diselenocarbamic acid, N,N- 

nickel, palladium, and platinum com- 

NSiC,HI7, ferf-Butylamine, N-(trimethyl- 

N,, Dinitrogen 

diethyl- 

plexes, 21:9 

silyl)-, 25:8 

iron complexes, 24:208, 210 
osmium complex, 24:270 

N2BC4Hllr Borane, cyano- 
compd. with trimethylamine (l:l), 

N2COSz, 1,3X4,2,4-Dithiadiazol-5-one, 

N2GH8, 1 ,ZEthanediamine 

25:80 

2553 

chromium complexes, 24:185, 186 
chromium, iridium, and rhodium com- 

cobalt complex, 25:140 
cobalt complexes, 21:19, 21, 120-126; 

cobalt(II1) trifluoromethanesulfonate 

rhodium complex, 24227, 229-231 
N,C3H4, 1H-Pyrazole 

boron-copper complex, 21:108, 110 
N2C3HI0, 1,3-Propanediamine 

cobalt complexes, 23169 
N2C4H4, Pyrazine 

ruthenium complexes, 24:259 
N2C11€,, Pyridine, 4-amino- 

intercalate with FeCIO, 22:86 
N2C5Hs, 1H-Pyrazole, 3,s-dimethyl- 

boron-copper complex, 21:109 

plexes, 24251, 283-290 

2354, 165 

complexes, 22:105 

NZC&, 1,2-Ethanediamine, N, N,N’,N- 
tetramethyl- 

palladium complex, 22:168 
NZGHI, 1,2-Ethanediamine, N,N-bis(1- 

methylethyl)- 
platinum complex, 21:87 

osmium and ruthenium complexes, 

palladium complex, 22:170 
ruthenium complex, 21:127 
ruthenium complexes, 25:108-109 

chromium complexes, 23:180 

N2CeH8, 2.2’-Bipyridine 

24~291-298 

NZCI,,I-I18, 2,2’-Bipyridine 

N2Cl,,HH,, 1,2-Ethanediamine, N,N’-di- 
methyl-N, N‘-bis( 1-methylethyl) 

platinum complex, 21:88 
-, N, N,N,  “-tetraethyl- 

platinum complex, 21:86, 87 
N2CI2H8, 1 ,lo-Phenathroline 

chromium complexes, 23:185 
copper complex, 21:115 
ruthenium complex, 25:108 

N2CI8HU, 1,2-Ethanediamine, N, N-bis(1- 
phenylethy1)-, (S,S)- 

platinum complex, 21:87 
N2C&Its, 1,2-Ethanediamine, N, N’-di- 

methyl-N,N’-bis( 1-phenylethy1)-, 
(R,R)- 

platinum complex, 21:87 
N2C120ZR~C12&, Ruthenium(II), dicar- 

bonyldichloro(2,2’-bipyridine)- 
25:108 

N2ClzP2Cd-II,, Cyclodiphosphazane, 2,4- 
dichloro-l,3-diisopropyl-, 25: 10 

N,C12P2~H,,, Cyclodiphosphazane, 1,3-di- 
tert-butyl-2,4-dichloro-, 25:8 

N2Cl4CrC2HI2, Chromate(II), tetrachloro-, 
bis(methy1ammonium). ferromagnets, 
24:188 

N,CI.CrC,H,,, Ammonium, ethyl-, tetra- 
chlorochromate(I1) (2: l ) ,  ferromag- 
nets, 24:188 

N2C&02Pt, Nitrosyl hexachloroplatinate- 
(IV) (2:1), 24:217 

N,CoKO,GI€,, Cobaltate(III), diamminedi- 
carbonato-, cis-, potassium, 23:62 

N2CoK06C&, Cobaltate(III), dicarbon- 
ato( 1,2-ethanediamine)-, potassium, 
23:64 
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N2CoLi06Cz&, Cobaltate(III), diammine- 
bis(carbonat0)-, cis-, lithium 

resolution of, 23:62 
NzF4HgSz, Mercury(II), bis(imidosu1furous 

difluoridato-N)-, 24: 14 
N2F5H8Mn, Manganate(III), pentafluoro-, 

diammonium, 2451 
NZF&h, Manganate(IV), hexafluoro-, 

bis(tetrafluoroammonium), 24:45 
NZFl4Si, Silicate(IV), hexafluoro-, 

bis(tetrafluoroammonium), 24:46 
N2Fe,0,,P4~,H,, Phosphorus(1 +), pni- 

trido-bis(tripheny1-, undecacarbonyltri- 
ferrate(2-) (2:1), 24:157 

N2H2S2, Sulfur diimide, mercapto- 

N2KO$C,,H,,, Potassium(1 +), 
tin complex, 25:45 

(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)- 

dicyanophosphide(1 -), 25:126 
N20C10H14, Phenol, 2-[1-[(2-amino- 

ethyl)imino]ethyl]- 
cobalt complexes, 23:165 

propy1)iminolethyl- 
cobalt complexes, 23:169 

Nz0CllHl6, Phenol, 2-[1[(3-amino- 

N20Sl, Nitrogen sulfur oxide, 2552 
Nz0Si2CgHzo, Urea, N,N'-dimethyl-N,N'- 

bis(trimethylsylyl)-, 24: 120 
Nz02C4H4, Pyrazinecarboxylic acid 

N 2 0 2 ~ H I 0 .  1,2-CycIohexanedione, dioxime 
cobalt complexes, 23:114 

boron-iron complex, 21:112 
NzOzPzC&Iw, PhosphoruS(l+). p-nitrido- 

bis(tripheny1-, nitrite, 22:164 
N201S4WC13H20r Tungsten, tricarbonyl- 

bis(N,N-diethy1carbamodithioato)-, 
25157 

nitri1o)tetra- 
NZO8C,&6, Acetic acid, (1 ,Zethanediyldi- 

iron complex, 24204: 208 
-, Glycine, N,N'-1,2-ethanediylbis[N- 

(carboxymethy1)- 
cobalt complexes, 2 3 9  

N2O8C,,HI8, Glycine, N,N'-(l-methyl-1,2- 
ethanediyl)bis[N-(carboxymethy1)- 

N208C,,H,, Acetic acid, (1,2-~yclohexane- 
cobalt complexes, 23:lOl 

diy1dinitrilo)tetra- 
iron complex, 24:210 

-, Glycine, N, N'-l,2-cyclohexanediyl- 
bis[N-(carboxymethy1)- 

cobalt complexes, 23:96 
N20,,P2Ru,C&,,, Ruthenate(1 -), deca- 

carbonyl-pnitrosyl-tri-, p-nitrido- 
bis(triphenylphosphorus)(l +). 22:163, 
165 

N2PSiCI4H2,, Phosphonous diamide, 
N, N,N',N'-tetramethyl-p- 
[phenyl(trimethylsilyl)methyl-] 24:llO 

bis(tripheny1- 
NZP2S3C&Iwr PhoSphoruS(l+), P-nitrido- 

sulfido(disulfido)nitrate( 1 - ), 2537 
N2P2SlC&Iwr Phosphorus( 1 + ), p-nitrido- 

bis( triphenyl- 
bis(disulfido)nitrate(l - ), 25:35 

N2PdC10HU, Palladium, (1 ,Cbutane- 
diyl)(N,N,N',N'-tetramethyl-l,2- 
ethanediamine)-, 22: 168 

N2PdC14H16, Palladium, (2,2'-bipyri- 
dine)(l ,rl-butanediyl)-, 22: 170 

N2PdSlIH8, Palladate(II), bis(hexasu1fido)-, 
diammonium, nonstoichiometric, 
21:14 

NzPtSl,,H8, Platinate(II), bis(pentasu1fido)-, 
bis(tetrapropylammonium), 21: 13 

NzPtSlsH8, Platinate(IV), tris(penta- 
su1fido)-, diammonium, 21:12, 13 

NzSCH,, Urea, thio- 
chromium(0) complexes, 23:2 

N2SG, Sulfur dicyanide, 24:125 
N2SC4&, 2H-Imidazole-2-thione, 1,3-di- 

hydro- 1 methyl- 
cobalt complexes, 23:171 

N2SCSHl2, Thiourea, N,N,N',N'-tetra- 
methyl- 

chromium(O), complexes, 23:2 

chromium(0) complexes, 23:3 

chromium(0) complexes, 23:3 

bis(trimethylsily1)-, 2544 

bis(trimethylstanny1)-, 2544 

nole, 5,5-dimethyl-, 2553 

N2SC&, Thiourea, N, N'-di-ten-butyl- 

N2SCl5HI6, Thiourea, N,N'-di-p-tolyl- 

N2SSi2G,HI9, Sulfur diimide, 

NZSSnzG,H,,, Sulfur diimide, 

N2S2Sn2G&, 1 ,3h4,2,4,5-Dithiadiaastan- 

NZSSH8, Ammonium pentasulfide, 21:12 
Nl, Azido 

platinum chain complexes, 21:149 
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NJ30C&II,, Borane, (ethylcarbamoy1)- 
compd. with trimethylamine (l:l), 
25 : 83 

cobalt, copper, iron, manganese, nickel, 

N,C&I,,, 1,2-Ethanediamine, W(2-amino- 

cobalt(II1) trifluoromethanesulfonate 

NIGH3, 1H-Triazole 

and zinc complexes, 23:157 

ethyl)- 

complexes, 22:106 

cobalt complexes, 23:75 

osmium and ruthenium complexes, 

N3C6Hlsr 1,4,7-TriazacycIononane 

N3CISHI,, 2,2’:6’,2”-Terpyridine 

24:291-298 
N3CIP2CI2H,, 1,3 ,2A3 ,4h3-Cyclodiphospha- 

zane, 2-chloro-l,3-diisopropyl-4-[iso- 
propyl(trimethylsilyI)amino]-, 25: 10 

N3ClP2C&TIs, 1,3,5,2h5,4hs-Triazadiphos- 
phinine, 2-chIoro-2-methyl-4,4,6-tri- 
phenyl-, 2529 

N3CIPzSG,Hm, lh4,2,4,6,3XS,5As-Thhiatriaza- 
diphosphorine, l-chloro3,3,5,5-tetra- 
phenyl-, 25:40 

N,C12PzCl&lS, 1,3,5 ,2Xs ,4hS-Triazadiphos- 
phinine, 2,4-dichloro-2,4,6-triphenyl-, 
25:24 

N3C13P3C&I15, 1,3,5,2,4,6-Triazatriphosphor- 
inane, 2,4,6-trichloro-1,3,5-triethyl-, 
25:13 

NlCIJ’lSiCJ-114, Poly[2,2,4,4-tetrachloro-6- 
methyl-&[ (trimethylsilyl]catenatri- 
phosphazene-l,6-diyl]-, 25:63 

-, 1,3,5,2A5,4A5,6hs-Triazatriphosphor- 
ine, 2,2,4,4-tetrachloro-6-methyl-6- 
[ (trimethylsilyl)methyI]-, 2561 

NlClsOP3~Hl, Poly [ 2,2,4,4,6-pent achloro- 
6-(etheny1oxy)-1 ,3,5,2hs,4hs,6Xs-triaza- 
triphosphorine], 25:77 

-, 1,3,5,2hs,4hS,6XS-Triazaphosphor- 
ine, 2,2,4,4,6-pentachloro-6-(etheny- 

N,COO,~H,~,  Cobalt(III), tris(glycinat0)- 

N 3 C 0 0 6 ~ H l e ,  Cobalt(III), tris(alaninat0)- 

NJ120Q3C1J114, Poly[2,2-dimethyl-4,4,6,6- 

IoxY)-, 25:75 

fac- and mer-, 25:135 

fac- and mer-, 25:137 

tetrakis(2,2,2-trifluoroethoxy)- 
catenatriphosphazene-1,6-diyl], 2567 

N,F,zO,P,SiCIJI,, Poly[2-methyl-4,4,6,6- 

tetrakis(2,2,2-trifluoroethoxy)-2-[ (tri- 
methylsilyl)methyl]catenatriphos- 
phazene-l.6-diyl1, 25:64 

N,NdO,,~H,,, Neodymium(III), trini- 
trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

trato( 1,4,7,10,13-pentaoxacyclopenta- 
decane)-, 23:151 

N3NdOlSCl2HY, Neodymium(III), 
(1,4.7,10,13,16-hexaoxacyclooctade- 
cane)trinitrato-, 23:153 

N,OzC,nH,,, Benzaldehyde, 2-methyl-, 5-(a- 
methy1benzyl)semioxamazone 

NINdOl,Cl&,, Neodymium(III), trini- 

chromium complexes, 23:87 
N,O,C,nH,,, Benzaldehyde, 2-methoxy-, 5- 

(a-methylbenzy1)semioxamazone 

N30,Cl,H21, Benzaldehyde, 2,3-dimethoxy-, 
S-(a-me thylbenzyl)semioxamazone 

N,O,C,,H,,, Benzaldehyde, 3,4-dimethoxy-, 
5-(a-methylbenzyl)semioxamazone 

chromium complexes, 2337 

chromium complexes, 23% 

chromium complexes, 23238 

palladium(I1) complexes, 2354 
N30SCgH1,, Cytidine 

N3013PrGH16, Praseodymium(III), trini- 
trato( 1,4,7,10-tetraoxacyclododecane)-, 
23: 152 

(1,4,7,10-tetraoxacyclododecane)-, 
23:151 

NnOllTb~H16, Terbium(III), trinitrato- 
(1,4,7,10-tetraoxacyclododecane)-, 
23:151 

N3OI3Tm~Hl6, Thulium(III), trinitrato- 
(1,4,7,10-tetraoxacyclododecane)-, 
23:151 

(1,4,7,10-tetraoxacyclododecane)-, 
23:151 

trato(l,4,7,10,13-pentaoxacyclopenta- 
decane)-, 23:151 

N,O,,SmC,&,, Samarium(III), trinitrato- 
(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

NIO,,TbC,&m, Terbium(III), trinitrato- 
(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

N,O,,Sm~H,,, Samarium(III), trinitrato- 

N3O1,Yb~HI6, Ytterbium(III), trinitrato- 

N,O,,PrC,JI,, Praseodymium(III), trini- 
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N30,,TmC,J12,,, Thulium(III), trinitrato- 
(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)trinitrato-, 23: 153 

N3OlSTbCl2Hu, Terbium(III), (1,4,7,10,13, 
16-hexaoxacyclooctadecane)trinitrato-, 
23:153 

hexaoxacyclooctadecane) trinitrato-, 
23:153 

13,16-hexaoxacycl~tadecane)trini- 
trato-, 23:153 

dynetri- 

N3O,,YbC1,&,, Ytterbium(III), trinitrato- 

N301sPrC12Hz,, Praseodyumium(III), 

N301sTmC12H2,r Thulium, (1,4,7,10,13,16- 

N301sYbC12Hz4, Ytterbium(III), (1,4,7,10,- 

N3Pc&, Propionitrile, 3,3',3"-phosphini- 

nickel complex, 22:113, 115 
N3RhSIsHI2, Rhodate(III), tris(penta- 

sulfide)-, triammonium, 21: 15 
N&, lA4,3,5,2,4,6-Trithiatriazenide, p-ni- 

trido-bis(triphenylphosphorus)(l.+ ), 
25:32 

N4C&, 1,2-Ethanediamine, N,N'-bis(2- 
aminoethy1)- 

cobalt complexes, 23:79 
N,C,,H,, 1,2-Ethanediamine, N,N-bis[Z- 

(dimethylamino)ethyl]-N' , N'-dimethyl- 
palladium complex, 21:129-132 

-, N,N'-bis[2-(dimethylamino)ethyl]- 
N, N' -dimethyl- 

N4(&H14r Porphyrin 
palladium complex, 21:133 

actinide and lanthanide complexes, 

indium(II1) complexes, 2355 
-, 5,10,15,20-tetraphenyl- 

actinide and lanthanide complexes, 

2 2  156 

22:156 

1,3,8,10-tetraene , 2,9-dimethyl-3,10-di- 
phenyl- 

copper, iron, and zinc complexes, 22:108, 
110, 111 

N,C,H,, Porphyrine, 5,10,15,20-tetrakis(4- 
methylpheny1)- 

N4G4HI, 1,4,8,1l-Tetraazacyclotetradeca- 

actinide and lanthanide complexes, 

N,C13H,,Rh, Rhodium(III), tetraamminedi- 
chloro-, cis-, chloride, 24:223 

N,C&P2C3&, 1 ,3,5,2h5 ,4hs-Triazadiphos- 
phinine, 2,2,4,4-tetrachloro-6-(dime- 
thylamino)-, 25:27 

phosphorine, 2-(l-aziridinyl)-2,4,4,6,6- 
pentachloro-, 2587 

N,CoKO,C& * 0.5H20, Cobaltate(III), 
diamminecarbonatodinitro-, cis,cis-, 
potassium, hemihydrate, 23:70 

N,CoKO,C& . 0.5H20, Cobaltate(III), 
diamminedinitro(oxalato)-, cis&-, po- 
tassium, hemihydrate, 23:71 

N,CoO,GH,,, Cobalt(III), bis( 1,2-ethanedi- 
amine)( oxalato)- 

N4C15P3C& 1,3,5 ,2AS,4As,6As-Triazatri- 

as resolving agent, 23:65 
NJIIs08S2Rh, Rhodium(III), tetraammine- 

aquahydroxo-, cis-, dithionate, 24:225 
N,NdO,C,,H,,, Neodymium, (2,2,6,6-tetra- 

methyl-3,5-heptanedionato)[5,10,15,20- 

22:160 

dionato)[5,10,15,20-tetraphenylpor- 
phyrinato(2-)]-, 22:160 

N,NiO$zCJ-132, Nickel(II), bis[2-(diphenyl- 
phosphino)benzenamine]- 

. tetraphenylporphyrinato(2 - )I-, 

N,NdO,C,&, Neodymium, (2,4-pentane- 

dinitrate, 25132 

cobalt complexes, 2391 
N402C&, Arginine, 9 

N,OzCl,,Hm, 1,4,8,1l-Tetrazacyclotetrade- 
cane-5,7-dione 

copper complexes, 23532 
N,02P2C&, lH,5H-[l,4,2,3]Diazadiphos- 

pholo[2,3-6][ 1,4,2,3]diazadiphospholo- 
2,6-(3H,7H)dione, 1,3,5,7-tetra- 
methyl-, 24:122 

N,O,PIf&&, Praseodymium, (2,4-penta- 
nedionato)(5,10,15,2O-tetraphenylpor- 
phyrinato(2-)I-, 22160 

N,O2PrCS3HlS, Praseodymium, (2,4-penta- 
nedionato)[5,10,15,2O-tetrakis(4-meth- 
ylphenyl)porphyMato(2 - )I-, 22:160 

N,O& Nitrogen sulfur oxide, 2550 
N,O2SmC,J3,, Samarium, (2,4-pentane- 

dionato)[5,10,15,2O-tetraphenylpor- 
phyrinato(2-)I-, 22160 

methvl-3,5-he~tanedionato115,10.15,20- 
N,O2SrnCs5H,,, Samarium, (2,2,6,6-tetra- 

22: 156 tetraphenylpo$hyrinato(2 :)I-, 22: 160 
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N402TbC,J-I,,, Terbium, (2,4-pentanedio- 
nato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)I-, 22:160 

methyl-3,5-heptanedionato)[5,20,25,20- 
tetraphenylporphyrinato(2 - )I-, 22:160 

methyI-3,5-heptanedionato)[5,10,15,20- 
tetraphenylporphyrinato(2 -)I-, 22:160 

nato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

dionato)[5,10,15,20-tetrakis-(4-methyl- 
phenyl)porphyrinato(2 - )I-, 22:156 

N,O,YbC,&,,, Ytterbium, [5,10,15,20-tet- 
rakis(4-methylpheny1)porphyrinato- 
(2 -)](2,2,6,6-tetramethyl-3,5-heptane- 
dionat0)-, 22: 156 

N,OStTI,C,, Platinate(II), tetracyanothal- 
lium carbonate (1:4:1), 21:153, 154 

N404SiC4, Silane, tetraisocyanato-, 2 4 9  
N,O4ThC&2, Thorium, bis(2,4-pentane- 

dionato)[5,10,15,20-tetraphenylpor- 
phyrinato(2 - )I-. 22: 160 

N40zTbC,,€&7, Terbium, (2,2,6,6-tetra- 

N402TmC5&,, Thulium, (2,2,6,6-tetra- 

N,02YC4&, Yttrium, (2,4-pentanedio- 

N,OZYbC5,H,,, Ytterbium, (2,4-pentane- 

N@~C&Z, Inosine 

N406C1&2, Xanthosine 

N408Rh$C4Hl,, Rhodium(III), aquabis- 

palladium(I1) complexes, 2351-54 

palladium(I1) complexes, 2354 

(1,2-ethanediamine)hydroxo-, dithio- 
nate, 24:230 

tathio- 
N4P,S8Cl&, Tetraphosphate(III), cyclo-oc- 

diethylammonium (1:4), 2-55 
N4PrC,H3, Praseodymium, [5,10,15,20- 

tetrakis(4-methylpheny1)porphyrinato- 
(2-)]-, 22:160 

N4PtflZc4, Platinate(II), tetracyano-, dithal- 

N,S3C4Hlz, Ammonium, tetramethyl- 
1X4,3,5,2,4,6-trithiatriazeNde, 2532 

N5CIS4, lA4,3h4,5X4,7-Tetrathia-2,4,6,8,9- 
pentaazabicyclo[ 3.3.11- l(8) ,-2,3,5- 
tetraenylium chloride, 2538 

N5C13H1,Rh, Rhodium(III), pentaammine- 
chloro-, dichloride, 24:222 

N5C14P3C4H8, 1 ,3,5,2X5,4h5,6X5-Triazatri- 
phosphorine 

25:87 

hum, 21:153 

2,2-bis( l-aziridinyl)-4,4,6,6-tetrachloro-, 

2,4-bis( l-aziridinyl)-2,4,6,6-tetrachloro-, 
cis- and trans-, 2587 

N,C17P4C& 1,3,5,7,2h5,4h5,6X5,8X5-Tetra- 
azatetraphosphocine, 2-( 1-aziridiny1)- 
2,4,4,6,6,8,&heptachloro-, 25:91 

N@5C1&, Guanosine 
palladium(I1) complexes, 2251-54 

N6W18, 7,11:20,24-Dinitrilodibenzo- 
[b,m][ 1,4,12,15]tetraazacyclodocosine 

barium and cadmium complexes, 23:174 
N6CI3P3C&Il2, 1,3,5,2X5,4X5,6A5-Triazatri- 

phosphorine, 2,2,4-tris( 1-aziridiny1)- 
4,5,5-trichloro-, 2587 

N,CI,P,C,H,, 1,3,5,7,2X5,4h5,6X5,8A5-Tetra- 
azatetraphosphocine, 2,2-bis(l-aziridi- 
nyl)-4,4,6,6,8,8-hexachloro-, 25:91 

N6C&P4C,&, 1,3,5,7,2X5,4A5,6X5,8A5-Tetra- 
azatetraphosphocine , 2,6-bis( 1 -aziridi- 
nyl)-2,4,4,6,8,8-hexachIoro- 

cis- and trans-, 2991 
N6C&P,C4H12, 1,3,5,7 ,2A5 ,4h5 ,6X5 &’-Tetra- 

azatetraphosphocine 

bis(ethy1amino)-, 25: 16 

azatetraphosphocine 

hexachloro-, 2521 

hexachloro-, 2521 

azatetraphosphocine 

chloro-, cis- and trans-, 25:91 

bipyridine)- 

2,4,4,6,8,8-hexachloro-trans-2,6- 

N6C&P4GHm, 1,3,5,7,2A5,4A5,6X5,8As-Tetra- 

2,4-bis(tert-butylamino)-2,4,6,6,8,8- 

2,6-bis( tert-butylamino)-2,4,4,6,8,8- 

N6C&P4Cl,Hsr 1 .3,5,7,2A5,4X5,6A5,8A5-Tetra- 

2,4-bis( l-aziridinyl)-2,4,6,6,8,8-hexa- 

NbF12P2RuCJIU, Ruthenium(II), tris(2,2‘- 

bis[hexafluorophosphate(l - )], 25:109 
N$1zPzR~C3zHU, Ruthenium(II), (2,2’-bi- 

pyridine)bis(l,l0-phenanthroline)- 
bis[hexafluorophosphate(l -)I, 25: 108 

N,OGH,, 6,10:19,23-Dinitrilo-24H-ben- 
zimidazo[2,1 -h] [ 1,9,17]benzotriaza- 
cyclononadecine, 5,5a-dihydro-24- 
methoxy-, 23:176 

methanetetraylbis[N,N, N’,N’,N’ ’ ,N”- 
hexamethyl-, 24:114 

1X3,3A3,5h3,7X3-tetraphosphatricy- 
clo[5.1.1. 13J]decane, hexaisopropyl-, 
25:9 

N$,C,J-IH,, Phosphoranetriamine, P,P’- 

N$&&, 2,4,6,8,9,l@Hexaaza- 
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N$dS2CI,Hm, Palladium(II), [N,N-bis-[Z 
(dimethylamino)ethyl]-N’ ,N’-dimethyl- 
1,2-ethanediamineJ(thiocyanato-N)-, 
thiocyanate, 21:132 

N& 1A4,3A4,5h4,7-Tetrathia-2,4,6,8,9-pen- 
taazabicyclo[3.3.l]nona-l(8) ,2,3,5- 
tetraenide, p-nitridobis(tripheny1phos- 
phorus)(l +), 

tetraphenyl arsonium, 25:31 
N7C15P4Cd-Ilz, 1 ,3,5,7,2h5,4h5,6h5,8A5-Tetra- 

azatetraphosphocine 
2,2,6-tris( l-aziridiny1)-4,4,6,8,8-penta- 

chloro-, 25:91 
2,4,6-tris( l-aziridiny1)-2,4,6,8,8-penta- 

chloro-, 2,6-cis-4-trans-and 2,4-cis-6- 
trans-, 2591 

droxo-bis[tetraammine-, tetrabromide, 
24:226 

N8C4HBr Porphyrin, 5,10,15,20-tetrakis(4- 
pyridiny1)-, 23:56 

N8Nd3OmCl2Hz4. Neodymium(III), 
(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dinitrato-, bis[trinitratoneody- 
mate(III)], 23:150 

N)-bis-p-(1H-1 ,2,4-triazole-N2: W)-,  p- 

N8Br4HZ6OZRh2, Rhodium(III), di-p-hy- 

N8NiS2C&, Nickel(III), bis(thiocyanate- 

poty-, 23:159 
N8OI2CR&. Pyridinium, 4,4’,4”,4”’-por- 

pyrin-5,10,15,20-tetrayltetrakis(l- 
methyl-, tetrakis(4-methylbenzenesul- 
fonate) 

indium complexes, 2355 
NBSZZnC6H6. Zinc(II), bis(thiocyanat0-N)- 

bis-p-( 1H- 1 ,2,4-triazole-NZ: N4)-, poly-, 
23:160 

rine 

kis(methy1amino)-, 25:89 

kis(methy1amino)-, cis- and tram-, 
2589 

1A5,3X5,5As,7A5-tetraphosphabicy- 
clo[3.3. llnona- 1,3,5,74etraene 

25:20 

ethyl-1-(ethy1amino)-, 25:18 

N,P,C,H,,, 1,3,5,2h5,6h5-Triazatriphospho- 

2,2-bis( l-aziridinyl)-4,4,6,6-tetra- 

2,4-bis( l-aziridinyl)-2,4,6,6-tetra- 

NIIP4C14H41r 2,4,6,8,9-Pentaaza- 

9-ethyl-l,3,3,5,7,7-hexakis(ethylamino)-, 

3,3,5,7,7-pentakis(dimethylamino)-9- 

N , C O , C ~ O ~ ~ ~ ~ H ~  . 6H20, Cobalt(III), 
bis( 1,2-ethanediamine)(oxaIato)-, 
(+)-, (+)-tris(oxalato)chromate(III) 
(3:l) 

hexahydrate, 25:140 
N 1 2 M 0 2 0 1 2 P 6 ~ H ~ ,  Molybdenum, hexacar- 

bonyl-tris[ p-1,3,5,7-tetramethyl- 
1H,5H-[ 1,4,2,3]diazadiphosphoIo[2,3- 
b][  1,4,2,3]diazadiphosphole-2,6- 
(3 H,7 H)dione]di- , 24: 124 

N,,Nd,O&&, Neodymium(III), tris- 
(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

N12051Tb4c&, Terbium(III), dodecanitra- 
totris( 1,4,7,10,13-pentaoxacyclopen- 
tadecane)tetra-, 23: 153 

tratotris( 1,4,7,10,13-pentaoxacyclopen- 
tadecane)tetra-, 23: 153 

N12051Yb4C&. Ytterbium(III), dodecani- 
tratotris(l,4,7,10,13-pentaoxacyclopen- 
tadecane)tetra-, 23: 153 

N1z054Pr1W72, Praseodymium(III), tris- 
(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

N,20YSm&H72, Samariurn(III), tris( 1,4,7,- 
10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

N,,O,T~C&,, Thulium(III), tris(l,4,7,- 
10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 
23:155 

azatetraphosphocine, 2,6-bis(l-aziridi- 
nyl)-2,4,4,6,8,8-hexakis(methylamino)- 

N12051Tm4C&, Thulium(III), dodecani- 

N,,0MTb4C&,, Terbium(III), tris( 1,4,7,10,- 

NI2OYYb4C&In, Ytterbium(III), tris( 1,4,7,- 

NIZP4CI,,H32, 1,3,5,7,2h5,4A5,6X5,8XS-Tetra- 

trans-, 2591 
N,,P,C,H,, 1,3,5,7,2A5,4A5,6h5,8A5-Tetra- 

azatetraphosphocine, 2,2,4,4,6,6,8,8- 
octakis(tert-buty1amino)-, 25:23 

N12Pl,C16H,, 1,3,5 ,7,2A5,4hs,6h5 ,8hS-Tetra- 
azatetraphosphocine, 2,4,4,6,8,8- 
hexakis(dimethylamino)-2,6-bis- 
(ethy1amino)- 

trans-, 25:19 
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N 1 7 0 9 P t 4 ~ 2 0  . H20,  Platinum(2.25 +), 
bis[bis( p-2-pyridonato-N': Oz)bis( diam- 
mine-, pentanitrate, monohydrate), 
2595 

N&&C&a, Nickel(II), hexakis(thi0- 
cyanato-N)-hexakis-pL-(4H-l ,2,4-tri- 
azole-N': N2)-tri-, 23:160 

NaAlOSi . 2.25H20, Sodium aluminum sil- 
icate, 22:61 

NaA14K2N036Si14C4H12 * 7H@, Potassium 
sodium tetramethyl ammonium alumi- 
num silicate hydrate, 22:65 

NaBNC2H3, Borate(1 -), cyanotri[(2H)hy- 
drol-, sodium, 21:167 

NaCoN,O,C& . 2H20, Cobaltate(III), 
diammine( carbonato)dicy ano- , cis ,cis-, 
sodium, dihydrate, 23:67 

diamminedicyano( oxa1ato)- , cis ,cis-, 
sodium, dihydrate, 23:69 

NaCoN404C4& . 2H20, Cobaltate(III), 

NaCo02, Sodium cobalt oxide, 2256 
NaFeU, Uranate(V), hexafluoro-, sodium, 

NaN03Cl&I14, Boman-Zone, 3-aci-nitro- 

NaNbC606, Nobate( - I), hexacarbonyl-, 

Nh6Co02. Sodium cobalt oxide, 2256 
N&.&o02, Sodium cobalt oxide, 2256 
N%.74Co02, Sodium cobalt oxide, 2256 
Nq,CoO,, Sodium cobalt oxide, 2256 
Na,A12014Si . XH20, Sodium aluminum sil- 

icate hydrate, 22:64 
Na,FeN408C,&I,, . 2H20, Ferrate(II), (dini- 

trogen)[ [ (1,2-ethanediyldinitrilo)- 
tetraacetatol(4 -)I-, disodium, dihy- 
drate, 24:208 

[[( 1,2-cyclohexanediyldinitrilo)- 
tetraacetatol(4 - )]( dinitrogen)-, diso- 
dium, dihydrate, 24:210 

Na2Fe04C4, Ferrate(2 - ), tetracarbonyl-, 
disodium, 24:157 

Na2Fe,08C8, Ferrate(2 - ), octacarbonyldi-, 
disodium, 24:157 

Na2Fe3011Cll, Ferrate(2 - ), undecacarbo- 
nyltri-, disodium, 24:157 

Na, 4A12.6N3.602mSilmC43Hlm, Sodium tetra- 
propylammonium aluminum silicate, 
22:67 

21:166 

(1R)-, sodium salt, 25:133 

sodium, 23:34 

Na2FeN40sC14Hls . 2H20, Ferrate(II), 

NbCl4O2C,HL6, Niobium(IV), tetrachlo- 
robis( tetrahydrofuran)-, 21 : 138 

NbHOsTi, Hydrogen, pentaoxoniobateti- 
tanate(1-), 22239 

NbKOsTi, Potassium, pentaoxoniobateti- 
tanate(1-), 22:89 

NbNaGO6, Niobate( - I), hexacarbonyl-, 
sodium, 23:34 

Nb2As4C&C&32r Niobium(III), hexachlo- 
robis[o-phenylenebis(dimethylarsine)]- 
di-, 21:18 

Nb,A&&&Hu, Niobium(III), hexachlo- 
robis[[2-[(dimethylarsino)methyl]-2- 
methyl- 1 ,3-propanediyl]bis( dimethyl- 
arsine)]-, 21:18 

robis[ 1,2-ethanediyIbis(diphenylphos- 
phine)]di-, 21: 18 

Nb2C&S3C16H,8, Niobium(III), di-pchloro- 
tetrachloro-p(dimethylsu1fide)- 
bis(dimethy1 su1fide)di-, 21:16 

NdCl,, Neodymium chloride, 2239 
NdFlsN60$12CJ-In, Neodymium(III), hex- 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

NdN3O&Hl6, Neodymium(III), trini- 
trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

trato(l,4,7,10,13-pentaoxacyclopen- 
tadecane)-, 23:151 

NdN3015C12H24, Neodymium(III), 
(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)trinitrato-, 23:153 

NdN402C,,H,, Neodymium, (2,2,6,6-tetra- 
methyl-3,5-heptanedionato)[ 5,10,15,20- 
tetraphenylporphyrinato(2 - )I-, 22:160 

dionato) [ 5,10t15,20-tetraphenylpor- 
phyrinato(2-)]-, 22:160 

Nd3N80&2HH. Neodymium(III), 
(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dinitrato-, bis[trinitratoneody- 
mate(III)] , 23: 150 

Nd4NI2OYCJIn, Neodymium(III), tris- 
(1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

bis(3,3' ,3' '-phosphinidynetripropioni- 
tde)-, 22:113, 115 

Nb2C&P2C&f,, Niobium(III), hexachlo- 

NdN3014Cl&120, Neodymium(II1). trini- 

NdN402CRHU, Neodymium, (2,4-pentane- 

NiBr2N$6C,8H24, Nickel(II), dibromo- 
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(NiBr1N6P2CI8H2&. Nickel(II), dibromo- 
bis(3,3‘,3”-phosphini- 
dyne(tripropionitri1e)-, 22: 115 

diethyldiselenocarbamato)( triethyl- 
phosphine)-, 21:9 

robis(3,3’ ,3”-phosphinidynetripro- 
pionitrile)-, 22: 113 

NiN4O$&HI2, NickelfII), bis[2-(diphenyl- 
phosphino)benzenamine]- 

NiCINPSe2CllHz, Nickel(II), chloro(N, N- 

NiC1ZN&C18H24, Nickel(II), dichlo- 

dinitrate, 25:132 
NiN4010S2C14H16 * 2H20, Nickel(II), tetra- 

aquabis( 0-su1fobenzoimidato)-, dihy- 
drate, 23:48 

NiN,S2C&, Nickel(II), bis(thiocyanat0-N)- 
bis-p-(lH-1 ,2,4-triazole-N2: N4)-, p- 

Ni2P6c&Is, Nickel, bis(p-tert-butylphos- 
P O ~ Y - ,  23~159 

phido)tetrakis(trimethylphosphine)di- 
(Ni-Ni)-, 25:176 

NilN24S6C,8H,,, Nickel(II), hex- 
akis( thiocyanato-N)-hexakis-p-(4H- 
1,2,4-triazole-N1: N4)-tri-, 23:160 

Ni,AIH,La, Aluminum lanthanum nickel 
hydride, 22:% 

OAsFJV, Arsenate, hexafluoro-, nitryl, 

OBN&HI7, Borane, (ethylcarbamoy1)- 

OB2GHmr Diboroxane, tetraethyl-, 24:85 
OC, Carbon monoxide 

2469 

compd. with trimethylamine (l:l), 25233 

chromium complex, 21:1, 2 
chromium and tungsten complexes, 23:27 
cobalt complex, 25:177 
cobalt complexes, 23:15-17, 23-25 
cobalt, iron, osmium, and ruthenium 

cobalt-osmium complexes, 25: 195-197 
cobalt-ruthenium cluster complexes, 

iron complex, 21:66,68 
iron complexes, 24:161, 164, 166; 

manganese complex, 25:116-118 
manganese complexes, 23:34 
molybdenum complexes, 23:4-9; 25:168- 

niobium complexes, 23:34 

complexes, 21 :58-65 

25: 164 

25: 154-155 

169 

osmium complexes, 25:188-193 
palladium complex, 21:49 
rhodium complex, 25:171 
rhodium complexes, 23:124 
ruthenium complex, 21:30; 25108 
ruthenium complexes, 24:168, 176; 

25: 180- 185 
OCH,, Methanol 

iridium complexes, 23:127 
rhodium complexes, 23:127, 129 

OCN2S2, 1,3X4,2,4-Dithiadiazol-5-one, 2553 
OC3H6, Acetone, compd. with carbonyltri- 

p-chloro-chlorotetrakis( triphenyl- 
ph0sphine)diruthenium (1:2), 21:30 

-, compd. with tri-p-chloro(thiocar- 
bonyl)tetrakis( tripheny1phosphine)- 
diruthenium (l:l), 21:29 

OC4Hn, Furan, tetrahydro- 
hafnium, niobium, scandium, titanium, 

vanadium, and zirconium complexes, 
21:135-139 

iron-magnesium complexes, 24: 172 
molybdenum complex, 24:193 

OC& - CdF6G, Furan, tetrahydro-, 

OClSHl6, Acrylaldehyde, 2,3-diphenyl- 

OCIF,C, Hypochlorous acid, trifluoro- 
methyl ester, 2460 

OClF,C4, Hypochlorous acid, perfluoro-tert- 
butyl ester, 24:61 

OCI&P3GHl, PoIy[2,2,4,4,dpentachloro- 
6-(ethenyloxy)-1,3,5,2Xs,4Xs,6h5-triaza- 
triphosphorine], 25%’ 

-, 1,3,5,2X5,4h5,6As-Triazatriphospho- 
rine, 2,2,4,4,&pentachloro-&(ethenyl- 

-bis(trifluoromethyl)cadmium, 2457 

ruthenium complex, 25:181 

OXY)-, 25:75 
OF2Se, Selenium difluoride oxide, 24:28 
OFINPSiC,Hl,, Phosphinimidic acid, P,P- 

dimethyl-N-(trimethyIsily1)- 
2,2,2-trifluoroethyl ester, 2571 

OFINSC, Imidosulfurous difluoride, (fluo- 

0F4W, Tungsten fluoride oxide, 24:37 
OF5HTe, Tellurate(VI), pentafluorooxo-, 

hydrogen, 24:34 
OFJVW, Tungstate(VI), pentafluorooxo-, 

tetrafluoroammonium (l:l), 24:47 
OH, Hydroxide 

molybdenum complexes, 23: 135-139 

rocarbony1)-, 24:lO 
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platinum complexes, 25: 102-105 
rhodium complexes, 23:129 

cadmium and cobalt complexes, 23:175 
cobalt complexes, 21:123-126; 23:76, 110 
iridium, osmium, and rhodium com- 

molybdenum complexes, 23: 130-139 
platinum complex, 21:192 

silicon complex, 2 4 9  

platinum complex, 2595 

lanthanoid complexes, 23:180 

OHz, Water 

plexes, 24:254, 265 

ONC, Cyanato 

ONC5H4, 2-Pyridone 

ONPCI2Hl2, Phosphinic amide, diphenyl- 

ONPSiCI2HIP, Phosphinimidic acid, P- 
methyl-P-phenyl-N-( trimethylsilyl) 

ONSSiC3H9, Silanamine, 1,l ,l-trimethyl-N- 
sulfinyl-, 2548 

ONSe2C,HI,, Carbamodiselenoic acid di- 
methyl-, I-methyl-2-oxopropyl ester, 
24:132 

2,2,2-trifluoroethyl ester, 25:72 

ON2& Nitrogen sulfur oxide, 2552 
ONzSi2GH,, Urea, N,N'-dimethyl-N,N'- 

bis(trimethylsyly1)-, 24: 120 
OPC,,H,,, Phosphine, triphenyl-, oxide 

OPC,&,,, Benzaldehyde, 2-(diphenylphos- 

OPzPtCl,H,, Platinum(I1). hydroxophenyl- 

cerium complexes, 23:178 

phino)-, 21:176 

bis(triethy1phosphine)- 
trans-, 25:102 

OP2PtGH,, Platinum(II), hydroxomethyl- 
[ 1,3-propanediylbis(diphenylphos- 
phine)]- 

trans-, 25: 105 
OP,PtC,H,, Platinum(II), hydroxomethyl- 

bis(tricyclohexy1phosphine)- 
trans-, 25104 

OPZPtC,H,, Platinum(II), hydroxophenyl- 
bis(tripheny1phosphine)- 

trans-, 25:103 
OS,, cyclo-Octasulfur monoxide, 21:172 
O2BGH7. Boronic acid, ethyl-, 24233 
02BF,FeC,,H,,, Iron(1 + ), dicarbonyl($- 

cyclopentadienyl)(+2-methyl- 1-pro- 
penyl)-, tetrafluoroborate(1 -), 24:166 

compd. with trimethylamine (l:l), 25:81 
OzBNC,H,,, Borane, carboxy- 

02BNC,Hl,, Borane, (methoxycarbony1)- 

02Br4H2&Rh2, Rhodium(III), di-phy- 
compd. with trimethylamine (l:l), 25:84 

droxo-bis[tetraammine-, tetrabromide, 
24:226 

OZC&, Acetic acid 
mercury complex, 24:145 

O2CZ&, 1,2-Ethandiol, 22% 
02C,&, Acrylic acid, methyl ester 

ruthenium complex, 24: 176 
02CJ110 CdF& Ethane, 1,2-dimethoxy-, 

bis(trifluoromethyl)cadmium, 2455 
O2CSH8, 2,4-Pentanedione 

actinide and lanthanide complexes, 

cobalt complexes, 23:94 
iron complex, 21:94 

22: 156 

02CIIHm, 3,5-Heptanedione, 2,2,6,6-tetra- 
methyl- 

22:156 
actinide and lanthanide complexes, 

chromium complex, 24:181 
-, 3,5-Octanedione, 2,2,7-trimethyl- 

cerium, copper, and manganese com- 
plexes, 23:144 

OzCIF, Chloryl fluoride, 24:3 
02Cl,N2Pt, Nitrosyl hexachloroplatinate- 

(IV) (2:1), 24:217 
02C1zN2R~C12HS, Ruthenium(II), dicarbo- 

nyldicNoro(2,2'-bipyridine)-, 25:108 
OzCrF2, Chromium fluoride oxide, 24:67 
02F2U, Uranium(VI), difluorodioxo-, 

02F3HU 2Hz0, Uranate(VI), trifluoro- 
25:144 

dioxo- 
hydrogen, dihydrate, 25:145 

O2F,SeZXe, Selenate(VI), pentafluorooxo-, 
xenon(2+) (2:1), 24:29 

OzF,,,Te,Xe, Tellurate(VI), pentafluoro- 
0x0-, xenon(2+) (2:l). 24:36 

O2FeCIIHI2. Iron, dicarbonyl(q5-cyclopenta- 
dienyl)(2-methyl- 1-propenyl-xC')-, 
24:164 

OzHP3RhzC&€I,, Rhodium, dicarbonylbis- 
(di-tert-butylphosphne)( pdi-tert-butyl- 
phosphido)-phydridodi-, 25: 171 

OzHfC,2H,o, Hafnium, dicarbonylbis($-cy- 
clopentadieny1)-, 24:151 

02Hf&H,, Hafnium, dkarbonylbis($- 
pentamethylcyclopentadieny1)-, 24: 155 



282 Formula Index 

02HgC3&, Mercury(II), acetatomethyl-, 
24: 145 

0210sC,Hs, Osmium, dicarbonyl(q5-cyclo- 
pentadieny1)iodo-, 25: 191 

0210sC12H15, Osmium, dicarbonyliodo(-q5- 
pentamethylcyc1opentadienyl)-, 25: 191 

02NGHs, Glycine 

02NC3H,, Alanine 

O2N4P,Cd-Il2, 1H,5H-[ 1,4,2,3]Diazadiphos- 
pholo[2,3-b][ 1,4,2,3]diazadiphosphole- 
2,6-(3H,7H)-dione, 1,3,5,7-tetrame- 

cobalt complex, 25:135 

cobalt complex, 25:137 

thyl-, 24:122 
O,N,S,, Nitrogen sulfur oxide, 2550 
02PCIPHlS, Benzoic acid, 2-(diphenylphos- 

02P2C,J132r 4,7-Dioxa-l,lO-diphosphade- 
phino)-, 21:178 

cane, 1,l ,lO,lO-tetraphenyl- 
gold complexes, 23:193 

02Rh2C1&, Rhodium(I), bis(q4-1 ,S-cyclo- 
octadiene)-di-p-hydroxo-di-, 23: 129 

OZRh2ClsHn, Rhodium(I), bis(q4-l ,5-cyclo- 
0ctadiene)-di-p-methoxy-di-, 23: 127 

O,SGH,, Acetic acid, 2-mercapto- 

02S3C8H18, Ethanol, 2,2’-[thiobis(2,1- 
ethanediylthiof]bis(, 25:123 

O2TiCl2Hl0, Titanium, dicarbonylbis(qs-cy- 
clopentadieny1)-, 24: 149 

02Ti&HP, Titanium, dicarbonylbis(q5-pen- 
tamethylcyclopentadieny1)-, 24: 152 

O2ZrC,HS, Zirconium, dicarbonylbis-(q5-cy- 
clopentadieny1)-, 24: 150 

O2ZrCUHn, Zirconium, dicarbonylbis(qs- 
pentamethylcyc1opentadienyl)-, 
24: 153 

O3BF,Ru2Cl5HI3, Ruthenium(1 +), p-car- 
bonyl-p-ethylidyne-bis[carbonyl(qs-cy- 
clopentadieny1)- 

cobalt complex, 21:21 

tetrafluoroborate(1 -), 25:184 
03BF,5Te3, Tellurate(VI), pentafluorooxo-, 

O3B3C6HlS, Boroxin, triethyl-, 24:85 
O3BrNCl&I1,, Bornan-Zone, 3-endo-bromo- 

boron(3+) (3:1), 24:35 

3-exo-nitro- 

03CH2, Carbonic acid 
(1R)-, 25:132 

cobalt complexes, 21:120, 23:107, 112 

03C1FS, Chlorine fluorosulfate, 24:6 
03FPC4Hlo, Phosphofluoridic acid, diethyl 

03F3SC, Methanesulfonate, trifluoro- 
metal complexes and salts, 24:243-306 

03F,,PCd&, Phosphane, difluorotris(2,2,2- 
trifluoroethoxy)-, trans-, 24:63 

03FeP2GH18, Iron, tricarbonylbis(trime- 
thy1phosphone)-, 25:155 

0,FeP,G7H,, Iron, tricarbonylbis(tributy1- 
phosphine)-, 25:155 

03FeP2C39Hn, Iron, tricarbonylbis(triphen- 
y1phosphine)-, 25: 154 

03FeP,C3&, Iron, tricarbonylbis(tncyc1o- 
hexy1phosphine)-, 25: 154 

03HgNCH3, Mercury(II), methylnitrato-, 
24:144 

03LiRe, Lithium rhenium trioxide, 24:205 
OIL& ,Re, Lithium rhenium trioxide, 

03Li,Re, Dilithium, rhenium trioxide, 

0,Mo . 2H20, Molybdenum(V1) oxide, 

O,NNaC,,,H,,, Bornan-Zone, 3-aci-nitro- 

03NSC,Hs, o-Benzosulfinide (saccharin) 

O3N2S,WCl3Hm, Tungsten, tricarbonyl- 

ester, 24:65 

24:203, 206 

24:203 

dihydrate, 24:191 

(1R)-, sodium salt, 25:133 

metal complexes, 23:47 

bis( N,N-diethy1carbamodithioato)-, 
25157 

03PC3H9, Trimethyl phosphite 
chromium complexes, 23:38 
cobalt and rhodium complexes, 25: 162- 

iron complex, 21:93 
rhodium complexes, 23: 123, 124 

O3PCl8HIs, Triphenyl phosphite 
chromium complexes, 23:38 

O3Ru2CI,Hl2, Ruthenium, p-carbonyl-p- 

163 

methylene-bis[carbonyl(qs-cyclopen ta- 
dieny1)-, 25:182 

ethenylidene-bis[carbonyl(qs-cyclopen- 
tadieny1)-, 25: 183 

ethylidene-bis[carbonyl(q5-cyclopenta- 
dieny1)-, 25:185 

O3Ru2C,,H1,, Ruthenium, p-carbonyl-p- 

03RuzC,5H1,, Ruthenium, p-carbonyl-p- 

03Ru2G7H%. Ruthenium, cc-carbonvl-car- 
~ . .  ~ 

platinum chain complex, 21:153, 154 bonylbis(qs-cyclopentadienyl)( p-3-0x0- 
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1,2-diphenyl-l-q: 1,2,3-q-l-propene- 
1 ,Idiyl)di- 

(Ru-Ru), 25:181 
0,AsMozCl&I17, Molybdenum, tetracarbo- 

nylbis(qs-cyclopentadienyl>( dimethyl- 
arsino)-p-hydrido-di-, 25:169 

OICZHz. Formic acid, (formy1oxy)- 

-, Oxalic acid 
iridium complex, 21:102 

cobalt complex, as resolving agent, 

cobalt complexes, 23:69, 113, 114 
rhodium complex, 24:227 

chromium complex, resolution of, 

O&H2, Acetylenedicarboxylic acid 

O4c&., 1,4,7,10-Tetraoxacyclododecane 

O4ClNCI6HX,, Ammonium, tetrabutyl-, 
perchlorate, 24:135 

O,CISe8C2,J-IZ4, 2,2’-Bi-1,3-diselenolylidene, 
4,4’,5,5’-tetramethyl-, radical ion(1 +), 
perchlorate (2: l ) ,  24:136 

04C02P&&, Cobalt, tetracarbonylbis( p- 
di-tert-but y1phosphido)-di- 

23:65 

0 4 c & & ,  Oxalic acid 

25~139, 141-142 

cobalt complexes, 23:115 

lanthanoid complexes, 23: 149 

( C k o ) ,  25:177 
04CsFS, Cesium fluorine sulfate, 24:22 
04F12N3P3C,,J-Il,, Poly[2,2-dimethyl-4,4,6,6- 

tetrakis(2,2,2-trifluoroethoxy)catenatri- 
phosphazene-l,6-diyl], 2567 

O4FI2N3P3SiCi3HZ2, Poly[2-methyl-4,4,6,6- 
tetrakise(2,2,2-trifluoroethoxy)-2-[(tri- 
methylsilyl)methyl]catenatriphospha- 
zene-1,6-diyl], 25:64 

04FeNa2C,, Ferrate(2 - ), tetracarbonyl-, 
disodium, 24:157 

O ~ F ~ P C I ~ H ~ ~ ,  Iron, tetracarbonyl(tri-tert-bu- 
ty1phosphine)-, 25: 155 

04NPC8Hl,, Phosphonic acid, [(N,N-di- 
diethylcarbamoyl)methyl]-, dimethyl 
ester, 24:lOl 

04NPCl&, Phosphonic acid, [(N,N-di- 
diethylcarbamoyl)methyl]-, diethyl es- 
ter, 24:lOl 

ethylcarbamoyl)methyI]-, bis(1-methyl- 
ethyl) ester, 24:lOl 

04NPC12H,, Phosphonic acid, [( N,N-di- 

04NPC14HYI, Phosphonic acid, [(N,N-di- 

ethylcarbamoyl)methyI]-, dibutyl ester, 
24:lOl 

ethylcarbamoyl)methyI]-, dihexyl ester, 
24:lOl 

04N4SiC4, Silane, tetraisocyanato-, 
2 4 9  

04R~2C14H10, Ruthenium, tetracarbonyl- 
bis(qs-cyclopentadienyl)di-, 25: 180 

O,CloHw, 1,4,7,10,13-Pentaoxacyclopenta- 
decane 

O4NPCl6HY, Phosphonic acid, [(N, N-di- 

lanthanoid complexes, 23: 149 
05&P2, Diphosphorous acid 

platinum complex, 24:211 
OsLiV2, Lithium divanadium pentaoxide, 

OSN3GHI3, Cytidine 
palladium(I1) complexes, 2354 

OSN4C1,J-II2, Inosine 
palladium(I1) complexes, 2351-54 

OSH5C1,,HI3. Guanosine 
palladium(I1) complexes, 2351-54 

OIUC10H25. Uranium(V), pentaethoxy-, 

06C12H21. 1,4,7,10,13,16-Hexaoxacyclooc- 

24:202 

21:165 

tadecane, 25:126 
lanthanoid complexes, 23: 149 

fac- and mer-, 25:135 

fac- and mer-, 2.9137 

06CON&,H12, Cobalt(III), tnS(gIyCinat0)- 

06CoN3GH18, Cobalt(II1). tris(a1aminato)- 

O ~ C O P Z C ~ ~ H ~ ,  Cobalt(I), (q’-cyClOpen- 
tadienyl)bis(trimethyl phosphite)-, 
25:162 

O&FeSC,HS, Iron( 1 + ), tricarbonyl(q5-cy- 
clopentadieny1)-, trifluoromethanesul- 
fonate, 24:161 

O6KN2PCl4HU, Potassium(1 +), (1,4,7,10,- 
13,16-hexaodacyclooctadecane)- 

0J20s&. Osmium(I), hexacarbonyl-di-p 

O&ln2NS3C32H3,. Ammonium, tetraethyl- 
tris( p-benzenethiolato) hexacarbonyldi- 

manganate(I), 25: 118 
O,MozP&HB, Molybdenum, tetracarbonyl- 

bisf q5-cyclopentadienyl) (p-di-tert-butyl- 
phosphid0)-p-hydrido-di, 25: 168 

dicyanophosphide( 1 - ) , 25: 126 

iododi-, 25:188 

0&CI,J-I12, Xanthosine 
palladium(I1) complexes, 2354 
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O~4NiPzCJ-Ilz, Nickel(II), bis[Z(diphenyl- 
phosphino) benzeneaminel- 

dinitrate, 25:132 
0$2RhCIIH~, Rhodium(I), (q'-cyclopen- 

tadienyl)bis(trimethylphosphite)-, 
25:163 

07P2, Diphosphate, 21:157 
08Fe2Na2G, Ferrate(2 - ), octacarbonyl-di-, 

disodium, 24: 157 
08HIsN4SzRh, Rhodium(III), tetraammine- 

aquahydroxo-, cis-, dithionate, 24225 
O8I2Os2G. Osmium(I), bis[tetracarbonyli- 

08Mn2S2C&llo, Manganese(I), bis(F-ben- 
zenethiolato)octacarbonyldi-, 25: 116 

O8NzClJIl,, Acetic acid, (1 ,Zethanediyldi- 
nitri1o)tetra- 

odo-, 25~190 

iron complexes, 24:204, 208 
08NzC14H,, Acetic acid, (1 ,2-cyclohexane- 

diyldinitri1o)tetra- 
iron complex, 24:210 

0,PzRh2SzC,6H,, Rhodium(I), dicarbonyl- 
bis-p-(2-methyl-2-propanethiolato) bis- 
(trimethyl phosphite)di-, 23:124 

OyC~H30~3C14H15, Osmium, nonacarbonyl- 
(9'-cyclopentadieny1)-tri- p-hydrido- 
cobalttri-, E l 9 7  

OyCoH,0sC14Hls, Osmium, nonacarbonyl- 
(qs-cyclopentadieny1)-tetra-p-hydrido- 
cobalttri-, 25197 

bis[ bis( p-2-pyridonato-NZ : 02)bis( diam- 
mine- 

O.+NI7Pt4C&, . H20, Platinum(2.25 +), 

pentanitrate, monohydrate, 2595 
010CoH20~3C1JHS, Osmium, p-carbonyl-no- 

nacarbonyl(q'-cyclopentadieny1)-di- p- 
hydrido-cobalttri-, 25: 195 

0 , , F e , N z P 4 ~ ~ ,  Ferrate(2 - ), undecacar- 
bonyltri-, bis[p-nitrido-bis(tripheny1- 
phosphorus)(l +)I, 24:157 

tri- disodium, 24: 157 

yl-decacarbonyl-F-hydrido-tri 

25:193 
O I I N R ~ l C 1 ~ z I ,  Ruthenate(1- ), p-car- 

bonyl-1KC : 2KC-decarbonyl- 

OllFe3N2Cll, Ferrate(2 -), undecacarbonyl- 

OllHNP20~3C47H30, Osmate(1- ), p-carbon- 

p-nitrido-bis(triphenylphosphorus)( 1 + ), 

triangulo-tri-, tetraethylammonium, 
24: 168 

dridorutheniumtri-, 25: 164 
01zCo3HR~C1z, Cobalt, dodecacarbonylhy- 

OIZC&, Chromate(III), tris(oxalat0)- 
resolution of, by asymmetric synthesis, 

OI2CrK3c6 . H 2 0  and 2H20, Chromate(III), 
tris(oxalat0)- 

tripotassium, (+)-dihydrate and (-)-, 
monohydrate, isolation of, 25:141 

O12MnlS4C,d-ia, Manganese(I), tetrakis( pi- 
benzene thio1ato)dodecacarbonyltetra-, 
25: 117 

012M02N12P6c&,, Molybdenum, hexacar- 
bonyl-tris[ p-l,3,5,7-tetramethyl-lH,5H- 
[1,4,2,3]diazadiphosphol0[2,3-b][1,4,- 
2,3]diazadiphosphole-2,6- 
(3H,7H)dione]-di-, 24:124 

OlzN,GH,, Pyridinium, 4,4',4",4"'-por- 
phyrin-5,10,15,20-tetrayltetrakis( 1- 
methyl-, tetrakis(4-methylbenzenesul- 
fonate), 2357 

methyl-2-propanethiolato)-tetrakis( tri- 
methyl ph0sphite)di-, 23:123 

0,,0s3RuC,,Hz, Osmium, tridecacarbonyl- 
dihydridorutheniumtri-, 21:64 

OUCo,CrNlz&& . 6H20, Cobalt(III), 
bis( 1 ,2-ethanediamine)(oxalato)- 

( + ),( +)-tris(oxalato)chromate(III) 
(3: l ) ,  hexahydrate, 25140 

03$W11, Undecatungstophosphate(7 - ) 

061p2w17, Heptadecatungstodiphos- 

25~139, 141-142 

O,,P4RhZS,C&,, Rhodium(I), bis-p-(2- 

thorium and uranium complexes, 23:186 

phate(l0-) 
thorium and uranium complexes, 23:188 

OsCl2Hl5N7, Osmium(II), pentaammine- 
(dinitrogen)-, dichloride, 24:270 

dine-N,N')dichloro-, cb-, 24294 
OsC13H18N,, Osmium(III), hexaammine-, 

trichloride, 24:273 

idine-N,N')dichloro-, cis-, chloride, 
24:293 

(2,2'-bipyridine-N,N')dichloro-, cis-, 

OSC~ZN~C&I~, OStIlhII(II), bis(2,2'-bipyri- 

OSCIJN~C&~~~,  Osmium(III), bis(2,2'-bipyr- 

OSCIiN4C&l16 . 2H20, Osmium(III), bis- 

1K3C,2K'C,3K4C-p-hydrido-1K : 2K- chloride, dihydrate, 24:293 
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OsCoH,09C14H15, Osmium, nonacarbonyl- 
(qs-cyclopentadienyl)- tetra-p-hydrido- 
cobalttri-, 25:197 

OsF,, Osmium fluoride(VI), 24:79 
O S F & J ~ O , S ~ ~ ~ H , ~ ,  Osmium(II), (2,2'-bipyr- 

idine-N,N')(2,2' : 6,2"-terpyridine- 
N,N',N' ')(trifluoromethanesuIfonato- 
0)-, trifluoromethanesulfonate, 24:303 

aqua(2,2'-bipyridine-N, N')(2,2' : 6',2"- 
terpyridine-N,N' ,N' ')-, bis(trifluor0- 
methanesulfonate), monohydrate, 
24:304 

O s F a 4 o 9 S 1 ~ H I 6 ,  Osmium(III), bis(2,2'- 
bipyridine-N, N')bis(trifluoromethane- 
sulfonato-0)-, cis-, trifluoromethane- 
sulfonate, 24:295 ' 

O S F ~ N ~ O ~ ~ S ~ C & I ~ ,  Osmium(III), diaqua- 
bis( 2,2'-bipyridine- N, N')-, cis-, tris- 
(trifluoromethanesulfonate), 24:296 

OsFpN5O9S1C3Hl5, Osmium(III), pentaam- 
mine(trifluoromethanesulfonato-0)-, 
bis(trifluoromethanesulfonate), 24:271 

O S F ~ ~ O ~ S ~ & H ~ ~ ,  Osmium(III), (2,2'-bi- 
pyridine-N, N')(2,2' : 6',2"-terpyridine- 
N,N' ,N' ')( trifluoromethanesulfonato- 
0)-, bis( trifluoromethanesulfonate), 
24:301 

OsFpNsOI&ClH17, Osmium(III), pentaam- 
mineaqua-, tris(triAuoromethanesu1fo- 
nate), 24:273 

OsF9N501&&Hll * 2Hz0, Osmium(III), 
aqua(2,2'-bipyridine-N, N')(2,2' : 6',2"- 
terpyridine-N,N',N")-, tris(trifluoro- 
methanesulfonate), dihydrate, 2 4 3 4  

O S F ~ N ~ ~ ~ S ~ C ~ H ~ ~ ,  Osmium(III), hexaam- 
mine-, tris( trifluoromethanesulfonate) , 
24:273 

OsF9N609~lCsH18, Osmium(III), (acetoni- 
tri1e)pentaammine-, tris(trifluorome- 
thanesulfonate), 24:275 

OsIOzC,Hs, Osmium, dicarbonyl(qs-cyclo- 
pentadieny1)iodo-, 25: 191 

0s10zC12H15, Osmium, dicarbonyliodo(qs- 
pentamethy1cyclopentadienyI)-, 25: 191 

Os21206G, Osmium(I), hexacarbonyl-di-p- 
iododi-, 25:188 

OsJz08C& Osmium(I), bis[tetracarbonyli- 

OsF&JsO7!&CnHz1 H20,  Osmium(II), 

odo-, 25~190 

OslCoH2010C15H5, Osmium, p-carbonylno- 
nacarbonyl(qs-cyclopentadienyl)-di-p- 

O S ~ C O H ~ O ~ C ~ ~ H ~ ~ ,  Osmium, nonacarbonyl- 
(qs-cyclopentadienyI)-tri-p-hydrido, 
cobalttri-, 25197 

dih ydridoirontri- , 2  1 : 63 

bonyl-decacarbonyl-p-hydrido-tri- 

25:193 

dih ydridorutheniumtri- , 2 1 : 64 

hydrido-cobalttri-, 25: 195 

OslFeO13C13Hl, Osmium, tridecacarbonyl- 

O S ~ H N O ~ ~ P ~ C ~ ~ H , ,  Osmate(1- ), p-car- 

p-nitrido-bis(triphenylphosphorus)( 1 + ), 

Os3013RuC13Hz, Osmium, tridecacarbonyl- 

PBrNSiC5H5, Phosphorimide bromide, P,P- 
dimethyl-N-(trimethyIsily1)-, 25:70 

PGH,, Phosphine, dimethyl-, 21:180 
PC3H9, Phosphine, trimethyl- 

cobalt and rhodium complexes, 25158- 

iridium complex, 21:102 
iron complex, 25:155 
nickel and rhodium complexes, 25:174, 

tungsten complexes, 24:1%, 198 

nickel and rhodium complexes, 25:174, 

160 

176 

PC4H11, Phosphine, tert-butyl- 

176 
PCJil5, Phosphine, triethyl- 

nickel complex, 21:9 
platinum complex, 25:102 
platinum(0) complex, 24:214 
tungsten complexes, 24:1%, 198 

PGHII, Phosphine, dimethylphenyl-, 
22: 133 

iridium complex, 21:97 
tungsten complexes, 24:1%, 198 

molybdenum complex, 25188 
rhodium complexes, 25: 171-172 

PC&, Phosphine, tris( 1-methylethyl)- 
platinum(0) complex, 24:215 

PClaI5, Phosphine, diethylphenyl- 
platinum(0) complex, 24216 

PCI2Hz7, Phosphine, tributyl- 
chromium complexes, 23:38 

PC13H13r Phosphine, methyldiphenyl- 
tungsten complex, 24:198 

PC8HI9, Phosphine, di-tert-butyl-, 25: 177 
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PCl6H2,, Phosphine, tri-rerr-butyl-, 25: 155 
PCI8H,,, Phosphine, triphenyl-, 21 :78; 

23:38; 24:216 
cobalt complexes, 23:24-25 
cobalt, iridium, and rhodium complexes, 

iridium complex, 21 : 104 
palladium complex, 22:169 
palladium and platinum complexes, 21:lO 
platinum complex, 25:103; 24:196 
rhenium and tungsten complexes, 
ruthenium complex, 21:29 

PCI8HB, Phosphine, triphenyl- 
iron complex, 25:154 

PCI,Hll, Phosphine, tricyclohexyl- 
iridium complex, 24:173, 175 
iron complex, 25:154 
platinum complex, 25: 104 

22:171, 173, 174 

PCINC2,HzI, Phosphonium, 2-(amino- 
pheny1)triphenyl- 

chloride, 25:130 
P C I I U I ~ C ~ ~ H ~ ~ ,  Rhodium, p-chlorobis(q4- 

1,5-~yclooctadien)( pdi-tert-butylphos- 
phido)di-, 25:172 

[phenyl( trimethylsilyl)methylene]-, 
24:111 

PCISi,CI,HN, Phosphine, [bis( trimethylsily1)- 
methylene][chlorobis(trimethylsilyl)- 
methyl]-, 24119 

-, Phosphorane, bis[bis(trimethyl- 
silyl)methylene]chloro-, 24: 120 

PCl2CI9Hl5, Phosphorane, (dichlorome- 
thy1ene)triphenyl-, 24: 108 

PC14C19H15, Phosphonium, triphenyl(tri- 
chloromethy1)-, chloride, 24: 107 

PFO3C,HI0, Phosphorofluoridic acid, di- 
ethyl ester, 24:65 

PF3NOSiC,H,,, Phosphinimidic acid, P, P- 
dimethyl-N-(trimethyIsily1)- 

2,2,2-trifluoroethyl ester, 25:71 

PCISiC,Ji,,, Phosphinous chloride, 

PFJrCIRHZ, Phosphate( 1 - ), hexafluoro-, 
(q'-l,5-cyclooctadiene)bis(pyridine)- 
iridium(I), 24:174 

PF&CI&, Phosphate(1- ), hexafluoro-, 
tetrabutylammonium, 24: 141 

PF.JVSezC,HI2, Methanaminium, N-(4,5-di- 
methyl-l,3-diselenol-2-ylidene)-N- 
methyl-, hexafluorophosphate, 243133 

PF6Se8C2&4, Phosphate(1- ), hexafluoro-, 
4,4',5,5'-tetramethyl-2,2'-bi-1,3-dise- 
lenolylidene radical ion( 1 + ) (1 : 2), 
24: 142 

PF1,01C&6r Phosphane, difluorotris(2,2,2- 
trifluoroethoxy)-, tram-, 24:63 

PFeO,C,,H,, Iron, tetracarbonyl(tri-terr-bu- 
ty1phosphine)-, 25: 155 

PKNzO6CI4Hz4, Potassium(1 +), (1,4,7,10,- 
13,16-hexaoxacyclooctadecane)- 

dicyanophosphide(1- ), 25:126 
PMoz04C&H,, Molybdenum, tetracarbonyl- 

bis(+cyclopentadienyl)( p-di-tert-butyl- 
phosphido)-p-hydrido-di-, 25: 168 

anylidene)], 2569, 71 

phranylidyne)], 2569, 72-73 

phino)-, 25129 

PNC& Poly[nitrilo(dimethyIphosphor- 

PNC,H,, Poly[nitrilo(methylphenylphos- 

PNC&6, Benzeneamine, 2-(diphenylphos- 

PNOCI2Hl2, Phosphinic amide, diphenyl- 

PNOSiCIZH19, Phosphinimidic acid, P- 
lanthanoid complexes, 23:180 

methyl-P-phenyl-N-( trimethylsily1)- 

PNO,GH,,, Phosphonic acid, [(N,N-di- 
2,2,2-trifluoroethyl ester, 25:72 

diethylcarbamoyl)methyl]-, dimethyl 
ester, 24:lOl 

PNO4ClOH,, Phosphonic acid, [(N,N-di- 
diethylcarbamoyl)methyl]-, diethyl es- 
ter, 24:lOl 

ethylcarbamoyl)methyI]-, bis(1-methyl- 
ethyl) ester, 24:lOl 

diethylcarbamoyl)methyl]- 

PNO4CI2Ha, Phosphonic acid, [(N,N-di- 

PNO,Cl,HY), Phosphonic acid, [(N, N-di- 

dibutyl ester, 24:lOl 
dihexyl ester, 24:lOl 

PNSiCI,Hz,, Phosphinous amide, P-methyl- 
P-phenyl-N,N-bis(trimethylsily1)-, 
2572 

PNSizCsH2,, Phosphinous amide, P,P-di- 
methyl-N,N-bis(trimethylsily1)-, 25:69 

PN2SiC14H2,. Phosphonous diamide, 
N, N, N' , N'-tetramethyl-qphenyl(tri- 
methylsily1)methyl-] 24: 110 

dy netri- , 
P N 3 W I 2 ,  Propionitrile, 3,3',3"-phosphini- 

nickel complex, 22:113, 115 
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POC18HIs, Phosphine, triphenyl-, oxide 
cerium complexes, 23:178 

P03C,Hp, Trimethyl phosphite 
chromium complexes, 23:38 
cobalt and rhodium complexes, 25:162- 

rhodium complexes, 23:123, 124 
P03C18H15, Triphenyl phosphite 

chromium complexes, 23:38 
P039W,I, Undecatungstophosphate(7-) 

thorium and uranium complexes, 
23:186 

PRhC,H%, Rhodium, (1,4-butaned'i).l)(qs- 
pentamethylcycIopentadienyl)(tri- 
pheny1phosphine)-, 22: 173 

PS,C,H,,, Phosphinodithioic acid, diethyl- 
molybdenum complexes, 23:120, 121 

PS3C12Hn. Phosphorotrithious acid tributyl 
ester, 22:131 

P2C2HI6, Phosphine, 1 ,Zethanediylbis(di- 
methyliridium complex, 21:lOO 

P2CSHI,, Phosphine, methylenebis(di- 
methyl-, 25:121 

P2C&I16, Phosphine, ethylenebis(dimethy1- 

P,C&Hz, Phosphine, methylenebis(diphe- 

163 

hazards in preparation of, 23:199 

nylpalladium and rhodium complexes, 
21:47-49 

P2CJfZ1, Phosphine, 1 ,Zethanediylbis(di- 

iron complexes, 21:91-94; 24:170, 172 
molybdenum and tungsten complexes, 

palladium complex, 22:167 
platinum(0) complex, 24:216 

phenyl 

23:lO-13 

P2CZ7Hzr Phosphine, 1,3-propanediylbis- 
(diphenyl- 

platinum complex, 25105 
P2C,Hm, Phosphorane, methanetetraylbis- 

P2CIN3CIZHs, 1,3,2A3,4X3-Cyclodiphospha- 
(triphenyl-, 24: 115 

zane, 2-chloro-l,3-diisopropyl-4-(iso- 
propyl(trimethylsilyI)amino]-, 25: 10 

P2CIN,CJII8, l,3,5,2hs,4h5,Triazadiphos- 
phinine, 2-chloro-2-methyl-4,4,6-tri- 
phenyl-, 25:29 

P2CIN3SG,Hm, lh',2,4,6,3X5,Sh5-Thiatriaza- 
diphosphorine, l-chloro-3,3,5,5-tetra- 
phenyl-, 25:40 

P2CI2N2C&II4, Cyclodiphosphazane, 2,4- 
dichloro-l,3-diisopropyl-, 25: 10 

P,CI,N,~H,,, Cyclodiphosphazane, 1,3-di- 
ren-butyl-2,4-dichloro-, 258 

P2C12N3C1&s, 1,3,5,2A5,4X5, Triazadiphos- 
phinine, 2,4-dichloro-2,4 , &triphen yl- , 
2524 

chloro-, 25121 

cuoro-, 23:141 

chloro-l-methyl-2,2-diphenyl-p-Ntndo- 

P,Cl,N,C,&,, 1,3,5,2A5,4XS-Triazadiphosphi- 

PzCLCH2, Phosphine, methylenebis(di- 

P2C&C&, Phosphine, 1,2-ethanediylbis(di- 

P2Cl,NC,,H,,, Phosphorus(1 +), 1,1,2-tri- 

chloride, 25:26 

nine, 2,2,4,4-tetrachloro-&(dimethyl- 
amino)-, 2527 

(trichloro- 
PzC&N, Phosphorus(1 +), p-nitrido-bis- 

hexachloroantimonate(1-), 2525 
PzCoCI,HU, Cobalt( I), (q5-cyclopentadieny1)- 

bis(trimethy1phosphine)-, 25160 
P,CoO,CJI,, Cobalt, tetracarbonylbis( p- 

di-terr-but y1phosphido)di- 
(Co'Co), 25:177 

P,CoO,C,,H,, Cobalt(I), (qs-cyclopenta- 
dienyl)bis(trimethyl phosphite)-, 25: 162 

PzFJrNC31Hsr Phosphate( 1 -) , hexafluoro-, 
(q4- 1,s-cyclooctadiene) (pyridene) (tri- 
cyclohexylphosphine)iridium( I), 
24:173, 175 

P2FIzN&C&,, Ruthenium@), tris(2,2'- 
bipyridine)- 

bis(hexafluorophosphate( 1-)], 25: 109 
P2F12N6R~C32H21, Ruthenium(II), (2,2'-bi- 

pyridine)bis( 1,lO-phenanthroline)- 
bis[hexafluorophosphate( 1-)], 25: 108 

P2Fe03C9H18, Iron, tricarbonylbis(trimethy1- 

P,FeO,G,H,, Iron, tricarbonylbis(tributy1- 

PzFe03CRHm, Iron, tricarbonylbis( triphenyl- 

P2HNOII0s3C4,Hm, Osmate(1-), p-car- 

phosphine)-, 25: 155 

phosphine)-, 25:155 

phosphine)-, 25:154 

bonyl-decarbonyl-p-hydrido-tri- 

25193 
p-nitrido-bis(triphenylphosphorus)( 1 + ) , 

PZHIOs, Diphosphorous acid 
platinum complex, 24:211 
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P,K,,O,ThW,, Thorate(IV), bis(undeca- - 
tungstophosphat0)-, decapotassium, 
23:189 

P2K10078UW22r Uranate(IV), bis(undecatung- 
stophosphat0)-, decapotassium, 23: 186 

P,NC,H,, Phosphorus(1 + ), p-nitrido-bis- 
(triphenyl- 

1A4,3A4,5A4,7-tetrathia-2,4,6,8,9-pentaaza- 
bicyclo[3.3.l]nona-l(8) ,2,3,5-tetraenide, 
25:31 

lA4,3,5,2,4,6-trithiatriazenide, 25:32 
P2N2S&&, Phosphorus( 1 + ), p-nitrido-bis- 

(triphenyl- 
sulfido(disulfido)nitrate( 1-), 2537 

P,N2S4CJl,, Phosphorus( 1 + ), p-nitrido-bis- 
(triphenyl- 

bis(disulfido)nitrate(l-), 2535 

phosphino)benzeneamine]- 
P2N4NiO6CJ4,,, Nickel(II), bis[2-(diphenyl- 

dinitrate, 25:132 
P2N402C&12, 1H,5H-[ 1,4,2,3]Diazadiphos- 

pholo[2,3-b][ 1,4,2,3]diazadiphosphole- 
2,&(3H,71E)-dione, 1,3,5,7-tetra- 
methyl-, 24:122 

P2N6C13H,, Phosphoranetriamine, P, P'- 
methanetetraylbis[N, NJ', N' , - 
N",N"-hexamethyl-, 24:114 

bis( triethy1phosphine)- 
P,OPtClsH,, PIatinum(II), hydroxophenyl- 

trans-, 25:102 
P20PtGH,, Platinum(II), hydroxomethyl- 

[ 1,3-propanediylbis(diphenylphos- 
phine)]- 

trans-, 25:105 
P20PtC,Hm, Platinum(II), hydroxomethyl- 

bis( tricyclohexylphosphine)]- 
trans-, 25104 

P20PtC42Hx, Platinum(II), hydroxophenyl- 
bis( tripheny1phosphine)- 

trans-, 25:105 
PZ03FeC39&r Iron, tricarbonylbis(tricyclo- 

hexy1phosphine)-, 25: 154 
Pz06RhCl ,HZ, Rhodium( I), (+cycIopent a- 

dienyl)bis(trimethyl phosphite)-, 25: 163 
P,o6]w,,, Heptadecatungstodiphosphate- 

(lo-) 
thorium and uranium complexes, 23:188 

PZPdCJI12, Palladium, (1 ,Cbutanediyl)[ 1,2- 
ethanediylbis(diphenylphosphine)]-, 
22:167 

, P,PdCJ-I,, Palladium, (1,4-butanediyl)bis- 
(triphenylph0sphine)-, 22: 169 

P2PtC14H,, Platinum(O), (ethene)bis(triethyl- 
phosphine)-, 24:214 

P2PtCJ&, Platinum(O), (ethene)bis[tris( 1- 
methylethyl)phosphine]-, 24:215 

P,PtC,H,, Platinum(O), bis(diethylpheny1- 
phosphine)(ethene)-, 24:216 

P2PtGH,, Platinum(O), [ 1 ,Zethanediyl- 
bis( diphen ylphosphine)] (ethene)- , 
24:216 

P2PtC,H,, PlatinumfO), (ethene)bis(tri- 
phenylphosphinef-, 24:216 

P,RhC,,H,, Rhodium(I), (q5-cyclopenta- 
dienyl)bis(trimethylphosphine)-, 25: 159 

P,RuC,H,, Ruthenium(II), (q5-cyclopenta- 
dienyl)(phenylethyyl)bis( triphenyl- 
phosphine)-, 21:82 

sulfide 
P2S2C4HI2, Diphosphine, tetramethyl-, di- 

hazards in preparation of, 23:199 
P2S4ZnG&, Zincate(II), tetrakis(benzene- 

thiolato)-, bis(tetrapheny1phosphon- 
ium), 21:25 

P,CI2Hn, Cyclotriphosphane, tri-tert-butyl-, 
25:2 

P3C13N3C&,5, 1,3,5,2,4,&Triazatriphosphor- 
inane, 2,4,6-trichloro-1,3,5-triethyl-, 
25:13 

phosphorine , 2,2 ,4-tris( 1 -aziridinyl)- 
4,6,&trichloro-, 25:87 

methyl-&[ (trimethylsilyl]catenatriphos- 
phazene-l,&diyl]-, 2563 

-, 1,3,5 ,2AS,4A5,6XS-Triazatriphosphor- 
ine, 2,2,4,4-tetrachloro-6-methyl-6- 
[ (trimethylsily1)-methyl]-, 2561 

P3C14NsC4Hs, 1 ,3,5,2A5,4A5,6A5-Triazatri- 
phosphorine, 2,4-bis(l-aziridinyl)- 
2,4,6,&tetrachloro- 

cis- and trans-, 25:87 

P~C&N~C&I~,  1,3,5,2A5,4A5,6A5-Triazatri~ 

P3C14N,SiC5H14, Poly(2,2,4,4-tetrachloro-6- 

P3CI5C& Phosphine, chIorobis[(dichloro- 
phosphino)methyl]-, 25: 121 

P3C15N30C2H3, Poly[2,2,4,4,6-pentachloro- 
&(ethenyloxy)-1 ,3,5,2A5,4A5,6A5-triaza- 
triphosphorine], 25:77 

-, 1 ,3,5,2As,4A5,6A5-Triazatriphosphor- 
ine, 2,2,4,4,6-pentachIoro-&(etheny- 
IoxY)-, 25:75 
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P3CISN&H4, 1,3,5 ,2X5,4Xs,6X5-Tri~tri- 
phosphorine, 2-(l-aziridinyl)-2,4,4,6,6- 
pentachloro-, 25:87 

P3F,2N304C,d-IH,4, Poly[2,2-dmethyl-4,4,6,6- 
tetrakis(2,2,2-trifluoroethoxy)catenatri- 
phosphazene-l,6-diyl], 25:67 

P&2N304SiC13H22, Poly[2-methyl-4,4,6,6-tet- 
rakis( 2,2,2-trifluoroethosy)-2-[ (trime th- 
ylsilyl)methyl]catenatriphosphazene- 
1,6-diyl], 25:64 

P3H02Rh2CJ&, Rhodium, dicarbonylbis(di- 
tert-butylphosphine)( p-di-tert-butyl- 
phosphido)-p-hydrido-di-, 25: 171 

P3NsCl,C4H,, 1 ,3,5,2h5,4X5,6hS-Triazatriphos- 
phorine , 2,2-bis( 1 4ridinyl)-4,4,6,6- 
tetrachloro-, 2.5237 

P3N9GHU, 1,3,5,2Xs,4As,6Xs-Triazatriphos- 
phorine 

2,2-bis( l-aziridinyl)-4,4,6,6-tetrakis(me- 
thylamino)-, 2589 

2,4-bis( l-aziridinyl)-2,4,6,6-tetrakis(me- 
thylamino)-, cis- and trans-, 25:89 

P,Cl,N6C4H8, 1,3,5,7,2X5,4X5,6h5,8As-Tetra- 
azatetraphosphocine, 2,2-bis(l-aziridi- 
nyl)-4,4,6,6,8,8-hexachloro, 25:91 

P,CISN&Hl2, 1,3,5,7,2Xs,4A5,6A5,8A5-Tetra- 
azatetraphosphocine 

2,2,6-tris( l-aziridinyl)-4,4,6,8,8-penta- 
chloro-, 25:91 

2,4,6-tris( l-aziridinyI)-2,4,6,8,8-penta- 
chloro-, 2,6-cis-4-trans- and 2,4-cis-6- 
trans-, 25:91 

azatetraphosphocine 
2,4-bis( l-aziridinyl)-2,4,6,6,8,8-hexa- 

chloro-, cis and trans-, 25:91 
2 ,bbis( 1 -aziridinyl)-2,4,4 ,6,8,8-hexa- 

chloro-, cis and trans-, 25:91 
P,C&.N6C4H,,, 1,3,5,7,2X5,4A5,6h5,8As-Tetra- 

azatetraphosphocine, 2,4,4,6,8,8-hexa- 
chloro-rrans-2,6-bis(ethylamino)-, 25: 16 

P,c&.N6G&,, 1,3,5,7,2Xs,4h5,6h5,8As-Tetra- 
axatetraphosphocine 

2,4-bis(tert-butylamino)-2,4,6,6,8,8-hexa- 
chloro-, 25:21 

2,6-bis( rert-butylamino)-2.4,4,6,8,8-hexa- 
chloro-, 2521 

P,CI,N,C,H,,, 1,3,5,7,2As,4h5,6AS,8As-Tetra- 
azatetraphosphocine, 2-( 1-aziridiny1)- 

P4clf16c,H8, 1 ,3,5,7,2XJ, 4X5,6h5,8h5-Tetra- 

P4Fefi2011C&&, Ferrate(2-), undecacar- 
bonyltri-, bis[p-nitrido-bis(tripheny1- 
phosphorus)(l +)I, 24:157 

P4KI6O ,=ThW,, Thorate( IV) , bis( heptadeca- 
tungstodiphosphat0)-, hexadecapotas- 
sium, 23:190 

tungstodiphosphat0)-, hexadecapotas- 
sium, 23:188 

octathio- 

.P4K1601&WU, Uranate(IV), bis(heptadeca- 

P,N,S,C,&, Tetraphosphate(III), cyclo- 

diethylammonium (1:4), 25:s 
P4N6C18H,2, 2,4,6,8,9,10-He~aaza- 

1X5,3hS,5X5,7Xs-tetraphosphatricyclo- 
[5.1.1.13,]decane, 2,4,6,8,9,1O-hexaiso- 
propyl-, 25:9 

P4NllC14hl, 2,4,6,8,9-Pentaaza-lhs,3hS,5X5,- 
7h5-tetraphosphabicyclo[ 3.3.1 Inona- 
1,3,5,7-tetraene 

9-ethyl-l,3,3,5,7,7-hexakis(ethylamino)-, 
2520 

3,3,5,7,7-pentakis(dimethylamino)-9- 
ethyl-1-(ethy1amino)-, 2518 

P4N12C1&32r 1,3,5,7,2As,4hs,6Xs,8A5-Tetra- 
azatetraphosphocine, 2,6-bis(l-aziridi- 
nyl)-2,4,4,6,8,8-hexakis(methylamino)-, 

trans-, 25:91 
P4N12C3ZHB0, 1,3,5,7,2h5,4h5,6X5,8X5-Tetra- 

azatetraphosphocine, 2,2,4,4,6,6,8,8- 
octakis(terr-butylamin0)-, 25:23 

PSC5HIs, Cyclopentaphosphine, penta- 
methyl-, 25:4 

P & I O Z N ~ ~ O ~ ~ C ~ H ~ ,  Molybdenum, hexacar- 
bonyl-tris[ p-1,3,5,7-tetramethyl-lH,SH- 
[ 1,4,2,3]diazadiphosphol0[2,3- 
b][ 1,4,2,3]diazadiphosphole- 
2,6-(3H,7H)dione]-di-, 
24: 124 

phido) tetrakis( trimethy1phosphine)di- 
Pfli2CJII, Nickel, bis(p-tert-butylphos- 

(Ni-Nil, E l 7 6  
P6Rh2C2DHJ6, Rhodium, bis(p-tert-butyl- 

phosphido)tetrakis(trimethylphos- 
phine)di- 

(Rkl-Rh), 25:174 
Pl,Nl2C1&, 1 ,3,5,7,2A5,4As,6Xs,8X5-Tetra- 

azatetraphosphocine, 2,4,4,6,8,8- 
hexakis( dime thylamino)-2,6-bis( ethyl- 
amino)- _ .  

2,4,4,6,6,8,8:heptachloro-, 25:91 trans-, 25:19 
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PbC&N2C1&iI2, Plumbate(IV), hexachloro-, 

PbO,, Lead oxide 
dipyridinium, 22: 149 

solid s o h .  with ruthenium oxide 
(Ru203), pyrochlore, 22:69 

Pb2.67R~l.U06.s, Lead ruthenium oxide, pyro- 
chlore, 22:69 

PdBr,N,C,,H,, Palladium(I1). [N,N'-bis[Z 
(dimethylamino)ethyl]-N',N'-dimethyl- 
1 ,Zethandiamine Jbrorno-, bromide, 
21:131 

diethyldiselenocarbamato)( triphenyl- 
phosphine)-, 21:lO 

(dimethylamino)ethyl]-N' ,N'-dimethyl- 
1,2-ethanediamine]chloro-, chloride, 
21:129 

PdCI2N,OloC&IZ,, Palladium(II), dichlo- 
robis(inosine)-, cis- and trans-, 2352, 
53 

PdCIzNlo0,0C2&i24, Palladium(II), dichlo- 
robis(guanosine)-, cis- and trans-, 
2352, 53 

bis(2-(dimethylamino)ethyl]-N, N'-di- 
methyl-l,2-ethanediamine]-, bis(hexa- 
flurophosphate), 21:133 

PdIzN4CI2Hm, Palladium(II), [N,N-bis-[Z 
(dimethy1amino)ethyl-N' N' -dimethyl- 
1,2-ethanediamine]iodo-, iodide, 
21:130 

PdN2CIOHU. Palladium, (1 ,Cbutanediyl)(N,- 
N,N' ,N'-tetramethyl-1 ,Zethanedi- 
amine)-, 22:168 

PdN2Cl4HI6, Palladium, (2,t'-bipyridine) 
(l,ll-butanediyl)-, 22:170 

PdN2SIIH8, Palladate( 11), bis(hexasulfid0)-, 
diammonium, nonstoichiometric, 
21:14 

PdN4010C&iz, Palladium(II), bis(inosi- 
nato)-, cis- and trans-, 2352, 53 

PdN6S2C14Hm, PalJadium(II), [N,N-bis[Z- 
(dimethylamino)ethyl]-N'-N'-dimethyl- 
1,2-ethanediamine](thiwyanato-N)-, 
thiocyanate, 21:132 

PdNloOloC&Iu, Palladium(II), bis(guano- 
sinat0)-, cis and trans-, 2352, 53 

PdPZC,,,H,, Palladium, (1 ,Cbutanediyl)- 
[ 1,2-ethanediyIbis( diphenylphos- 
phine)]-, 22:167 

PdCINPSe,GH,, Palladium, chloro(N,N- 

PdCI2N4CI2Hmo, PaUadium(II), (N,N-bis-[2- 

PdF12N4P2Cl,Hm, Palladium(II), [N,N'- 

PdP2C,,,HB, Palladium, (1,4-butanediyl)bis- 
(tripheny1phosphine)-, 22: 169 

Pd2C12P,C&, Palladium(I), dichlorobis-p- 
[ methylenebis(diphenyIphosphine)]-di-, 
(Pd-Pd), 21~48 

Pd2C12P,C51H4, Palladiurn(I), p-carbonyl- 
dichlorobis[methylenebis(diphenyl- 
phosphine)]di-, 21:49 

PrCI,, Praseodymium chloride, 22:39 
PTF18N60$12c,&, Praseodymium(III), 

hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

PrN301,C1&im, Praseodymium(III), trini- 
trato( 1,4,7,10,13-pentaoxacyclopen- 
tadecane)-, 23:151 

PrN3015ClZH2,. Praseodymium(III), (1,4,7, 
10,13,16-hexaoxacyclooctadecane)- 
trinitrato-, 23:153 

PrN4C,Hx, Praseodymium, [5,10,15,20- 
tetrakis(4-methylphenyl)phorphyri- 
nato(2-)]-, 22:160 

PrN,02C,&, Praseodymium, (2,4-penta- 
nedionato)[5,10,15,2O-tetraphenylpr- 
phyrinato(2-)I-, 22: 160 

PrN,02C,,H,,, Praseodymium, (2,4-penta- 
nedionato)[5,10,15,20-tetrakis(4-me- 
thylphenyl)porphyrinato(2-)]-, 22: 160 

Pr2CI7Cs, Cesium praseodymium chloride, 
22:2 

Pr,Nl20&&, Praseodyrniurn(III), 
tris( 1,4,7,10,13,16-hexaoxacycloocta- 
decane)dodecanitratotetra-, 23:155 

PrN3Ol3C8Hl6, Praseodyrnium(III), trini- 

Pt, Platinum, microcrystals, 24:238 
PtBCIF,S,C&I,,, Platinum(II), chloro- 

tris(dimethy1 sulfide)-, tetrafluorobor- 
ate(1-), 22:126 

PtCIH8N30,, Platinurn(II), dianuninea- 
quachloro-, trans-, nitrate, 22: 125 

PtCb ,,,C~N,C,, Platinate, tetracyano-, ce- 
sium chloride (1:2:0.30), 21:142 

PtCl,,a,Rb2C4 . 3H,O, Platinate, tetracy- 
ano-, rubidium chloride (1:2:0.30), 
trihydrate, 21:145 

PtCINPSe,GH,, Platinum(II), chloro- 
(N,N-diethyldiselenocarbamato)(tri- 
pheny1phosphine)-, 21:lO 

roiodo-, trans-, chloride, 22:124 
PtCl,H.JN,Pt, Platinum(II), diamminechlo- 
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PtCI2HPH3, Platinum(II), triamminechloro-, 
chloride, 22:124 

PtCI2N2CI&i2,, Platinum(I1). [N,N'-bis(1- 
methylethyl)-l,2-ethanediamine)- 
dichloro(ethene)-, 21:87 

PtCI2N2ClZHtBr Platinum(II), dichbro(eth- 
ene)(N,N,N',N'-tetraethyl-l,2-ethane- 
diamine)-, 21:86, 87 

bis(phenylethy1)-1 ,Zethanediamine]di- 
chloro(ethene)-, 21:87 

PtCI2N2G2Hl2, Platinum(II), dichloro[(R,R)- 
N,N'-dimethyl-N,N'-bis( l-phenyle- 
thyl)-l,2-ethanediamine](ethene)-, 
21:87 

PtCI2N2PtCl2HZs. Platinum(II), dichloro- 
[N,N'-dimethyl-N,N'-bis( l-methyl- 
ethyl)l,2-ethanediamine)(ethene)-, 
21:87 

methyl sulfide)-, tetrabutylammonium, 
22:128 

chloro-, trichloride, 24:277 

trosyl, 24:217 

cesium azide (1:2:0.25), hydrate, 
21:149 

PtCs,N401 @So =C4& &, Platinate, tetracy- 
ano-, cesium [hydrogen bis(sulfate)] 
(1:3:0.46), 21:151 

PtF~54Nl~C6H122, * l.8H20, Platinate, tetra- 
cyano-, guanidinium (hydrogen difluo- 
ride) (1 : 1:0.27), hydrate (1: 1.8), 21: 146 

PtF,,K,NQtC,I-b 3o . 3H20, Platinate, tetra- 
cyano-, potassium (hydrogen difluoride) 
(1:2:0.30), trihydrate, 21:147 

PtFl2N5Ol2S4C,Hl5, Platinum(IV), penta- 
amine(trifluoromethanesu1fonato-0)-, 
tris( trifluoromethanesulfonate), 
24:278 

PtH,K,O,$,, Platinate(II), tetrakis[dihydro- 
gen diphosphito(2 -)-I, tetrapotassium, 
24:211 

PfCl2N2C&IB, Platinum( II), [ (S,S)-N, N'- 

PtCIlNSC18H,2, Platinate(II), trichloro(di- 

PtCl,H15N5, Platinum(IV), pentaammine- 

PtC&Nz02, Platinate(IV), hexachloro-, dini- 

P t a N ,  ,&, . XH20, Platinate, tetracyano-, 

PtH,O,, Platinum(II), tetraaqua-, 21:192 
PtI,K2 * 2H20, Platinate(II), tetraiodo- 

PtNPSeG,Hls, Platinum(II), (N,N-diethyl- 
dipotassium, dihydrate, 25:98 

diselenocarbamato)methyl( triphenyl- 
phosphine)-, 20:lO 

PtN2Sl&i8, Platinate(II), bis(pentasu1fido)-, 
bis( tetrapropylammonium), 20: 13 

PtN2S15H,, Platinate(IV), tris(pentasulfid0)-, 
diammonium, 21:12, 13 

PtN,03Tl,C,, Platinate(II), tetracyano-, 
thallium carbonate (1:41), 21:153, 
154 

PtN,l12C4, Platinate(II), tetracyano-, dithal- 
hum, 21:153 

PtOP2C18H36, Platinum(II), hydroxophenyl- 
bis( triethy1phosphine)- 

trans-, 25102 
PtOP2GHY), Platinum(II), hydroxomethyl- 

[ 1,3-propanediylbis(diphenylphos- 
phine)]- 

trans-, 25:lOS 
PtOP2Cl,Hm, Platinum(II), hydroxomethyl- 

bis( tricyclohexy1phosphine)- 
trans-, 25:104 

PtOP,C,,H,, Platinum(II), hydroxophenyl- 
bis(tripheny1phosphine)- 

trans-, 25:102 
PtP2C14HY, Platinum(O), (ethene)bis- 

(triethy1phosphine)-, 24:214 
PtP,CJI,, Platinum(O), (ethene)bis[tris( 1- 

methylethyl)phosphine]-, 24:215 
PtP,&H,, Platinum(O), bis(diethylpheny1- 

phosphine)(ethene)-, 24:216 
PtP2GHBr Platinum(O), [l ,Zethanediylbis- 

(diphenylphosphine)](ethene)-, 24:216 
PtP2C3HY, Platinum(O), (ethene)bis- 

(tripheny1phosphine)-, 24:216 
Pt2CLSZCIHl2, Platinum(II), di- -chlorodi- 

chlorobis(dimethy1 su1fide)di-, 22: 128 
Pt4N1,09Ct0)40 - H20, Platinum(2.25+), 

bis[bis(p-2-pyridonato-N~:O2)bis- 
(diammine- 

pentanitrate, monohydrate, 25:95 

RbCoNzO,Cld-IH,,, Cobaltate(III), [N,N'- 
1,2-ethanediyIbis[N-(carboxyme- 
thyl)glycinato](4 -)I-, rubidium, 
23:lOO 

RbCoN20,C1,Hl,, Cobaltate(III), [[R( -)I- 
N,"-( l-methyl-l,2-ethanediyl)bis[N- 
(carboxymethyl)glycinato] (4 - )I-, [A- 
(+)]-, rubidium, %3:101 

RbCoN208C14H,8, Cobaltate(III), 
[[R,R( - ) ] -N,  "-1 ,2-cyclohexanediyl- 
bis[N-(carboxymethyl)glycinato](4 - )I-, 
[A-( +)I-, rubidium, 23:97 
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RbzCb.JV4PtC, . 3Hzo, Platinate, tetracy- 
ano-, rubidium chloride (1:20.30), 
trihydrate, 21:145 

ReBrOSCs, Rhenium, bromopentacarbonyl-, 
2 3 4  

ReC1N,O2(&,Hm, Rhenium(V), dioxotetra- 
kis(pyridine)-, chloride, trans-, 21:116 

ReCIN406C&Im, Rhenium(V), dioxotetra- 
kis(pyridine)-, perchlorate, rruns-, 
21:117 

ReClO,C,, Rhenium, pentacarbonylchloro-, 
2342, 43 

ReC13NP2C42Hu, Rhenium(V), trichloro- 
(phenylimido)bis( tripheny1phosphine)- , 
24: 1% 

ReCl,NC& Rhenium(VI), tetrachloro- 
(pheny1imido)-, 24:195 

ReIO,Cs, Rhenium, pentacarbonyliodo-, 
23:44 

ReLiO,, Lithium rhenium trioxide, 
24:205 

ReL&.203. Lithium rhenium trioxide, 
24:203, 206 

ReLiZ03, Dilithium rhenium trioxide, 
24:203 

RezC18Nz&Hn, Rhenate(III), octachlorodi-, 
bis(tetrabutylammonium), 23: 116 

RhAs4ClC&Ix, Rhodium(1 +), bis[o-phe- 
nylenebis(dimethylarine)]-, chloride, 
21:lOl 

RhAs4CI02C&H,, Rhodium(1 +), (carbon 
dioxide)bis( o-phenylenebis( dime thyl- 
arsine)]-, chloride, 21:lOl 

anobutane)-, tetraphenylborate(1- ), 
2150 

RhC~&O&c&f16, Rhodium(III), chlo- 
robis( 1,2-ethanediamine)(tnfluoro- 
methanesulfonato- 0)- , tram-, trifluoro- 
methanesulfonate ,24: 285 

ethanediamine)(oxalato)-, perchlorate, 
24:227 

RhCl,H12N,, Rhodium(III), tetraamminedi- 
chloro-, cis-, chloride, 24:223 

RhCI,H,,N,, Rhodium(III), pentaamine- 
chloro-, dichloride, 24922 

RhCI,Hl7N,Ol3, Rhodium(III), pentaam- 
mineaqua-, triperchlorate, 24:254 

RhCI3Hl8N6Ol2, Rhodium( 111), hexaam- 
mine-, triperchlorate, 24255 

RhBN,C,H,, Rhodium($ tetrakis( l-isocy- 

RhCIN4O&&, Rhodium(III), bis(l,2- 

RhCI,N,C4H16 . HCl . 2Hz0, Rhodium(III), 
dichlorobis( 1 ,2-ethanediamhe), trans-, 
chloride, monohydrochloride, dihy- 
drate, 24283 

RhCl3N,C4Hl6 H20,  Rhodium(III), dichlo- 
robis( 1,2-ethanediamine)-, cis-, chlo- 
ride, monohydrate, 24:283 

RhF&O9S,C,Hl6, Rhodium(IIL), bis( 1 3  
ethanediamine)bis( triffuoromethane- 
sulfonato-0)-, cis-, triffuorosulfonate, 
242.85 

RhF&09S3C3HIs, Rhodium( 111) , pentaam- 
mine( trifluorome thanesulfonato-0)-, 
bis(triffuoromethanesulfonate), 24:253 

RhF&09S,GH,, Rhodium(III), penta- 
kis(methanamine)( trifluoromethane- 
sulfonato-0)-, bis(trifluoromethane- 
sulfonate), 24281 

RhhFfi609S3C3H18, Rhodium(III), hexaam- 
mine-, tris(trifluoromethanesulfonate), 
24:255 

RhH15N408Sz, Rhodium(III), tetraammine- 
aquahydroxo-, cis-, dithionate, 24:225 

RhN,S,,H,,, Rhodate(III), tris(pentasu1- 
fido)-, triammonium, 21:15 

RhN,08S2C,H19, Rhodium(III), aquabis( 1,2- 
ethanediamine)hydroxo-, dithionate, 
24:230 

RhO&C, ,Ha, Rhodium( I), ( q5-cyclopenta- 
dienyl)bis(trimethylphosphite)-, 25: 163 

RhPC3zHYl, Rhodium, ( 1,4-butanediyl)(q5- 
pentameth ylcyclopentadienyl)(tri- 
phen y1phosphine)- , 22: 173 

RhP2C,,HB, Rhodium(I), (q5-cyclopenta- 
dienyl)bis(trimethylphosphine)-, 25: 159 

Rh2BzNQ4Cl18Hlm, Rhodium(I), tetrakis- 
(1-isocyanobutane)bis[methylene(di- 
phenylphosphine)]di-, bis(tetra- 
phenylborate(1 -)I, 21:49 

Rh2Br4H&l8O2, Rhodium(III), di-p-hy- 
droxo-bis[tetraammine-, tetrabromide, 
24926 

Rh,Br4N,0zC&, Rhodium(III), di-p-hy- 
droxo-bis[bis( 1 ,Zethanediamine)-, 
tetrabromide, 24:231 

cyclooctadiene)( p-di-reri-butylphos- 
phido)-di-, 25:172 

Rh2C&N,04~H32, Rhodium(III), dichloro- 
bis(1 ,2-ethanediamine), chloride per- 
chlorate (2:1:1), 24229 

Rh2CIPCZ&, Rhodium, pchloro-bis(q'- 
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Rh2H02P~(&H56, Rhodium, dicarbonylbis- 
(di-tert-butylphosphine)( p-di-tert-butyl- 
phosphido)-p-hydrido-di-, 25: 171 

RhZ02Cl&, Rhodium( I), bis( q4- 1 ,S-cyclo- 
octadiene)-di-p-hydroxo-di-, 23: 129 

Rh202C18HY), Rhodium(I), bis("r14-l ,S-cyclo- 
octadiene)-di-p-methoxy-di-, 23:127 

Rh208P2S2C1J136, Rhodium(I), dicarbonyl- 
bis-~-(2-methyl-2-propanethiolato)- 
bis(trimethy1 phosphite)di-, 23: 124 

methyl-2-propanethiolato)-tetrakis-' 
(trimethyl phosphite)di-, 23:123 

Rh2P6C&%, Rhodium, bis( p-tert-butyl- 
phosphido) tetrakis(trimethylph0s- 
phine)-di- 

RhzOl2P4S2HU, Rhodium(I), bis-p-(2- 

(Rh2-Rh), 25~174 
RuB2F8N,C4Hl9, Ruthenium(II), pentaam- 

mine(pyrazine)-, bis( tetrafluoroborate- 
(1 -)I, 2 4 3 9  

RuCl,,HIO, Ruthenium, bis(q5-cyclopen- 
tadieny1)-, 22: 180 

RuCI2HI,. Ruthenium, (q6-benzene)(q4-1 ,3- 
cyc1ohexadiene)-, 22: 177 

RuC,,H,,, Ruthenium, bis(q5-cyclohepta- 
dieny1)-, 22:179 

RuCIJIz, Ruthenium, (q4-l ,5-cygloocta- 
diene)(q6-1 ,3,5-cyclooctatriene)-, 
22: 178 

hexamethylbenzene)-, 21:76 

hexadiene)(q6-hexamethylbenzene)-, 
21:77 

RUCIP~C,~H~~,  Ruthenium(II), chloro(q'-cy- 
clopentadienyl)bis( triphenylphos- 
phine)-, 21:78 

R U C ~ ~ N ~ O ~ C ~ ~ H ~ ,  Ruthenium(II), dicarbo- 
nyldichloro(2,2'-bipyridine)-, 25: 108 

RuC12N4CJI16 * 2H20, Ruthenium(II), bis- 
(2,2'-bipyridine-N,N')dichloro-, cis-, 
dihydrate, 24:292 

RuCl2N5GHI9 . 2.5H20, Ruthenium(II), 
(2,2'-bipyridine-N,N')chloro(2,2': 
6',2"-terpyndine-N,N',N'')-, chloride, 
2.5 hydrate, 24300 

RuC12N6Car . 6Hz0, Ruthenium(II), tris- 
(2,2'-bipyridine)-, dichloride, hexahy- 
drate, 21:127 

mine( pyrazine)- , dichloride , 24:259 

RuC,JI, Ruthenium(O), bis(q2-ethylene)(q6- 

RuC,,H,, Ruthenium(O), (q4-l ,3-cyclo- 

RuCIzN7C4H19, Ruthenium(II), pentaam- 

RuC13H15N5, Ruthenium(III), pentaammine- 
chloro-, dichloride, 24:255 

R u C i 3 N N I ~ , ,  * 2H20, Ruthenium(III), bis- 
(2,2'-bipyridine-N, N')dichloro-, cis-, 
chloride, dihydrate, 24:293 

dridorutheniumtri-, 25: 164 

pyridine-N ,N')(2,2' :6' ,2' '-terpyridine- 
N, N', N")(trifluoromethanesulfonato- 
0)- , trifluoromethanesulfonate , 
24302 

RuFgP3C4&, Ruthenium(II), (q5-cyclopen- 
tadienyl)(phenylvinylene)bis( triphenyl- 
phosphine)-, hexduorophosphate- 

RuF&O&~H,,, Ruthenium(III), bis(2,2'- 

RuCoJHOIzC12, Cobalt, dodecacarbonylhy- 

RuF&06SzCnH19, Ruthenium(II), (2,2'-bi- 

(1 -), 21:80 

bipyridine-N, N' )bis( trifluoromethane- 
sulfonato-0)-, cis-, trifluoromethane- 
sulfonate, 24:295 

RuF$1509S3C&Hl,, Ruthenium(III), (2,2'- 
bipyridine-N, N')(2,2':6',2"-terpyri- 
dine-N,N',N")(trifluoromethane- 
sulfonato-0)-, bis( trifluoromethane- 
sulfonate), 24:301 

RUF~N~O~&(&H~~ * 3&0, Ruthenium(III), 
aqua(2,2'-bipyridine-N, N')(2,2':6' ,2 ' I -  

terpyridine-N,", N' ')tris(trifluoro- 
methanesulfonate) , trihydrate, 24: 304 

RuFpN5S3C&, Ruthenium( 111) , pentaam- 
mine(trifluoromethanesulfonato-0)-, 
bis(trifluoromethanesulfonate), 24258 

RuF,,N$~C&,, Ruthenium(II), tris(2,2'- 
bipyridine)- 

bis[hexafluorophosphate(l -)I, 25:109 
R u F ~ ~ N ~ P ~ ~ ~ H ~ ,  Ruthenium(II), (2,2'-bi- 

pyridine)bis( 1 ,lo-phenantroline)- 
bis(hexafluorophosphate(1 -)I, 25:108 

RuO,C&, Ruthenium, tetracarbonyl(q'- 
methyl acry1ate)-, 24:176 

R U O ~ ~ O S ~ C ~ ~ H ~ ,  Osmium, tridecacarbonyl- 
dihydridorutheniumtri-, 21:64 

RuPZC4&, Ruthenium( 11) , (q-kyclopenta- 
dienyl)(phenylethynyI) bis( triphenyl- 
phosphine)-, 21:82 

RU1.3~Pb2.6@~.5, Lead ruthenium oxide, pyro- 
chlore, 22:69 

Ru2BF4O3CI5HlI, Ruthenium(1 + ), p-car- 
bonyl-p-ethylidyne-bis[carbonyl(q5-cy- 
c1opentadienyl)- 

tetrafluoroborate, 25: 184 
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RuZCI4C2&, Ruthenium(II), di-p-chloro- 
bis[chloro(q6-l-isopropyl-4-methylben- 
zene)-, 21:75 

Ru,CI,G,H,, Ruthenium(II), di-p-chloro- 
bis[chloro(+hexamethylbenzene)-, 
21:75 

mine( p-pyrazine)-di- , pent aiodide , 
24:261 

Ru,03, Ruthenium oxide, solid s o h .  with 
lead oxide PbO,, pyrochlore, 22:69 

Ru203C14HIZ, Ruthenium, p-carbonyl-p- 
methylene-bis[carbonyl(q5-cyclopen- 
tadieny1)-, 25:182 

Ru,O,C,,H,,, Ruthenium, p-carbonyl-p- 
ethylidene-bis[~arbonyl(~~-cyclopen- 
tadieny1)-, 25183 

RuZO,ClsH,,, Ruthenium, p-carbonyl-p- 
ethylidene-bis[carbonyl($-cyclopen- 
tadieny1)-, 25: 185 

R U , O ~ C , H ~ ,  Ruthenium, p-carbonyl-ca- 
ronylbis(q5-cyclopentadienyl)( p-3-0x0- 
1 ,2-diphenyl-l-q: 1,2,3-q-l-propene-l,3- 
diy1)di- 

Ru,I,N,,C,H,, Ruthenium(5 +), decaam- 

(Ru-Ru), 25:181 
Ru,O,C,,H,,, Ruthenium, tetracarbonyl- ‘ 

bis(q5-cyclopentadienyl)di-, 25: 180 
RU,CONO~,P~C,~H~, Ruthenate(1- ), tri- 

decacarbonylcobalttri-, p-nitri- 
dobis(triphenyIphosphorus)(l + ), 2153 

Ru,FeNO13P2C,9H,1, Ruthenate(1- ), trideca- 
carbonylhydridoirontri-, p-nitrido-bis- 
(triphenylphosphorus)( 1 + ), 21:60 

RuFeOllC,,H2, Iron, tridecacarbonyldihy- 
dridotriruthenium-, 2158 

Ru3NOllC1&21, Ruthenate(1 -), p-car- 
bonyl-1 KC2KC-decacarbonyl- 

triungulo-tri-, tetraethylammonium, 
24: 168 

Ru3N2OI1P2C,JIW, Ruthenate(1- ), decacar- 
bonyl-p-nitrosyl-tri-, p-nitrido-bis(tri- 
phenylphosphorus)(l +), 22:163, 165 

1 K’C,2K’C,3K4C-p-hydrid~- 1 K: 2K- 

S, Sulfide 

-, Sulfur 
molybdenum complexes, 23:120, 121 

iron cyclopentadienyl complexes, 21:42 
silver complex, 24:234 

SAsBrP,, SulfurfIV), tribromo-, hexafluo- 
roarsenate, 24:76 

SBrF,N, Imidosulfurous difluoride, bromo-, 

SC, Carbon monosulfide 

SC,H6, Dimethyl sulfide 

24:20 

ruthenium complex, 21:29 

boron complex, 22:239 
niobium complex, 21:16 
platinum(I1) complexes, 22:126, 128 

iron complexes, 21:39-46 

iron complex, 21:30, 37 

complexes, 23:123 

-, Ethanethiol 

SC,H,,, Ethanethiol, 1 ,I-dimethyl- 

-, 2-Propanethiol, 2-methylrhodium 

SC6&, Benzenethiol 
cadmium, cobalt, iron, manganese, and 

iron complex, 21:35, 36 
manganese complex, 25:116-118 
tin complex, 25:114 

gold complexes, 23:192 

zinc complexes, 21:24-27 

SCsHla, Benzenethiol, 4-ethyl- 

SCIFO,, Chlorine fluorosulfate, 24:6 
SCIF2N, Imidosulfurous difluoride chloro-, 

SCIF,, Sulfur chloride pentafluoride, 24:8 
SCIN,P,G,H,, 1X‘,3,4,6,3X5,5h5-Thiatriaza- 

diphosphorine, l-chloro-3,3,5,5-tetra- 
phenyl-, 25:40 

24:18 

SCsFO,, Cesium fluorine sulfate, 24:22 
SFN, Thiazyl fluoride, 24:16 
SF,HN, Imidosulfurous difluoride 

mercury complex, 24:14 
SF,FeO&H,, Methanesulfonate, trifluoro-, 

tricarbon yl($-cyclopentadien yl)iron- 
( l + ) ,  24:161 

SFIN, Thiazyl trifluoride, 24:12 
SF,NOC, Imidosulfurous difluoride, (fluoro- 

SF,O,C, Methanesulfonate, trifluoro- 

(SN,, Sulfur nitride, polymer, 22:143 
SNC, Thiocyanate 

carbony1)-, 24:lO 

metal complexes and salts, 24:243-306 

cobalt, copper, iron, manganese, nickel, 
and zinc complexes, 23:157 

SNGH,, Ethanethiol, 2-amino- 

SNOSiC3H9, Silanamine, l,l,l-trimethyl-N- 

SN03C,Hs, o-Benzosulfimide (saccharin) 

cobalt complex, 21:19 

sulfinyl-, 25:48 

metal complexes, 23:47 
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SN2CH4, Urea, thio- 
chromium(0) complexes, 23:2 

SN2G, Sulfur dicyanide, 24:125 
SN2C4&, 2H-Imidazole-2-thione, 1,3-di- 

hydro-l-methyl- 
cobalt complexes, 23: 171 

SN2C5HI2, Thiourea, N,N,N,N-tetrame- 
thyl- 

chromium(0) complexes, 23:2 

chromium(0) complexes, 23:3 

chromium(0) complexes, 23:3 

SNZCJ&, Thiourea, N,N-di-tettbutyl- 

SN2CI5HI6, Thiourea, N,N'-di-p-tolyl- 

SN2Si2C6HI8, Sulfur diimide, bis(trimethy1- 

SN2Sn2c6H18, Sulfur diimide, bis(trimethy1- 

S02C2H4, Acetic acid, 2-mercapto- 

SSnC18H32, Tin, (benzenethio1ato)tributyl-, 

S2, Disulfide 

-, Sulfur 

silyl)-, 2544 

stanny1)-, 25:44 

cobalt complex, 21:21 

25:114 

molybdenum complexes, 23:120, 121 

iron cyclopentadienyl complexes, 21:40- 
46 

2553 

difluoridato-N)-, 24:14 

S2CNz0, 1,3X4,2,4-Dithiadiazol-5-one, 

S2F4HgN2, Mercury(II), bis(imidosulfurous 

S2HzN2, Sulfur diimide, mercapto- 

S2HI5N4O8Rh, Rhodium(III), tetraammine- 
aquahydroxo-, cb-, dithionate, 24:225 

S2Mn2O8CJ-IIO, Manganese(I), bis(p-ben- 
zenethio1ato)octacarbonyldi-, 25: 118 

S2NC5Hllr Carbamodithioic acid, N,N-di- 
ethyl- 

tin complex, 25:46 

tungsten complex, 25:137 
S2N2Sn2(;&, 1,3X4,2,4,5-Dithiadiazastan- 

nole, 5,5-dimethyl-, 2553 
S2N408RhC4Hl,, Dithionate, aquabis( 1,2- 

ethanediamine)hydroxorhodium(III), 
24:230 

S2V, Vanadium disulfide, 24:201 
s3c12~H16,  Ethane 1 ,lf-[thiobis(2,1-ethane- 

S3Mn2N06C32H35, Ammonium, tetraethyl- 
tris( pbenzenethio1ato)hexacarbonyl- 

diylthio)]bis[2-chloro-, 25: 124 

dimanganate(I), 251 18 
S&O, Nitrogen sulfur oxide, 2552 

S,NzP2C&I%, Phosphorus( 1 +), p-nitrido- 
bis(tripheny1- 

sulfido(disulfido)nitrate( 1 - ), 25:37 
S3N3, lh4,3,5,2,4,6-Trithiatriazenide, p-ni- 

trido-bis(triphenylphosphorus)(l + ), 
25:32 

S3N,C4Hl2, Ammonium, tetramethyl- 

S302GH18. Ethanol, 2,2'-[thiobis(2,l-ethane- 

S,PCI2Hn, Phosphorotrithious acid, tributyl 

S4CIN5, 1A4,3h4,SX4,7-Tetrathia-2,4,6,8,9- 

1 A4,3 ,5,2,4,6-trithiatriazenide, 25: 32 

diylthio)]bis(, 25: 123 

ester, 22:131 

pentaazabicyclo[3.3.1]-1(8),2,3,5-tetra- 
enylium chloride, 2538 

S4Mn.0,,C,Hm, Manganese@), tetrakis(p3- 
benzenethio1ato)dodecacarbonyltetra-, 
25:117 

S,N203WC13Hm, Tungsten, tricarbonylbis- 
(N ,N-diethy1carbamodithioato)-, 
25:157 

bis( triphenyl- 
S,N,P&H,, PhosphoNs(l+ ), p-nitrido- 

bis(disulfido)nitrate(l -), 2535 
SIN& Nitrogen sulfide oxide, 2550 
S4N6, lh4,3h4,5X4,7-Tetrathia-2,4,6,8,9-pen- 

taazabicyclo[3.3.l]nona-1(8) ,2,3,5- 
tetraenide 

p-nitrido-bis(triphenylphosphorus)(l +), 
tetraphenylarsonium , 25: 3 1 

preparation in liquid tin, 23:161 

platinum and rhodium complexes, 21:12, 

S4Ti5, Titanium sulfide 

S5, Pentasulfide 

13 
s6, Hexasulfide, 

palladium complex, 21:172 
S6CI2Hz4, 1.4,7,10,13,16-Hexathiacycloocta- 

S,N,P,C,&, Tetraphosphate(III), cyclo-oc- 
decane, 25:123 

tathio- 
diethylammonium (1:4), 255 

S 8 0 ,  cyclo-octasulfur monoxide, 
21:172 

S,&gAsF,, Silver( 1 + ), bis(cyc1o-octasul- 
fur)-, hexafluoroarsenate, 2474 

SbCI3CI2He, Antimony(V), trichlorodi- 
phenyl-, 23:194 

SbCh, Antimonate(1- ), hexachloro- 
p-nitrido-bis(trichlorophosphorus)( 1 + ), 

25:25 
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SbF,,,”, Antimonate(V), hexafluoro-, tetra- 

Sb2K2OI2GH4. Antimonate(2 -), bis[tara- 
fluoroammonium (1: l),  24:41 

(4 - )]di-, dipotassium 
as resolving agent, 23:76-81 

ScCI,, Scandium chloride, 22:39 
ScCl,Cs, Cesium scandium chloride, 22:23 
SCCI,O,C,,H~~, Scandium(III), trichloro- 

tris(tetrahydr0furan)-, 21:139 
Sc2ClgC%, Cesium scandium chloride, 

22:25 
SeC, Carbon selenide 

SeF20, Selenium difluoride oxide, 24:28 
SeF,, Selenium tetrafluoride, 24:28 
SeNOC,H13, Carbamodiselenoic acid, di- 

methyl-, 1 -methyl-2-oxopropyl ester, 
24: 132 

chromium complex, 21:1, 2 

SeSi2&, Disilyl selenide, 24:127 
Se2C, Carbon diselenide, 21:6, 7 
Se2F&PGHI2, Methaneminium, N-(4,5-di- 

methyl- 1,3-diselenoI-2-ylidene)-N- 
methyl-, hexafluorophosphate, 24: 133 

Se2F,,02Xe, Selenate(VI), pentafluorooxo-, 
xenon(2+) (2:1), 24:29 

Se2NCSHll, Diselenocarbamic acid, N, N- 
diethyl- 

nickel, palladium, and platinum com- 
plexes, 21:9 

Se3C5&, 1,3-Diselenole-2-selone, 4,5-di- 
methyl-, 24:133 

Se4CIJII2, 2,2’-Bi-1,3-diselenolylidene, 
4,4’,5,5’-tetramethyI-, 24: 131, 134 

S e 8 A s F 6 v a ,  2,2’-Bi-1,3-diselenolylidene, 
4,4’,5,5’-tetramethyl-, radical ion(1 +), 
hexafluoroarsenate (2:1), 24:138 

Se8BF4CaU, 2,2’-Bi-1,3-diselenolylidene, 
4,4’,5,5’-tetramethyl-, radical ion(1 +), 
tetrafluoroborate(1-) (2:1), 24:139 

Se8C104 (&Ha, 2,2‘-Bi-1,3-diselenolylidene, 
4,4’,5,5’-tetramethyl-, radical ion(1 +), 
perchlorate (2:l). 24:136 

Se,F$CJ&, 2,2’-Bi-1,3-diselenolylidene, 
4,4’,5,5’-tetramethyl-, radical ion(1 +). 
hexafluorofluorophosphate(1- ) (2: l ) ,  
24: 142 

SiBrNPCJH5, Phosphorimide bromide, P, P- 
dimethyl-N-(trimethyIsily1)-, 2570 

SiC4HI2, Silane, tetramethyl- 
aluminum complex, 24:92,94 

indium complex, 24:89 
Lithium complex, 24:95 

SiC7H8, poly(methylphenylsilylene), 2556 
SiClPC,JI,,, Phosphinous chloride, 

[phenyl(trimethylsilyl)methylene]-, 
24:111 

S~CI~N~P~CJH,,, Poly[2,2,4,4-tetrachloro-6- 
methyl-&[( trimethylsilyl]catenatriphos- 
phazene-l,6-diyl]-, 2563 

-, 1,3 ,5,2hJ,4XJ,6As-Triazatriphosphor- 
ine, 2,2,4,4-tetrachloro-6-methyl-6- 
[ (trimethylsily1)methyl-, 2561 

dimethyl-N-( trimethylsily1)- 
2,2,2-trifluoroethyl ester, 25:71 

Si3NOPGHI7, Phosphinimidic acid, P, P- 

SiF12N304P3C13HU, Poly[2-methyl-4,4,6,6-tet- 
rakis(2,2,2-trifluoroethoxy)-2-[ (trimeth- 
ylsilyl)methyl]catenatriphos- 
phazene-l,&diyl], 25:64 

fluoroammonium), 24:46 
SiF14N2, Silicate(N), hexafluoro-, bis(tetra- 

SiLiC,H,, , Lithium, ((trimethy1silyl)me- 

SiNC,HI7, tert-Butylamine, N-(trimethyl- 

SiNOPCl2HIP, Phosphinimidic acid, P- 

thyll-, 24~95 

~ilyl)-, 25:8 

methyl-P-phenyl-N-( trimethylsily1)- 

SiNOSC,H9, Silanamine, l,l,l-trimethyl-N- 
sulfinyl-, 25:48 

SiNPC13Hn, Phosphinous amide, P-methyl- 
P-phenyl-N, N-bis(trimethy1sil y1)- , 
25 : 72 

SiN2PC14Hn, Phosphonous diamide, N,N,N, 
N’-tetramethyl-P-[phenyl(trimethyl- 
sily1)methyl-] 24: 110 

SiN404C4, Silane, tetraisocyanato-, 2 4 9  
Si2AlBrCBH2Z, Aluminum, bromobis[(tri- 

meth ylsily1)meth yl]- , 24: 94 
Si2CI2GH8, Silane, (dichloromethy1ene)bis- 

[trimethyl-], 24: 118 
Si2NPGHa, Phosphinous amide, P,P-di- 

methyl-N,N-bis(trimethylsily1)-, 2569 
Si2N20GH2,, Urea, N,N‘-dimethyl-N,N’- 

bis(trimethylsily1)-, 24: 120 
Si2NzSC6H,9, Sulfur diimide, bis(trimethy1- 

sily1)-, 2 5 4  
Si2Se&, Disilyl selenide, 24:127 
SifilC12H33, Aluminum, tris[(trimethyl- 

2,2,2-trifluoroethyl ester, 25:72 

silylhnethyll-, 24:92 
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Si31nC12H33, Indium(III), tris[(trimethyl- 

Si4CIPCl4Hylr Phosphine, bis(trimethy1- 
silyl)methyl]-, 24239 

silyl)methylene][chlorobis(trimethyl- 
silyl)methyl]-, 24:119 

-, Phosphorane, bis[bis(trimethylsilyl)- 
methylene]chloro-, 24:120 

SmCI,, Saramium chloride, 22:39 
SmFleN60$12CnHn, Samarium(III), hexa- 

kis(dipheny1phosphinic amide)-, tris- 
(hexafluorophosphate), 23: 180 

SmN&~H16, Samarium(III), trinitrato- 
(1,4,7,10-tetraoxacyclododecane)-, 
23:151 

SmN3014CI&m, Samarium(III), trinitrato- 
(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

SmN,O,C,&,, Samarium, (2,4-pentane- 
dionato)[5,10,15,20-tetraphenylpor- 
phyrinato(2-)]-, 22:160 

methyI-3,5-heptanedionato)[5,10,15,20- 
tetraphenylporphyrinato(2 -)I-. 22:160 

Sm,NI2OwC&In, Samarium(III), tris(l,4,7,- 
10,13,16-hexaoxacyclooctadecane)- 
dodecanitratotetra-, 23:155 

Sn, Tin, pentatitanium tetrasulfide 
preparation in liquid, 23:161 

SnBrzC,2Hlo, Ti, dibromodiphenyl-, 23:21 
SnKC1,HZ7, Stannate(1- ), tributyl- 

SnKCl8HlS, Stannate( 1 - ), triphenyl- 

SnSC,,H,,, tin, (benzenethio1ato)tributyl-, 
25114 

Sn2NzSC6Hle, Sulfur diimide, bis(triethy1- 
stanny1)-, 25:44 

Sn2N2S2C&, 1,3A4,2,4,5-Dithiadiazastan- 
nole , 5,5-dimethyl-, 25 : 53 

Sn2N4S4C4HlZ, Tin, bis[ p-mercaptosulfur 
diimidato(2 - )]tetramethyldi-, 25:46 

SmN40zC5sH,7, Samarium, (2,2,6,6-tetra- 

potassium, 25: 112 

potassium, 25:111 

TbCI,, Terbium chloride, 22:39 
TbFl,N60$l,~Hn, Terbium(III), hexakis- 

(diphenylphosphinic amide)-, tris(hexa- 
fluorophosphate), 23: 188 

TbbN3013c&&6, Terbium(III), trinitrato- 
(1,4,7,10-tetraoxacyclododecane)-, 
23:151 

(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

TbN~O1~ClzHz4, Terbium(III), (1,4,7,10,13,- 
16-hexaoxacyc1ooctadecane)trinitrato-, 
23: 153 

TbN402C4&, Terbium, (2,4-pentanedio- 
nato)[5,10,15,20-tetraphenylporphyri- 
nato(2 - )I-. 22:160 

methyl-3,5-heptanedionato)(5,10,15,20- 
tetraphenylporphyrinato(2 -)I- ,  22: 160 

Tb4Nlz05,C&L,, Terbium(III), dodecanitra- 
totris( 1,4,7,10,13-pentaoxacyclopn- 
tadecane)tetra-, 23:153 

Tb4N120wC,&, Terbium(III), tris( 1,4,7,10,- 
13,16-hexaoxacycl~tadecane)dode- 
canitratotetra-, 23: 155 

TcCl,NOC,J&, Technetate(V), tetrachlo- 
rooxo-, tetrabutylammonium (l:l), 
21:160 

TeClF5, Tellurium chloride pentafluoride, 
24:31 

TeFsHO, Tellurate(VI), pentafluorooxo-, 
hydrogen, 24:34 

Te2Fl0O2Xe, Tellurate(VI), pentafluorooxo-, 
xenon(2+) (2:1), 24:36 

Te3BFls0,, Tellurate(VI), pentafluorooxo-, 
boron@ +) (3:1), 24:35 

ThBzKu07sW22, Thorate(IV), bis(undeca- 
tungstoborat0)-, tetradecapotassium, 
23:189 

ThKloOnPzW,, Thorate(IV), bis(undeca- 
tungstophosphat0)-, decapotassium, 
23:189 

ThKl6olzPIWM, Thorate(IV), bis(heptadeca- 
tungstodiphosphat0)-, hexadecapotas- 
sium, 23:190 

ThN,O,&H,, Thorium, bis(2,4-pentane- 
dionato)[ 5,lO ,25,20-tetraphenylpor- 
phyrinato(2-)I-, 22:160 

TiCICl~,o,Titanium(III) ,chlorobis(q5-cyclo- 
pentadieny1)-, 21% 

TiCI2, Titanium chloride, 24:181 
TiC1303Cl,H,, Titanium(III), trichlorotris- 

TiC402C&6, Titanium(IV), tetrachlorobis- 

TiFeH, 91r Iron titanium hydride, 2 2 9  
TiHNb05, Hydrogen, pentaoxoniobatetita- 

TbN40zC5sH,7, Terbium, (2,2,6 ,6-tetra- 

(tetrahydrofuran), 21: 137 

(tetrahydrofuran)-, 21 :135 

TbN3O1,Cl&,, Terbium(III), trinitrato- nate(1-), 2289 
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TiKNbO,, Potassium, pentaoxoniobatetita- 
nate(1-), 22:89 

Ti02CIZHI0,Ti tanium,dicarbonyl bis(q5-cyclo- 
pentadienyl), 24:149 

TiO&Hmo, Titanium, dicarbonylbis(q’-pen- 
tamethylcyclopentadieny1)-, 24: 152 

TiSSn, Titanium sulfide 

TlC,H,, Thallium(I), cyclopentadienyl- 

TlClF,C&i, Thallium(III), chlorobis(2,3,4,6- 

_-, chlorobis(2,3,5,6-tetrafluoro- 

TlCIFIOCI2, Thallium(III), chlorobis(penta- 

TlC13, Thallium chloride, 21:72 
T12N,PtC,, Platinate(II), tetracyano-, dithal- 

Tl,N,03PtCs, Platinate(II), tetracyano-, 

TmC13, Thulium chloride, 22:39 
TmC&C%Li, Cesium lithium thulium chlo- 

ride, 22:lO 
TmFIBN60$12CRH12, Thulium(III), hexakis- 

(diphenylphosphinic amide)-, tris- 
(hexafluorophosphate), 23: 180 

TmN3013~H,,, Thulium(III), trinitrato- 
(1,4,7,10-tetraoxacyclododecane)-, 
23:151 

TmN3O1,CI,,Hm, Thulium(III), trinitrato- 
(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

hexaoxacyc1ooctadecane)trinitrato-, 
34:153 

TmN,0zCsSH,7r Thulium, (2,2,6,6-tetra- 
methyl-3,5-heptanedionat0)[5,10,15,20- 
tetraphenylporphyrinato(2 - )I-, 
22: 160 

Tm,N,20,,CJ€a, Thulium(II1). dodecani- 
tratotris( 1,4,7,10,13-pentaoxacyclopen- 
tadecane)tetra-, 23: 153 

Tm,N120~C&In,Thuliurn( III), tris( 1,4,7,10,- 
13,16-hexaoxacyclooctadecane)dode- 
canitratotetra-, 23:155 

preparation in liquid tin, 23:161 

24:97 

tetrafluoropheny1)-, 21:73 

pheny1)-, 21:73 

fluoropheny1)-, 21:71, 72 

lium, 21:153 

thallium carbonate (1:41), 21:153, 154 

TmN,O,sC,zH,,, Thulium, (1,4,7,10,13,16- 

UCI,, Uranium(1V) chloride, 21: 187 
UF202, Uranium(VI), difluorodioxo-, 

UF3HOz * 2Hz0, Uranate(VI), trifluoro- 
dioxo- 

hydrogen, dihydrate, 25:145 
UF,, Uranium(V) fluoride, p-, 21:163 
UF,K, Uranate(V), hexafluoro-, potassium, 

21:166 
UF$IPzCJ3,, Uranate(V), hexafluoro-, p- 

nitrido-bis(triphenyIphosphorus)(l + ), 
21:166 

UF$Ia, Uranate(V), hexafluoro-, sodium, 
21:166 

UK1&.PzWz2, Uranate(W), bis(undeca- 
tungstophosphat0)-, decapotassium, 
23:186 

UK160122P4WM, Uranate(IV), bis(heptadeca- 
tungstodiphosphat0)-, hexadecapotas- 
sium, 23:188 

21:166 
UO,C,JiH,, Uranium(V), pentaethoxy-, 

VCIC,Ji,,, Vanadium(III), chlorobis(qs-cy- 
clopentadieny 1)- , 2 1 :85 

VCIz, Vanadium chloride, 21:185 
VC1303CIzHa, Vanadium(II1). trichlorotris- 

VSz, Vanadium disulfide, 24:201 
VZr Divanadium, 22:116 
VzLi05, Lithium divanadium pentaoxide, 

(tetrahydrofuran), 21:138 

24:202 

WBF,NzPrC&Hs,, Tungsten(IV), bis[ 1,2- 
ethanediylbis(dipheny1phosphine))- 
(isocyanomethane)[ (me thylamino)- 
methylidynel-, trans-, tetrafluoro- 
borate(1-), 23:ll 

ethanediylbis(diphenylphosphine)](2-is- 
ocyano-2-methylpropane)[ (methyl- 
amino)methylidyne]-, truns-, tetrafluo- 
roborate(1-), 23:12 

ethanediylbis(diphenylphosphine)]- 
bis[ (methy1amino)methylidyne)-, trans-, 
bis[tetrafluoroborate(l -)I, 23:2 

WBzF8NzP,C,&,, TungstenfIV), bis[l,2- 
ethanediylbis(diphenylphosphine)] bis- 
[ (4-methylpheny1)amino Jmethylidyne I-, 
trans-, bis(tetrafluoroborate(1 -)], 

WBF,N,P,C&,, Tungsten(IV), bis[ 1,2- 

WF&F8NZP4C&56, Tungsten(IV), bis[ 1,2- 

25:144 23:14 
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WC12NP3C15H32. Tungsten(IV), dichloro- 
(phenylimido)tris(trimethylphos- 
phine)-, 24: 198 

WCI2NP3C2,Hm, Tungsten(IV), dichloro- 
(phenylimido)tris(triethylphosphine)-, 
24:198 

WCI,NP,C&,, Tungsten(IV), dichloro- 
tris(dimethylpheny1phosphine)- 
(pheny1imido)-, 24: 198 

WCI,NP,C,,H,, Tungsten(IV), dichloro- 
tris( methyldiphenylphosphine)(phenyl- 
hido)-, 24:198 

WCI,N,P,Cd,, Tungsten(O), bis( l-chloro- 
4-isocyanobenzene)bis[ 1,2-ethanediyl- 
(dipheny1phosphine)l-, rrans-, 23: 10 

WC12N4C18H32, Tungsten(IV), dichlorotris- 
(2-isocyano-2-methylpropane)(phenyl- 
imido)-, 24:198 

WC12N4CmH26r Tungsten(IV), dichlorotris- 
(1 -isocyano-4-methylbenzene)( phenyl- 
hido)-, 24:198 

(phenylimido)bis( trimethy1phosphine)-, 
24:196 

WC13NPZC12H32, Tungsten(V), trichloro- 

WC13NP2ClsH35, Tungsten(V), trichloro- 
(phenylimido)biH( triethy1phosphine)-, 
24:196 

WC13NP2C22H4,, Tungsten(V), trichlorobis- 
(dimethylphenylphosphine)(phenyl- 
imido)-, 24:196 

WC13NPZC42H35, Tungsten(V), trichloro- 
(phenylimido)bis(triphenylphosphine)-, 
24:196 

WCI,NC,H,, Tungsten(VI), tetrachloro- 
(pheny1imido)-, 24: 195 

WCI,N,P,C,H,, Tungsten(O), bis( 1,3-di- 
chloro-2-isocyanobenene)bis[ 1,2- 
ethanediylbis(diphenylphosphine)]-, 
trans-, 23: 10 

WCI,O, Tungsten chloride oxide, 23:195 
WF,O, Tungsten fluoride oxide, 24:37 
WF9N0, Tungstate(VI), pentafluorooxo-, 

tetrafluoroammonium (1: l ) ,  24:47 
WN05P2C41HII, Tungstate(1- ), pentacar- 

bonylhydrido-, p-nitrido-bis(tripheny1- 
phosphorus)(l+), 22:182 

WNZ02P4C6sH62, Tungsten(O), bis[ 1 ,2-ethane- 
diylbis(diphenylphosphine)] bis( l-isocy- 
ano-4-methoxybenzene)-, trans-, 23: 10 

WN2O3S4Cl3HZ0, Tungsten, tricarbonylbis- 

(N,N-diethy1carbamodithioato)-, 
25157 

WN2P4C,HY, Tungsten(O), bis[l,2-ethane- 
diylbis(diphenylphosphine)]bis(iso- 
cyanomethanef-, trans-, 23: 10 

WN,P4C6&, Tungsten(O), bis[ 1,2-ethane- 
diylbis(diphenylphosphine)] bis(2-isocy- 
ano-2-methylpropane)-, trans-, 23: 10 

WN,P,C&%, Tungsten(O), bis[l,2-ethane- 
diylbis(diphenylphosphine)]bis(iso- 
cyanobenzene)-, trans-, 23: 10 

WN2P&&, Tungsten(O), bis[ 1 ,2-ethane- 
diylbis( diphenylphosphine)] bis( 1 40cy - 
ano-4-methylbenzene)-, trans-, 23: 10 

W,A~BO,~,  Silver tungstate, 22:76 
W2HKO10C10, Tungstate(1- ), p-hydrido-bis- 

[pentacarbonyl-, potassium, 23:27 
WllB039, Undecatungstoborate(9 - ) 

WI1O3$, Undecatungstophosphate(7 - ) 

w1@61Pz, Heptadecatungstodiphosphate- 

thorium complexes, 23:189 

thorium and uranium complexes, 23:186 

(10-1 
thorium and uranium complexes, 23:188 

WUB2Kl4O7,,Th, Thorate(IV), bis(undeca- 
tungstoborat0)-, tetradecapotassium, 
23:189 

WZ2K10078PzTh. Thorate(IV), bis(undeca- 
tungstophosphat0)-, decapotassium, 
23:189 

WUKlo0,,P2U, Uranate(IV), bis(undeca- 
tungstophosphat0)-, decapotassium, 
23:180 

W39K160122P4Thr Thorate(1V) , bis( heptadeca- 
tungstodiph0sphato)-, hexadecapotas- 
sium, 23:190 

tungstodiphosphat0)-, hexadecapotas- 
sium, 23:188 

W,K1601,2P4U, Uranate(IV), bis(heptadeca- 

XeFloO,Se,, Selenate(VI), pentafluorooxo-, 

XeFloOzTe2, Tellurate(VI), pentafluorooxo-, 
xenon(2+) (2:l). 24:29 

xenon(2+) (2:1), 24:36 

YCI,, Yttrium chloride, 22:39 

YN,02C49H35,Yttrium, (2,4-pentanedionato)- 
[5,10,15,20-tetraphenylporphyrinato- 

anhydrous, 25146 

(2-)I-, 22:160 
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YbCI,, Ytterbium chloride, 22:39 
YbF4N4O2Cs5H,,, Ytterbium, [5 ,lo, 15,20-tet- 

rakis(3-fluorophenyl)porphyrinato- 
(2 -)](2,2,6,6-tetramethyl-3,5-heptane- 
dionato)-, 22:160 

YbFlsN60$1ZCnHR, Ytterbium(III), hexa- 
kis(dipheny1phosphinic amide)-, tris- 
(hexduorophosphate), 23: 180 

YbN@&,H16, Ytterbium(III), trinitrato- 
(1,4,7,10-tetraoxacyclododecaane)-, 
23:151 

(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

YbN3015C12HU, Ytterbium(III), (1,4,7,10,- 
13,16-hexaoxacyclooctadecane)- 
trinitrato-, 23:153 

YbN,02C5&, Ytterbium, (2,4pentanedio- 
nato)[5,10,15,20-tetrakis(4-methyl- 
phenyl)porphyrinato(2 -)I-, 22:156 

YbN402c&s, Ytterbium, [5,10,15,20-tetra- 
kis(4methylphenyl)porphyrinato(2 - )]- 
(2,2,6,6-tetramethyl-3,5-heptanedio- 
nato)-, 22:156 

Yb4N12051C&, Ytterbium(III), dodecani- 
tratotris( 1,4,7,10,13-pentaoxacyclopen- 

YbN3014Cl,,Hm, Ytterbium(III), trinitrato- 

Yb&o~c&&, Ytterbium(III), tris(l,4,7,- 
10,13,16-hexacyclooctadecane)dode- 
canitratotetra-, 23:155 

ZnClFa4PG4H,, Zinc(II), chloro(2,9-di- 
methyI-3,10-diphenyl-l,4,8,1 l-tetraaza- 
cyclotetradeca-l,3,8,10-tetraene)-, 
hexafluorophosphate( 1 - ), 22: 11 1 

ZnN4010!$C,4H16 2H20, Zinc(II), tetraaqua- 
bis(o-su1fobenzoimidato)-, &hydrate, 
23:49 

ZnN&C&, Zinc@), bis(thiocyanat0-N)- 
bis-p(1H-1 ,2,4-triazole-Ni:N2)-, poly-, 
23:160 

ZnP,S,C,&,, Zincate@), tetrakis(benzene- 
thio1ato)-, bis(tetraphenylphosph0- 
nium), 21:25 

ZrBr, Zirconium bromide, 22:26 
ZrCl, Zirconium chloride, 22:26 
ZrCl,0zCsH16, Zirconium(IV), tetrachloro- 

bis(tetrahydr0furan)-, 21: 136 
Zr02C,2H10, Zirconium, dicarbonylbis(qs- 

cyclopentadieny1)-, 24: 150 
ZrO$&H,, Zirconium, dicarbonylbis(qs- 

pentamethylcyc1opentadienyl)- , . -  - -  - 
tadecane)tetra-, 23:152 24:153 
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