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PREFACE 

The wide range of synthetic techniques and compounds described here reflects 
the diversity of current inorganic chemistry. For example, the recent enthusiasm 
among inorganic chemists and solid-state physicists for studying anisotropic 
electronic conductors and fast-ion conductors is represented by a collection 
of syntheses for linear-chain conductors, layered tantalum sulfide intercalation 
compounds, and derivatives of the ionic conductor 0-alumina. A chapter on 
Werner-type complexes includes the first reliable synthesis of hydrido(tripheny1- 
phosphine)copper(I), as well as a variety of other useful compounds. The 
widespread interest in organometallic compounds prompted the inclusion of a 
large chapter containing subsections devoted to thiocarbonyl and carbene 
complexes and to improved syntheses for more familiar compounds, such as 
arenetricarbonylchromium complexes and pentacarbonylmanganese halides. 
Improved syntheses for important main group compounds, such as hexaborane 
and dimethylzinc, are given in the final chapter. In a significant departure from 
previous volumes, one chapter is devoted to syntheses based on a single 
technique, the codeposition of metal atoms with reactive substrates. Metal atom 
syntheses are of recent origin, and the techniques are not familiar to many 
chemists; therefore the decision was made to provide a detailed practical 
introduction to the method and to locate all of the metal atom syntheses in one 
chapter, irrespective of compound type. 

To ensure reliability, the procedures in Inorganic Syntheses are checked in a 
laboratory that is illdependent from that of the submitter, and the manuscripts 
are examined for clarity and completeness by the editor, with the help of the 
Editorial Board. I greatly appreciate the efforts of the submitters, checkers, and 
Editorial Board members who were willing to undertake these tasks. Recent 
editors who helped me in many ways during the preparation of t h s  book are 
Fred Basolo, Bodie Douglas, and George Parshall. I also appreciate suggestions 
made by Steven Ittel. Considerable help in the editing was provided by John 
Bailar, Conrad Fernelius, Smith Holt, Dennis Lehman, Warren Powell, Therald 
Moeller, and Thomas Sloan. I thank my secretary Madeleine Ziebka, who 
monitored the progress of manuscripts and efficiently handled many other 
chores. 

I have personally benefited from earlier volumes of Inorganic Synrheses, which 
stimulated my interest in synthetic inorganic chemistry when I was an under- 
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v i  Preface 

graduate and later provided reliable syntheses for compounds that I needed in 
research. I hope that this new volume is equally useful to others. 

Duward F. Shriver 

Evanston, Illinois 
July 19 78 
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NOTICE TO CONTRIBUTORS 

The Inorganic Syntheses series is published to provide all users of inorganic 
substances with detailed and foolproof procedures for the preparation of 
important and timely compounds. Thus the series is the concern of the entire 
scientific community. The Editorial Board hopes that all chemists will share in 
the responsibility of producing Inorganic Syntheses by offering their advice and 
assistance in both the formulation of and the laboratory evaluation of outstand- 
ing 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. An ideal synthesis is one that presents a new or revised experi- 
mental procedure applicable to a variety of related compounds, at least one of 
which is critically important in current research. However, syntheses of 
individual compounds that are of interest or importance are also acceptable. 
Syntheses of compounds that are available commercially at reasonable prices 
are not acceptable. 

The Editorial Board lists the following criteria of content for submitted manu- 
scripts. Style should conform with that of previous volumes of Inorganic 
Syntheses. The introductory section should include a concise and critical sum- 
mary of the available procedures for synthesis of the product in question. It 
should also include an estimate of the time required for the synthesis, an 
indication of the importance and utility of the product, and an admonition if 
any potential hazards are associated with the procedure. The Procedure should 
present detailed and unambiguous laboratory directions and be written so that it 
anticipates possible mistakes and misunderstandings on the part of the person 
who attempts to duplicate the procedure. Any unusual equipment or procedure 
should be clearly described. Line drawings should be included when they can be 
helpful. All safety measures should be stated clearly. Sources of unusual starting 
materials must be given, and, if possible, minimal standards of purity of reagents 
and solvents should be stated. The scale should be reasonable for normal labor- 
atory operation, and any problems involved in scaling the procedure either 
up or down should be discussed. The criteria for judging the purity of the final 
product should be delineated clearly. The section of Properties should supply 
and discuss those physical and chemical characteristics that are relevant to 
judging the purity of the product and to permitting its handling and use in an 
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viii Notice to  Contributors 

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. Every synthesis must be satisfactorily reproduced 
in a laboratory other than the one from which it was submitted. 

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 recommenda- 
tions presented in Nomenclature of Inorganic Chemistry, 2nd Ed., Butterworths 
& Co, London, 1970 and in Pure Appl. Chem., 28, No. 1 (1971). Abbreviations 
should conform to those used in publications of the American Chemical Society, 
particularly Inorganic Chemistry. 
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TOXIC SUBSTANCES AND 
LABORATORY HAZARDS 

The obvious hazards associated with the preparations in this volume have been 
delineated in each experimental procedure but it is impossible to foresee and 
discuss all possible sources of danger. Therefore, the synthetic chemist should be 
familiar with general hazards associated with toxic, flammable, and explosive 
materials. 

Recently it has become apparent that many common laboratory chemicals 
have subtle biological effects that were not suspected previously. A list of 400 
toxic substances is available in the Federal Register, Vol. 40, No. 23072, May 
28, 1975, and an abbreviated version of this list is presented in Inorganic 
Syntheses, Vol. 18, p. xv, 1978. For a current assessment of the hazards of any 
particular chemical, see the most recent edition of Threshold Limit Values for 
Chemical Substances and Physical Agents in the Workroom Environment 
published by the American Conference of Governmental Industrial Hygienists. 

In light of the primitive state of our knowledge of the biological effects of 
chemicals, it is prudent that all the syntheses reported in this and other volumes 
of Inorganic Syntheses be conducted with rigorous care to avoid contact with 
all reactants, solvents, and products. 

Attention also must be given to the explosion and fire hazards presented by 
combustible organic vapors and combustible gases such as hydrogen and methane. 
These vapors are readily ignited by static electricity, electrical sparks from most 
laboratory appliances, open flames, and other highly exothermic reactions. 
Thus appreciable atmospheric concentrations of combustible vapors should be 
avoided. 

The drying of impure ethers presents a potential explosion hazard. Those 
unfamiliar with this hazard should consult Inorganic Syntheses, Vol. 12, p. 317, 
1970. 

Duward F. Shriver 
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CORRECTION 

PHOSPHORAMIDIC ACID AND ITS SALTS 

Submitted b y  RICHARD C. SHERIDAN* 

Ammonium hydrogen phosphoramidate releases ammonia upon heating and 
forms condensed phosphates.' The amount of polyphosphates formed depends 
on the length of time the sample has been heated or the rate of heating. There- 
fore the melting point, given in Reference 2, may vary and is not a suitable refer- 
ence for judging the purity of this compound. X-Ray powder diffraction, infrar- 
ed absorption, chromatography, chemical analysis, and chemical microscopy3 
are recommended as criteria of purity. 

References 
1. K .  Dostal and L. Mezik, Collect. Czecli. Chern. Commun., 36, 2834 (197 1). 
2. R. C. Sheridan, J .  F. McCullough, and Z. T. Wakefield, Znorg. Synth., 13, 23 (1972). 
3. M.  L. Nielsen and W. W.  Neilsen, Microchem. J . ,  3, 83 (1959). 

*Division of Chemical Development, Tennessee Valley Authority, Muscle Shoals, AL 
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Chapter One 

ELECTRICALLY CONDUCTING SOLIDS 

1. POTASSIUM TETRACYANOPLATINATE BROMIDE 
(2:1:0.3) TRIHYDRATE, K2[Pt(CN)4]Br,.,*3H20* 

Submitted by J. A. ABYS,? N. P. ENRIGHT,? H. M. GERDES,? 
T. L. HALL,? and JACK M. WILLIAMS$ 
Checked by J .  ACKERMAN§ and A. WOLD§ 

The highly anisotropic physical properties of the mixed-valence square planar 
inorganic compounds, of which K2 [Pt(CN),] Bro,3-3H20 is the prototype, have 
attracted great interest because of their so-called one-dimensional metallic 
character.' Bromine nonstoichiometry in K2 [Pt(CN),] Bro.3.3H20 has been 
extensively studied and is well understood.'92 The Li', Na', and Rb' analogues 
of the parent compound are not easily prepared because of difficulties en- 
countered during hydrazine reduction of Pt'" (Eq. 3). However, they appear to 
be accessible by way of the Ba2' salt3 by addition of the appropriate alkali metal 
sulfate to Ba[Pt(CN)4] .4H20, which may be prepared from K 2  [Pt(CN)4] .3H20 
followed by partial bromination and so forth. The following preparation is a 

*Research performed under the auspices of the Division of Basic Energy Sciences of the 
U.S. Department of Energy. 

TResearch participants sponsored by the Argonne Center for Educational Affairs: (a) J. A. 
Abys from Marist College, Poughkeepsie, NY, (b) N. P. Enright from Middlebury College, 
Middlebury, VT, (c) H. M. Gerdes from Marist College, Poughkeepsie, NY, and (d) T. L. 
Hall from University of North Carolina, Chapel Hill, NC 27514. 

$Correspondent: Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
§Department of Chemistry, Brown University, Providence, RI 02912. 
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2 Electrically Conducting Solids 

combination of the previously reported methods, including those used by 
Saillant et al.? but with a considerable improvement in yield. 

Mat eria Is 
The platinum sponge* used in this preparation should be either 99.99 or 
99.999% pure. All other chemicals should be reagent grade. Only KCN, which 
generally assays 97-98% pure, is recrystallized from absolute methanol.' I t  is 
dried at 50" for 2 hours before it is weighed, as are the KBr and [N2H6] SO4. 
Distilled water is used throughout the entire preparation. 

Procedure 

1 .  Dihydrogen hexabromoplatinate(IV}. Pt + 2Br, + 2HBr -+ H2[PtBr6]. 
(.Caution. Bromine and hydrobromic acid are extremely corrosive. I t  is 
recommended that all steps involving these chemicals be carried out in a hood 
and that gloves and face shields be worn.) Hydrobromic acid (48%) (32 mL) is 
added to platinum6 (4.5 g, 0.023 mole) in a 250-mL, round-bottomed flask 
equipped with a reflux condenser and heating mantle. Bromine (15 mL, 0.275 
mole) is added, and the mixture is refluxed for approximately 5 hours or until 
all the platinum has reacted. The solution of hexabromoplatinic(1V) acid is 
allowed to cool and is then suction filtered using a medium-porosity sintered- 
glass filter. (.Caution. A cold trap should be used to prevent unreacted 
bromine from escaping during filtration.) 

2 .  Dipotassium hexabromoplatinate(IV). H2 [PtBr,] + 2KBr + Kz [PtBr,] + 
2HBr. The hexabromoplatinic(1V) acid filtrate (reddish-purple) is 
placed in a 250-mL beaker, and potassium bromide (8.2 g, 0.069 mole) is added 
with vigorous mechanical ~ t i r r i n g . ~ ' ~  Approximately 20 mL of distilled water is 
added to the resulting reddish-orange slurry, and stirring is continued for 1 hour. 
The resulting precipitate of dipotassium hexabromoplatinate(1V) is isolated on a 
medium-porosity, sintered-glass filter in a hood and allowed to air dry for 20 
minutes. It is then oven dried for 1 hour at 1 lo", at which temperature the salt 
turns dark red. Upon cooling to room temperature the salt assumes the original 
orange-red color. The yield for this step is 16.4-17.3 g (0.0218-0.0230 mole), 
representing 94-99% based on the original platinum. 

3. Dipotassium tetrabromoplatinate(II)?* 2K2 [PtBr,] + [N2H6] SO4 + 

2K,[PtBr4] + 4HBr + H2S04 + N2.  The potassium hexabromoplatinate(1V) 
obtained in reaction 2 is placed in a 250-mL beaker, and approximately 75 mL 

*Available from United Mineral and Chemical Corp., 129 Hudson Street, NY 10013. Foil 

**Available from Research Organic/Inorganic Chemical Co., 11686 Sheldon St., Sun 
should be avoided because of the excessive reaction time required. 

Valley, CA 91352. 
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I .  Potassium Tetracyanoplatinate Bromide 3 

of distilled water is added, producing a reddish-orange slurry. Vigorous stirring 
is begun and one-half of the stoichiometric amount of hydrazine sulfate' [based 
on the yield of dipotassium hexabromoplatinate(1V) obtained in reaction 21 is 
added slowly. The temperature is raised to 40-50' by means of a steam bath, and 
the mixture is stirred for 1 hour. During this period the color of the mixture 
changes from reddish-orange to a dark reddish-brown. Hydrazine sulfate is added 
in 0.1-0.3 g amounts, allowing 10 minutes between additions until only a trace 
(no more than enough to cover the bottom of the beaker) of unreacted dipotass- 
ium hexabromoplatinate(1V) remains. Excess hydrazine sulfate reduces the tetra- 
bromoplatinate(1V) complex to platinum metal. Stirring is continued for 30  
minutes after the last addition of hydrazine sulfate and then the mixture is 
filtered. The brown filtrate is placed in a porcelain dish and evaporated on a 
steam bath until a thick dark-brown slush remains. Crystals of dipotassium tetra- 
bromoplatinate(I1) form during evaporation and are broken up with a porcelain 
spatula while the crystals are kept wet at all times. The brown dipotassium tetra- 
bromoplatinate(I1) is filtered and air dried for 20 minutes on a sintered-glass 
filter and then oven dried at 50" for 1 hour before it is weighed. The yield for 
this step is 11.2-13.0 g (0.020-0.022 mole), representing 86-95% based on 
original platinum metal. 

4. Dipotassium tetracyanoplatinate(II) trihydrate. * K2 [PtBr,] + 4KCN + 

3Hz0  K2 [Pt(CN),] .3Hz0 + 4KBr. The dipotassium tetrabromoplatin- 
ate(I1) from reaction 3 is placed in a 100-mL beaker, 20 mL of distilled water is 
added with stirring, and the temperature is raised to 60". The required stoichio- 
metric amount of potassium cyanide is added in 0.2-0.4 g portions, allowing 
approximately 3 minutes between additions. (.Caution. Because of  the 
extreme& poisonous nature of  cyanide these steps should be carried out in a 
well-ventilated hood using protective gloves, clothing, and a face shield.) When 
the brownish color begins to  fade, smaller portions of potassium cyanide are 
added until full stoichiometry is achieved. Stirring is continued at about 60" for 
20-30 minutes. Color changes occur during the reaction, with the initial cloudy 
and dark-brown solutions forming a lighter brown suspension early in the 
reaction. Near the termination of the reaction the color changes vary depending 
on two factors: (1) apparent differences in the hydration states of the products 
and (2) the amount of platinum black (metal) present in solution. Solution color 
variations from a yellow-green to a dark grey or grey-green sometimes occur. It is 
absolutely necessary to filter the solution hot to remove any insoluble com- 
pounds formed during the reaction. The resulting solution is transfered to a 100- 
mL beaker and cooled in a NaC1-ice bath for 20-30 minutes. Needlelike crystals 
are obtained and variations in color due to the difference in hydration state of 

*AvailabIe from ICN-K & K Laboratories, Inc., 121 Express St. Plainview, NY 11803. 
Recrystallization may be necessary. 
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4 Electrically Conducting Solids 

the product are observed. For a better yield it is possible to collect a second crop 
by dissolving the insolubles obtained from the filtration of K 2  [Pt(CN),] *xH,O 
in 25 mL of H20 ,  filtering the resulting solution, evaporating to 10 mL, and 
then cooling as described above. If the filtrate is clear and colorless, the trihy- 
drate crystals obtained are light green with a yellow tint. A clear yellow fil- 
trate yields, upon crystallization, a yellow product, which is presumably the 
monohydrate. The yield of the first crop ranges from 7.0 to 7.4 g, which re- 
presents approximately 70-75% based on the original platinum. 

5 .  Dipotassium dibromotetracyanoplatinate(IV) dihydrate. K, [Pt(CN),] - 

. 3 H 2 0  + Br, Kz[Pt(CN),Br2] - 2 H 2 0  f H20.  At this point. one-sixth of 
the product obtained in reaction 4 is placed in a iOO-mL beaker and stirred with 
15-20 mL of distilled water and 2 mL of bromine.'0911 The clear, colorless sol- 
ution becomes reddish-brown upon the addition of bromine, which is added in 
an approximate tenfold excess of the stoichiometric requirement. The solution 
temperature is raised to 50-60" with stirring for 20-30 minutes, and excess 
bromine is removed (in a fume hood), yielding a yellow solution of dipotassium 
dibromotetracyanoplatinate(1V). This salt is generally not isolated, but if it is 
desired to do so only 5-10 mL of water is used at the start of this step, and the 
final product, which has a bright canary-yellow color, is isolated by crystallizing 
by cooling with a NaC1-ice bath. 

6. Potassium tetracyanoplatinate bromide (2:1:0.3) trihydrate. SK,[Pt(CN),] - 
-31120 + K2 [Pt(CN),Br,] .2H20 + 6K2 [Pt(CN),] Br0,3.3H20. The remainder 
of the unbrominated product (five-sixths of the yield of reaction 4) is added, at 
room temperature, to the final yellow solution obtained in reaction 5. The 
resulting clear yellow solution is placed in an ice bath for 30  minutes to preci- 
pitate the final product. The resulting pH is 2-3. The yield of K, [Pt(CN),] Br0,3- 
.3H20 is approximately 5.7-6.3 g, representing 5440% based on original plat- 
inum. 

Properties 

The compound K, [Pt(CN),] Bro,,.3H,0 (KCP(Br)) forms lustrous, coppery- 
colored tetragonal" crystals [a = 9.907(3) and c = 5.780(2) a, space group 
P4mmI . The structure has been established by neutron diffraction analysis." 

Large single crystals may be grown by slow cooling of seeded aqueous solu- 
tions or by the addition of KBr and urea to aqueous s o l ~ t i o n s . ~  The crystals gain 
or lose water easily and may be stored indefinitely over a saturated solution of 
NH4Cl and KN03 that has a relative humidity of 72% at 23". Thermogravimetric 
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1. Potassium Tetracyanoplatinate Bromide 5 

analysis of the HzO and DzO forms of KCP(Br) has established that the forrnerl3 
contains 3.0 HzO and that the latterI4 contains 3.2 DzO. 

The salt may be best described as a mixed-valence compound containing 
platinum in the 2.3+ oxidation state. The combination of the mixed-valence 
state, the very short Pt-Pt separation of 2.89 a (only approximately 0.1 8 
longer than in platinum metal), and the formation of linear Pt-Pt chains along 
the c axis gives rise to the high, anisotropic metallic conductivity in this mater- 
ial.' 

Excluding the broad absorptions due to HzO (>3000 cm-') the observed 
infrared absorption frequencies are:" 2 156 (vs); 2148 (sh); 509 (s); 498 (sh); 
475 (vw); 4 11 (s); 296 (w); 288 (w) and 244 (m) cm-'. The first 10 reflections in 
the X-ray powder diffraction pattern occur at the following d spacings: 9.69 (vs); 
6.89 (vs); 4.90 (vs); 4.38 (vs); 3.46 (m); 3.27 (w); 3.10 (s); 2.97 (w); 2.85 (m); 
and 2.75 (s) 8. 
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6 Electrically Conducting Solids 

2. CATION-DEFICIENT, PARTIALLY OXIDIZED 
TETRACYANOPLATINATES" 

The metallic character of the cation-deficient partially oxidized tetracyano- 
platinate complexes is of considerable interest because of their unusual aniso- 
tropic electrical properties. The method used in the preparation of these com- 
pounds is a modification of the procedure used by Levy' and gives a higher yield 
of pure product than the syntheses previously described in the (only 
the potassium compound has been reported to date). 

.Caution. Because of the extremely poisonous nature of cyanide, all steps of 
these syntheses should be carried out in a well-ventilated hood using protective 
gloves, clothing, and a face shield. Also, hydrogen peroxide is a very strong 
oxidizing agent. Care should be taken to not allow contact with the skin or with 
clothing. 

A. CESIUM TETRACYANOPLATINATE (2: 1) MONOHYDRATE AND 
CESIUM TETRACYANOPLATINATE (1.75: 1 )  DIHYDRATE 

Submitted by R. L. MAFFLY,** J. A. ABYS,** and J. M. WILLIAMS* 
Checked by R. N. RHODA$ 

Procedure 
The Ba[Pt(CN),] -4H,O used as the starting material for this preparation is 
synthesized and purified as described by Maffly et a1.6 The Cs2S04 used should 
be 99.9% pure*** to minimize any possible cation contamination, especially by 
potassium. A11 other chemicals are reagent grade. Distilled water is used through- 
out the procedure. 

1. Cesium tetracyanoplatinate(II) monohydrate. Ba[Pt(CN)4] .4H20 t 

CszS04 H2q CS, [P~(CN)~] .H~O t BaS04 + 3H20.  Initially 7.0 g (1.38 X 

*Research performed under the auspices of the Division of Basic Energy Sciences of the 
U.S. Department of Energy. 

**Research participants sponsored by the Argonne Center for Educational Affairs: (a) 
R. L. Maffly from Whitman College, Walla Walla, WA and (b) J. A. Abys from Marist 
College, Poughkeepsie, NY. 

?Correspondent: Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
$Research Laboratory, International Nickel Co., Inc., Sterling Forest, Suffern, NY 10901. 
***Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
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2. Cation-Deficient, Partially Oxidized Tetracyanoplatitiates 7 

102 mole) of Ba[Pt(CN),] - 4 H 2 0  is dissolved, with stirring, in 25 mL of hot 
(70-80’) water. A solution of 5.0 g (1.38 X lo-’ mole) Cs,S04 in 10 mL of 
warm HzO is added to the stirred solution, and an immediate precipitation of 
BaS0, occurs. The temperature is maintained and the stirring is continued for 
30 minutes. The solution is then filtered through a fritted filter (fine porosity). 
The BaSO, is rinsed with two 3-mL portions of hot water and then discarded. 
The filtrate is transferred to a beaker and placed in a hot water bath. The 
solution is evaporated until the volume is 20 mL. The beaker is then placed in an 
ice bath for 1 hour to allow Cs2 [Pt(CN),] .H20  to  crystallize. The blue-white 
crystals are isolated on a fritted filter (medium porosity) and air dried for 15 
minutes (yielding 6.0-6.3 g of product). The filtrate is returned to  the hot water 
bath and the volume is reduced to 5 mL. I t  is then cooled and a second crop of 
crystals is isolated in a similar manner (yielding 0.4-0.7 g of product). Total yield 
6.4-7.0 g (1.1 X lo-’ to 1.2 X lo7 mole), 8047% based on Ba[Pt(CN),] .4H20.  

2. Cesium ietrucyanoplutinate ( I .  75:1/ dihydrate, [Pt(CN),] .2H20. 

8Cs2 [Pt(CN),] - H 2 0  + H 2 0 z  t H2S04 t 6H,O ~ C S ~ : , ~ [ P ~ ( C N ) ~ ] . ~ H ~ O  + 
Cs2S04. The 7.0 g (1.20 X lo-, mole) of Cs,[Pt(CN),] . H 2 0  obtained in 
reaction 1 is dissolved, with stirring, in 25 mL of hot water. Then 1 M H2S04 is 
added slowly to  acidify the solution (pH = 1) followed by 0.65 mL of 2Wo 
H2027  (4 X mole). The heating and stirring are continued for 1 hour. The 
solution is then covered and allowed to cool, and the product is allowed to 
crystallize for 24 hours. 

The fine needle-shaped crystals (coppery brown in appearance) are isolated by 
filtering through a fritted filter (fine porosity) and air dried for 20 minutes. Care 
must be taken to prevent the crystals from dehydrating. Because of the necessity 
of keeping the crystals moist, the determination of yield is approximate. Yield: 
6.0-7.0 g (1.1 X lo-’ to 1.2 X lo-’ mole) or 92-100% based on original 
Ba[Pt(CN),] -4Hz0 .  Anal. Calcd. for C4H4N,0zCsl,7sPt: C, 8.45; H, 0.71; N, 
9.87; 0, 5.64; Cs, 40.96; Pt, 34.36. Found: C,  8.68; H, 0.69; N, 10.21 ; 0 ,5 .69 ;  
Cs, 40.83; Pt, 33.40. 

Properties 
Since the crystals of C S , , ~ ~  [Pt(CN),] * 2 H 2 0  lose water easily, they must be 
stored over a saturated solution of NH4C1 and KN03  that has a relative humidity 
of 72% at 23°.8 Recrystallization of CS,, , ,[P~(CN)~] . 2H20  have not been 
successful. 

The first 10 most consistent and easily recognized reflections on the X-ray 
powder pattern* occur at the following d spacings: 9.30 (s); 4.65 (m); 4.50 (m); 

*We wish to thank Ms. E. Sherry for obtaining all X-ray powder patterns. 
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8 Electrically Conducting Solids 

4.25 (m); 4.04 (m); 3.92 (s); 3.63 (w); 3.29 (w); 3.08 (w) and 2.85 (m) A. It  
should be noted that the 2.85-8 spacing corresponds to the Pt-Pt separation in 
other partially oxidized tetracyanoplatinates of known structure. 

B. POTASSIUM TETRACYANOPLATINATE (1 175 : l j  SESQUIHYDRATE, 
K1.75 [Pt(CN),] 1.5H20 

Submitted by T. R. KOCH,* N. P. ENRIGHT.* and J. M. WILLIAMS? 
Checked by J. ACKERMANS and A. WOLD$ 

Procedure 
The K2 [Pt(CN),] * 3 H z 0  starting material used in this synthesis is prepared as in 
Section A., by substituting an equal molar amount of K2S04 for the Cs2S04 
specified. All other chemicals are reagent grade. Distilled water is used through- 
out the procedure. 

mole) is 
dissolved in 8 mL of hot water (70") in a polypropylene beaker and acidified 
with 1 M H2S047 (pH 1-2). Only 0.5 mL (3.1 X mole) of 20% H 2 0 2  is 
required for oxidation. The rest of the procedure is identical to that in Section 
A for cesium tetracyanoplatinate (1.75: 1) dihydrate, with the exception that 
after cooling for about 24 hours, and prior to collection of the crystals, the 
beaker is placed in a desiccator under reduced pressure over magnesium per- 
chlorate and allowed to stand until about 5 mL of solution remains. 

mole), representing 46% based on the initial K2 [Pt(CN),] .3H20. Anal. Calcd. 
for C4H,N401,5K1.75Pt: C, 12.18; H, 0.77;N, 14.20;0,6.08. Found: C, 12.39; 
H, 0.75;N, 14.28;0,6.50. 

Dipotassium tetracyanoplatinate(I1) trihydrate (4.0 g, 9.3 X 

The yield of K,.75[Pt(CN)4] -1.5H20 is approximately 1.7 g (4.3 X 

Properties 
The compound Ki .75  [Pt(CN),] - 1 .5H20 forms bronze-colored triclinic crystals 

*Research participants sponsored by the Argonne Center for Educational Affairs: (a) T. R. 
Koch from Coe College, Cedar Rapids, IA and (b) N. P. Enright from Middlebury College, 
Middlebury, VT. 

?Correspondent: Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
$Department of  Chemistry, Brown University, Providence, RI 02912. 
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2. Cation-Deficient, Partially Oxidized Tetracyanoplatinates 9 

with Delauney-reduced cell constants a = 10.360( 17) A, b = 1 1.832( 19) 8, c = 
9.303(15) A, a = 102.43(8)", 0 = 106.36(7)", and y = 114.74(5)", space group 
Ci-P7.' Single-crystal neutron diffraction analysis' has established the existence 
of the first known zigzag platinum-atom chain in this type of compound. The 
Pt-Pt separations are all equal at 2.96 A. 

Crystals of Kl.75[Pt(CN)4] * 1.5H20 lose water easily and may be stored over a 
saturated solution of NH4C1 and KN03, which has a relative humidity of 72% at 
2308 (H20 vapor pressure; 15.15 torr). The compound may be recrystallized 
from water. 

The infrared spectrum of K1,75 [Pt(CN),] .1.5Hz0 is essentially the same as 
that of K, [Pt(CN),] Br,,,.3Hz0. Excluding the broad absorptions due to  H,O 
(> 3000 cm-I), the observed frequencies are: 2156 (vs); 2148 (sh); 509 (s); 500 
(sh); 482 (m); 413 (s); 303 (w); 293 (w); 281 (w); and 248 (m) cm"." 

The first 10 reflections in the X-ray powder pattern occur at the following d 
spacings: 8.54 (vs); 8.17 (vs); 7.64 (vs); 4.94 (s); 4.64 (s); 4.49 (s); 4.23 (m); 
4.08 (m); 3.86 (w); and 3.70 (vw) A. The pattern is identical to the X-ray 
powder pattern originally reported by Krogmann." 

C. RUBIDIUM TETRACYANOPLATINATE (1.6: 1)  DIHYDRATE, 
R ~ I . ~ [ P ~ ( C N ) ~ I  *2Hz0 

Submitted by T. R. KOCH,* J. A. ABYS,* and J. M. WILLIAMS? 
Checked by R. N. RHODAf 

Procedure 

The Rbz [Pt(CN),] 1.5Hz0 used in this synthesis is prepared as in Section A.,  
by using an equal molar amount of Rb2S04 in place of the Cs2S04 specified. All 
other chemicals are reagent grade. Distilled water is used throughout the pro- 
cedure. This procedure must be followed without deviation. 

Rubidium tetracyanoplatinate(I1) sesquihydrate (8.8 g, 1.8 X lo-' mole) is 
dissolved in 10 mL of hot water (70") and acidified by slow addition of 1 M sul- 

*Research Participants sponsored by the Argonne Center for Educational Affairs: (a) T. 
R. Koch from Coe College, Cedar Rapids, IA and (b) J. A. Abys from Marist College, 
Poughkeepsie, NY. 

*Correspondent: Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
$Research Laboratory, International Nickel Co., Inc., Sterling Forest, Suffern, NY 10401. 
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furic acid (pH = 1-2). Partial oxidation is achieved by the addition of a 20% so- 
lution of hydrogen peroxide7 (1.0 niL, 6.0 X mole). The remainder of the 
procedure is identical to that in Section B. The yield of approximately 5.7 g (1.2 
X lo7. mole) of Rbl,6[Pt(CN)4] .2H20 represents 52% based on the initial 
Rb, [Pt(CN),] -3H20.  Anal. Calcd. for C4H4N4O2Rb1.6Pt: C, 10.18;H, 0.85; N,  
11.87; 0, 6.78; Rb, 28.97. Found: C, 10.13;H, 0.41;N, 11 .76;0 ,  6.51; Rb, 
29.0. 

Properties 

Crystals of Rb1.6[Pt(CN)4] .2H20 lose water easily and must be stored over a 
saturated solution of NH4Cl and K N 0 3 ,  which has a relative humidity of 72% at 
23" ( H 2 0  vapor pressure: 15.15 torr).8 The compound may be recrystallized 
from water. This platinum complex has a density of 3.3 1 g/cm3. 

The first eight strong reflections in the X-ray powder pattern occur at the 
following d spacings: 8.31 (vs); 4.79 (vs); 4.40 (m); 4.15 (s); 3.90 (m); 3.81 (m); 
3.14 (m); and 2.89 (s) 8. 
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3. GUANIDINIUM TETRACYANOPLATINATE BROMIDE 
(2 : 1 :O. 25 ) HYDRATE, [ C( NH2 )3 ] [ Pt( CN ), ] Br, . 25 - H, 0 * 

Submitted by T. F. CORNISH? and JACK M. WILLIAMS* 
Checked by R. N. RHODAB 

*Research performed under the auspices of the Division of Basic Energy Sciences of the 

YResearch participant sponsored by the Argonne Center for Educational Affairs from 
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3. Guanidinium Tetracyanoplatinate Bromide (2: I :  0.2.5) Hydrate I I 

Partially, oxidized tetracyanoplatinates have attracted much attention in recent 
years because of their highly anisotropic physical properties.' Although partially 
oxidized salts of K', Na', Rb', and Mg" have been reported, the analogous 
bromide-deficient guanidinium salt is the only such compound containing an 
organic cation.' A procedure for the preparation of this guanidinium salt has not 
been previously reported. 

.Caution. Because of the extremely poisonous nature of cyanide, these steps 
should be carried out in a well-ventilated hood using protective gloves, clothing, 
and a face shield. 

Procedure 

The Ba[Pt(CN),] *4H20  used in this preparation is synthesized and purified as 
described by Koch et al.3 This material is air dried for approximately 15 minutes 
before being used in the preparation. The guanidine sulfate is purchased from 
Eastman Kodak and is used without further purification. The bromine is reagent 
grade. Distilled water is used throughout. 

1. Guanidinium tetracyanoplatinate(II). Ba [Pt(CN),] *4H20  + [C(NH,),] ,- 
so4 [C(NH,),] [Pt(CN),] + BaS0, + 4H20. Barium tetracyano- 
platinate(I1) tetrahydrate (9.00 g,* - 0.018 mole) is partially dissolved in about 
100 mL of hot (70-90") water forming a milky white suspension. The suspension 
is stirred vigorously on a steam bath as 4.14 g (0.0191 mole) of guanidine sulfate 
is added, producing an immediate white precipitate of BaSO,. After stirring for 
45 minutes on a steam bath, the mixture is cooled to room temperature and 
then suction filtered using a fine-porosity sintered-glass filter. (Alternatively, the 
suspension may be left on the steam bath for about 2 hours to allow the BaSO,, 
precipitate to coarsen. The precipitate is then allowed to settle and as much 
liquid as possible is decanted.) The clear colorless filtrate is then evaporated to 
about 10 mL on a steam bath. Some of the desired white product precipitates 
before this volume is reached. The mixture is cooled in a NaCl ice bath for $5 
hour and the product is collected and air dried on a fine-porosity, sintered-glass 
filter for about 10 minutes. Approximately 6.2-7.0 g of white crystals is recover- 
ed. This represents a 84-946 yield based on the initial Ba[Pt(CN),] *4H20.  

2 .  Bis(guanidinium) dibromotetracyanoplatinate(IV) hydrate. [C(NH,),] 2- 

[Pt(CN),] + Br, [C(NH,),] [Pt(CN),Br,] .xH,O. At this point, one- 
sixth of the product obtained in step 1 is dissolved in 30 mL of water. Then, 

*A portion of this weight is due to water, since the material is only air dried for 15 
minutes after preparation. If the synthesis is performed with completely dried barium salt, 
difficulty is encountered in this step since all Ba[Pt(CN),] -4H,O is not consumed by 
4.14 g of guanidine sulfate. 
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12 Electrically Conducting Solids 

1 mL of bromine is added, and the mixture is stirred gently on a steam bath. 
The clear, colorless solution becomes reddish-brown upon the addition of 
bromine, which is added in a greater than tenfold excess of the stoichiometric 
requirement. The mixture is stirred for 'A hour, after which time a clear yellow 
solution of bis(guanidium) dibromotetracyanoplatinate(1V) forms, indicating 
that the excess bromine has been removed. This salt is not isolated. 

3. Guanidinium tetracyanoplatinate bromide ( 2 :  1 :0.25) monohydrate. 
s[C(NH2)3]2 [Pt(CN),I -t [C(NHZ)31 z [Pt(CN),Br2] *xHzO + 6[C(NH,),I 2- 

[Pt(CN),] Bro.2s H20. The remainder of the unbrominated product (five-sixths 
of the yield from procedure 1) is added to the clear yellow solution of bis(guan- 
idinium) dibromotetracyanoplatinate(IV) from step 2. The resulting mixture is 
heated on a steam bath with gentle stirring until a clear yellow solution results. 
Upon dissolution the stirring is stopped, Heating is continued until about 20 mL 
of solution remains, The solution is then cooled for about % hour in a sodium 
chloride-ice bath before filtering (fine-porosity sintered-glass filter) and isolating 
the red-brown precipitate. The yield is 3.5-3.9 g of [C(NH2),] [Pt(CN),] Bro.zs* 
H20 ,  which is collected after air drying for about 10 minutes (43-48% based on 
the original Ba [Pt(CN),] -4H20).  The yield may be increased approximately 
30% by evaporating the filtrate to a volume of about 5 mL and repeating the 
procedure for isolation described above. However, the product recovered from 
this second isolation often contains starting material and must therefore be 
recrystallized. Anal. Calcd. for C6H14N100Br0.25Pt: C, 15.76; H, 3.09; N, 30.63; 
0, 3.50; Br, 4.37; Pt, 42.66. Found: C, 15.49;.H, 2.86; N, 30.61; 0, 3.00; Br, 
4.37;* Pt, 42.50. 

Properties 

The compound [C(NH,),] [Pt(CN),] Bro.z5 - H 2 0  forms reddish-bronze tetra- 
gonal crystals. The cell constant as determined from neutron diffraction are as 
follows: a = 15.621 A, c = 5.816 A. The structural elucidation of [C(NH,),] z -  

[Pt(CN),] Bro,,j-H2Q has been ~ o m p l e t e d . ~  The [C(NHz),] [Pt(CN),] Bro.zs 
H 2 0  appears to be relatively stable toward hydration and dehydration and may 
be safely stored over a saturated solution of NaCl, which has a relative humidity 
of 75.1% at 2 5 O . '  The compound may be recrystallized from water. The density 
of [C(NH2),] [Pt(CN),] Br0.25.H20 is 2.16 g/cm3. 

The [C(NH2),] ,[Pt(CN),] Bro,z5*H20 may be characterized by its X-ray 
powder pattern. The first 12 reflections occur at the followingd spacings: 10.99 

*The analyses for bromine actually varied from 3.0 t o  6.03%. However, the majority of 
results agreed quite well with 4.37% bromine, which yields the formula [C(NH,),],- 
[Pt(CN),l Br,.,,-H,O. 
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(vs); 7.73 (vs); 5.50 (vs); 4.90 (vs); 4.48 (w); 3.89 (m); 3.66 (w); 3.47 (s); 3.17 
(w); 3.04 (m); 2.89 (s); 2.78 (s) A*. 
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4. ELECTROCHEMICAL SYNTHESES OF PARTIALLY 
OXIDIZED PLATINUM COMPLEXES 

Submitted by JOEL S. MILLER** 
Checked by A. L. BALCHt and C. HARTMAN? 

In recent years there has been a keen interest in chemical and physical properties 
of highly conducting linear-chain inorganic,la organic," and 
materials as a result of the observation of a number of unusual phenomena in 
such materials.' As a consequence of the pseudo-one dimensionality of the 
linear-chain conductors, impurities and/or defects that interrupt the chain may 
strongly influence physical properties such as electrical conductivity. Thus 
preparative routes to high-quality single crystals of highly conducting materials 
are important. Judging from electrical properties, electrochemical syntheses that 
use the crystal as an extension of the anode provide the highest quality materials 
in a reproducible manner. Herein is described the electrochemical growth for the 
nonstoichiometric highly conducting platinum chain complexes, K 1. 75Pt(CN)4* 
1 .5H20, K2Pt(CN)4C1,,3.3H20, K2Pt(CN)4Br,.3.3H20, and K1,64Pt(C204)2. 
2H20.2 

*The authors wish to thank Ms. E. Sherry for providing us with the X-ray powder photo- 
graphs. 
**Xerox Corporation, Webster Research Center, Xerox Square-1 14, Rochester, NY 14644. 

Current address, Rockwell International Science Center, Box 1085, Thousand Oaks, CA 
91360. 

?Department of Chemistry, University of California, Davis, CA 95616. 
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14 Electrically Conducting Solids 

A. PARTIALLY OXIDIZED POTASSIUM TETRACYANOPLATINATES 

A variety of highly conducting complexes containing platinum have been 
synthesiz-ed by chemical oxidationla of [Pt(CN),] ’- and [Pt(Cz04)2] ’-. How- 
ever, the electrical properties of such materials can be utilized to synthesize 
single crystals by means of electrolysis and growth at  the anode.’ The electroly- 
sis may be carried out in a single cell compartment, since the cathode reaction 
does not interfere with the synthesis and/or isolation of the desired product. A 
variety of cell designs are suitable for the syntheses; however, we have routinely 

0 X 5 X 5 mm (Fig. l), fitted with used the rectangular glass cell, for example, 
platinum wire electrodes. 

Fig. 1 .  Electrolytic cell used for the electrocheinical syntheses of highly 
conducting inorganic complexes. 

1. Potassium Tetracyanoplatinate (1.75: 1) Sequihydrate, K1.75Pt(CN)4- 
1 SH20 

1.75K’ + Pt(CN),Z- 0.25e- + K1,7SPt(CN)4- 1.5Hz0 

Procedure 

Potassium tetracyanoplatinate may be prepared as described elsewhere in this 
~ o l u m e , ~  or commercial material* may be used after chloride impurities are 
eliminated by two recrystallizations from distilled water. An aqueous solution at 

*Available from Platinum Chemicals, Inc., P.O. Box 565,  Asbury Park, NJ, 07712. 
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room temperature (4 mL) containing 500 mg of potassium tetracyanoplatinate- 
(11)' (1.325 mmole; 0.3 M )  is placed in the electrolysis cell (Fig. l), and upon 
application of an 1.5-V dc potential (1%-V dry cell), nucleation and growth of 
metallic-appearing needle crystals of K, ,75Pt(CN)4* 1 .5H20 are effected at the 
anode, with gas evolution (H,) occurring at the cathode. After continuous appli- 
cation of the voltage for 24 hours, the crystals are gently broken away from the 
anode with a fine spatula and collected by filtration. The resultant crystals are 
checked under illumination with an ultraviolet lamp* to determine the presence 
of the highly fluorescent K2Pt(CN)4.xH20 starting material as an impurity. The 
impurities may either be removed with tweezers or quickly washed away with a 
small amount of cold distilled water. (Under similar conditions Na2Pt(CN)4 
solutions do not yield a partially oxidized product.) The yield depends on the 
size and shape of the electrodes, as well as current density, concentration of 
[Pt(CN),] 2- ,  and the duration of electrolysis. Long well-formed highly reflecting 
brass-appearing needle crystals (30% yield) can be grown in this manner. The 
VCN is given in Table I .  The X-ray powder diffraction pattern is identical to that 
of authentic K1.75Pt(CN)4- 1 . 5 H 2 0 4  Use of D20 as solvent leads to isolation of 
the deuterated product. 

TABLE I. Characteristic VCN Absorptions for 
Tetracyanoplatinates6 

Complex u m  (cm-'), Nujol mull 

K,Pt(CN)4*3H2O 
K,Pt(CN),CI,,,* 3H,O 
K,Pt(CN),Br0,,-3H,O 
K,Pt(CN),CI, 
K,Pt(CN),Br, 
K,.,,Pt(CN),. l .SH,O 

2148 
2154 
2153 
2181 
2170 
2142 

2. Potassium Tetracyanoplatinate Halide (2: 1 :0.3) Trihydrate, K2Pt(CN)4- 
Xo. , -3H20 (X = C1, Br) 

2 K' + Pt(CN)42- + 0.3X- 0.3e- + K,Pt(CN),Xo.,-3H20 

Procedure 

When the above procedure is repeated with approximately 1 M KX (X = C1, Br) 

*Suitable lamps include models UVS-12 and UVL-22 manufactured by Ultraviolet 
Products, Inc., San Gabrial, CA 91778. 

iranchembook.ir/edu

https://iranchembook.ir/edu


16 Electrically Conducting Solids 

instead of distilled water (or D20),  copper-colored crystals of K2Pt(CN)4Xo,3. 
3H20 (X = C1, Br) (30% yield) appear at the anode. It is imperative that the 
synthesis of K2Pt(CN)4Bro,3-3H20 be carried out in a chloride-free environ- 
ment, for traces of C1- tend to be preferentially incorporated into the structure.' 
The values for vCN are given in Table 1. The X-ray powder diffraction patterns 
were identical to those of authentic K2Pt(CN),X,. 3 -3H20  samples prepared by 
chemical oxidation.6* 

Properties 

The partially oxidized complexes K1.75Pt(CN)4. 1 .5H20, K2Pt(CN)4Xo.3*3H20 
(X = C1, Br) all form dichroic needlelike crystals that exhibit high reflectivity of 
visible light and a metallic luster. These hydrated complexes are quite soluble in 
water and tend to lose water easily under ambient conditions; this water loss 
may significantly alter their physical properties. Thus it is desirable to store 
these crystals in an environment of high humidity, for example, in a desiccator 
containing a saturated solution of ammonium chloride and potassium nitrate 
(72% relative humidity).' The V ~ N  value is given in Table I .  The physical pro- 
perties of these complexes have been studied by many chemists and physicists. 
The results of their ongoing studies point toward a band metallic state at room 
temperature undergoing a metal-insulator transition at lower temperature. The 
room-temperature conductivities for K1.7,Pt(CN)4* 1 .5H20, K2Pt(CN)4Xo.3 
3H20 (X = C1, Br) are approximately 2S8 and 300 ohms-' cm-'.'a 

B. PARTIALLY OXIDIZED POTASSIUM BIS(OXALAT0)PLATINATE 

In addition to the partially oxidized tetracyanoplatinates, bis(oxa1ato)platinate- 
(11) can be nonstoichiometrically oxidized by chemical oxidants'a to form high- 
ly lustrous needlelike crystals containing platinum in the 2.36 oxidation state. 
These complexes have not been characterized to the extent of the tetracyano- 
platinate complexes; however, the oxalato complexes are reported to be highly 
conducting.'a The starting material is bis(oxalato)platinate(II), which can be pre- 
pared in 30% yields from hexachloroplatinate(1V) and potassium oxalate.' 

1 .  Potassium Bis(oxalato)platinate(II) (2 : l )  Dihydrate, K2Pt(C204)2*2H20 

K2PtC16 + 3K2C2O4 K 2 P t ( C 2 0 4 ) 2 . 2 H 2 0  + 2 C o 2  + 6KC1 

Procedure 

One hundred twenty milliliters of an aqueous slurry containing 2.686 g K,PtCl, 
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4. Electrochemical Syntheses of Partially Oxidized Platinum Complexes 17 

(5.527 mmole) and 3.049 g K2CZO4 (16.55 mmole) is heated under reflux for 
18 hours. After filtration with a fine-porosity sintered-glass funnel to remove 
small amounts of platinum, the warm filtrate is reduced in volume to 40  mL and 
is then cooled in a refrigerator (-8") for 2 hours. The product is recrystallized 
from a minimum amount of water (approximately 25 mL). Yield 0.75 g (30%). 
Anal. Calcd." for C4H4K2OIoPt: C, 9.90; H, 0.83; Pt, 40.19. Found: C, 9.75; 
H, 0.75; and Pt, 40.10. 

2. Potassium Bis(oxalato)platinate (1.64: 1 )  Dihydrate, K1.64Pt(C204)2-2H20 

1.64 K' + Pt(C204),'- 0.36e- + K1.64Pt(C204)2-2H20 

Procedure 
The procedure described for K1,7,Pt(CN)4. 1 .5H20 is utilized; however, because 
of the lower solubility of K2Pt(C204)2 in water at ambient temperature a 0.02 
.M solution of Pt(C2O4);- is employed.' Anal. Calcd. for C4H4Kl,MOloPt: K, 
13.61;C, 10.18;H,0.43.Found:K, 13.70;C, 10.42;H,0.30. 

Properties 
The potassium salts of bis(oxalato)platinate(II) and potassium-deficient bis- 
(oxa1ato)platinate complexes are stable in the solid state. However, prolonged 
heating of an aqueous solution of [Pt(C204),] 2- tends to deposit platinum 
metal. Thus care must be taken in handling solutions of [Pt(C204)2] '-. The 
tetra-n-butylammonium salt of [Pt(C204)2] 2- can be prepared from a dichloro- 
methane extraction of an aqueous solution of 1 :2: :K2Pt(C204)2 : (~ I -C~H, )~NB~.  
Removal of dichloromethane solvent leaves analytically pure [(n-C4H9),N] - 
Pt(C204h. The infrared spectra exhibit characteristic bands at 1709, 1674, 
1388, 1236,900,825,575,559,469,405,370,  and 328 cm-'.I1 

Crystals of the partially oxidized K1.64Pt(C204)2-2H20 are similar in appear- 
ance to the partially oxidized tetracyanoplatinates and tend to  lose water under 
ambient conditions. Thus it is advisable to store these partially oxidized com- 
plexes in a high-humidity environment, for example, saturated solutions of 
NH4C1 and KN03 (72% relative humidity). The physical properties of 
K1,64Pt(C204)2.2H20 can be found in a recent review.la 
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5.  LINEAR-CHAIN IRIDIUM 
CARBONYL HALIDES 

Submitted by A. P. GINSBEF.C,* J. W. KOEPKE,* and C. R. SPRINKLE* 
Checked by VICKIE HACLEYt and A. H. REIS, JR.? 

Conducting linear chains of partially oxidized metal-metal bonded iridium atoms 
are present in the compounds Ir(C0)3ClI.10192** and Ko.mIr(CO)~C12~0.5H20.3~4 
In I r (C0)3Cl~~lo  the chains are made up of planar [Ir(CO)3Cl]o." units stacked 
along the axis perpendicular to the ligand plane; the extra chloride appears to 
occur interstitially in random positions between the chains.' In Ko.601r(C0)2C12. 
0.5H20 stacks of planar c i~ - [1 r (CO) ,C l~]~ .~ -  units make up the  chain^.^ Pre- 
liminary X-ray measurements indicate that both compounds have essentially the 
same intrachain Ir-Ir 'distance [2.85 A in Ir(CO)3ClI.10 and 2:86 A in 
Ko.6oIr(CO)2C12.0.5HzO] ,IT4 although they have quite different degrees of 
partial oxidation. Both compounds are of considerable interest as candidates for 
detailed physical studies, provided that methods for growing single crystals of 
high quality can be developed. 

from the products of the reac- 
tion of finely divided IrC13.H20 with CO (1 atm) at 150°C, but they formulated 
the compound as Ir(C0)3C1. The preparation given below is due to Fischer and 
Brenner,6 who also assigned the integral stoichiometry. The method for prepar- 

Hieber et al.' originally isolated Ir(C0)3C11, 

*Bell Laboratories, Murray Hill, NJ 07974. 
?Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 
**AS noted in reference 8, new X-ray results on this compound indicate that it is in fact 

stoichiometric Ir(CO),Cl. 
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5 Linear-Chain Indium Carbonyl Hafides 19 

ing Ko,601r(CO)-C12.0.5H20 is a modification of a procedure due to  Cleare and 
Griffith,' who formulated the compound as a salt of the cluster anion 
[Ir4(C0)8C18] '-. Ko.&(C0)2C12*0.5H20 can also be obtained by high-pressure 
carbonylation of K31rC16.3 

co 
IrCl3.xH2O - Ir(C0)3Cll. 

180" 

Procedure 

.Caution. Carbon monoxide and chlorine are highly toxic gases. The reaction 
should be perfonned only in an efficient fume hood. 

Chromatographic-grade silica gel (18 g) is mixed with a solution of iridium tri- 
chloride trihydrate (3.4 g, 9.6 mmole) in distilled water (200 mL). The mixture 
is stripped dry on a rotary evaporator (60"/aspirator vacuum) and the black solid 
residue is transferred to a crystallizing dish and dried overnight in a vacuum oven 
(120"/10-2 torr, liquid nitrogen trap). A Pyrex reaction tube, prepared as shown 
in Fig. 1, is charged with the dry IrC13-silica gel. Inlet and outlet connections to 
the reaction tube are made with Tygon tubing. C.P. grade CO and C12 are dried 
by passing them through a sulfuric acid gas washing bottle followed by a phos- 
phorus pentoxide drying tower (separate drying systems should be used for the 
CO and C12); prepurified N2 is used without further treatment. 

Fig. 1. All dimensions in centimeters. ( a )  2cm-thick glass wool plugs; ( b )  IrC13 
on silica gel; (c) Pyrex jacket for thermocouple; ( d )  24/40 I joint; ( e )  Kontes 
24/25 Teflon adapter with O-ring seals; (f) thermocouple leads to indicating 
controller; (g) outlet to H 2 S 0 4  bubbler by way of trap; ( .h)  2-mm double 
oblique Teflon stopcock; (i) N2 inlet; 0') CO or C12 inlet. 

The region of the charge plus about 5 cm beyond the glass-wool plugs is 
wrapped with heating tape and heated at 150" in a slow C12 stream for 2.5 
hours. After cooling to room temperature and flushing out the C12 with N2, CO 
is passed through the system and the charge is reheated to  180". The rate of flow 
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20 Electrically Conducting Solids 

of CO must be sufficiently rapid so that the Ir(C0)3CIl,o formed is promptly 
carried out of the hot zone, but not so rapid that large amounts are carried out 
of the reaction tube; this is easily judged visually. After about 12 hours, the initi- 
ally black charge appears almost colorless and a fairly large amount of brown- 
coppery material has condensed as a plug outside of the hot zone. A small 
amount of yellow solid [Ir4(C0)12 J is found at the end of the charge before the 
plug of Ir(C0)3Cll,lo. The product is resublimed by adjusting the heating tape to 
cover it and then heating to 180' with CO flowing. Again, the flow rate must be 
regulated to carry the sublimate well clear of the hot zone but not out of the 
tube. Several hours are required for the sublimination. The product is most 
easily removed from the tube by sliding the thermocouple jacket out of the way 
and then cutting out the section of the tube containing the sublimate. Yields 
between 0.5 and 1.3 g (15-43%) may be expected. A small amount of yellow 
impurity may be present in the end of the sublimate plug nearest the charge, but 
microscopic examination in reflected light shows the bulk of the product to be 
free of this impurity.Anal. Calcd. for Ir(C0)3C11. C, 11.43; C1, 12.37. Found: 
C, 11.37;C1, 12.44.2 

Properties 

Ir(C0)3C1 prepared by the above procedure is a copper-brown fluffy 
cottonlike mass of interlaced fibrous needles. Under a microscope the needles 
are dichroic, transmitting brown for light vibrating parallel to the long direction 
and pale yellow for the transverse direction; they have a metallic copper luster 
in reflected light. The infrared spectum (Nujol or Fluorolube mulls) has uco at 
-2135 (sh), 2080 (s), 2050 (sh), and -2020 (sh) and VIR-CI  at 320 (m) cm-'. 
The crystal structure is available in the literature.' Although brief exposure to 
the atmosphere does not appear to affect the compound, samples intended for 
physical measurements or analysis are best handled under dry nitrogen or argon. 
The compound is insoluble in all common solvents. 

conc. HCI 

reflux 
K21rC16 t HCOOH. - Ko.601r(C0)2C12-0.5Hz0 

The following operations are all carried out under oxygen-free nitrogen using 
standard Schlenk Solvents and liquid reagents are degassed before 
use. 

A lOO-mL, two-necked flask with 24/40 T joints is charged with potassium 
hexachloroiridate(N) (2.0 g, 4.1 mmole), concentrated hydrochloric acid (10 
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5. Linear-Chain Iridium Carbonyl Halides 21 

mL), and 90% formic acid (10 mL). The side neck of  the flask is stoppered, and 
the center neck is connected to a reflux condenser, which in turn is connected, 
by way of its upper joint, to a vacuum/nitrogen l i r ~ e . ~ ' ' ~  All joints should be 
covered with Teflon sleeves. The system is degassed by repeatedly evacuating 
and backfilling with nitrogen, and it is then heated to vigorous reflux (bp 112") 
under a positive pressure (50-100 torr); excess nitrogen escapes through a 
mercury valve or pressure release bubbler on the nitrogen line. It is essential that 
the reaction be brought to full reflux. The product is not formed below the 
boiling point. After the mixture is refluxed for 12 hours it is cooled to room 
temperature. Degassed water (24 mL) is added to the copper-colored mass, and a 
fine-porosity Schlenk filter and receiver are attached to the side neck of the 
flask. The solid is redissolved by reheating to reflux, and the hot solution is 
filtered through the Schlenk frit. The filtrate is a clear yellow solution that 
rapidly turns green. Potassium chloride (2 g) is added to the filtrate, which is 
then heated with stirring to about 90". After the solution has cooled to room 
temperature it is allowed to  stand in an ice bath for 8 hours. The product is 
collected by Schlenk filtration, washed with cold water, and dried at 56°/10-3 
torr; yield 1.25 g (85%). Anal. Calcd. for Ko.601r(C0)2C12~0.5H20: K, 6.67; Ir ,  
54.66; C1, 20.17; C, 6.83;H, 0.29. Found: K. 6.72;Ir, 54.75;C1, 19.94;C, 7.02; 
H, 0.22.3 The bromide analogue may be prepared by a similar procedure, but 
the yield is very e r r a t i ~ . ~  

Properties 

The compound Ko.601r(C0)2C12. 0.5H20 forms as clumps of interlaced fibers 
comprised of many parallel needles. The needles are dichroic, transmitting red- 
brown for light vibrating parallel to the long dimension and pale yellow for light 
vibrating parallel to the transverse direction; they have a metallic copper luster in 
reflected light. The infrared spectrum (Nujol or Fluorolube mulls) has ~0 at 2040 
(s), 2080 (m), and 21 15 (w) and Y R - ~  at 317 (m), 300 (m), and 280 (sh) cm-'. 
Exposure to air for short periods does not affect the dry solid, but for long-term 
storage argon or nitrogen should be used. Recrystallization has been carried out 
from dilute aqueous HC1 and from a ~ e t o n e . ~  A salt with the tetrathiafulvalene 
cation, (2,2'-bi-1,3-dithiolylidene cation radical), (TTF),61 Ir(CO)2C12, may be 
prepared by metathesis between (TTF)3(BF4)2 and Ko.,Ir(CO)2C12.0.5H20 in 
acetone ~ o l u t i o n . ~  The synthesis of (TTF)3(BF4)2 is given in this volume.'' 
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6. POLYMERCURY CATIONS 

Submitted by B. D. CUTFORTH* and R. J. GILLESPIE' 
Checked by A. G. MACDIARMID? and N. D. MIROT 

Compounds that display highly anisotropic metallic conductivity have recently 
generated considerable interest. The preparations of two such compounds of 
mercury, Hg,.,(AsF6) and Hg2.,,(SbF6), are described below. A determination 
of the crystal structure of Hgz.ss(AsF6)' has shown it to contain linear noninter- 
secting infinite chains of mercury atoms in two mutually perpendicular direc- 
tions. The compound Hgz.91(SbF6) has been shown to be isostructural with 
Hg2.,,(AsF6). Both compounds are anisotropic metallic conductors' and as 
such they constitute a new class of anisotropic materials. The syntheses of the 
compounds Hg3(AsF6), and Hg3(SbzF11)2, which are used in the preparation of 
large single crystals of the compounds Hg, ,M(A~F6)  and Hg2.,,(SbF6), have 
been described briefly p rev i~us ly .~  The synthesis of both of these compounds, 
which contain the linear Hg?' cation, are now described in detail. 

General Procedure 

The apparatus used in the preparations described below (Fig. 1) is similar to that 
used for the polychalcogen cations? It  consists of two 18-mm od Pyrex glass 
tubes A and B ,  terminating at the top in 3-cm long 6-mm od glass tubes E and F.  
The tubes are joined by a tube with a 10-mm medium-porosity glass sinter C 
and a sealing constriction D. Side-arm A contains a magnetic Teflon-covered 

*Department of Chemistry, McMaster University, Hamilton, Ontario, L8S 4M1 Canada. 
+Department of Chemistry, University of Pennsylvania, Philadelphia, PA 19104. 

iranchembook.ir/edu

https://iranchembook.ir/edu


6. Polytnercury Cations 23 

c 

1 A 

Fig. I. Reaction vessel. 

J 

B 

stirring bar. Tubes E and F can be closed using a glass plug in a Swagelok union 
containing Teflon Ferrules. 

A. TRIMERCURY BIS-[g-FLUORO-BIS(PENTAFLUOROANTIM0NATE- 
(V))] , Hg3(Sb~F11)2, AND TRIMERCURY BIS[HEXAFLUOROAR- 
SENATE(VV)l 9 Hg3(ASF6)2 

3Hg + 5SbFS + Hg3(SbZF11)2 + SbF3 

3Hg + 3AsFS + H&(ASF6)2 + AsF, 

Procedure for  HgJ(Sb2F11)2 
Antimony pentafluoride* (4.94 g, 22.8 mmole) is added, in a good dry box, to 
side B of the reaction flask using an all-glass syringe. Elemental mercury (2.74 g, 
13.7 mmole) is added to side A .  The reaction vessel is fitted at E and F with 
Nupro or similar metal valves, removed from the dry box, and attached to a 
vacuum line that has been thoroughly flamed before use. Approximately 10 mL 
of sulfur dioxide? is transferred to side B by cooling with liquid Nz, and the 

'SbF, (Ozark Mahoning) is distilled twice in a thoroughly dried all-glass apparatus under 

+Anhydrous sulfur dioxide is dried by storing it over phosphorus(\r) oxide before use. 
dry air and stored in glass flasks. 
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reaction flask is flame-sealed at E and F. The flask is then allowed to warm to 
room temperature, at which time the adduct SbFS.SO2 forms in B (.Caution. 
Liquid sulfur dioxide solutions can generate up to 3 atm o f  pressure at room 
temperature; therefore the handling o f  such solutions in sealed glass equipment 
necessitates suitable shields and the use o f  face shields and heavy gloves.) The 
adduct is completely soluble in SO, and is transferred to sideA by pouring the 
solution through the glass frit while cooling A in a Dry Ice-acetone slush bath. 
The SbF, is quantitatively transferred to side arm A by redistilling some of the 
solvent back to side arm B and then retransferring. The reaction proceeds quite 
rapidly, initially giving a light-yellow solution with unreacted mercury and then 
an insoluble orange solid. After 48 hours a very pale-yellow solution containing a 
yellow solid is obtained. The solution is poured into E and SO, is distilled back 
onto the yellow solid in side A .  After repeated extraction of the yellow solid 
with SO, the solid in A is white and consists mainly of SbF3. (Three or four 
extractions are usually adequate, but more may be desirable if a high yield of 
product is desired.) Flask A is then reimmersed in liquid Nz to remove all the 
SO, from the product and after 12 hours the flask is flame sealed at D. The 
following analysis is obtained for the light yellow semicrystalline solid remaining 
in B after recrystallization from SO,. Anal. Calcd. for Hg3(SbZFI1),: Hg, 
39.94; Sb, 32.32; F. 27.74. Found: Hg, 39.80; Sb, 32.23; F,  27.92. The yield is 
essentially quantitative if a sufficient number of extractions are carried out. The 
product is transferred to a glass storage vessel in the dry box. 

Procedure for Hg,(AsF& 

Tube B is flame sealed at F and elemental mercury (2.7 g, 13 mmole) is added to 
A .  The flask is closed at E with a Nupro or similar valve and is attached to a cali- 
brated vacuum line. Sulfur dioxide is condensed onto the mercury by coolingA 
in liquid N,. While the flask is immersed in liquid nitrogen, arsenic pentafluoride 
(2.7 g, 16 mmole) is condensed into the flask, which is then sealed at E. 
(.Caution. Arsenic pentafluoride is a highb toxic gas.) When the gas is warm 
the pressure in the reaction vessel rises several atmospheres. The vessel is allowed 
to warm to room temperature (behind a shield) and stirred for a few hours. The 
reaction proceeds vigorously, initially giving a mass of golden insoluble crystals, 
Hg,,&SF6), then a red solution, and finally a light-yellow solution, leaving no 
insoluble material. The SO, is removed from the product by immersing side arm 
B in liquid nitrogen. After several hours the flask is sealed at D. The product is a 
light-yellow semicrystalline solid. Anal. Calcd. for Hg3(AsF6),: Hg, 6 1.43; 
As, 15.30; F, 23.27. Found: Hg, 61.39;As, 15.28; F, 22.92. The yield is essenti- 
ally quantitative. The product is transferred to a glass storage flask in a dry box. 
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Properties 

The compounds Hg3(SbzF 11)2 and Hg3(AsF6), are both light-yellow solids that 
disproportionate immediately in moist air to give elemental mercury. Both com- 
pounds are soluble in SO, and HSO,F, and the solution Raman spectrum shows 
the characteristic v1 mode of the linear Hg?' cation at 113 cm-'. The solution 
in HS03F is not stable, and oxidation to Hg?' occurs in a few hours at room 
temperature. The X-ray crystal structure of Hg3(AsF6), has been determined3 
and shows that the Hg?' cation is linear in the solid state. 

B. THE INFINITE-CHAIN COMPOUNDS Hg,,,(ASFb) AND H,02.91(SbF6) 

Procedure f o r  Hg,.86(ASF6) 

The same procedure is followed as in the preparation of Hg3(AsF6),. Elemental 
mercury (2.47, 12.3 mmole) is allowed to react with a very slight excess of AsFs 
over the amount required by the above equation. When the reaction is complete, 
golden metallic crystals are present together with a red solution. The crystals are 
filtered by transferring the SO, to side arm B ,  washed with SO,, and pumped 
dry by freezing B in liquid nitrogen. Care must be taken not to cool the crystals 
of Hg,.,,(AsF,) in SO, below -30" because they disproportionate in SO, at low 
temperature: 

Alternate Procedure f o r  Hg, .86(ASFg) 

Large single crystals of Hg2.86(A~F6) suitable for conductivity measurements are 
best grown by oxidizing elemental mercury with a solution of Hg3(AsF6), in 
SO, at low temperature (-20"). Elemental mercury (1.07 g, 5.3 mmole) is added 
to side arm A of a typical reaction vessel containing a magnetic stirring bar in 
side B rather than side A .  The compound H ~ , ( A S F ~ ) ~  (2.46 g, 2.15 mmole) is 
added to side arm B.  I t  is not necessary to  use exactly stoichiometric amounts of 
reactants as the reaction does not go to completion and unreacted Hg:' and 
Hgo always remain in equilibrium with the product. The vessel is transferred to 
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the vacuum line, and approximately 10 mL of SOz is condensed into sidearm B .  
The H ~ , ( A S F ~ ) ~  is then dissolved in the SO2, and the entire apparatus is cooled 
to -20". Without significantly warming the apparatus, the solution of 
H ~ , ( A S F ~ ) ~  is transferred onto the mercury and left to stand at -20". After 
several days a reaction usually begins on the surface of the mercury. If no ieac- 
tion is visible after this time the temperature should be raised to - 10". If left 
undisturbed for upwards of a week, crystals of HgZ.,,(AsF6) with large flat faces 
are usually obtained. The crystals are recovered by carefully transferring the SOz 
to side arm B and washing them very carefully with fresh SOz, which is distilled 
back into side arm A by gently cooling the side of the tube with a cotton swab 
soaked in liquid nitrogen. If the crystals are cooled in the presence of SOz, they 
disproportionate and this damages the crystal faces. A certain amount of 
unreacted mercury is present with the crystals of Hgz.86(A~F6), but it is easily 
removed by simply pouring it off. The tube is then sealed at D after keeping side 
arm B immersed in liquid nitrogen to remove traces of the solvent from the 
crystal. Anal. Calcd. for Hg2.w(AsF6): Hg, 75.23; As, 9.82; F, 14.95. Found: 
Hg, 75.83; As, 9.52; F,  14.61. The exact composition Hgz.86(A~F6) cannot be 
obtained by standard analytical procedure but was established from the X-ray 
crystallographic determination of the structure. 

Large crystals can be obtained by use of a slightly modified apparatus. A small 
bulb is attached to the lower end of side arm A by means of a 1-mm capillary. I t  
is helpful to flatten the capillary slightly by squeezing with a pair of tweezers 
after heating in a flame. The bulb is filled with mercury up to the top of the 
capillary. Using the procedure described above a single large crystal of dimen- 
sions up to 10  X 10 X 2 mm often grows from the top of the capillary of 
mercury. This method is an adaption of that used by MacDiarmid? 

Procedure for Hg, .91(SbF61 
Crystals of HgZ.,,(SbF6) are prepared in a manner analogous to that used for 
Hgz.,(AsF6). Elemental mercury (1.50 g, 7.5 mmole) is oxidized with a solu- 
tion of Hg3(SbzFl,)z (4.01 g, 21.7 mmole) in SOz at -20". Crystals are obtain- 
ed within 3 days. If crystal growth is allowed to continue for a longer time a 
white insoluble material is slowly formed, contaminating the product. The 
crystals are washed several times with small amounts of fresh SOz at -20" and 
isolated in the same manner as for Hg,.,,(AsF,). I t  is necessary to  keep the solu- 
tion at -20' during the washing. If it is allowed to warm up to room tempera- 
ture an insoluble white material, probably SbF,, is formed. The composition has 
been established from the X-ray crystal structure analysis6 

Properties 

The compounds Hgz.,(AsF6) and Hg,.,,(SbF,) are both shiny golden crystals 
with a distinct metallic luster. Both immediately disproportionate in the 
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presence of moisture and they must be handled in a very good dry box. The 
crystal surfaces appear to be affected by oxygen. Both materials are anisotropic 
metallic conductors with a room-temperature conductivity for directions in the 
ab plane of 8.7 X lo3 o h - ’  cm-’ in Hgz.,(AsF6) and lo4 ohm-’ cm-’ in 
Hg2.,l(SbF6).7 The anisotropy ratio of the conductivity ua/uc is 100 for 
HgZ.,,(AsF6) and 40 for Hgz.,,(SbF6). Anisotropy in the electrical properties 
has also been observed in optical reflectivity  experiment^.^'^ There is a metallic- 
like plasma edge with a large reflectivity in the infrared with light polarized 
parallel to the mercury chains. The reflectance for light polarized perpendicular 
to the mercury chains is an order of magnitude smaller. The electrical con- 
ductivity of both compounds increases as the temperature is lowered from room 
temperature to 4.2”K. 
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7. 2,2‘-B I- 1,3-D ITHIOLY LIDENE 
(TETRATHIAFULVALENE, TTF) 

AND ITS RADICAL CATION SALTS 

Submitted by F. WUDL* and Mi L. KAPLAN* 
Checked by E. M. ENCLERt and V. V. PATEL? 

In the past decade or two, physical scientists have become intrigbe, ie 
limitless possibilities afforded them by synthetic chemists who have produced 
materials that are not metals, but have “metallic” proper tie^.'-^ Chief among 

*Bell Laboratories, Murray Hill, NJ 07974. 
TIBM Thomas J. Watson Research Center, Yorktown Heights, NY 10598. 
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this class of compounds, from the point of view of interest shown, are the 
charge-transfer salts and other salts of 7,7,8,8-tetracyanoquin~dimethane~ 
(TCNQ) [2,2'-(2,5-cyclohexadiene-l,4-diylidene)bis(propanedinitrile)] . 

Shortly after TTF was first ~ y n t h e s i z e d ~ - ~  it was found to possess electrical 
properties superior to other comparable organic donors." Within a year, the 
donor properties of TTF and the acceptor properties of TCNQ were combined 
and together they were shown to form a highly conducting donor-acceptor com- 
plex," the first example of an organic "metal." Subsequent work with TTF has 
shown that a wide variety of its salts can be prepared" and thus are amenable to 
study. The first salts available were prepared by direct oxidation of TTF by an 
acceptor (e.g., C1,,6 TCNQ," 1,3-butadiene- 1 ,I ,2,3,4,4-hexacarbonitri1e,l3 
2,2'-(2,6-naphthalenediylidene)bis[propanedinitrile] ,14a Ni [S,C,(CF3),] 2,14b 
Ni[S2C2H2] 2,14a Ni[S,C,(CN),] ,14'). The more general approach presented 
here is founded on a metathetical reaction and provides access to TTF salts 
based on anions not solely derived from strong oxidizing agents. 

In the past, TTF has been prepared from 1,3-dithiole-2-thione, which, by an 
oxidative step, was converted to a 1,3-dithiolylium salt followed by coupling 
with The present method uses a reductive sequence, thereby per- 
mitting milder conditions and better yields.16 

A. 2,2'-BI- 1,3-DITHIOLYLIDENE (TETRATHIAFULVALENE) (TTF) 

[Et3NH]'[BF4] - 

Materials 

The 2-(methylthio)- 1,3-dithiolylium iodide can be prepared by a published 
procedure" or purchased commercially (Strem Chemical Co., Danvers, MA). 

Procedure 

2-(Methylthio)l,3-dithiolylium iodide (50.0 g, 0.18 mole) and 500 mL of abso- 
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lute, reagent grade, methanol are added to a 2-L Erlenmeyer flask that contains a 
magnetic stirring bar and thermometer. The slurry is stirred and cooled in an 
ice bath. The temperature is maintained at or below 15' and NaBH4 is added in 
small portions (34.5 g, 0.93 mole). (.Caution. Vigorous hydrogen evolution 
and foaming occur when N&H4 is added.) Upon completion of the addition, 
stirring is continued for 2 hours. One liter of reagent grade, anhydrous diethyl 
ether is added to precipitate the NaI. After the mixture has been stored at - 15' 
overnight (16 hr) the solution is decanted from the solid into a 2-L separatory 
funnel, washed three times with water (200 mL each time), dried over 
anhydrous MgS04, filtered, and concentrated on a rotary evaporator. 

The resulting orange-yellow oil [(2-methylthio) 1,3-dithiole] l6 need not be 
further purified. Fluoroboric acid reagent is prepared by adding fluoroboric acid 
(hydrogen tetrafluoroborate) (33.3 g of 48% HBF4, 0.18 mole) dropwise to 
stirred, cooled (0') acetic anhydride (100 mL). (.Caution. Thefluoroboric acid 
reagent preparation is very exothermic.) This reagent is added dropwise to a 
stirred, cold (0') solution of the 2-(methylthio)-l,3-dithiole in acetic anhydride 
(100 mL) in a 500-mL Erlenmeyer flask. (.Caution. Stench, use fume hood.) 

When the addition is complete, anhydrous diethyl ether (about 200 mL) is 
added. The near-white salt, 1,3-dithiolylium tetrafluoroborate," is collected on 
a Buchner funnel, washed with anhydrous diethyl ether, and dried under nitro- 
gen. The 1,3-dithiolylium tetrafluoroborate (28 g, 0.1 5 mole) from the precious 
step is dissolved in acetonitrile (100 mL) in a 500-mL Erlenmeyer flask. While 
the solution is stirred magnetically at O', triethylamine is added until the forma- 
tion of yellow crystals becomes obvious (about 50 mL). Another quantity of 
triethylamine (about 10 mL) is added and stirring is continued for 10 minutes. 
Water (approximately 300-400 mL) is added to precipitate the product, which 
separates as yellow-orange crystals. The solid is collected on a Buchner funnel, 
washed with water, and dried under nitrogen. The yield of crude product is 
15.0 g (0.0736 mole), which corresponds to an 82% overall yield based on the 
starting 2-(methy1thio)- 1,3-dithiolylium iodide. 

Recrystallization from cyclohexane-hexane (500 mL:300 mL), including 
clarification with Norit and drying with magnesium sulfate, affords 75% 
recovery of TTF as large orange-yellow needles with a melting point of 119.1- 
119.3," (corrected). 

Properties 

Tetrathiafulvalene crystallizes as long orange-yellow needles and melts at 1 19.1- 
119.3" (corrected) (lit. mp 119-1 19.5°,*s 118.5-1 19': 120°9). The 'H NMR 
spectrum in CC14 (TMS) is a sharp singlet at 7 3.75. (The checkers report 7 3.62.) 
The infrared spectrum in KBr exhibits bands at 1530 (w), 1250 (w), 1075 (w), 
870 (w), 797 (m), 782 (m) and 734 (m) cm-'. The optical spectrum consists of 
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the following: [hexane, A,,, (nm) (E)] 303 (12,800), 3 16 (1 1,400), 368 (2000), 
450 (230). No change is observed in TTF when it is stored for many months in 
amber bottles in a refrigerator under nitrogen. However, in solution, TTF is 
readily photooxidized in the presence of oxygen, to a violet, water-soluble sub- 
stance.6 In the solid-state photooxidation occurs more slowly. Two reversible 
oxidation steps are observed in acetonitrile with tetraethylammonium tetra- 
fluoroborate as the supporting electrolyte. These occur' at El0 = t0.36 (the 
checkers report t0.33) and E: = t 0.70 versus aqueous saturated calomel. The 
ESR spectrum of the radical cation of TTF, in acetonitrile at room temperature, 
is a quintet,aH = 1.26,g= 2.00838. 

B. [ TRIS(2,2'-BI-1,3-DITHIOLYLIDENE) RADICAL CATION(2+)] 
BIS[ TETRAFLUOROBORATE( 1- )] (TETRATHIAFULVALENIUM 
TETRAFLUOROBORATE), (TTF)3(BF4)2 

Procedure 

To a solution of TTF (3.50 g, 0.0172 mole) in 70 mL of dried (PzO,) distilled 
(Pz05) acetonitrile is added a solution of 30% hydrogen peroxide (0.648 g, 
0.00572 mole) in 48% HBF4 (2.168 g, 0.0130 mole). After it is stirred (magnet- 
ic) at room temperature for 10 minutes the dark solution is refrigerated for 1 
hour. The dark-purple crystalline solid is removed by Buchner filtration, washed 
with cold acetonitrile and then diethyl ether, and dried under a nitrogen stream. 
The first solid weighs 2.7 1 g (60% yield). Concentration of the mother liquors to 
half volume and cooling provides an additional 0.42 g (10%) of product. Anal. 
Calcd. for Cl8HlzSl2BzFs: C, 27.48;H, 1.54. Found: C, 27.53;H, 1.51. 

Properties 

The tetrafluoborate salt of the TTF radical cation forms deep-purple needles; it 
is soluble in warm acetonitrile and sparingly soluble in cold acetonitrile, acetone, 
and methyl acetate. The infrared spectrum in Nujol consists of lines at 1450 (m), 
1280 (w), 1270 (w), 1250 (w), 1120 (m), 1030 (s, broad), 840 (w), 827 (m), 
802 (m), 752 (m), 745 (m), 732 (m), 702 (m), 673 (m) cm-'. The electronic 
spectrum [CHJN, A,,, (E)] data are: 250 (sh), 290 (sh), 305 (sh), 316 
(19,800), 335 (sh), 375 (sh), 397 (sh), 432 (34,100), 576 (9600) nm. 
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C. 2,2‘-BI- 1 ,IDITHIOLYLIDENE RADICAL CATION (TETRATHIAFUL- 
VALENIUM) SALTS’* 

[TTFIX + MZ + [TTFIZ J. + MX 

Procedure 

This general preparation, by metathesis, presupposes that [TTF] X, MZ, and MX 
are soluble and that [TTF] Z is not. Most commonly triethylammonium, tetra- 

TABLE 1‘ 

Compound 
Resistance 

Yield (%) (ohms) 

60 
70 
45 
28 
37 
75 
92 
60 
70 
70 
94 

>lo6  
2-6 
7 
0.5 
4.5 
55 

>lo6 
>lo6 
>l(r 
>lo‘ 
> l @  

~ ~ 

=All elemental analyses based on C, H, and N were correct for 
formulae shown. 

bDetermined at room temperature on about 0.1 mg compressed in 
a glass capillary between two steel pistons of 2-mm diameter. 

CCorresponds to “(TTF),(NCS).” This and other compounds 
below exhibit “nonstoichiometric” elemental analyses that are 
best described (within 0.1-0.05% of experimental) by the 
formulae given in the table. 

dThis compound is also known as “TTF,I,.” It is prepared from 
(TTF),(BF,), and Bu,N*I, and forms hollow needles. 

eCorresponds to TTF, Jl.63. Prepared from (TTF),(BF,), and 
[Bu,N)+[I,]-; has the appearance of silver wool. 

fcorresponds exactly to TTF81,s. Also prepared from (Bu,N]+- 
[I3]- and CTTF),(BF,),. 

BPrepared from (TTF),(BF,), and [(Bu,N),] [M(mnt), 1 ,  where 
mnt = 2,3-dimercapto-2-butenedinitrilato(2-) (maleonitriledi- 
thiolato), [NS-C(S-)=C(S-)-C=N], and M = Cu, Ni, Pt, etc. 

hPrepared from [Bu,N] [Pt(Mnt),] and (TTF),(BF,),. 
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butylammonium, and tetraethylammonium salts of Z have been utilized. The 
preparation of the thiocyanate salt of the TTF radical cation is presented as a 
typical example of how this method can be used. 

To  a warm (about 6OoC) filtered solution of (TTF),(BF,X (157 mg, 0.2 
mmole) in 200 mL of freshly distilled (from P z 0 5 )  acetonitrile is added a warm, 
filtered solution of tetrabutylammonium thiocyanate (120 mg, 0.4 mmole) in 
25 mL of acetonitrile. The flask containing the warm mixture is then purged 
with argon, sealed, and wrapped with insulating material. After it has come to 
room temperature (about 2 hr) the solution is stored in a refrigerator for about 
16 hours. The dark-purple needlelike crystals are collected by suction filtration, 
washed first with cold acetonitrile and then diethyl ether, and finally dried in a 
nitrogen stream. The yield of product is 100 mg. Anal. Calcd. for 
(TTF)14(NCS)8, (C92H56S64N8): C, 33.23; H, 1.70; N, 3.37. Found: C, 33.09; 
H, 1.71; N, 3.3 1. Examples of other salts of the TTF radical cations prepared by 
metathesis are shown in Table I. 

Properties 

The thiocyanate salt of the TTF radical cations exists as dark-purple needlelike 
crystals that are insoluble in nonpolar solvents and moderately soluble in warm 
polar solvents (e.g., acetonitrile, dichloromethane). Stoichiometries derived from 
elemental analysis for this and most salts of the TTF radical cations are not 
unequivocal since several calculated values come within the acceptable limits 
(i.e., +0.3% per element) of the percentages actually determined. For identifi- 
cation purposes we have called the thiocyanate (TTF),4(NCS)8, although, for 
example, (TTF)11(NCS)6, (TTF),,(NCS),, and (TTF)15(NCS)8 are also con- 
sistent with our results. The compressed pellet resistance is 2-6 ohms (see 
Table I).  

D. [2,2'-BI-l ,IDITHIOLYLIDENE RADICAL CATION(l+)[ 2,2'-(2,s- 
CYCLOHEXADIENE-l,4DIYLIDENE)BIS[ PROPANEDINITRILE] RAD- 
ICAL ANION( 1-)] (TETRATHIAFULVALENIV-TETRACYANOQUINO- 
DIMETHANIDE), [ (TTF)(TCNQ)] 

-. 
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Procedure 

The preparation of (TTF)(TCNQ) is straightforward. Equimolar quantities of 
the two starting materials are dissolved in an appropriate solvent (usually aceto- 
nitrile) at convenient concentrations (0.5-1 .O mg/mL). When the two yellow 
solutions are mixed, an immediate dark-green color develops and small black 
needles separate within 30 minutes at room temperature. The product can be 
collected, washed, and then dried to give a material of analytical purity. 

No special precautions are required to prepare material of this quality. How- 
ever, since the loss of conductivity in samples of (TTF)(TCNQ) has been attri- 
buted to inclusion of impurities" it is appropriate to use purified starting mater- 
ials and distilled solvents and to perform the reaction in the absence of oxygen. 
Although the product is easy to prepare, the crystals are small and therefore not 
suitable for single-crystal measurements. 

The growth of relatively large single crystals has been facilitated by the 
development of a three-chamber apparatus (Fig. 1) that uses a diffusion-growth 
method.'g*" The chambers each have a capacity of about 50 mL and are separ- 

Medium-porosity 
glass frits 

Fig. 1. Three-chamber crystal-growing apparatus. 

ated by medium-porosity glass frits. The apparatus is carefully washed and dried 
prior to use. The acetonitrile used should be freshly distilled from'P205. A solu- 
tion of TTF (35 rng/5O mL) is filtered into one side chamber, and a solution of 
TCNQ (35 mg/50 mL) is filtered into the opposite chamber. Pure solvent is filter- 
ed into the middle chamber. The chambers are closed with Teflon stoppers and 
the whole apparatus is thermostated for 7 days at 30'. Single crystals as large as 
1-2 cm long and 1 mm in width can then be harvested from the center chamber 
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by decantation. Yield 20 mg (28%). Anal. Calcd. for (TTF)(TCNQ) (ClnHs- 
S4N4): C,52.92;H, 1.97;N, 13.71. Found: C, 53.14,H. 1.81;N, 13.97. 

Properties 

The characteristic shiny black needles of (TTF)(TCNQ) are insoluble in hydro- 
carbon solvents and of limited solubility in acetonitrile and dichloromethane. 
The resistance of a compressed pellet of (TTF)(TCNQ) is less than 1 ohm.2' 
The optical spectrum [CH3CN, &,,ax ( E ) ]  consists of lines at 305 (sh), 316 
(14,600), 375 (sh), and 393 (64,700) nm. 
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8. TANTALUM DISULFIDE (TaS2 ) 
AND ITS INTERCALATION COMPOUNDS 

Submitted by J. F. REVELLI* 
Checked by F. J. DISALVOt 

Over the past 5 years, a considerable amount of research has been devoted to the 
study of layered transition metal dichalcogenides and their so-called intercala- 
tion c ~ m p l e x e s . ' ~ ~  In particular, the group IV, V, and VI transition metal di- 
chalcogenides form layered structures with hexagonal, rhombohedral, or trigonal 
symmetry. The basic layer is composed of a covalently bound X-M-X sandwich 
(M = transition metal, X = chalcogen), and successive layers are bound together 
by relatively weak chalcogen-chalcogen van der Waals bonds. Hence, under 
appropriate conditions, these layers can be "pried" apart, and other chemical 
species can be inserted between them-much in the same fashion as two decks of 
cards are mixed together by shuffling. From the point of view of chemical 
bonding, intercalation can be regarded as a charge-transfer process in which the 
orbitals of the guest species are mixed together with those of the layered 

In the case of the group VI layered transition metal dichalco- 
genides the energy gained in charge transfer is presumably small. Hence, in these 
materials stable intercalation complexes have been observed only for highly 
electropositive guest species, such as the alkali metals. For this case a net dona- 
tion of charge occurs from the alkali metal to the transition metal dichalco- 
genide.4'8 The group V layered dichalcogenides, on the other hand, exhibit the 
phenomenon of intercalation for a wide range of organic (Lewis base) materi- 
als,'" transition and post-transition  metal^,^ and the alkali metals.' Synthesis 
techniques of the group V layered compounds and their intercalation com- 
plexes are described in the following sections. In particular, TaSz and the 
tantalum sulfide intercalates are used as the primary examples. 

Systematic studies of the structural properties of TaSz by Jellinek" revealed 
the presence of several polymorphic forms of the compound as a function of 
temperature. Within a layer, the tantalum atom sits in the holes formed between 
two layers of sulfur atoms in the S-Ta-S sandwich. The coordination of the tan- 
talum is trigonal prismatic or octahedral, depending on whether the two sulfur 
layers lie one on top of the other or are rotated by 60". Thus the various poly- 

*Electrical Engineering and Materials Science Departments, Northwestern University, 
Evanston, Ill. Current address: Xerox Corp., Webster Research Center, Rochester, NY 
14600. 

?Bell Laboratories, Murry Hill, NJ 07974. 
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4H(b) and 6R: half octahedral 
and half trigonal prism 

3R: trigonal prismatic 

2H(a): trigonal prismatic 
(3R and 6A: metastable) 

5 r\ 

I T  

n 

n 

B n 

U 

n 
4H(b) 3R BR 

11-0 plane of the various polymorphs of 
TaS, 

TaS, 0- s * =  Ta 

Temperature ranges of Tas polytyper 

Fig. 1. The a notation indicates that the Tantalum atoms are aligned along the 
crystallographic c-axis. R indicates rhombohedral symmetry. The 3R phase has 
three trigonal prismatic slabs per unit cell, whereas the 6R phase has six slabs 
that are alternately trigonal prismatic and octahedral. F. Jellinek, J. Less- 
Common Met., 4, 9-15 (1962); F. J. DiSalvo et al., J. Phys. Chem. Solids, 34, 
1357 (1973). 

morphs observed in TaSz result from the variety of stacking sequences of the 
basic S-Ta-S slabs. Figure 1 shows the various phases that are formed as a 
functions of temperature. The high-temperature “1T” (T = trigonal symmetry) 
phase has octahedral coordination of the tantalum atom and one S-Ta-S slab 
in the unit cell. The room-temperature 2H(a) phase (H = hexagonal symmetry) 
has trigonal prismatic coordination of the tantalum atoms and two S-Ta-S 
slabs per unit cell (see 1120 section, Fig. 1). For reasons as yet not fully under- 
stood, only those phases that have trigonal prismatic character tend to form 
intercalation compounds readily. Of these, the 2H(a) polytype of TaS2 seems 
to be the most favorable host material. 

A. POLYCRYSTALLINE 2A(a) PHASE OF TaSz 

1T-TaS.I 
15oo 550° 

850’ 
Ta t 2 s  - 
lT-TaSz - 6R-TaS2 - 2H(a)TaSz 
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Procedure 

The techniques used in the preparation of polycrystalline and single-crystal TaSz 
are much the same as those described for Ti&, ZrSz, and SnSz and have been 
described in this . s e r i e ~ . ' ~ ~ ' ~  The latter compounds, however, exist in the IT 
phase structure throughout the entire range from the crystal growth temperature 
down to room temperature. The compound TaSz, on the other hand, must 
undergo two first-order phase transitions as it is cooled from above 750' to 
room temperature. To assure complete transformation to the 2H(a) phase, the 
TaSz must be cooled very slowly through these transition temperatures. 

The synthesis of 2H(a)-TaSz powder is carried out in fused quartz or Vycor 
ampules-typically 10 cm long and 1.7 cm in diameter, with a wall thickness of 
1.0-2.0 mm (Fig. 2a). About 1.41 g (0.008 mole) of 0.020-in. diameter tantalum 

(b) 

Fig. 2. (a )  Typical sample tube (Vycor or quartz). (b) Loaded sample tube. 

wire (99.8% purity)* is cut in the form of 3.8 cm lengths, washed in hot dilute 
HCI to remove iron contamination introduced in the cutting process, rinsed in 
distilled water, and dried. Sulfur powder, 0.500 g (0.016 mole, 99.9999% 
purity),? is then added, and the ampule is sealed under a vacuum of about lo-' 
torr. The sealed ampule is placed into a cold laboratory tube furnace with the 
tantalum wire charge placed in the end of the ampule towards the center of the 
oven and elevated about 1 cm (see Fig. 2b). Thus, as the sample is heated, the 

*Available from Materials Research Corp., Route 303, Orangeburg, NY 10962. 
?Available from United Mineral and Chemical Corp., 129 Hudson St., New York, NY 

10013. 
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38 Electrically Conducting Solids 

sulfur melts and remains in the lower, cooler end of the ampule. A thermocouple 
is placed near this end to ensure that the temperature is at or below 450' (the 
pressure of sulfur vapor in equilibrium with liquid sulfur is 1 atm at this temper- 
ature). The end of the ampule containing the tantalum may be heated to 800 or 
900'. 

.Caution. Because the reaction of tantalum and sulfur is exothermic and 
because of the high vapor pressure of sulfitr, it is essential, in order to avoid 
explosions, that the liquid sulfur be prevented from coming into direct contact 
with the hot tantalum wire. 

The use of tantalum wire along with the "two-zone" technique ensures a safe 
reaction rate. When the sulfur has reacted completely with the tantalum wire 
(usually within 7-10 days) the ampule is removed from the furnace, shaken 
vigorously to break up clumps of unreacted material, and placed in the center of 
me furnace. It may be necessary to repeat this procedure several times to ensure 
that all the wire has reacted.* After 1 or 2 days at 850-900°, the cooling process 
may be started. The sample is cooled initially to 750' and annealed for 1 day. It 
is then annealed at 650' for about a day and at 550' for another 2 to 3 days. 
The furnace is then shut off and the sample is allowed to cool for 5-6 hours to 
room temperature. 

Properties 

The polycrystalline 2H(a)TaSz should be free flowing and in the form of black 
platelets. Any gold-colored material indicates the presence of the 1T phase and 
results from improper annealing. Further, the presence of a fibrous or needlelike 
material indicates incomplete reaction of the tantalum. This fibrous material is 
most likely TaS3, which decomposes above 65Oo.l4 

650" Ta t 2TaS3- 3TaSz 

This material may be removed by reheating the sample to 850", followed by the 
same annealing procedure outlined above. The X-ray diffraction pattern for 
2H(a)-TaS2 may be used for identification. The following d values have been 
obtained for major low angle X-ray diffraction lines (and intensities): 6.05 (1); 
3.025 (0.06); 2.8709 (0.32); 2.7933 (0.07); 2.3937 (0.80); and 2.3389 (0.04) A. 
Note that it is difficult to obtain the ideal intensities because of preferred orient- 
ation of the crystallites. This material is a superconducting metal with T, = 0.8 
f 0.05OK.' 

*An alternate method for quickly obtaining smaller (1-g) batches of TaS, powder is to 
place tantalum powder (-60 mesh) in a 10-12 mm (inside diameter fused) quartz tube, 10 
cm long, with a stoichiometric quantity of sulfur. This mixture will react completely in a 
relatively short while (2-3 days) at 450". The sample may then be heated uniformly to 850- 
900" as described for the larger batch. 
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B. SINGLE-CRYSTAL 2H(a) PHASE OF TaS2 

850' 
TaS2 + 212 TaI4 i- 2 s  

750' 

Procedure 

Single crystals of 2H(a)-Tas2 may be obtained by chemical transport either from 
prereacted TaS2 powder or directly from the elements. If the crystals are to be 
prepared from the elements, care must be taken to heat the ampule slowly in the 
manner described previously to avoid explosions. The reactants are loaded into a 
20-cm long, 1.7-cm diameter fused-quartz ampule. About 5 mg of iodine is 
added per cubic centimeter of volume of the reaction ampule. This serves as a 
transport agent according to the equation given above." Both the sulfur and Ta14 
are volatile components. The equilibrium constant is such that at the higher 
temperature the reaction proceeds to the right, as described, while at the cooler 
end of the ampule the equilibrium favors TaS2 and 12. Thus the iodine is 
regenerated constantly as the TaS2 crystals grow in the cooler zone. 

Several techniques exist for loading iodine into the reaction vessel, and some 
are described in Reference 13. The simplest method is to load iodine quickly in 
air followed by pumping down to a few microns pressure and sealing. The 
ampule is then heated to 900" (with appropriate precautions taken if the 
elements are undergoing reaction for the first time). The ampule must then be 
placed in a thermal gradient of 850-750" such that the charge is at the hot end 
and the 750" zone extends over a region of 50-75 mm. This may be 
accomplished by using two tubular furnaces joined together end to end or by a 
single furnace with a continuously wound filament having taps every 3.8 cm or 
so. These taps are then shunted with external resistances to achieve the desired 
temperature profile. One week is usually sufficient to achieve 100% transport of 
the charge. This transport period must then be followed by the annealing pro- 
cedure described above; however, the annealing times should be prolonged some- 
what to ensure that the large crystals transform properly; 1% days at 650" and 
3 days at 550' are usually sufficient. Upon cooling, the ampule may be cracked 
open and the crystals are removed and rinsed in CC4 and then CS2 to remove I 2  
and S ,  respectively. 

.Caution. The tube should be wrapped in several layers of cloth before it is 
opened. 

As mentioned in Reference 13, larger crystals can be obtained by using larger 
ampule diameter (2.5 cm) and/or heating the growth zone above 900" for a 
few hours (with the charge end at 800" or so) before beginning the transport. 
This results in "back-transporting" multiple TaS2 nucleation sites that are in the 
growth zone. 
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Properties 
The crystals obtained in this fashion have hexagonal symmetry (space group 
P6,/mmc) with a = 3.314 A and c/2 = 6.04 A (c/2 is the basic S-Ta-S slab 
thickness). The d values given above for the polycrystalline material may be used 
to :heck the identity of a crushed crystal. 

C. INTERCALATION COMPOUNDS OF TaS2 

Three main categories of intercalation compounds can be formed with layered 
transition metal dichalcogenides: Lewis base complexes, alkali metal complexes, 
and transition metal or post-transition metal “complexes.” A representative 
synthesis for each category is included. For the Lewis bases the tendency to 
form intercalation compounds increases as the Lewis basicity of the molecule 
increases and as the molecular size of the base  decrease^.^-^ Hence, NH3 (pK, 
ai 9) readily intercalates a wide variety of layered transition metal dichalcognides 
(including TiSz and ZrS2), whereas pyridine (pK, = 5.3) has been shown to 
intercalate only 2H(a)-TaSz or NbS2. Under certain circumstances, the smaller 
NH, molecule may be used to “pry” the layered dichalcogenide apart, making 
possible subsequent intercalation of a larger m ~ l e c u l e . ~ - ~  This “double inter- 
calation” is carried out by preintercalating with NH3. 

la. Pyridine Intercalate of Tantalum Disulfide 

2000c 
2TaS2 + C5H5N (excess) - 2TaSz.CSH5N 

Procedure 
In the compound 2TaSz.CsH5N the pyridine rings are normal to the crystallo- 
graphic c - a ~ i s . ~ - ~  Two such rings inserted between the layers give the stoichio- 
metric composition 2TaS2*CSH5N (see Fig. 3). Under certain conditions, the 
complex 4TaS2.C5HSN also may be obtained? 

2H(a)TaS2 powder (1.91 g about 0.008 mole) is placed in a Pyrex tube 
about 20 cm long and 1 cm in diameter, with a 2-mm wall thickness. An 
excess of redistilled pyridine is then added. The volume of pyridine should be 
three or four times that of the TaS2 powder. (.Caution. Direct contacf with 
pyridine orpyridine vapor should be avoided.) The tube is connected to avacuum 
system and is quickly pumped down to 15 torr pressure (vapor pressure of liquid 
pyridine at room temperature). The pyridine is then frozen with liquid nitrogen, 
and the evacuation is continued to a pressure of 1O-j torr. To remove dissolved air, 
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i 
1 

6 . 0 4  

Fig. 3. Schematic representation of tantalum disulhide-pyridine intercalute. 

the sample is carried through two or more additional cycles of freezing, pumping 
on the frozen material, and thawing. The final cycle is followed by sealing the 
tube under vacuum with the contents frozen at liquid nitrogen temperature. The 
sample is then heated gradually to 200" with stirring (an oil bath with magnetic 
stirring is adequate). After 15 minutes to 1 hour at  this temperature (if the TaS2 
powder is of good quality), the powder swells to nearly twice its original volume 
as the pyridine intercalate forms. 

Intercalation of single crystals of 2H(a)-TaSz may be carried out in a similar 
manner, although it is possible that, if the crystals are too large in surface area, 
intercalation may proceed only around the edges. I t  should be noted that the 
time for full intercalation of crystals increases with crystal dimensions. 

Properties 

The pyridine intercalate is blue-black. Examination of the individual platelets 
under a microscope reveals a characteristic exfoliated appearance. Hexagonal 
symmetry is retained with a = 3.325 A and c/2 = 12.03 A. Comparison with the 
slab thickness for the parent 2H(a)-TaS2 shows a c-axis expansion, 6, of 5.99 A. 
The following d values have been obtained for low-angle X-ray diffraction lines: 
12.03,6.015,4.010,3.008, 2.880, and 2.859 A. 2TaSz.C5H5N is also super con- 
ducting with a transition temperature of 3.5 k 0.3"KZi3 

To check the composition of the complex thus synthesized, a weight-gain 
analysis may be carried out. The Pyrex tube is scribed carefully and broken open 
after being wrapped in a cloth. The contents are filtered through a tared fritted- 
glass filter funnel (medium- or fine-porosity filter). The Pyrex tube is rinsed with 
CHzClz to remove any material left clinging to its walls. The excess pyridine 
liquid may take on a brownish color. This coloration is due to a small amount of 
sulfur being extracted from the TaSz by the pyridine and can be avoided by the 
addition of some sulfur to the pyridine before intercalation.16 After suction fil- 
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tration of its contents, the funnel is stoppered and the 2TaS2.CSHSN powder is 
vacuum dried (10-504 at room temperature and carefully weighed. The weight 
of intercalated pyridine is determined by the difference between the original 
TaSz charge and the 2TaS2*CSH5N. 

lb. Ammonia Intercalate of Tantalum Disulfide as an Intermediate 

TaS2 + NH3 -+ TaSz.NH3 

2(TaSz*NH3) + B --* 2TaSz.B t 2NH3 

Dried, gaseous NH3 is condensed into a Pyrex combustion tube (2-mm wall 
thickness, 10-mm id) to which the host material has already been added. The 
NH3 is frozen with liquid nitrogen and the tube is evacuated and sealed. 

.Caution. The vapor pressure of liquid NH3 at room temperature is 8 atm. 
The seal on the Pyrex tube shouM be carefilly annealed so that the tube will not 
explode. The sealed tube always should be kept behind a protective shield or in a 
protective metal pipe. 

After a short while ( M  to several hours) at room temperature the layered host 
material reacts fully to yield the stoichiometry MXz-NH3. The excess NH3 may 
turn light blue because of the extraction of a slight amount of sulfur from the 
TaSz, but here again, as in the case of pyridine, a small amount of excess sulfur 
may be added to the Pyrex tube (i.e., a few milligrams) before it is sealed. The 
Pyrex tube is then removed from its bomb, cooled to refreeze the NH3, wrapped 
in a protective cloth, and cracked open. The intercalated powder is quickly 
transferred to a flask containing refluxing liquid of the molecules to be inter- 
calated. (=Caution. The Pyrex tube should be opened in a hood to avoid inhala- 
tion of NH3.)  Care should be taken to avoid prolonged exposure of the 
TaS2-NH3 powder to water vapor in the air during transfer. 

Other intercalation techniques involve melting or dissolving solid organic 
materials in solvents such as benzene to obtain a mobile species of the inter- 
calate. Table I gives other organic materials that have been intercalated in 
2H(a)-TaS2 along with the reaction times and temperatures. The intercalation 
complexes retain hexagonal symmetry and the crystallographic a and c para- 
meters are listed with the expansion of the c-axis because of the inclusion of the 
organic molecule (6). Also included in the table are the onset temperatures of 
superconductivity. 

2. Sodium Intercalate of Tantalum Disulfide 

TaSz + xNa --* NaxTaSz 

(0.4 < x < 0.7) 
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TABLE I Other Molecules that Intercalate TaSZu 

Time Temp Tonset 
Intercalate (days) ("C) a(A) dN (OK) 

h i d e s  
Butyramide 
Hexanamide 
Stearamide(1) 
Thiobenzamide 

Aniline 
N,N-Dimethylaniline 
N,N,N',K-Tetrameth yl- 

p-phen ylenediamine 

Phenylamines 

Cyclic amines 
4,4'-Bipyridyi 
Quinoline 
Pyridine N-oxide 
Pyridinium chloride 

CsOH 
LiOH 
NaOH 
Triton Bb 

Alkylamines 
Ammonia 
Methy lamine 
E thylamine 
Propylamine 
Butylamine 
Decylamine 
Dodecylamine 
Tridecylamine 
Te tradecylamine 
Pen tadecylamine 
Hexadecylamine 
Heptadecylamine 
Octadecylamine 
Tributylamine 

Miscellaneous 
Ammonium acetate 
Hydrazine 
Potassium formate 
Guanidine 

Hydroxides 

21 
21 
10 
8 

16 
3 

13 

21 
6 

8 h r  
4 

30 min 
30 min 
30 min 
30 rnin 

3 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
7 

1 hr 
10 min 

1 hr 
3 

150 
150 
150 
160 

150 
170 
200 

160 
160 
100 
170 

25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

200 

150 
10 

200 
25 

- 
- 
- 

- 

- 
- 

3.335 

3.316 

3.335 
3.329 

3.330 
3.330 
3.326 
3.331 

3.328 
3.329 
3.334 
3.330 

- 

- 
- 

3.325 
3.322 
3.325 
3.328 
- 

- 
- 

- 

3.330 
3.334 
3.3 34 
- 

11.0 
11.2 
57.0 
11.9 

18.15 
12.45 
2 X 9.66 

2 X 12.08 
12.08 
11.97 
9.30 

2 X 9.28 
2 X 8.92 
2 X 11.86 
2 X 11.98 

2 X 9.22 
2 x 9.37 
2 X 9.58 
2 X 9.66 
2 x 9.73 
14.6 
34.4 
40.5 
46.2 
45.1 
39.7 
48.5 
55.8 
2 X 10.28 

9.08 
9.16 
9.05 
- 

5 .o 
5.2 

5 1.0 
5.9 

12.11 
6.41 
3.62 

6.04 
6.04 
5.93 
3.26 

3.24 
2.88 
2.82 
5.94 

3.17 
3.32 
3.53 
3.6 1 
3.68 
8.5 

28.3 
36.4 
40.1 
39.0 
33.6 
43.4 
49.7 
4.23 

3.04 
3.12 
3.01 
- 

3.1 
3.1 
3.1 
3.3 

3.1 
4.3 
2.9 

2.5 
2.8 
2.5 
3.1 

3.8 
4.5 
4.8 
5.0 

4.2 
4.2 
3.3 
3.0 
2.5 
- 
- 

2.5 
2.4 
2.8 

2.7 
3.0 
3.0 

2.0 
4.7 
4.7 

- 

- 

aFrom F. J. DiSalvo, Ph.D. Dissertation, Stanford University 1971. 
bTetrasodium (ethy1enedinitrilo)tetraacetate. 
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Omloo and Jellinek7 have described the synthesis and characterization of 
intercalation compounds of alkali metals with the group V layered transition 
metal dichalcogenides. Typically, these types of intercalation complexes are 
sensitive to moisture and must be handled in dry argon or nitrogen atmospheres. 
The alkali metal atoms occupy either octahedral or trigonal prismatic holes 
between X-M-X slabs. There are two principal means by which these compounds 
may be prepared. 

Procedure 2a 

A 1.91 1-g quantity (0.008 mole) of 2H(a)-TaSz powder (or an appropriate 
mixture of the elements; see Sec. A) is loaded into a quartz ampule such as the 
one described in Fig. 20. The ampule is then transferred to a dry box with an 
argon or nitrogen atmosphere, and 74-129 mg (0.0032-0.0056 mole) of freshly 
cut sodium metal is added. Very low moisture and oxygen concentrations must 
be maintained in the dry box to  prevent attack of the sodium. The techniquesfor 
maintaining pure inert atmospheres are described e1~ewhere.I~ The specified 
amount of sodium produces a product within the range of 0.4 < x  G 0.7' over 
which the intercalation compound exists. The ampule is stoppered, removed 
from the dry box, attached to a vacuum pump, quickly evacuated to lo-' ton, 
and sealed under vacuum. It is then heated to 800' for 1 day (again, caution 
must be exercised if the sample is prepared from the elements; see part Sec. 8 4  
and cooled slowly to room temperature. The resulting powder is black or grey 
and, as mentioned earlier, is very sensitive towards moisture. The crystal 
structure exhibits hexagonal symmetry with a = 3.337 f 1 and c/2 = 7.30 f 1 A 
(corresponding to 6 x 1.2 A) for x = 0.7. When the amount of sodium is decreas- 
ed below x = 0.7, 6 increases and the a-axis decreases slightly as x decreases 
toward 0.4.7 If the amount of sodium added to the ampule initially corresponds 
to less than 0.4 mole per mole of TaSz, a phase separation into unreactedTaSl 
and Nao.4TaSz occurs. On the other hand, if more than 0.7 mole of sodium is 
added per mole of TaS2, free sodium remains to attack the quartz reaction 
vessel. For identification purposes, the prominent low-angle powder X-ray 
diffraction lines of Nao.7TaSz are: 7.295,3.648,2.890,2.835,2.687, and 2.484 
A. Two polymorphic forms of NaxTaSz are reported: g phase and 6 phase. The 
g phase is obtained by heating 1T-TaS2 and sodium at 500°, while the 6 phase k 
obtained when 2H(a)-TaS2 is used as the starting material.7 

Alternate Procedure 2b 

In this method the metallic sodium is dissolved in a solvent such as liquid NHJ or 
tetrahydrofuran and the resulting solution is used to intercalate 2H(a)-TaSz. This 
technique was used by J. Cousseau" and Trichet et al.19 in preparation of group 
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8. Tantalum Disulfule and Its Intercalation Compounds 45 

IV layered transition metal dichalcogenide-alkali metal intercalation compounds. 
The advantage of this method is that it is carried out at room temperature and, 
consequently, there is less likelihood of reaction between sodium and the 
reaction vessel. On the other hand, this method is more difficult in that it 
involves the use of liquid NH3. Furthermore, undesirable side reactions may 
occur if the NH3 is not dried thoroughly or if the reaction vessel is not clean. 
For example, 

is a competing reaction that can occur under “dirty” conditions and is evidenced 
by the formation of a white precipitate (sodium amide) in the Na-NH3 solution. 
Cousseau” describes a technique that employs a Pyrex reaction vessel such as 
the one shown in Fig. 4. A 1.911-g quantity (0.008 mole) of 2H(a)-TaSz is 

N a  I ~ S I  

g l o s s  t 

B r a n c h  A 

Fig. 4. Adapted from J. Cousseau, Ph.D. Dissertation, Universith. de Nantes, 
France, 1973. 

placed in branch A of the vessel along with a small sealed glass ampule contain- 
ing a known weight of distilled sodium (between 74 and 129 mg, as described 
earlier). Dried ammonia gas is condensed (using liquid nitrogen) into this branch, 
and the vessel is sealed off under vacuum. The sodium ampule is then broken by 
briskly shaking the vessel (.Caution. This should be done behind a protective 
barrier), and a characteristic blue solution results as the sodium is dissolved. The 
blue coloration of the liquid NH3 solution disappears as the TaSz is intercalated 
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8. Tantalum Disulfide and Its Intercalation Compounds 47 

by the sodium. The liquid NH3 is then poured off into branch B and cooled with 
liquid nitrogen. The temperature gradient causes any residual NH3 to condense 
in branch B. This branch is removed by sealing at point R 1. Residual NH3 in the 
NaxTaSz may be removed by heating branch A gently (about 200'), while 
simultaneously cooling branch C to liquid nitrogen temperature. This branch is 
removed by sealing at point Rz after the NH3 has been frozen in C. The final 
product should be removed from the Pyrex tube only in an argon- or nitrogen- 
filled dry box as described in the preceding procedure. 

Other layered materials intercalated with alkali metals have been prepared and 
are given in Table 11. Only the maximum alkali metal concentration is listed for 
the various AxMXz. 

Properties 
Table I1 gives the c-axes and slab expansions 6. These materials react with air and 
moisture. No superconductivity has been fmnd in the group V-alkali metal 
complexes. 

3. Tin Intercalate of Tantalum Disulfide 

850' TaSz t Sn - SnTaSz 

DiSalvo et aL9 have carried out a systematic survey of intercalation compounds 
of 2H(a)-TaS2 with post-transition metals. In particular, the system SnxTaSz 
was found to exist in two composition domains, 0 < x < l/3 and x = 1. The 
following discussion briefly describes the techniques used by DiSalvo to synthe- 
size the compound SnTaS2. Syntheses of other transition and post-transition 
metal intercalation complexes with the layered transition metal dichalcogenides 
are discussed in References 9 and 20-24. 

Procedure 
2H(a)-TaSz is synthesized according to the procedure outlined in Section A. A 
1.91-g sample of TaSz powder (0.008 mole) is loaded into a fused quartz ampule 
such as the one shown in Fig. 2 4  along with 1.19 g of tin powder (about 0.010 
mole; -50 mesh powder; 99.5% purity)* The tube is then evacuated to 10-3torr, 
sealed, and heated in a small temperature gradient (AT - 20') with TaSz at the 
hot end (850'). The excess tin not intercalated sublimes to the cooler end of the 
tube over a period of several weeks. An alternate technique involves pressing a 

*Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
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pellet of a mixture of TaS, and Sn powders (1.91 g TaS2 and 0.950 g Sn) at 
40,000 psi. This pellet is then sealed in a fused quartz ampule under vacuum, 
fired to 600" for a week or so, cooled, and then removed from the ampule. 
Regrinding, pressing, and refiring several times will ensure a homogeneous 
sample. 

Properties 

The SnTaSz has hexagonal symmetry with lattice parameters a = 3.28 A and c/2 
= 8.7 A.9 For identification purposes, the prominent low-angle X-ray powder d 
spacings and (relative intensities) are: 8.6 (mw), 4.33 (ms), 2.85 (m), 2.81 (s), 
2.71 (s ) ,  and 2.56 (m). SnTaS, undergoes a superconducting transition at T, = 
2.95 OK. 
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9. PLATINUM DISULFIDE AND PLATINUM DITELLURIDE 

P 
P t +  2 s  - PtS' 

CI, (75  torr) 

Tl (800") T, (740") 

P 
Pt t 2Te - PtTe, 

CI, ( 7 5  torr) 

TI (875') T2 (690°C) 

Submitted by S. SOLED* AND A. WOLD* 
Checked by C. R. SYMONT 

Crystals of transition metal chalcogenides often can be grown by chemical vapor 
transport.li2 A charge of the desired stoichiometry is sealed in an evacuated 
silica tube together with a transport agent, and the tube is placed in one end of a 
furnace with a thermal gradient. The most commonly used transport agents are 
the halogens, although several other carriers, such as hydrogen halides, oxygen, 
and aluminum trichloride, have been tried.' Attempts to prepare crystals of 
platinum disulfide and platinum ditelluride by chemical vapor transport under a 
variety of thermal conditions with chlorine, bromine, or iodine as the transport 
agent failed. However, it was found that these platinum dichalcogenides could 
be transported in the presence of the appropriate mixture of phosphorus and 
sulfur. 

Procedure 

Large, well-formed plates of platinum disulfide can be grown when elemental 

*Department of Chemistry, Brown University, Providence, RI, 02912. 
?Corporate Research Laboratories, Exxon Researchand Engineering Co., P.O. Box 45, 

Linden, NJ, 07036. 
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charges of platinum (typically 0.002 mole and in the form of powder or sponge), 
sulfur, and phosphorus in the molar ratios 1:8: 1 are placed in an 11-mm id silica 
tube approximately 30 cm long. The tube is evacuated to approximately 
mm, backfilled with chlorine to a pressure of 75 torr (as monitored by a brass 
bourdon-type gauge*), and sealed off at a length of 25 cm. The sealed tube is 
placed in a modified three-zone furnace? with the temperature in the two end 
zones maintained at 800" and the temperature in the central zone slowly lower- 
ed to 740°. 

Crystals of platinum ditelluride can be grown when charges of platinum, sul- 
fur, phosphorus, and tellurium in the molar ratio of 1 :3: 1 :2 are held at 875" and 
the growth zone is cooled to 690". In the preparation of both the sulfide and the 
telluride, adding chlorine to a pressure of 75-100 torr enhances the transport, 
but its presence is not essential. However, the presence of both phosphorus and 
sulfur is necessary. 

Both compounds crystallize with the cadmium diiodide structure (space group 
P?d) as previously reported on polycrystalline  sample^.^ For platinum disul- 
fide, a, = 3.542(1) A and c, = 5.043(1) A, and for platinum ditelluride, a, = 
4.023(1) A and co = 5.220(3) A. Direct chemical analysis for the component 
elements was not carried out. Instead, precision density and unit-cell determina- 
tions were performed to characterize the samples. The densities of both com- 
pounds as determined by a hydrostatic technique with heptadecafluorodeca- 
hydro- 1-(trifluoromethy1)naphthalene as the density fluid4 indicated that they 
are slightly deficient in platinum. For platinum disulfide, p d c  = 7.86 g/cm3 and 
pmea = 7.7(1) gm/cm3, and for platinum ditelluride, p d  = 10.2 gm/cm3 and 
pmea = 9.8(1) gm/cm3. In a typical experiment an emission spectrum of the 
platinum disulfide showed that phosphorus was present in less than 5 ppm. A 
mass spectroscopic examination of the platinum ditelluride revealed a small 
doping by sulfur (less than 0.4%) and traces of chlorine and phosphorus (less 
than 100 ppm). 

Properties 

The first 10 powder diffraction lines for each phase are given in Table I. Bulk 
magnetic susceptibility measurements (77-300°K) show that both platinum 
disulfide and platinum ditelluride are diamagnetic, with susceptibilities of 
-31(2) and - 12(1) emu/mole respectively, as expected for low-spin d6 octahe- 
dral ions. Platinum disulfide shows semiconducting behavior between 77 and 
300"K, with an activation energy of O.lO(1) eV, whereas platinum ditelluride is 
metallic. 

*US. Gauge (No60S6-A vacuum gauge) available from A. H. Thomas Co., P.O. Box 779, 

?A commercially available furnace can be obtained from Lindberg Hevi-Duty Company, 
Philadelphia, PA 19 105. 

3709 Westchester Pike, Newton Square, PA 19073. 
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TABLE I Platinum Disulfidd 

d (N hkl I I I t o o  

5.04 00 1 100 
3.07 I00 70 
2.621 101 50 
2.521 002 70 
1.948 102 90 
1.771 110 10 
1.67 1 111 90 
1.535 200 5 
1.468 201 20 
1.449 112 5 
5.22 00 1 100 
3.49 100 5 
2.899 101 65 
2.608 002 15 
2.089 102 35 
2.013 110 20 
1.878 111 5 
1.740 00 3 25 
1.653 20 1 5 
1.556 103 20 

“There is always some preferred orienta- 
tion on grinding either of these crystals, 
so the intensity ratios may be variable. 
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10. SUBSTITUTED PALUMINAS 

Submitted by J. T. KUMMER* 
Checked by M. STANLEY WHITTINGHAMt 

0-Alumina has the empirical formula Na20. 1 1A1203. In reality the compound is 
massively defective and contains considerably more (-25%) NazO than indicated 

*Ford Motor Company, Research Staff, Dearborn, MI 48121. 
?Corporate Research Laboratories, Exxon Research and Engineering Co., P.O. Box 45, 

Linden, NJ 07036. 
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by the empirical formula. 0-Alumina has a hexagonal layer structure' of the 
space group P631mmc with the lattice constants a = 5.59 A and c = 22.53 A. 
The sodium ions are situated exclusively in planes perpendicular to the c-axis 
that contain, in a loose packing, an equal number of sodium and oxygen ions. 
This unusual structure results in the sodium ion possessing a high mobility in this 
plane, and the resulting high ionic conductivity is the prime reason for the recent 
interest in this compound.' 

Substituted 0-alumina can be made by an ion exchange procedure in a molten 
salt using single crystals of sodium @alumina as starting material.' Small single 
crystals of 0-alumina, if not available, can be obtained from fusion-cast bricks of 
0-alumina (Monofrax H, 14 kg each).* These bricks fracture easily, yielding 
single crystals of 0-alumina that are very thin in the c direction (G0.03 cm) and 
up to 1 cm in diameter. I f  there is a difference in size between the ion introduc- 
ed into the @-alumina and the ion removed in the ion exchange process there is a 
very much larger change in c-axis dimension of the crystal than in the a-axis 
dimension. In general, for crystals 0.03 cm thick and 1 cm in diameter, the 
physical integrity of sodium 0-alumina crystals is preserved during ion exchange 
with other monovalent cations. The author does not know if very large single 
crystals will preserve their physical integrity during ion exchange. Polycrystalline 
ceramic material will, in general, fracture during the ion exchange process as a 
result of the unequal change in the a and c dimensions. An exception is the 
exchange of polycrystalline Na' 0-alumina by Ag' ion where the change along 
the c axis is small. 

The ion exchange can be done either by direct exchange of the Na' ion in 
0-alumina with the desired cation in a molten salt medium using an appropriate 
anion to improve the exchange equilibria' or by first exchanging the Na' in 
/%alumina with Ag' ion in molten silver nitrate and then exchanging the Ag' ion 
in this material with the desired cation in a molten salt or other media. In 
general, the latter procedure is preferred. The use of silver 0-alumina as an 
intermediate has two advantages: (1) By employing a metal chloride melt, the 
exchange reaction with silver 0-alumina can be driven to  completion as a result 
of the formation of silver chloride in the melt. (2) Complete exchange is 
determined by the absence of silver ion in the exchanged material; there should 
be no fear of contamination error in the analytical procedure since silver is not a 
common contaminant in the laboratory. Because of the large atomic weight of 
silver the silver 0-alumina contains approximately 19 wt % silver and the 
exchange can be monitored by weight changes in many cases. 

The analysis of 0-aluminas for stable cations can be made by a fusion process. 
The @-alumina can be dissolved in molten Li2C03 (or K,C03) ,  the resulting 
glass dissolved in dilute nitric acid, and the solution analyzed by atomic 
adsorption. Activation analysis or X-ray fluorescence analysis also can be used. 

*Available from Monofrax Div., Carborundum Co.,  P.O. Box A, Falconer, N Y  14733. 
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A. SILVER 0-ALUMINA (ALUMINUM SILVER(1) OXIDE) 

Na2O.llALO3 + 2AgNOJO) + Ag,0.11A1203 + 2NaN030) 

Procedure 

Sodium 0-alumina single crystals are dried at 500' for 3 hours and cooled in a 
desiccator. The exchange of the sodium ion by the silver ion is carried out using 
molten silver nitrate at 300" contained in a Vycor or fused-quartz vessel. Pyrex 
should not be used because of the presence of potassium and sodium in the glass. 
One gram of dried crystals of sodium 0-alumina are placed in a Vycor test tube 
approximately 2 cm in diameter and about 14 cm long. Ten grams of reagent 
grade silver nitrate is added and the mixture is heated to 300' in a furnace. The 
time required for exchange equilibrium increases as the square of the diameter of 
the largest crystals used. For crystals of 2-mm diameter, the time to reach 99% 
equilibrium is 3 hours. For crystals of 1-cm diameter the time is 75 hours. The 
crystals float at first and then sink to the bottom of the test tube. Stirring is not 
necessary as sodium nitrate is less dense than silver nitrate. At the end of the 
time allowed for attainment of 99% equilibrium, the molten silver nitrate is 
decanted from the crystals into a porcelain crucible and the Vycor test tube 
containing the exchanged crystals is cooled to room temperature. The crystals 
are washed with water to dissolve the residual silver nitrate, and then with 
alcohol or acetone, and are then dried at 200". The crystals contain less than 
0.1% sodium. 

Proper ties 

Silver 0-alumina crystals are colorless. They stay clear and transparent upon 
heating to 1000" and do not react when contacted with chlorine for several 
hours at 560". The lattice constants are a = 5.594 A, c = 22.498 A. The crystals 
are not hygroscopic. 

B. THALLIUM(1) 0-ALUMINA [ALUMINUM THALLIUM(1) OXIDE] 

Procedure 

.Caution. Thallium salts are extremely toxic, particularly their vapor. Melts 
should be prepared in a hood. 

The procedure for producing thallium 0-alumina from sodium &alumina is the 
same as that used above for silver 0-alumina. Thallium(1) nitrate is used in place 
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of silver nitrate. For crystals, I-mrn in diameter the time to reach 99% equili- 
brium is about 75 hours. The exchanged crystals contain less than 0.1% sodium. 

Properties 

Thalliurn(1) p-alumina crystals are colorless and do  not react with chlorine at 
700". The lattice constants are a = 5.597 A, c = 22.883 A. The crystals are not 
hygroscopic. 

C. LITHIUMPALUMINA (ALUMINUM LITHIUM OXIDE) 

Ag,0*11A1203 + 2LiCIo + LizO~11A1203 + 2AgClo 

Procedure 

One gram of silver @-alumina (see above) is placed into a fused quartz test tube 
about 2 cm in diameter and about 14 cm long. Five grams of lithium chloride is 
added. It is important that the lithium chloride used have a very low content of 
other alkali metal impurities, except Cs, since the ion exchange equilibria greatly 
favor the presence of the other alkali metals in the Paluminacrystals over lithium. 
Essentially all of the impurity ends up in the crystals. The fused-quartz test tube 
is heated to 650" in a furnace. For crystals 1-cm in diameter the time to reach 
99% equilibrium is approximately 16 hours. The molten salt is decanted and 
the crystals are allowed to cool to room temperature. Methyl alcohol containing 
about 10% propylamine or ethylenediamine is used to wash the product and 
thereby remove the silver chloride and residual lithium salts. The sample is dried 
at 400" and stored in a dessicator. The lithium &alumina crystals contain less 
than 0.05% Ag. If the lithium chloride used contains a trace of sodium or 
potassium, it can be prepurified by treatment with silver 0-alumina at 650". 
Each gram of silver &alumina will remove about 30 mg of sodium from the melt. 
The molten lithium chloride, after decantation from the pretreatment silver 
0-alumina, can be used to prepare the product, lithium p-alumina. 

Properties 

Lithium 0-alumina crystals are colorless and hygroscopic. They should be kept in 
a desiccator and dried at 400' before use. The lattice constants are a= 5.596 A, 
c =  22.570 A. 
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D. POTASSIUM &ALUMINA (ALUMINUM POTASSIUM OXIDE) 

The preparation of this compound from silver 0-alumina is similar to the prepara- 
tion of lithium 0-alumina. The melt consists of 10 g of potassium chloride. The 
exchange temperature is 800". For crystals with diameters of 1 cm it takes about 
16 hours to reach 99% of equilibrium. The potassium salts used should contain 
less than 0.1 wt % sodium. After decantation of the melt the crystals are washed 
with water containing 2% propylamine or ethylenediamine to remove residual 
potassium salts and silver chloride. The sample is dried at 200". The potassium 0- 
alumina contains less than 0.05% silver. 

Properties 

Potassium 0-alumina crystals are colorless and are not hygroscopic. The lattice 
constants are a = 5.596 A, c = 22.729 A. 

E. RUBIDIUM &ALUMINA (ALUMINUM RUBIDIUM OXIDE) 

Ag,O. 1 lA1203 + 2RbC1" + Rb20. 1 lA1203 + 2AgClo 

The preparation of this substance from silver &alumina is similar to the prepara- 
tion of lithium &alumina. The melt consists of 10  g of rubidium chloride. The 
exchange temperature is 800". For crystals 2 mm in diameter it takes about 16 
hours to reach 99% of equilibrium. The rubidium salts used should contain 
less than 0.02% potassium and less than 0.1% sodium. After decantation of the 
melt the crystals are washed with water containing 2% propylamine or ethylene- 
diamine to remove residual potassium salts and silver chloride. They are dried at 
200". The rubidium palumina crystals contain less than 0.05 wt % silver. 

Properties 

Rubidium &alumina crystals are colorless and are not hygroscopic. The lattice 
constants are a = 5.597 A, c = 22.877 A. 
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F. AMMONIUM &ALUMINA (ALUMINUM AMMONIUM OXIDE) 

Preparation 

.Caution. Ammonium nitrate is hazardous in large amounts and can be 
detonated with shock waves. There have been no problems when using 10 g of 
material, but it should be handled with care. 

Because ammonium salts decompose at high temperature, the exchange must 
be carried out at temperatures below 180". At this temperature the rate of 
exchange is low and the time for complete exchange is high. One gram of sodium 
0-alumina is placed in a Vycor test tube about 2 cm in diameter and 14 cm long 
along with 10 g of ammonium nitrate. This test tube is placed in a furnace at 
170-180" as close to 170" (the melting point) as is feasible. The time to reach 
99% equilibrium is approximately 140 hours for crystals 34 mm in diamter. At 
the end of the exchange process the molten salt is decanted, and the test tube 
with the crystals is cooled to room temperature. The crystals are washed with 
water and dried at 200". These dried crystals are placed in the Vycor test tube 
along with a fresh 10 g of ammonium nitrate, and the above procedure is 
repeated. The crystals are dried at 200". The ammonium 0-alumina crystals 
contain less than 0.3% sodium. 

Properties 

Ammonium &alumina crystals are colorless and are not hygroscopic. The lattice 
parameters are u = 5.596 A, c = 22.888 A. The IR spectra show characteristic 
absorption bands at 3180,3070, and 1430 cm-'. 

G. GALLIUM(1) &ALUMINA [ALUMINUM GALLIUM(1) OXIDE] 

Ag20~11Alz03 t 2Ga - GazO~11Alz03 t 2Ag 
GaI0) 

Preparation 

One gram of silver &alumina crystals is placed in a Vycor tube with a 1-cm id 
and 20 cm long and closed at one end. Three grams of gallium and 4 g of iodine 
are added, and the Vycor tube is necked down near the middle in preparation 
for sealing off. The tube is evacuated with a mechanical pump to <1 torr 
pressure and sealed. The sealed tube is placed in a cold furnace and then heated to 
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about 290". For crystals 1 mm in diameter the time of heating is 48 hours. The 
furnace is cooled to room temperature and the ampule is removed. The ampule 
is broken open and the melt is dissolved in 10% HC1 solution, leaving a pool of 
galliumsilver metal and gallium(1) 0-alumina crystals. 

Properties 

Gallium(1) palumina crystals are transparent and reddish-brown.3 They become 
colorless when heated 16 hours at 540" in air. The lattice constants are a = 5.600 
A, c = 22.718 A. The density is 3.51 g/cm3, and the compound is stable up to 
750' in dry air. The material is not hygroscopic. 

H. NITROSYL 0-ALUMINA (ALUMINUM NITROSYL OXIDE) 

NOCl + Mcl3 + [NO] [AlC14] 

Ag20-11A1203 + 2[NO] [AlC14] + [NO]20*11Al,03 + 2Ag AlC14 

Preparation 

.Caution. This preparation must be done in a hood because NOCI is very 
toxic. 

This material is prepared by allowing silver p-alumina to exchange with molten 

Using a long-stem funnel, 4 g of anhydrous AIC13 is placed in the bottom of a 
Vycor test tube 5 cm in diameter and 60 cm long that has previously been flush- 
ed with dry argon. The tube is then necked down about 20 cm from the bottom 
in preparation for sealing off. With argon flowing across the open mouth of the 
tube the AlC13 is sublimed from the tube bottom to above the necked-down 
section and the tube is sealed off at the neck. Nitrosyl chloride gas* is bled from 
the lecture bottle through Teflon and glass tubing into a small cold trap in Dry 
Ice where about 2.5 g (approximately 1.7 mL) of the NOCl is condensed. The 
Vycor tube containing the AlC13 and with argon flowing across the open mouth 
is immersed in Dry Ice and the NOCl is distilled through a long glass tube from 
the cold trap (bp -5') and condensed in the bottom of the Vycor tube to 
contact the AlC13. The Vycor tube is placed in an ice-salt bath and allowed to 
stand 1 hour with occasional agitation to allow reaction, after which it is heated 
to 200" to melt the [NO] [A1Cl4]. 

The tube is cooled to -78" and 1.5 g of 0.1-mm-diameter dried (400') silver 

[NO] [A1Cl4] ? 

*A?ailable from Matheson Gas Products, P.O. Box 85, East Rutherford, NJ 07073. 
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P-alumina crystals are added to the NOAIC14 through a long stem funnel. 
Additional NOCl, about 0.5 g (0.35 mL), is added to suppress the decomposi- 
tion of [NO] [A1C14], and the top of the Vycor tube is sealed off. The tube is 
heated to 200' for 24 hours. At the end of this time the tube is cooled and 
broken open in the hood and the melt is dissolved in distilled water containing 
ethylenediamine to dissolve the AgC1. (=Caution. NOz fumes are given off.) 
The crystals of nitrosyl p-alumina contain less than 0.5 wt % Ag. 

Properties 

Nitrosyl Falumina crystals are colorless and nonhygroscopic. The lattice con- 
stants are a = 5.597 A, c = 22.7 11 A. The IR spectrum contains a strong absorp- 
tion band at 2245 cm-', a frequency indicative of the N - O  stretching motion of 
the nitrosonium ion. The material is thermally unstable. Particles 150-250 1.1 in 
size decompose above 400'. Particles smaller than 45 1.1 decompose above 150'. 
The density of the material is 3.22 g/cm3. 
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Chapter Two 

METAL ATOM SYNTHESES* 

11. INTRODUCTION TO METAL ATOM SYNTHESES 

Although the low-temperature codeposition of atoms with vapors of organic or 
inorganic substrates has been utilized in synthetic work for over 15 years,' new 
techniques of vaporization have led to  direct syntheses of low valent complexes 
of the more refractory transition metals. In the present state of the art, metal 
atom chemistry is the quickest and cleanest method of preparing gram quantities 
of compounds such as B2C4 and Cr(PF&, as well as the only presently known 
method of preparing compounds such as (r6-C6H5Cl)zMo. Several review 
articles on metal atom synthesis are available?-4 

Apparatus 

Most metals vaporize as atoms, which are highly reactive as a result of the input 
of the heat of vaporization and the lack of steric restrictions. The basic strategy 
in metal atom synthesis is to  codeposit the metal atoms with a large excess of 
reactant, thereby promoting reaction between the metal atom and the substrate 
and suppressing recombination to the bulk metal. As shown schematically in 

*Based on detailed information supplied by K. Klabunde,** P. Timmsf P.S. Skellz and S. 

**Department of Chemistry, University of North Dakota, Grand Forks, ND 58201. 
k h o o l  of Chemistry, University of Bristol, Bristol BS8 lTS, England. 
*Department of Chemistry, Pennsylvania State University, University Park, PA 16802. 
§Central Research and Development Dept., E. I. duPont de Nemours & Co., Wilmington, 

D. Ittel.5 

DE 19898. 
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Fig. 1. Schematic of a metal atom reactor. 

Fig. 1, the metal atoms may be generated in an electrically heated crucible and 
co-condensed with the substrate on the cold walls of the reaction vessel. To 
minimize gas-phase reactions, a good vacuum must be maintained in the reactor 
during this codeposition. An alternative procedure is to condense the metal 
vapor into a well-stirred solution of the reactant in a suitable solvent cooled to a 
temperature at which the vapor pressure of the solution is torr. This 
method has special advantages for the preparation of unstable organometallic 
compounds and for reacting metal atoms with nonvolatile substrates.2 

The initial cost of a metal atom system can total well over $5000; however, if 
high-vacuum equipment is already available the cost can be held under $1000. It  

iranchembook.ir/edu

https://iranchembook.ir/edu


Soft ---- 
To vacuum 

system 

,Brass swage lock 
2 - i n  t u t x  to f -in 

female pipe. drill 

] t o  clear -in tube 

remove f -in 
pipe threads and 
silver solder to 

I 

3 10130 

rnm 3,- 

Copper split bolt, 
turn head down 

to f i t  4 -in tube 

and silver solder 
in place 

3 14126 

T 
T 
100 

3 rnn 
slot! 

Reactor assembly 
current design 

Top. 
Kontes = K 613200, 
Size 21. 
4 lotnts all 3 24/40 

k t o m :  
Kontes * 612000. 
3000 m L  

Condensing 1 area ,-,1,5 rnm 

1- 60 ,mm 

t 
Insulation 

Fig. 2. Detail of a metal atom reactor. 
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I I .  Introduction to  Metal A tom Syntheses 63 

also is possible to purchase complete systems, including reactor, vacuum system, 
and electrical supply.**? 

A detailed drawing of a simple metal atom reactor, largely build from commer- 
cially available parts, is given in Fig. 2. The main reaction chamber consists of a 
3000-mL reaction flask and a four-necked top section. This reactor is suitable for 
all the experiments described in this chapter, with the possible exception of the 
molybdenum compounds. For syntheses of a practical scale with refractory 
metals (vaporization temperature greater than 2000°, e.g. Re, Mo, and W) a 
larger diameter reactor (140-178 mm) with a standard wall thickness (about 3.5 
mm) is recommended to improve heat dissipation. 

The construction of the alternate design for the metal atom reactor shown in 
Fig. 3 requires the sewices of a glassblower, but it has significant advantages in 
the work up of air-sensitive products. When a nonvolatile product is to be isolat- 
ed, nitrogen gas is admitted, and the electrode and inlet assembly is replaced by 
an O-ring cap. At this stage the reactor can be taken into a dry box, or it can be 
handled like a large Schlenk flask, with the product being scraped down and 
transferred under a nitrogen flush.’ Another alternative is to replace the inlet 
assembly by a large cold finger to receive sublimable products. 

In both reactor designs, water-cooled electrodes extend down into the reactor 
chamber and a heating element is connected across the base of these electrodes. 
The metal sample may be placed in a crucible that fits into a wire-wound heater, 
both of which are commercially available.$§ A more efficient source consists of 
an alumina crucible with an internal tungsten wire heater.§ The heating 
efficiency of the source and cooling of the reactor are improved by wrapping 
the bottom of the crucible-heater assembly with refractory wool (Kaowool, 
A1,03.Si02), which is replaced after each run.p 

The power requirements for heating the crucible are adequately met by a 20-A 
variable transformer (120-V input, 0-120 V output) feeding a 1.5-kW step-down 
transformer designed for a 15-V output with a 120-V input. Cables to  the reactor 
electrodes must be of adequate size to handle the large currents, which may 
range up to 300 A. A rough idea of the voltage and current requirements for 
specific metals may be obtained from Table I. 

The reactor is evacuated with a two-or three-stage oil or mercury diffusion 
pump, backed by a rotary mechanical pump. A large removable liquid-nitrogen- 

*Kontes/Martin, 1916 Greenleaf St., Evanston, IL 60204; resistive heating is employed in 

tG. V. Planar, Sunbury, England; electron-beam or resistive heating is employed in this 

SR. D. Mathis Co., 2840 Gundry Ave., Long Beach, CA 90806. 
SSylvania Emissive Products, Exeter, NH 03833. 
PMorganite Ceramic Fibers, Neston, England; Zircar Products Inc., 110 N. Main Street, 

NY 10921, sells similar materials. Another source is Babcock and Wilcox, 5775-A Glenridge 
Dr., N.E., Atlanta, GA 30328. 

this unit. 
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iranchembook.ir/edu

https://iranchembook.ir/edu


T
A

B
L

E
 I

 
C

on
di

ti
on

s 
fo

r 
th

e 
E

va
po

ra
ti

on
 o

f 
M

et
al

s 

T
em

pe
ra

tu
re

 
A

pp
ro

xi
m

at
e 

C
on

di
ti

on
s9

 
Su

it
ab

le
 

M
et

al
 

M
P 

("
C

) 
A

pp
ro

x.
 V

ap
. 

("
C

) 
C

ru
ci

bl
e 

So
ur

ce
b 

A
m

pe
ra

ge
 

V
ol

ta
ge

 

C
ob

al
t 

C
op

pe
r 

C
hr

om
iu

m
 

14
95

 
10

84
 

19
03

 

15
20

 
13

00
 

15
00

 

Ir
on

 
M

ag
ne

si
um

 
M

ol
yb

de
nu

m
 

N
ic

ke
l 

Pa
lla

di
um

 
Pl

at
in

um
 

rn
 

Q
 

T
un

gs
te

n 
V

an
ad

iu
m

 
Z

in
c 

15
 38

 
12

44
 

26
10

 

14
52

 
15

52
 

17
69

 

34
10

 
19

17
 

41
9 

15
00

 
48

0 
25

00
 

15
00

 
14

90
 

21
00

 

32
00

 
18

50
 

32
0 

A
lu

m
in

a 
A

lu
m

in
a 

W
-b

oa
t 

C
hr

om
ia

 
A

lu
m

in
a 

A
lu

m
in

a 
Mo

 w
ir

e 

A
lu

m
in

a 
A

lu
m

in
a 

Pt
 w

ir
e 

W
-w

ire
 

W
-b

oa
t 

A
lu

m
in

a 

~ 

0.
5 

m
L

 
0.

5 
m

L
 

0.
5 

m
L

 
0.

5 
m
L
 

1.5
 m

L
 

1.
27

 m
m

 d
ia

m
. 

25
4 

m
m

 l
on

g 
0.

5 
m

L
 

0.
5 

m
L

 
1.

0 
m

m
 d

ia
m

. 
15

0 
m

m
 l

on
g 

S
-1

6 
00

5 

S
-1

6.
01

0 
0.

5 
m

L
 

~ 
-
~

 

3
5

4
5

 
25

-3
0 

10
0-

13
0 

40
-5

 0
 

35
.45

 
40

-5
0 

62
 

6
-6

5
 

3
.7

4
 

6.
5-

7 
6-

6.
5 

1-
1.

5 
12

-1
3 

35
-4

5 
35

-4
5 

73
 

20
0 25
 

6-
6.

5 
6-

6.
5 

13
-1

4 

2.
5 

2 
~~

 
~ 

~~
 

~ 
~~

 
~~

 

"T
he

se
 

co
nd

it
io

ns
 a

re
 g

iv
en

 f
or

 u
ni

ns
ul

at
ed

 c
ru

ci
bl

es
. 

Po
w

er
 r

eq
ui

re
m

en
ts

 
ar

e 
re

du
ce

d 
by

 a
bo

ut
 a

 f
ac

to
r 

of
 2

 w
he

n 
re

fr
ac

to
ry

 w
oo

l 

bT
he

 0
.5 

or
 1

.5
-m

L
 c

ru
ci

bl
es

 a
re

 i
nt

eg
ra

lly
 h

ea
te

d 
un

it
s 

av
ai

la
bl

e 
fr

om
 S

yl
va

ni
a 

E
m

is
si

ve
 P

ro
du

ct
s.

 T
he

 S
-1

6 
tu

ng
st

en
 b

oa
ts

 a
re

 a
va

ila
bl

e 
in

su
la

ti
on

 i
s 

us
ed

. 

fr
om

 t
he

 R
. 

D
. M

at
hi

s 
C

o.
 T

he
se

 s
pe

ci
fi

c 
pr

od
uc

ts
 a

re
 m

en
ti

on
ed

 o
nl

y 
to

 p
ro

vi
de

 g
ui

de
lin

es
. 

iranchembook.ir/edu

https://iranchembook.ir/edu


11. Introduction to Metal .4tom Syntheses 65 

cooled trap situated between the diffusion pump and the reactor contributes to 
the pumping efficiency and protects the pumps from volatiles emitted from the 
reactor. Pumping speeds at  the reactor ranging from 0.5 to 200 L/sec have been 
used successfully, The lower pumping speeds are quite acceptable for some 
work, but higher speeds are desirable, and if permanent gases (CO, Nz, H2, and 
CH4) are evolved during the reaction the higher speeds are required. A vacuum 
system that is satisfactory for the preparations described in this chapter is 
outlined in Fig. 4.5 The pumping system should be capable of achieving a 
vacuum of torr, but pressures up to 10- torr usually can be tolerated 
during the reaction.* Typically the pressure during the reaction should be equal 
to or less than 5 X torr as measured by a thermocouple gauge situated 
close to  the reactor. 

0 Forepump 

Main manifold 
Main To N, source Diffusion 

One or more 
U-traps f o r  
fractionation 
of products 

4 

Main manifold 
Main To N, source Diffusion 

One or more 
U-traps f o r  
fractionation 
of products 

4 

c 

Reactor 2 
Fig. 4. Schematic vacuum system for metal atom reactions. X represents the 
stopcock or Teflon-in-glass valve. Satisfactory components (for a general 
discussion of vacuum line design see References 1 and 4): forepump, 25 L/min 
free air capacity; diffusion pump, 2 L/sec; main trap is removable and measures 
about 300 mm deep; main manifold has a diameter of about 25 mm, stopcock 
or valve in manifold should be at least 10 mm substrate container is removable 
container with 1-2 mm Teflon-in-glass needle valve connected to bottom of 
container. Connection between this needle valve and the reactor may be 1/8 
in. od. Teflon tubing is used. Alternatively, the substrate may be added as shown 
in Fig. 3. 

*The maximum pressure that should be tolerated in a metal atom reactor is a point of 
controversy among various workers in this field. High pressures favor reaction in the gas 
phase with respect to those in the matrix. Where different products are obtained from the 
gas and condensed phases, the former products begin to appear at pressures of torr. 
The molybdenum atom syntheses described in this volume are best carried out under 
torr and with apparatus described in synthesis number 16. Skell and co-workers consider 
this apparatus necessary and appropriate for all work. 

iranchembook.ir/edu

https://iranchembook.ir/edu


66 Metal A tom Syntheses 

General Procedure 

1. Setup, A metal charge is placed in the evaporation source (crucible). Table 
I suggests some typical heated sources for use with different metals. Most con- 
veniently, the metal is usually granules or small pieces. Powdered metals should 
be avoided because they are contaminated with oxide and tend to fly out of the 
crucible. The metal charge varies depending on the desired scale but normally is 
0.5-1.0 g. The weighed crucible and charge are attached to the electrodes, and 
the crucible is then insulated with Kaowool. The reactor is assembled and the 
entire system is evacuated with the mechanical forepump. The main trap (Fig. 4) 
is cooled with liquid nitrogen to protect the pumps. Liquid ligand is placed in 
the proper container, attached to the manifold, and freeze-thaw degassed. A ten- 
to fifty-fold excess of ligand over metal is normally used. If a gaseous ligand is to 
be used it may be contained in a large bulb. If the material is not air free it is 
subjected to several cycles of freezing, pumping, and thawing. The diffusion 
pump is turned on and the reactor is pumped down to below 

2 .  Reaction. The electrode cooling water is turned on followed by the 
power, and the crucible is slowly heated to a low dull red to allow the charge to 
degas. A dewar flask is placed around the reactor and filled nearly to the top with 
liquid nitrogen. A light layer of ligand is deposited on the walls and then the 
deposition is stopped. Over a period of several minutes the crucible is heated and 
the charge is occasionally viewed through a dark welder’s glass. For metals that 
melt before vaporizing, it is best to melt them first and quickly back off on the 
power so that too rapid an evaporation does not occur. When the evaporation 
starts, some wall darkening occurs, and ligand deposition is then resumed. The 
introduction of about 50 mmole of ligand to about 3 mmole of metal ih M-1 
hour is normal in exploratory work. Sometimes it is difficult to tell if metal 
evaporation has stopped. A common trick is to shut off the ligand supply for 
about 10 seconds and then introduce a “blast” of ligand. If the metal is still 
vaporizing, a “rainbow effect” is often seen on the inside walls of the reactor. The 
pressure in the reactor (indicated on the thermocouple gauge) should remain 
below lo-’ torr and preferably below 5 X torr while ligand is being added. 
If the pressure rises during addition, ligand flow and metal evaporation rate 
should be decreased. After completion of the reaction, the reactor walls are 
usually dark; however, the appearance may vary considerably. 

3.  Product recovery. (.Caution. Finely divided metals, such as those 
produced in the metal atom reactions, are often pyrophoric. Therefore, at the 
end of a reaction the reactor is always vented with an inert gas such as Nz. 
Residual pyrophoric metals may generally be rendered innocuous by the careful 
introduction of dilute HC1 solution under a nitrogen purge. It is to be expected 
that the electrde assembly will be covered with pyrophoric metal which will 
glow or flame as the assembly is removed from the reactor. Care should be 

torr. 
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11. Introduction to Metal .4 tom Syntheses 6 7 

exercised to avoid ignition of organic vapors when the electrodes are first 
exposed to the atmosphere.) The following procedures are the most commonly 
used for working up the product: (1) the deposit is allowed to melt and is then 
removed along with excess substrate by means of a syringe or syphon tube 
under u nitrogen blanket. ( 2 )  The deposit is warmed to room temperature 
and excess ligand is pumped into the main trap or another trap on the vacuum 
line (Fig. 2). If desired, degassed solvent may then be introduced by trap-to-trap 
distillation or by syringe, under a nitrogen flush, and the solution may then 
be removed as outlined in procedure 1. Once the product is removed it is 
isolated and purified by normal techniques, involving Schlenk ware, vacuum line, 
or dry box. 

Causes of Low Yields and ~ o n r e p r ~ d ~ c i ~ i l i t y  

The success of chemical synthesis using metal atoms depends on a number of 
factors. Some of these factors are intrinsic to the chemistry being attempted, but 
other factors depend mainly on the experimental conditions. Some of the more 
common problems are discussed below. 

1. Substrate-to-metal ratio. It is convenient to use as small a substrate/metal 
ratio as possible because less substrate is then required, separation of the 
product from excess substrate is facilitated, and problems of pressure increase 
due to rapid addition of substrate vapor are minimized. Low ratios give accept- 
able yields only when the reaction product is not catalytically decomposed by 
metal clusters. For example, 50% yields of Cr(PF& can be obtained with a 
PFJCr mole ratio of only 5: 1. However, dismal yields of Ti(C6H6)2 or Fe( 1,s- 
cod)2 would be obtained under the same conditions and substrate/metal ratios 
of at least 15: 1 must be used. 

2 .  Miring of atoms and molecules. A well-designed metal atom apparatus 
will spray the ligand vapor onto the cold walls of the vacuum vessel such that the 
maximum concentration of ligand coincides with the position of the maximum 
concentration of metal vapor condensing on the walls. It is fairly easy to achieve 
this condition in the absence of much heat radiation from the metal evaporating 
source. Under good vacuum, the evaporating source emits both metal vapor and 
heat radiation in straight lines so that the area of the cold surface that receives a 
maximum flux of metal vapor also receives a large flux of heat radiation. Thus, 
one zone on the cold surface must cope with maxima of radiative heat flux from 
condensing ligand and metal. Not uncommonly, this zone ceases to condense the 
ligand as efficiently as other, colder parts of the vacuum vessel. The condensed 
ligand/metal ratio is lower in this zone and the yield of product falls. Solutions 
to the problem include: (a) insulating the metal evaporation source as well as 
possible so that only an unavoidable amount of heat radiation accompanies 
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metal evaporation and (b) using as large a diameter of reactor as available to 
reduce the flux of heat and condensing species. If only a smaller reactor is 
available, the scale of the reaction should be reduced. For cylindrical reactors, 
the scale of reactions that should be attempted varies with the square of the 
diameter. 

3. Rate of atom condensation. The relationship between the yield of 
product and the ratio of ligand/metal atoms condensed on the cold surface is 
obvious. The more ligand, the more metal atom-metal atom collisions are 
avoided. However, in many reactions, particularly those in which the product 
is endothermic, for example, the preparation of dibenzenetitanium or bis( 15- 
cyclooctadienejron, the absolute flux of metal atoms is also important. With 
high flux rates on the condensing surface, independent of the ligand/atom ratio, 
the product yieldis low. With suitably low flux rates, the yields in such reactions 
can be very high. For the most critical reactions, the best flux of atoms cor- 
responds to one monolayer of atoms per (cm2 sec)-that is, 0.01 mmole/cm2 hr. 
For less difficult reactions, flux rates 10 or even 100 times greater give satis- 
factory yields. For most reactions it seems that there are critical flux rates that, 
if exceeded at any time during a metal atom reaction or on any zone on the con- 
densing surface, give low yields. The reason for this behavior of atoms is not 
properly understood, but it seems related to surface diffusion and surface 
accommodation'factors. Undoubtedly, it is a major cause of nonreproducibility 
in metal atom reactions as metal atom flux rates are quite difficult to reproduce 
from one experiment and apparatus to another. The best solution is to reduce 
the atom flux rate, that is, to evaporate the same weight of metal over a long 
period, or to use a larger vacuum vessel to increase the surface area. 

4. Thermolysis on insulating wool. Kaowool or other refractory wools are 
valuable for reduced radiative heat losses from a hot crucible. However, their 
use causes some increase in the extent of pyrolysis of substrate vapor by the 
crucible assembly and this, in rare instances, may spoil a metal atom synthesis. 
Only one example is known at present. The reaction of palladium atoms with 
benzyl chloride gives very low yields of v3-benzylpalladium chloride when the 
palladium is evaporated from an alumina crucible insulated with Kaowool, but 
a 30-50% yield with an uninsulated crucible. It has been established that this is 
due to  enhanced formation of product-destroying radicals on the hot Kaowool. 

5 .  Electron damage and electronic excitation effects, Electron bombardment 
heating is suitable for the evaporation of all metals under vacuum, but its use in 
metal vapor synthesis can create problems because of electrons interacting with 
substrate molecules to form product-destroying ions or radicals. Electron 
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damage seems to be minimized by using an electrostatically focused electron 
gun of the Unvala design, with the metal target at high positive potential, the 
electron emitting filament at ground potential, and a pressure of less than 

torr in the reaction vesse1.2*6 Evaporation of main group elements by either 
electron bombardment or arc evaporation methods may create atoms in excited 
electronic states with a chemistry different from that of the ground state atoms 
produced by simple thermal evaporation. This effect is rarely important for 
transition metal atoms, as the excited states of these atoms decay to the ground 
state very rapidly before the atoms condense on the surrounding cold surface. 

6.  Temperature of  the cold surface. Some metal atom reactions, for 
example, those involving 1,s-cyclooctadiene, show a marked variability in yield 
depending on the true temperature of the condensing surface. Generally, the 
lower the surface temperature, the worse the yield of product. This may be due 
to a lower activation energy for the atom-atom reaction than the atom-ligand 
reaction, which at low temperatures would tend to favor the metal aggregation 
reaction. It may also be due to the form in which the ligand condenses at the 
different temperatures; both the rigidity of the condensate and the conforma- 
tional distribution of the ligand could have an influence. These factors can be 
the cause of irreproducibility because there can be wide variations from one 
apparatus to another in the true temperature of the condensing surface even 
when the vacuum vessels are, in both cases, cooled in liquid nitrogen. The varia- 
tions are caused by the different thermal conductivities of the reactor walls and 
the heat load on the surface from the furnace radiation and the heat of con- 
densation of atoms and ligand. This problem is related to differences in the 
substrate-to-metal ratio discussed above, as both are concerned with the actual 
temperature of the condensing surface. 
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12. BIS[ 1,3-BIS(TRIFLUOROMETHYL)BENZENE] CHROMIUM- 
(O), [ 1,3-W3)2C6H4I 2Cr 

Submitted by K. J. KLABUNDE,* H. F. EFNER,* and T. 0. MURDOCK* 
Checked by J. A. GLADYSZt and J. G. FULCHERt 

The metal atom (vapor) technique has been extraordinarily useful for the pre- 
paration of a host of new bis(arene) metal sandwich compounds, including 
complexes of titanium, vanadium, chromium, molybdenum, and tungsten.’-’ 
Wide variations in substituents can be tolerated (CdHsX, C6H4Xz where X = H, 
F, C1, CF3, CO(OCHj), CH3, C2Hs, CH(CH3)z, N(CH&, OCH3)’, and large 
substituent effects have. been noted.96 A striking example is shown by the 
presence of two CF3 groups on each arene ring, which allows the preparation of 
totally air- and heat-stable bis(arene)Cr(O) comple~es .4~~ This preparation 
is an especially well-suited “beginning” metal atom experiment since the 
product is air stable, soluble in alkanes, sublimable, and forms in high yield. 
Also V Z - ( C F ~ ) ~ C ~ H ~  is fairly inexpensive and readily available. 

This sandwich compound has not yet been obtained by more conventional 
synthetic methods. 

Procedure 

Before starting this synthesis the general procedure given in Section 11 should be 
reviewed. The reactor referred to in this synthetic procedure is shown in Fig. 2 
of Section 11. 

Chromium metal (about 1 g) in the form of granules or small pieces (not 
powder) is loaded into a tungsten boat evaporation source (Mathis Co., 
S-16-.010 W) and placed in position in a metal atom reactor such as that shown 
in Fig. 2 of Section 11. Copper adapter blocks are employed so that a good 
electrical connection to the electrodes is made. Alternately, the chromium metal 
can be placed in an integral tungsten-alumina crucible (Sylvania Emissive 
Products, CS-l002A, 0.5-mL capactiy) and secured in position with split bolts 
on the ends of the electrodes. The source is firmly secured to the electrodes 
(slight pressure with pliers) and the electrical current is turned on momentarily 
to make sure a good electrical connection has been made. 

A Teflon-coated magnetic stirring bar is placed in the reactor flask, and the 
metal atom reactor is assembled and pumped down to less than 1 X torr as 
described in Section 1 1. Thirty milliliters (20 mmole) of 1,3-bis(trifluoromethyl)- 

*Department of Chemistry, University of North Dakota, Grand Forks, ND 5 8202. 
?Department of Chemistry, University of California, Los Angeles, CA 90024. 
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12. Bis[l,3-Bis[trifluoromethyl]benzene] Chromium-(0) 71 

benzene* is degassed (by several cycles of freezing at -196", pumping, and 
thawing) and connected directly to the ligand inlet system. [There is no need for 
a bubbler or metering device; only a moderately sized valve, e.g., 10 mm Teflon 
in glass, is necessary to satisfactorily regulate the vaporization of the ligand. The 
ligand vaporizes from the liquid, recondenses slightly on passage into the inlet 
tube, but completely vaporizes again before reaching the bottom of the inlet 
tube; see Fig. 2 of Sec. 11.1 

The evaporation source is heated to a dull red heat t o  drive off gases. The 
reactor flask is cooled to -196O with liquid nitrogen, and about 3 mL of sub- 
strate is introduced to coat the walls. While substrate continues to distill into the 
reactor, the evaporation source is heated to a bright red-white heat (boat source: 
150 A, 2.8 V; crucible source: 37 A, 6 V). (.Caution. When the crucible is 
white hot it should be observed only through a dark welding glass.) Chromium 
begins to vaporize and a yellowish-brown matrix forms. During the codeposition, 
which takes about 1 hour, the flow of substrate can be momentarily shut off and 
then turned back on; a rainbow coloration in the matrix is usually observed if Cr 
is still vaporizing. A total of 0.1-0.5 g Cr is vaporized ( 2  X t o  1 X 10" g- 
atom). 

The reactor is allowed to warm to room temperature and then the excess sub- 
strate is removed under vacuum and recovered by condensation into a U-trap on 
the vacuum system. However, pumping should not be continued longer than 
necessary to  remove the substrate because the product is relatively volatile and 
will sublime throughout the vacuum system. The reactor is filled with nitrogen 
gas and 50 mL of hexane is introduced by syringe. (.Caution. Since pyrophoric 
metal particles may be present the reactor contents should always be handled 
under a blanket of nitrogen and the residues disposed of cautiously, see p. 66.) 
The dark yellowbrown solution is stirred vigorously and the walls are scraped by 
means of an external hand magnet and the stirring bar in the reactor. The result- 
ing solution is removed by means of a syringe and a long Teflon needle and 
placed in a sublimer.? The solvent is vaporized, the sublimer finger is cooled to 
-78', and the product is sublimed at 40-60" at a pressure less than 1 X 10" torr. 
In a typical experiment, 0.10 g of chromium. yields 0.43 g of product (44%). 
Anal. Calcd. for C16H18F12Cr: C, 40.02;H, 1.68. F6und: C, 40.05; H, 1.96. 

Properties 

This compound [Cr[rn-(CF&C6H4] 2 3  is yellow-green and air stable. It 

*Available from PCR, Inc., P. 0. Box 1466, Gainemille, FL 32602 [listed as 1,3di(tri- 
fluoromethyl)benzene] . 

tDirect sublimation within the reactor is possible if an apparatus with a removable 
electrode assembly and insertable cold finger is available, such as that shown in Fig. 3 of 
Section 1 1. 
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melts at 91.5-92.5", decomposes at 200" (sealed tube), and sublimes slowly 
at 25" (10 m torr). Mass spectrum at 70  eV: C6H4(CF3)&, 22%; 

C7H4F4, 6%; C6H4CZF3, 10%; C6H4CF3, 31%; CsH3F2, 4%; C6H3Cr, 22%; 
CF3, 9%; Cr, 96%. IR, in KBr pellet: 420 (w), 440 (m), 450 (w), 500 (s), 
565 (m), 580 (m), 600 (w), 675 (s), 700 (m), 750 (w), 824 (s), 840  (s), 875 (w), 
888 (m), 995 (m), 1050 (s), 1080 (s), 1120 (s), 1140 (s), 1168 (s), 1180 (s), 
1280 (s), 1295 (s), 1335 (s), 1345 (s), 1400 (m), 1460 (w), 1495 (m), 1525 (w), 
1545 (w), 1562 (w), 3120 (w) cm-'. 'H NMR in cyclohexane (tms standard) 
6 5.38 ppm (singlet area 2), 6 5.05 ppm (doublet area 4), 6 4.83 ppm (triplet 
area 2). 19F NMR in benzene is a singlet at 56.6 ppm upfield from CFC13. 

C&&zF,Cr, 20%; C ~ H ~ ( C F ~ ) Z ,  17%; C&CzF,, 100%; C ~ H ~ C Z F ~ ,  81%; 
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13. BIS(PENTAFLUOROPHENYL)(Q~-TOLUENE) NICKEL(I1) 

Submitted by K. J. KLABUNDE,* B. B. ANDERSON,* and M. BADER* 
Checked by R. J. CLARK? 

The preparation of previously unknown, very unusual cobalt and nickel com- 
plexes' possessing both o-bound R groups (c6F5) and a n-bound arene ligand is 
accomplished by the triple deposition of bromopentafluorobenzene,S toluene, 
and metal vapor. Because of the sensitivity of these compounds to various 
solvents and/or ligands in general, and to oxygen, the metal atom method is well 

*Department of Chemistry, University of North Dakota, Grand Forks, ND 58202. 
tDepartment of Chemistry, Florida State Univ., Tallahassee, FL 32306. 
$Available from Aldrich Chem. Co., 940 West Saint Paul Ave., Milwaukee, WI 53233 

or PCR, Inc., P. 0. Box 1466, Gainesville, FL 32602. 
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suited for their preparation. I t  is not yet known if they can be made by other 
means. 

In the case of nickel, (C6F5)NiBr is a reactive intermediate that can be trapped 
at -80" by addition of Et3P [to yield C6F5NiBr(PEt&]. However, on warming 
(C6F5)NiBr in the presence of toluene (or other arenes) disproportionation takes 
place, giving the product. The product is soluble in toluene and so it  is readily 
separable from the metal salt by-product. Bis-(pentafluorophenyl)(q6-toluene)- 
nickel is air sensitive and so must be handled in normal airless glassware.2 

The metal-to-ligand and C6H5Br-to-C6H5CH3 ratios are not very critical in this 
preparation. 

Procedure 

Bis(pentafluorophenyl)(q6-toluene)nickel(II) [ Ni( 11)(c6 F )2(q6-C6H5CH 3)] is 
prepared by the codeposition of nickel vapor with a bromopentafluorobenzene- 
toluene mixture. Approximately SO mL of bromopentafluorobenzene (C6F,Br) 
is mixed with 15 mL of dry toluene, placed in a small round-bottomed flask 
with a stopcock attachment, and freeze-thaw degassed. A wire-wound aluminum 
oxide crucible (Sylvania Emissive Products CS-l002A, 54 mL capacity) is 
charged with about 2.5 g of nickel metal (pieces, not powder) and placed in posi- 
tion in a metal atom reactor such as that shown in Fig. 2 of Section 11. The 
system is evacuated and the nickel is degassed by gently warming the crucible to 
red heat for 10-15 minutes. (Waution. When the crucible is white hot, only 
view it through a dark welders glass.) The reactor is cooled to - 196' and sub- 
strate is admitted as a vapor through a small stopcock until the walls are coated 
(about 3 8). The crucible is slowly warmed to a white heat and a good rate of 
vaporization of nickel is established (approximately 1 g/hr, about 40 A, 6V). At 
the same time the substrate is introduced at a rate such that it is consumed in 
I-1% hours. During the reaction, the matrix should turn deep red. After com- 
pletion of the reaction, the matrix is allowed to warm to room temperature. 
During this period the matrix should turn from red to light blue and finally to a 
black-red solution upon melting. The excess C6q.5Br-toluene mixture is condens- 
ed into a liquid-nitrogen-cooled trap (the ligand mixture can be reused) on the 
vacuum line, and then the reactor is brought to 1 atm with nitrogen gas. (Waution. 
Always handle the reactor contents under nitrogen.) Toluene is freshly distilled 
from benzophenone ketyl under nitrogen. While maintaining a nitrogen flush on 
the reactor, four 20-mL portions of the dry deoxygenated toluene,are introduc- 
ed by syringe to wash down the black residue. This process is aided by a 
magnetic stirring bar that is manipulated by an external hand magnet to stir and 
scrape down the product, which is removed by means of a syringe equipped with 
a long Teflon needle. The individual (or combined) washes are immediately 
filtered under nitrogen using typical Schlenk-type airless glassware.' A 
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fine-porosity filter frit is used. The washes should be dark red. Crystals are 
obtained by vacuum evaporation of the solvent to approximately 15 mL and 
cooling to about -20" overnight. Further product can be obtained from the 
mother liquor by a second solvent reduction and crystallization. The yield is 
approximately 3.8 g (8 mmole) or 30% based on 1.5 g of nickel vaporized (26 

Found: C, 47.10; H, 1.70; F, 39.20. 
g-atm). Anal. Calcd. for (C6FS)z(C6HSCH3)Ni: C, 47.06; H, 1.66; F, 39.17. 

Proper ties 

Bis(pentafluorophenyl)(@-toluene)nickel(II) forms dark red-brown crystals that 
are sensitive to air and moisture. The crystals darken at 125" and melt at 
137-140". IR (KBr pellet) 3120 (w), 2940 (w), 1640 (w), 1615 (w), 1535 (m, 
sh), 1505 (vs), 1470 (vs), 1440 (vs, sh), 1390 (m), 1360 (m), 1280 (w, sh), 
1260 (w), 1215 (w), 1180 (w), 1120 (w), 1060 (s), 1040 (m, sh), 1005 (w), 
985 (w), 960 (vs), 875 (w), 800 (s), 790 (s), 730 (w) cm-'. NMR(CDCl,,TMS 
standard) singlet 6 2.23 ppm, 3H; two broad peaks 6 6.67, 7.00 ppm, 5H. The 
compound is soluble and stable in dry deoxygenated toluene but decomposes in 
pentane (even if dry and deoxygenated). Hydrolysis with water and small 
amounts of glacial acetic acid yields pentafluorobenzene, toluene, and a 
nickel(I1) salt. A toluene solution of the compound reacts with triethylphos- 
phine to yield the light-yellow compound bis(pentafluorophenyl)bis(triethyl- 
phosphine)nickel(II) as a powder that melts at 2 10'. 
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14. TETRACHLORODIBORANE(4) 
(DIBORON TETRACHLORIDE) 

2Cu(atoms) + 2BC13 -, 2CuC1 + BzC14 

Submitted by PETER L. TIMMS* 
Checked by STEVEN D. I'ITELt and MARK KUCKS 

*School of Chemistry, University of Bristol, Bristol, BS8 ITS, United Kingdom. 
?Central Research and Development Laboratory, E. I. du Pont de Nemours & Co., 

$Eastern Research Center, Stauffer Chemical Co., Dobbs Ferry, NY 10522. 
Wilmington, DE 19898. 

iranchembook.ir/edu

https://iranchembook.ir/edu


14. ~etrachloroborane(4~ (Biboron Tetrachloride) 75 

Tetrachlorodiborane(4) was first reported in 1925 by Stock, who prepared the 
compound by striking an arc between zinc electrodes in liquid boron tri- 
chloride.' Better yields have been obtained by later workers using boron tri- 
chloride in the vapor phase and an electrical discharge between mercury' or 
copper electrodes.3 However, the rate of formation of tetrachlorodiborane(4) is 
low, at best about 1 .O g/hr. 

The preparation of tetrachlorodiborane(4) using copper atoms can be carried out 
on a scale that gives several grams an hour using a simple form of metal-vapor 
synthesis apparat~s.4~' Copper vapor and boron trichloride are condensed 
simultaneously on a surface cooled by liquid nitrogen. The yield of BzC14 
increases with the ratio of BC13/Cu condensed, but a 7:l  ratio gives a satis- 
factory yield without making it too difficult to separate the product from a huge 
excess of BC13. The yield is not very dependent on the rate of condensation of 
copper atoms and rates of up to lo-' mole/cm' sec can be used. 

Procedure 

Figure 1 is a sketch of a complete apparatus for the preparation of tetrachloro- 
diborane(4). Boron chlorides are very corrosive and attack many elastomers and 
vacuum greases, so only Teflon, Viton, and halocarbon greases* should be used 
for seals and lubrication in the vacuum system. 

The scale of preparation of B2C14 that can be attempted depends on the size 
of the metal atom reactor available. For a 100-mm-diameter reactor (as in Fig. 2 
of Section 11), evaporation of 10-12 g of copper and condensation with about 
140 g of BC13 in a 1-hour run is the useful limit; this yields about 4 g of BzC14. 
The maximum scale for a preparation is roughly proportional to the square of 
the reactor diameter; thus, as repeatedly demonstrated at the University of 
Bristol, a 160-mm-diameter reactor can be used to  evaporate 20-30 g of copper 
and make 10 g of BzC14 in an hour run. The following detailed description of 
the procedure is based on using a reactor with a diameter of 100 mm. If a larger 
reactor is available the quantities can be scaled-up accordingly. 

Copper is best evaporated from an alumina crucible of 2-5 mL capacity, 
resistance heated either by an external molybdenum or tungsten wire spiral or, 
preferably, by imbedded molybdenum or tungsten wire (See Sec. 11). If the 
crucible is insulated with a 10-mm layer of a refractory wool, for example, 
Kaowool (see Sec. l l ) ,  a power input of 180-250 W will heat the crucible to 
1400" and evaporate the copper. The power required to give the desired rate of 
evaporation has to be determined for a new crucible by a trial evaporation in the 
absence of BCl,. The volt and amp settings then found should be valid for many 
runs with the same crucible. An ordinary grade of soft copper rod is satisfactory 

*Obtainable from Halocarbon Products Corp., 82 Burlews Court, Hackensack, NJ, 07601. 
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Fig. 1. Schematic of apparatus for making B2C4 from BC13 + CU vapor. 

source of metal for the experiment. 
.Caution. Boron trichloride is highly toxic and corrosive. Excess BC13 must 

be vented in a good hood. 
Boron trichloride is most conveniently added using a thick-walled glass reservoir 

or lecture bottle containing liquid BC13 at room temperature (vapor pressure 2 
atm at 33') and attached to a gas reservoir of known volume as shown in Fig. 1 .  
The gas reservoir is initially filled with BC13 and is then shut off from the liquid 
reservoir by closing the intervening Teflon-and-glass or metal needle valve!-Tbe 
gas is let into the atom reactor through a Teflon-and-glass or other controllable 
valve, which is adjusted until the rate of fall of pressure in the reservoir 
corresponds to the required rate of addition of BC13. The valve between the 
liquid and gas reservoirs is then opened so that the rate of loss of BC13 to the 

reactor is balanced by evaporation from the liquid. Reagent quality BC13 should 
be used 099.5% pure*), further purified only by vacuum pumping at its melting 
point to remove excessive amounts of HC1. 

To carry out a preparation of B2C14, the crucible is charged with 12-15 g of 

*Obtainable from Matheson Gas Products, P.O. Box 85, East Rutherford, NJ 07073. 
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copper (conveniently in the form of a piece of rod, rough-filed to fit the 
contours of the crucible) and mounted between the electrodes. The reaction 
vessel is put in place and the assembly is evacuated. The BC13 reservoirs should 
contain 130-150 g (1.1-1.3 moles) of liquid and gas. 

torr, the crucible is heated to about 800" (dull orange 
color) by increasing the applied voltage over 15 minutes. The reaction vessel is 
cooled in liquid nitrogen (- 196"), and BC13 is slowly admitted to the reactor 
(about 2 mmole/min) to give an initial layer of the compound on the cold walls 
before evaporation of copper commences. The crucible is heated further until 
the copper melts (1084"); slight gas evolution is usually observed during melting. 
The flow of BCIJ is increased to 18-22 mmole/min, and power to the crucible is 
increased to the level that gives the desired evaporation rate of 2.5-3.5 
mmole/min; the surface of the molten metal should be in vigorous agitation. 
(.Caution. The molten metal should be observed through a welders 
glass until copper begins to deposit on the inside of the reactor reducing 
the glare.) The heat of condensation of the copper and BC13 cause 
vigorous boiling of liquid nitrogen around the reactor. The liquid is topped 
up every few minutes; typically, 3-5 L are boiled-off in a 1-hour run. The 
condensate on the reactor walls appears a patchy white, grey, and copper color. 
The BC13 condenses initially as a liquid and this may form rivulets which run 
down the reactor walls before it solidifies. 

After an hour, the BC13 flow is stopped and the voltage applied to the crucible 
is reduced to zero over 10-15 minutes. The liquid nitrogen is removed from 
around the reactor, which is allowed to warm slowly to room temperature. The 
liberated vapors are passed through two traps cooled by Dry Ice-acetone slush 
(about -85") and a trap at - 196" backed by the vacuum pumps. A mixture of 
BC13 and BzC14 condenses in the first two traps and BC13 in the last, which must 
be large enough to1 hold 150 g of BClj without blocking. As described by 
Wartik? BzC14 is slightly volatile at -85" and the liquid condensed in the first 
two traps should not be pumped on too long. Final purification of B2C14 from 
BC13 requires that the mixture be passed backwards and forwards several times 
through a trap at -80 to -85". A more complete,separation can be achieved 
using a low-temperature distillation column.6 As described in Reference 3, the 
purity is considered adequate when the vapor pressure of the liquid is 43 torr at 
0". The yield is about 4 g, 30% of theoretical based on the copper evaporated. 

The boron trichloride can be reused in the experiment with only brief pump- 
ing at its melting point to remove excessive amounts of HC1. Traces of B2CL left 
in the BC13 have no adverse effects in subsequent runs. The reactor 
should be fdled with nitrogen after all volatiles have been pumped out, 
opened to the air, and quickly put into a fume hood. The residues containing 
Cu, CuC1, and traces of boron chlorides, may fume slightly in air but they are 
not pyrophoric. 

With a vacuum of 
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15. AN ACTIVE CADMIUM-TOLUENE SLURRY AND ITS USE 
IN THE PREPARATION OF ETHYLIODOCADMIUM 

Cd vapor t QCH3 - -1 96’ (Cd)-( QCHp),, 

Submitted by THOMAS 0. MURDOCK. and KENNETH J. KLABUNDE* 
Checked by C. KING? and K. IRGOLlCt 

When metal vapors are cocondensed with weakly coordinating solvents, weakly 
complexed “solvated metal atoms” are formed at the low temperatures employ- 
ed (usually - 196’). Upon warming, these highly colored, weakly Fomplexed 
materials decompose relatively cleanly to metal particles and solvent.‘ However, 
solvation of these small particles and the presence of chemically bound solvent 
fragments impede growth of the particles. Thus very small particles of high 
surface area result, which are very reactive.2 Highly active metals can be 
produced in bis(2-methoxyethy1)ether (diglyme), 1,4dioxane, tetrahydrofuran 
(THF), toluene, mesitylene, hexane, pentane, and other solvents. A host of 
metals have been studied, including zinc, cadmium, aluminum, indium, german- 
ium, tin, lead, bismuth, copper, and nickel. 

*Department of Chemistry, University of North Dakota, Grand Forks, ND 58202. 
?Department of Chemistry, Texas A & M University, College Station, ‘DI 77843. 
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Generally, smaller particles are obtained with polar, more highly solvating 
solvents. However, these solvents do not necessarily yield the most active metal 
slurries. The reactivities vary, and the metal slurries can be “fine tuned” some- 
what for use in specific types of reactions. For example, nickel particles from 
pentane are very active as hydrogenation catalysts, whereas nickel particles from 
THF are not active as hydrogenation catalysts but are very active in alkyl halide 
reactions. 

In the present context, it has been found that active cadmium slurries can be 
employed to prepare RCdX species3 The novelty of the present method is that: 
(1) R,Cd is formed only in very low yield compared with RCdX, (2) the pre- 
parations can be carried out under mild conditions; and (3) any type of solvent, 
polar or nonpolar can be used; thus the RCdX species can be prepared in the 
nonsolvated state. 

Procedure 

A metal atom reactor such as that shown in Fig. 2 (Sec. 11) is assembled. An 
aluminum oxide crucible heated by an externally wrapped tungsten coil (Mathis 
Co. B 10 heater and C5 crucible) is charged with approximately 20 g of cadmium 
pieces, weighed, and placed in proper position. The system is evacuated to 
to lo* torr. Dry toluene (50 to 75 mL) is degassed by alternate cycles of 
freezing, pumping, and thawing in a sample tube, which is then connected to the 
reactor system. After cooling the reactor to - 196” with liquid nitrogen, about 5 
mL of toluene is introduced to coat the walls. The toluene is admitted as a vapor 
through a medium-sized stopcock (a needle valve or bubbler is not necessary). 
The crucible is slowly warmed until the cadmium melts (tungsten wire, dull red). 
Toluene is admitted and cadmium is vaporized simultaneously for about 1 hour. 
During this time the toluene charged is used up and 5-10 g of cadmium is 
deposited. The black deposit is allowed to melt, and the resultant slurry is stirred 
magnetically. (The cadmium-toluene slurry is not easily taken up by a syringe 
but it can be removed by simply disassembling the reactor with a good nitrogen 
purge and pouring the slurry with N, purge into‘any desired container. In the 
procedure given here, the slurry is not removed but is allowed to react with RX 
in the metal atom reactor.) During warm-up the initial very finely divided metal 
sinters somewhat to form larger particles. 

The reactor is again cooled to - 196” and 0.05 mole of C2HSI (7.8 g, 3.99 mL) 
is distilled directly into the reactor containing the slurry. (.Caution. Alkyl 
iodides are potential carcinogens and should be handled in a good hood.) The 
upper portion of the reactor is wrapped with three to four turns of Tygon tubing 
with water flowing through it, which serves as a means of condensing the 
toluene-alkyl halide vapor. Heat is applied and the slurry is allowed to reflux 
overnight. In about 15-20 hours, the cadmium metal is consumed, yielding a 
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colorless solution with a white precipitate. Removal of toluene and other 
volatiles under vacuum leaves yellow-white RCdX; yield: 55%. 

The product may be analyzed by hydrolysis with excess 10% HC1 on a vacuum 
system. The ethane produced is passed through a trap held at -78" (Dry Ice), is 
condensed in another trap at - 196" (liquid nitrogen), and finally is measured as 
a gas by pressure, volume, and temperature determination. 

Properties 

The finely divided cadmium may be stored for several months either as a slurry 
or in a dry state. (A dry 7 month-old sample was just as reactive as a fresh sample.) 
Strict anhydrous, airless conditions must be maintained, however. The cadmium 
crystallite sizes are variable but are generally in the 100-1000 A range. Particle 
sizes range up to several microns, with some particles even much larger. (Non- 
transition metals yield more nonuniform particle distributions than transition 
metals, which form stronger complexes with the solvent). 

Ethyliodocadmium is a white nonvolatile solid that is insoluble in pentane, 
toluene, and chloroform but very soluble in acetone and THF. It is very sensitive 
to air. In a sealed ampule it darkens slightly at 145" and decomposes at 
160-170". NMR [(CD3)$XI, TMS standard): 6 1.00 ppm (triplet, area 3), 6 1.00 
ppm (triplet, area 3), 6 0.50 ppm (quartet, area 2),&,-CH, = 6.9 Hz. 
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16. BIS(q6-CHLOROBENZENE)MOLYBDENUM, 
B IS( q 6-N,N-DIMETHY LANIL1NE)MO LYBD ENUM, AND 

( 1-3 : 6-7 : 10-1 27-2,6,lO-DODECATRIENE-l, 12-DIYL)NICKEL 
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16. Bis($-ChlorobenzeneJmolybdenum 81 

The direct vaporization of refractory metals from wire loops can be 
accomplished with large, thin-walled reactor vessels. The high cooling efficiency 
of thin walls and increased distance between vaporization source and cold 
surface permit efficient heat dissipation, which is necessary with refractory 
metals. $ 
Bis($-N,N-dimethy1aniline)molybdenum has been prepared in good yield by 

cocondensation of molybdenum atoms with a fifty-fold excess of N,N-dimethyl- 
aniline vapor on a liquid nitrogen cooled surface. This method has been extend- 
ed to the synthesis of other molybdenum arene complexes and is at present the 
only synthetic route to such compounds. 

The increased cooling efficiency of thin-walled reactors also has permitted the 
use of more volatile substrates in near molar quantities. (1-3:6-7: 10-12-77 
2,6,10-Dodecatriene-1,12-diyl)nickel has been prepared in multiple gram 
quantities by cocondensation of nickel vapor and 1,3-butadiene. This method 
has provided a clean one-step route to this complex, which was first isolated and 
identified by Wilke et al.' as an intermediate in the cyclotrimerization of 1,3- 
butadiene by nickel catalysts. 

A pumping system capable of maintaining a vacuum of lo4 torr is necessary 
for the molybdenum reactions, to minimize gas phase collisions of the metal 
atoms and pyrolysis of the substrate. To maintain this low pressure a diffusion 
pump with a capacity greater than 50 L/sec is required. Between the pump and 
reactor is a high-throughput trap and the assembly is connected with short 
lengths of 25 mm Pyrex tubing. A power supply which is suitable for moly- 
bdenum and other refractory metals consists of 70 amp 10 to 1 stepdown 
transformer controlled by a 10 amp 220 volt Variac. Details on the reactor 
design are given in Figure 1. 

A. BIS(776-CHLOROBENZENE)MOLYBDENUM 

Procedure 

and should not be observed directly. 
.Caution. Molybdenum, vaporizing at 2400°, produces an intense white light 

A 178-mm-diameter 400-mm-long reactor vessel with walls 5 mm thick or 
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less is fitted with a shielded, heated inlet system as described in Fig. 1. A 230-mm 
length of 1.27-mm-diameter (50-mil) molybdenum wire* is shaped into a “V,” 
weighed, and connected between two water-cooled electrodes. A 30-mL sample 
of chlorobenzene is placed in a 100-mL round-bottomed flask and attached to 
the vacuum system. A Teflon-in-glass needle valve assembly is connected 
between the flask and a vacuum manifold and the chlorobenzene is degassed by 

Fig. 1. Detail of reaction zone of the metal-atom reactor. Sditable reactor 
dimensions are 15-18 cm diameter, 5 mm wall thickness and 36-46 cm depth. 
The water-cooled electrodes are 7.5 cm apart. The central substrate inlet tube, 
a 6 mm od Pyrex slightly constricted at the end, extends 5 cm below the liquid 
nitrogen level. A 14 mm od Pyrex tube which serves as a substrate deflector is 
positioned 5 cm below the inlet nozzle and is suspended horizontally between 
the electrodes. A built-in Pyrex syphon tube extends to the bottom of the 
reactor for the removal of air sensitive products under an inert atmosphere. 

*Molybdenum wire available from H. Cross Co. 363 Park Ave., Weekhawken, NJ 07087. 
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16. Bis(q6-Chlorobenzene)molybdenum 83 

the freeze-pump-thaw method. The Teflon needle valve is closed and the flask 
assembly is connected to the reactor inlet system. The reactor is evacuated to a 
pressure of 10" torr, as measured on an ionization gauge, and outgassed for 
several hours. The flask containing the substrate is heated to 50' with an oil bath 
or heating mantle. The rt%ctor is then cooled with iiquid nitrogen, the nichrome 
ribbon surrounding the inlet system is energized, and the inlet is warmed 
sufficiently to prevent condensation of the substrate vapors. The needle valve is 
slowly opened and a thin film of substrate is deposited on the inner surfaces of 
the reactor. The molybdenum wire is then gradually energized over a 3-minute 
period to an ultimate current of 63 A. As the vaporization continues, the current 
is observed to decrease on its awn, on occasion reaching the low fifties before 
burnout. Chlorobenzene (30-mL) is cocondensed with 130 mg (1.35 mmole) of 
molybdenum over a 30 minute period. (Quantities in excess of 500 mg of 
molybdenum have been evaporated in carefully controlled reactions.) At no time 
should the internal pressure of the reactor be allowed to exceed 10' torr. At 
pressures above 10' torr the mean free path of substrate molecules is sufficient- 
ly short to result in pyrolysis of substrate on the molybdenum wire. Pyrolysis of 
substrate causes a weight increase of the wire and premature burnout due to 
molybdenum carbide formation. When the reaction is over, the light-green 
matrix is melted and the excess chlorobenzene is pumped off. The reactor is 
then recooled to -196" and 150 mL of dry degassed diethyl ether is added 
through the inlet system. The liquid nitrogen is removed and a pan of warm 
water is placed around the bottom 5 cm of the reactor, which causes refluxing of 
the ether condensate on the cool walls of the reactor, washing down the 
product. The light-green solution is siphoned into a Schlenk tube and the ether is 
removed by vacuum pumping. Alternatively, the product may be recovered by 
direct crystallization from diethyl ether at -78". The compound is extracted 
several times with dry degassed benzene under an inert atmosphere. The benzene 
extract is filtered through a frit and frozen. Benzene is removed by sublimation, 
leaving 240 mg (55%) of a light-green powder. 

Properties 

Bis($-ch1orobenzene)molybdenum is an extremely air-sensitive compound and 
is pyrophoric. High-resolution mass spectrometery shows a measured mass of 
321.9230 for 98M~(C6H5C1)Z (calculated value 321.9214) and a mass of 
319.9208 for % M O ( C ~ H ~ C ~ ) ~ ,  (calculated value 3 19.9205). IR: 1470 (m), 
1440 (sh), 1410 (s), 1395 (sh), 1250 (m), 1070 (sh), 1030 (s), 960 (m), 850 
(sh), 840 (w), 790 (m), 760 (m), 720 (m), 670 (m), 640 (sh) cm-'. NMR: T 4.92 
(doublet); T 5.63 (multiplet). The compound decomposes at 92" under nitrogen 
in a sealed capillary tube. 
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B. B~s(T~-N,N-DIMETHYLANILINE)MOLYBDENUM 

Procedure 

.Caution. N,N-Dimethylaniline is a hazardous substance and should be handl- 
ed only in a fume hood. Molybdenum vaporizing at  2400" produces an intense 
white light and should not be observed directly. 

A large-diameter reactor vessel is prepared in the same manner as described in 
the previous synthesis. Dry N,N-dimethylaniline is degassed in a lOO-mL, round- 
bottomed flask fitted with a Teflon-in-glass needle valve, and the flask is 
connected to the inlet system. The reactor is evacuated and outgassed for several 
hours at 10% torr and is then cooled with liquid nitrogen. The 100-mL flask 
containing the N,N-dimethylaniline is heated to  70" with an oil bath or heating 
mantle and the inlet heating system is warmed sufficiently to prevent condensa- 
tion of the substrate in the inlet. A thin film of substrate is deposited on the 
inner walls of the reactor and the molybdenum wire is slowly energized to a 
current flow of 63  A. Over a 50-minute period, 24 mL ofN,N-dimethylaniline is 
codeposited with 400 mg (4.16 mmole) of molybdenum on the liquid nitrogen 
cooled surfaces. At no time should the internal pressure be allowed to exceed 
lo4 torr. Internal pressure can best be controlled by adjusting the rate of sub- 
strate influx. The product is removed from the reactor by the same technique 
used in the his($-ch1orobenzene)molybdenum synthesis. The Schlenk tube con- 
taining the final product is extracted with dry heptane under an inert atmo- 
sphere. The heptane extract is filtered through a frit and slowly cooled to 
-50". A 585-mg quantity (42% yield) of bis(q6-N,N-dimethylaniline)molyb- 
denum is crystallized out of the heptane. 

Properties 

Bis($-N,N-dimethy1aniline)molybdenum is an air-sensitive, dark red-brown solid 
with needlelike crystals. The compound melts at 90.5-9 1 .O" under nitrogen. 

High-resolution mass spectrometery shows a measured mass of 340.0821 for 
98MoC16H22N2 (calculated mass 340.0837). IR: 3020 (s), 2950 (s), 2840 (sh), 
2810 (s), 2770 (s), 1660 (w), 1600 (m), 1480 (s), 1442 (s), 1420 (s), 1290 (s), 
1190 (m), 1150 (m), 1120 (s), 1090 (sh), 1042-1038 (m), 980 (m), 925 (m), 
840 (w), 762 (m), 720 (m) cm-'. NMR: T 5.42 (multiplet); T 7.76 (singlet). 
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16. Bis($-Chlorobenzene)ntolyBdenum 85 

C. (1-3 :6-7: 10-1 29-2,6,1O-DODECATRIENE-l ,lZDIYL)NICKEL 

3C4H6 + Ni + Ni(ClzHl,) 

Procedure 

A large-diameter, thin-walled reactor similar to that described in the previous 
two syntheses is fitted with an alumina-coated tungsten wire crucible charged 
with 100-mesh nickel powder.* Alternatively, nickel may be smoothly evaporat- 
ed from a triple stranded tungsten coil that has been electroplated with nickel. 
Matheson C.P. grade 1,3-butadiene is dried by vacuum condensation from stock 
held in a trap cooled by Dry Ice into a trap cooled by liquid nitrogen. In a 
similar manner the 1,3-butadiene is charged into a flask fitted with a Teflon 
needle valve capable of withstanding several atmospheres of pressure. The 
pressure flask containing the 1,3-butadiene is fitted to the inlet system of the 
reactor and the reactor is evacuated and outgassed for several hours at 10” torr. 
The nickel-containing crucible is then heated to  a dull red to outgas the metal, 
and the reactor is cooled with liquid nitrogen. A thin film of 1,3-butadiene is 
coated on the walls and the crucible current is then increased to that necessary 
to vaporize nickel. In a typical run 1.1 g (19.5 mmole) of nickel is locondensed 
with approximately 20 g of 1,3-butadiene over a period of 50 minutes. The 
internal reactor pressure may fluctuate in the 10” torr region, but under no 
conditions should the pressure be allowed to exceed lo3 torr. The condensate 
that forms is initially light pink and gradually darkens to red, finally becoming 
nearly opaque to the crucible radiation. After the reaction is complete, the 
liquid nitrogen is removed and an additional 20 g of 1,3-butadiene is rapidly 
condensed into the cold reactor flask immediately after the matrix melts. This 
both aids in washing all of the organometallic product to the bottom of the flask 
and provides a larger liquid pool of excess butadiene. This solution is aged for 
about 1 hour at -22’ (CC14 slush bath) to ensure maximum conversion of any 
intermediate species to the desired products. Excess butadiene is subsequently 
removed by vacuum transfer and pentane is intfoduced through the inlet system 
to act as a solvent for the product. The product is siphoned from the reactor 
through a fritted-glass filter of medium porosity and into a Schlenk-type 
receiver. The residue after stripping pentane away from the filtrate is a deep-red 
oil, which is recrystallized twice from butane at -78” to yield 2.0 g (39%) of the 
red-orange product. 

*99.9+% pure metal can be obtained from Alfa Products, Ventron Corp., P.O. Box 299, 
Danvers, MA 01923. 
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Properties 

(1-3:6-7: 10-12-~p2,6,10-dodecatriene-l,12-diyl)nickel is an air-sensitive com- 
pound with a melting point of 15-16'; the literature value is 1'. Although the 
melting point of this product found by the present authors is considerably higher 
than reported in Reference 2 it was reproducible from run to run. However, 
the mass and NMR' spectra accorded well with the literature and it seems 
possible that a variation of isomer distribution, as discussed in Reference 2 ,  
accounts for the difference. 

The NMR spectra are complex and definitive assignments have not been made. 
For quick identification the NMR spectra reproduced in Reference 1 should be 
consulted. 

References 
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Chapter Three 

TRANSITION METAL COMPOUNDS 
AND COMPLEXES 

17. HYDRIDO(TRIPHENYLPHOSPHINE)COPPER( I) 

~ [ C U ~ ( C ~ H ~ ) ~ ]  LiAlH3Cl + 8(C,HS)3P 

Submitted by R. D. STEPHENS* 
Checked by Y C  LINf B. A. MATRANAJ H. D. KAESZ3 
W. L. GALDFELTERS and G. L. GEOFFROY 

Hydridic copper complexes have been discussed in the literature for a very long 
time. Recently they have been shown to have a variety of interesting chemical 
and structural properties. Unfortunately, a good workable synthesis leading to 
stable isolated compounds does not currently exist in the literature. 

The procedures described below have consistently given stable, crystalline 
products for a number of tertiary phosphine copper hydride complexes. These 
complexes can be prepared by the careful reaction of lithium titrahydrido- 
aluminate( 1-) with tertiary phosphine copper halide complexes. The reactions 
are run in etheral solvents under an inert atmosphere. The resultant products are 

*State of California, Department of Health, 215 1 Berkeley Way, Berkeley, CA 94704. 
?Department of Chemistry, University of California, Los Angeles, CA 90024. 
%Department of Chemistry, The Pennsylvania State University, University Park PA 16802. 

87 

iranchembook.ir/edu

https://iranchembook.ir/edu


88 

deep-red solids that can be crystallized in fine needles. The crystalline product is 
stable indefinitely under an inert atmosphere at room temperature. The pro- 
cedure has been successful using tertiary aryl phosphines, but not tertiary alkyl 
phosphines. The tertiary alkyl phosphines give rise to viscous deep-red oils that 
resist crystallization and decompose readily. 

Although a crystal structure has been reported for the hexamer,' at least two 
distinctly different crystalline forms exist and molecular weight studies indicate 
that monomers, dimers, and trimers exist in equilibrium in solution. For these 
reasons, the complexes are referred to herein as in an indefinite state of aggrega- 
tion, that is [CuH(PR3)]. 

Transition Metal Compounds and Complexes 

Procedure 

The procedures described below require rigorous exclusion of water and oxygen. 
All solvents should be distilled and stored under an inert atmosphere. Tetra- 
hydrofuran (THF) and diethyl ether are initially dried with calcium hydride 
or 4A molecular sieves, bubbled with nitrogen, and then heated to reflux 
with sodium wire plus 0.1 g of benzophenone per 500 mL of ether. After a 
deep blue color develops the solvent is distilled from the sodium benzophen- 
one ketyl. 

Triphenylphosphine, recrystallized from ethanol, 3.72 g (14.3 mmole) is added 
under nitrogen flush to 35 mL of dry THF in a 250-mL, two necked, round- 
bottomed flask fitted with a nitrogen inlet tube, dropping funnel, and magnetic 
stirrer. Dry purified CuC1?* 0.473 g (4.78 mmole) is added under nitrogen flush 
to this solution. The solution is first homogeneous and colorless, but after 1 
minute of stirring, a thick white precipitate forms. 

A diethyl ether solution of Li[A1H4] is prepared by extracting Li[AlH*] into 
100 mL of dry diethyl ether by means of a Soxhlet apparatus topped with a 
T-tube going to a bubbler and nitrogen source and fitted with a 250-mL, 
one-necked, round-bottomed flask with a side arm. The concentration of 
Li[AlH4] in the diethyl ether is determined by weight loss of Li[AlH,] in the 
thimble, or alternatively, by hydr~lysis.~ The concentration of LiJAlH4] is of 
critical importance in this experiment. An excess of hydride leads to a highly 
unstable product. If less than 1 mole of Li[A1H4] is used per mole of CuC1, a 
stable product with respectable yield is obtained. For example, if the extracted 
Li[A1H4] is 0.21 M, 17 mL of the Li[A1H4] solution (3.57 mmole; 
Li[AlH4] /CuCl ratio 0.75: 1) is transferred by syringe to the dropping funnel. 
The Li[A1H4] solution is slowly added over a 10-minute period to the previously 
prepared THF suspension of CuCl [P(CBHS)3] 3. The solution, which immediately 
turns deep red, is stirred for 10-15 minutes, and then a nitrogen flush is main- 

*Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
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17. Hydrido(triphenylphosphine)copper(I) 89 

tained on the flask while 50 mL of dry diethyl ether is introduced by syringe. 
The mixture is cooled in an ice bath for 15-20 minutes, causing the precipitation 
of a reddish-orange crystalline product that is separated from the supernatant 
liquid by filtration under nitrogen. If the cooling period is less than 15 minutes, 
only a gray-brown precipitate is formed. The product is purified by first washing 
with dry diethyl ether and then dissolving it in 60 mL of dry benzene. After 
filtration, the benzene is stripped off under reduced pressure. The diethyl ether 
wash and crystallization from benzene are repeated, giving 0.82 g of 
[CuH P(C6Hsh], 52% yield. Anal. Calcd. for [CuH P(C6HSh] : C, 66.14; H, 
4.93;P, 9.48;Cu, 19.45. Found: C, 66.2;H, 5.1;P. 9.7;Cu, 19.9;C1<0.1. 

The p-tolylphosphine complex is prepared in a similar manner, except that its 
greater solubility in THF and diethyl ether precludes precipitation with diethyl 
ether. The product is isolated by removing the THF/diethyl ether reaction 
solvent under vacuum and extracting the residue with toluene (dried by distilla- 
tion from sodium). The toluene extracts are filtered and diluted with an equal 
volume of hexane (dried by distillation from sodium). Upon slow cooling, fine 
red needles are deposited. 

Proper ties 

Neither of these two products gives definite melting points. [CuHP(C6&] 
darkens around 115" and melts with decomposition between 125 and 140". 
[c~Hp(p-cH,c~H,,)~] darkens with partial melting at 140-145". 

The complexes are soluble in aromatic solvents and in THF. The tri-p-tolyl- 
phosphine complex has limited solubility in ether, and the tri-phenyl phosphine 
complex is insoluble in diethyl ether. Both complexes are insoluble in hexane and 
related solvents and decompose in chlorinated solvents. Limited solubility is 
achieved in N,N-dimethylformamide, but moderate decomposition occurs. 

The two complexes have absorption maxima at 524.0 nm, with concentration- 
dependent extinction coefficients. This concentration dependence is thought to 
result from a concentration-dependent distribution of molecular aggregates. 
Infrared spectra show only the bands associatyd with the ligand, the most 
prominent of which are 3300-3460, 1458, 1412, 1075,730,682, and 480 cm-' 
(KBr disk). Raman bands for the triphenylphosphine complex appear at 180, 
124, and 90 cm-' . 

References 
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90 Transition Metal Compounds and Complexes 

18. TETRAKIS(ACETONlTRILE)COPPER( I) 
HEXAFLUOROPHOSPHATE* 

~ [ C U ( C H ~ C N ) ~ ]  [PF,] -t H2O 
CH,CN 

cu20 -t 2HPFQ 

Submitted by G .  J. KUBASt 
Checked by B. MONZYK* and A. L. CRUMBLISSS 

The [Cu(CI-13CN),]' cation was originally isolated as a nitrate salt in 1923 by 
the reduction of silver nitrate with copper powder in acetonitrile.' Preparations 
of the perchlorate and tetrafluoroborate salts have since appeard in the litera- 
t ~ r e , ~ - '  but the existence of the complex and its potential usefulness as a 
synthetic reagent are generally not appreciated. The cation is stabilized by large 
anions, and although the preparation of the [PF,] - salt is described here, virtual- 
ly any large-anion salt can be similarly prepared. Many synthetic options exist 
also (e.g., Cu + Ag[PF6] ), but the following method, based on References 4 and 
5, is simple, economical, and avoids Ag(1) contamination. The preparation can 
be carried out in glassware open to the atmosphere until final drying of the 
product. 

Procedure 

.Caution. The following procedures should be carried out in a well-ventilated 
hood because of the toxicity of acetonitrile and the HF fumes evolved from 

To a magnetically stirred suspension of 4.0 g (28 mmole) of copper(1) oxide 
in 80 mL of acetonitrile in a 125-mL Erlenmeyer flask is added 10 mL of 
60-65% HPF6 (about 113 mmole of HPF6) in 2-mL portions. The reactionis very 
exothermic and may cause the solution to boil. However, the reaction tempera- 
ture is not critical. and the warming is beneficial in that the pmduct remains 
dissolved. After addition of the iinal portion of HPF6, the solution is stirred for 
about 3 minutes and is then filtered hot through a medium-porosity frit to 
remove small amounts of undissolved black solid (some white [Cu(CH3CN),] - 
[PF,I may begin to crystallize before fdtration; if so, it is washed through the 
frit with a minimum amount of CH3CN). The pale-blue solution is cooled in a 

HPF,. 

*This work performed under the auspices of the U.S. Energy Research and Development 

?University of California, Los Alamos Scientific Laboratory, Los Alamos, NM 87545. 
*Department of Chemistry, Duke University, Durham, NC 27706. 

Administration. 
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18. Tetrakis(acetonitnleJcopper(IJ Hexafluorophosphate 91 

freezer to about -20" (addition of an equal volume of diethyl ether and cooling 
to 0" yields equivalent results) for several hours, whereupon a blue-tinged white 
microcrystalline precipitate of [Cu(CH,CN),] [PF,] forms. The solid is 
collected by filtration, washed with diethyl ether, and immediately redissolved 
in 100 mL of CH3CN. A small amount of blue material, presumably a Cu2+ 
species, remains undissolved and is removed by filtration. To the filtrate (which 
may still retain a slight blue coloration) is added 100 mL of diethyl ether, and 
the mixture is allowed to stand for several hours at -20'. The precipitated com- 
plex may still retain a bluish cast, in which case a second recrystallization may 
be necessary if high purity is desired. This second recrystallization is carried out 
using 80 mL each of CH&N and diethyl ether. The product is pure white and is 
dried in vumu for about 30 minutes immediately after being washed with 
diethyl ether. The yield is 12.5 g (60%) and is dependent on recrystallization 
losses. Anal. Calcd. for CF1Hl2N4PF6Cu: C, 25.8; H, 3.3; N, 15.0; P, 8.3; Cu, 
17.0. Found: C, 25.9;H, 3.3;N, 15.1;P,8.1;Cu, 16.7. 

Properties 

Tetrakis(acetonitrile)copper(I) hexafluorophosphate is a free-flowing, white, 
microcrystalline powder that does not darken upon long-term storage in an inert 
atmosphere. Exposure to air for longer than about 1 hour results in minor 
surface oxidation, due to the slightly hygroscopic nature of the complex. The 
acetonitrile ligands are firmly bound and cannot be removed at a significant rate 
by pumping in vumo at ambient temperature. Approximate CH&N dissociation 
pressures are 5 torr at 80" and 25 torr at 110". The infrared spectrum in Nujol 
shows absorptions at 2277 (m) and 2305 (m) cm-' due to CH,CN, and at 850 
(vs) and 557 (s) cm-' due to [PFJ-. 

The complex is moderately soluble in polar solvents and is remarkably stable 
to air oxidation in CH3CN solution. I t  does not react with halide ions to give 
CuX (X = C1, Br, I) in CH3CN solution, but the coordinated acetonitriles can be 
displaced in other solvents or even in CH3CN in certain cases. For example, 
copper(1) phenoxide, Cu [OC6H,] can tje precipitated upon addition of 
ethanolic Na[OC6H5] to an acetonitrile soluton of [CU(CH,CN)~] [PFQ].6 Thus 
the complex is especially suited for nonaqueous-media syntheses of Cu(1) com- 
pounds. An interesting synthetic application has been described by Maspero et 
al.,' wherein [Cu(CH,CN),] + was allowed to react with [Rh(CZH4),Cl] and 
CzH4 in dichloromethane to give [Rh(CzH4)3(CH3CN)z] + and CuCl. A recent 
X-ray structure' of [Cu(CH,CN),] [CIO,] revealed nearly ideal tetrahedral 
coordination of copper by the almost linear CH3CN molecules. 

References 

1. H. H. Morgan,J. Chem. Soc., 1923,2901. 

iranchembook.ir/edu

https://iranchembook.ir/edu


92 

2. B. J. Hathaway, D. G. Holah, and J.  D. Postlethwaite, ibid., 1961, 3215. 
3. G. D. Davis and E. C. Makin, Jr., Sep. Purif. Meth., 1, 199 (1972). 
4. P. Hemmerich and C. Sigwart, Experentia, 19,488 (1963). 
5. E. Heckel, German Patent 1,230,025 (1966); Chem. Abstr., 66, 46487e (1967). 
6. P. G. Eller and G. J .  Kubas, J. Am. Chem. SOC., 99,4346 (1977). 
7. F. Maspero, E. Perrotti, and F. Simonetti, J. Organomet. Chem., 38, C43 (1972). 
8. I. Csoregh, P. Kierkegaard, and R. Norrestam, Acta Cryst., B31,314 (1975). 

Transition Metal Compounds and Complexes 

19. COORDINATION COMPLEXES OF COPPER(1) NITRATE 

Submitted by HENRY J. GYSLING* 
Checked by GREGORY J. KUBAS? 

Copper(1) coordination complexes with various ligands containing heavy main 
group V or VI donor atoms have generally been prepared by reaction of a stoi- 
chiometric amount of the ligand with a copper(1) halide in a nonaqueous solvent 
such as chloroform.'-3 Procedures for the preparation of copper(1) halides 
(CuC1;  CUB^,^ CuI'), a tributylphosphine complex of CuI, [CuI [P(C4H9),] 4] ,6 

and a 1,Cbutadiene complex of CuCl, [ClCu(C4H6)CuC1] ,' have been described 
in previous volumes of this series. Copper(1) chloride and bromide are quite 
sensitive to aerial oxidation, but they can be prepared conveniently in good 
yields in air and stored under an inert atmosphere indefinitely.' 

Such coordination complexes with copper(1) chloride, and to a lesser extent 
copper(1) bromide, undergo metathetical reactions with a variety of other 
anionic ligands (e.g., SCN-, SeCN-, N3-, BH3CN-, BH4-, B3H8-, B5H93.1-3*9 ,lo 

An alternative, and generally more convenient, synthetic route to Cu(1) coordi- 
nation complexes utilizes ligand reduction reactions in which an excess of the 
ligand stabilizes the copper(1) state. Analogous reactions have been reported in 
previous volumes for the synthesis of zero-valent phosphite complexes of nickel, 
palladium, and platinum" and CuNH4MoS4:" 

Ligand reduction reactions of copper(I1) chloride by a varieyt of organophos- 
phines have been reported to give a wide range of (cuCl),Lb c~mpkxeS. '-~ 
Analogous reduction reactions with copper(I1) nitrate give products that contain 
weakly coordinated nitrate in the solid state (e.g., [ C U [ P ( C ~ H ~ ) ~ ]  ,(NO,)] l3 and 
[Cu[P(C6H&] >(NO3)] ,14 bidentate nitrate; [CU[P(C6H&CH3] 3(N03)] ,15 

unidentate nitrate). 
Copper(1) nitrate complexes with organophosphines, arsines, and stibines can 

be readily prepared in good yield in alcohol solution by such ligand reduction 
 reaction^.^ In the cases of the arsines and stibines, addition of copper powder 

*Research Laboratories, Eastman Kodak Company, Rochester, NY 14650. 
t Los Alamos Scientific Laboratory, Los Alamos, NM 87545. 
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19. Coordination Complexes of Copperfl) Nitrate 93 

as a supplementary reducing agent is useful. These complexes are convenient 
reagents for the introduction of other anionic ligands by metathetical reactions. 

A. NITRATOBIS(TRIPHENYLPHOSPHINE)COPPER(I) 

OP(C6H,)3 i- 2HN03 -I- 5H20 

Procedure 

To a solution of triphenylphosphine (21 g, 0.08 mole) in 200 mL of hot 
methanol is added C U ( N O ~ ) ~ - ~ H ~ O  (4.9 g, 0.02 mole) as a solid in portions. No 
special precautions are required for the exclusion of air throughout this 
synthesis. The Cu(I1) salt dissolves immediately with the formation of a clear 
colorless solution, but near the end of the addition a heavy white precipitate 
forms. After addition of all the C U ( N O ~ ) ~ . ~ H ~ O  the reaction suspension is 
heated at reflux for 5 minutes and then cooled to ambient temperature. The 
white precipitate is filtered, washed well with ethanol and diethyl ether, and air 
dried to give 11.2 g (86%) of [Cu[P(C6H5)3] 2(N03)] . This crude powder is ana- 
lytically pure, but it can be recrystallized from hot methanol (10 g complex/L) 
to give white needles when the filtered solution is cooled overnight in a freezer 
compartment (mp 248', dec.). Anal. Calcd. for C36H30C~NO~Pf: (MW = 
650.14): C. 66.45;H,4.65;N, 2.15;Cu,9.8. Found: C, 66.6;H,4.4;N,2.1;Cu, 
10.0. 

Properties 

The [cu[P(C6Hs)3] ,(No3)] complex obtained by this procedure is readily 
soluble in chloroform, dichloromethane, acetonitrile, and N,N-dimethylform- 
amide at room temperature and is moderately soluble in hot methanol, ethanol, 
benzene, and tetrahydrofuran. The complex exhibits a broad absorption 
maximum at 300 nm (powder reflectance spectfum). Unlike a number of 
organophosphine complexes of copper(1) halides,'6 [Cu [P(C6H,),] 2(N03)] 
exhibits no fluorescence. The conductivity ( M solution) in dichloromethane 
(AM = 1.2 ohm-' cm2 mole-') is typical of a nonelectrolyte, whereas in Nfl- 
dimethylformamide a value (AM = 63.5 ohm-' cm2 mole') corresponding to a 
1 : 1 electrolyte" is found. Weak coordination of the nitrate anion is indicated 
by the solid-state infrared spectrum of the and has been confirmed 
by a single-crystal X-ray diffraction study.I3 It  has been reported that the tris 
complex, [CU[P(C~HS)~] 3(N03)], is obtained when the above reaction is carried 
out in ethanol, but upon recrystallization from methanol the bisphosphine com- 
plex is reportedly obtained." 
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The facile dissociation of the nitrate ligand in this complex and other 
analogous copper(1) nitrate complexes (Table I) makes them useful reagents for 
the introduction of other anionic ligands through metathetical reactions. In 
these reactions the copper(1) nitrate complex is generally dissolved in chloro- 
form, and an alcohol solution of the sodium salt of the appropriate anion is 
added. After stirring at room temperature for about 1 hour the solution is filter- 
ed through a fine-porosity glass frit and concentrated to give the desired 
product, which can then be recrystallized from an appropriate solvent. 

TABLE I Organophosphine Complexes of Copper(1) Nitrate 

Calcd. (Found) 
mp Recryst. 

Complex C H N Cu ("C) Solvent 

CU [P@-CH,C, H,)a 1 ,NO, 68.64 5.77 1.91 8.65 219 Methanol 
MW = 734.30 (68.2) (5.9) (1.8) (8.4) 

CU [P@-CH,OC6H,), I zNO, 60.70 5.10 1.69 7.66 178 Ethanol 
MW = 830.3 (60.6) (5.3) (2.2) (7.6) 

Cu[P(C,H,),(pCH,C,H,)] ?NO, 67.3 5.05 2.07 9.37 195 Ethanol/ 
MW = 678.16 (67.5) (4.9) (2.2) (8.8) methanol 

(1:2) 
Cu[P(m-CH3C6H,), 1 ,NO3 68.64 5.77 1.91 8.65 150 Ethanol 
MW = 734.30 (68.4) (6.1) (1.8) (8.3) 

Cu[CH,C[CH,P(C,H,),] ,] NO, 65.64 5.24 1.87 8.47 295 Dichloro- 
MW. = 750.19 (65.4) (5.11) (2.1) (8.1) methane 

B. NITFtATOTRIS(TRIPHENYLSTIBINE)COPPER(I) 

Procedure 

To a solution of C U ( N O ~ ) ~ . ~ H ~ O  (6.0 g, 0.025 mole) in 700 mL of methanol in 
a 2-L, round-bottomed flask are added Sb(C6H5)3 (53.0 g, 0.15 mole) and 
copper powder (7 g, 0.11 gatom). The resulting suspension is refluxed for 15 
minutes and filtered hot. The residue on the filter is extracted with 500 mL of 
chloroform to give a pale-green solution, which is filtered and concentrated to 
dryness on a rotary evaporator. The resulting pale-green residue is washed well 
with diethyl ether and air dried to give 17.8 g of yellow powder. Another 5 g of 
crude product is obtained by cooling the filtrate from the reaction suspension in 
a freezer compartment overnight. The combined solids are recrystallized by 
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dissolving in 325 mL of hot toluene and filtering the resulting solution through a 
medium-porosity glass frit. Upon cooling the dark-yellow filtrate to room 
temperature, a crop of yellow crystals is deposited. The crystals are filtered, 
washed with three 150-mL portions of diethyl ether, and vacuum dried over 
P4OlO to give 16.2 g (27.3%) of [ C U [ S ~ ( C ~ H ~ ) ~ ]  3(N03)]. The complex decom- 
poses above 150' with darkening, a brown gummy melt being formed by 175". 
Anal. Calcd. for CS4H4&uNO3Sb3: C, 54.70; H, 3.83; N, 1.18; Cu, 5.36; Sb, 
30.83. Found: C, 55.1; H, 3.9; N, 1.1; Cu, 5.2; Sb, 30.6. 

Properties 

The [ C U [ S ~ ( C ~ H ~ ) ~ ]  3(N03)] complex is soluble in chloroform, acetonitrile, 
benzene, and N,N-dimethylformamide. In the last two solvents, oxidation of the 
copper(1) complex is evidenced by the formation of green solutions on standing. 
Thermal analyses (DSC and TGA in air) show a weight loss above 141" associat- 
ed with an exothermic reaction. 

The infrared spectrum of this compound, when compared with that of 
C U [ S ~ ( C ~ H ~ ) ~ ] ~ C ~ ,  shows new absorption at 1569 (w, sp), 1430 (the sharp, 
strong band in the chloro analogue is considerably broadened), 1290 (vs, sp), 1025 
cm-' (s, sp), 810 (m, sp) and 233 (w) cm-'. The destruction of the double 
degeneracy of the E' (NOz asym str; v 3  = 1390 cm-') of ionic nitrate and the 
separation of 140 cm-' between the two components (i.e., 1430 and 1290 cm-') 
support a monodentate bonding mode of the nitrate in the c ~ m p l e x . ' ~ ~ ' ~  

The stoichiometry and IR spectrum of [Cu[Sb(C,H,b] 3(N03)] are therefore 
consistent with a four-coordinate derivative containing unidentate nitrate. This 
complex has been shown to be useful for the preparation of complexes of the 
type [Cu(N,N),] NO3 (N,N-bidentate nitrogen ligand such as 1 ,lo-phenan- 
throline)." 

C. NITRATOTRIS(TRJPHENYLARSINE)COPPER(I) 

Procedure 

To a solution of triphenylarsine (29.4 g, 0.096 mole) in 350 mL.of methanol 
under a nitrogen atmosphere are added C U ( N O ~ ) ~ * ~ H ~ O  (3.9 g, 0.016 mole) and 
6.3 g of copper powder. [It is essential to use copper powder rather than any 
other form of the metal. The copper powder obtained from Eastman Organic 
Chemicals (Catalog No. P 1804) gives satisfactory results.] The resulting 
suspension is heated at reflw for 2 hours and filtered under nitrogen. The 
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residue in the Schlenk filter is vacuum dried to give 39.0 g of crude complex. 
When dry, the complex can be handled in air. The crude product is recrystalliz- 
ed from 1.5 L of boiling methanol under nitrogen to give a crop of white crystals 
upon cooling the filtered solution in a freezer compartment overnight. The 
solid is filtered and vacuum dried at 110°C for 4 hours to give 21.1 g of white 
crystals (63.2%). 

The [ C U [ A S ( C ~ H ~ ) ~ ]  3(N03)] complex, which is air stable in the solid state, 
does not exhibit a sharp melting point but decomposes to  a gum above 169". 
Anal. Calcd. for C54H45A~3C~N03:  C, 62.05; H, 4.2; N, 1.34; Cu, 6.09. Found: 
C, 62.1; H, 4.2; N, 1.2; Cu, 6.0. 

The complex [ C U [ A S ( C ~ H ~ ) ~ ]  3(No3)] is soluble in chloroform and moderately 
soluble in hot methanol, toluene, and acetone. It dissolves in NjV-dimethylform- 
amide with decomposition. This complex has been previously prepared by a 
similar reaction using the less-convenient reducing agent tributylph~sphine'~ 
rather than copper metal. The infrared spectrum of this complex (v, = 1294 cml; 
v2 = 1035 cm-' ; v4 = 1423 cm-' ; v6 = 812 cm-') supports a unidentate coordina- 
tion mode of the nitrate ion in the solid Conductivity measurements 
indicate that the complex is a 1 :1 electrolyte inNJ-dimethylformamide" (AM 
= 68 ohm-' cm2 mole-') but undissociated in dichloromethane (AM = 0.3 
ohm-' cm2 mole'). The triphenylarsine ligands in this complex can be displaced 
readily by bidentate ligands such as 1 ,lo-phenanthroline and 2,2'-bipyridine to 
give complexes of the type C U [ A S ( C ~ H ~ ) ~ ]  a(N,lvhN03 (a = b = 1; a = 0, b = 

Transition Metal Compounds and Complexes 

2).19 

D. TETRAHYDROBORATOBIS (TRIPHENYLPHOSPHINE)COPPER(I) 

Procedure 

To a solution of [Cu[P(C,H,),] 2(N03)] (6.5 g, 0.01 mole). in 100 mL of 
dichloromethane is added a solution of NaBH4 (0.42 g, 0.01 1 mole) dissolved in 
50 mL of ethanol. No special precautions for the exclusion of air are necessary 
during the synthesis. The reaction .solution is stirred for 30 minutes at room 
temperature and filtered through a fine-porosity glass frit, and the clear colorless 
filtrate is concentrated to dryness on a rotary evaporator. The residue is 
recrystallized from 200 mL of 3: 1 chloroform-cyclohexane to give 4.8 g (80% 
yield) of [ C U [ P ( C ~ H ~ ) ~ ]  2(BH4)], mp 165' (dec.). Heptane can be used in the 
recrystallization instead of cyclohexane with equivalent results. Anal. Calcd. for 
CSHMBCuP2: C, 71.6; H, 5.63; Cu,I0.54, B, 1.13. Found: C, 71.5;H, 5.7;Cu, 
10.3;B, 1.2. 
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Properties 

The [Cu[P(C6Hs),] 2(BH4)] complex prepared by this metathetical reaction is 
readily soluble in chloroform, dichloromethane, benzene, and tetrahydrofuran 
and moderately soluble in acetonitrile and N,N-dimethylformamide. It decom- 
poses in warm acetone and N,N-dirnethylformamide. This metalloborane has also 
been prepared by a metathetical reaction between [ C U [ P ( C ~ H ~ ) ~ ]  3CL] and 
NaBH4.20 The X-ray crystallographic analysis of this compound has shown the 
coordination geometry of the copper atom to be quasitetrahedral with two 
hydrogen atoms of the borohydride group bridging the copper atom and boron 
atom.” The solid-state thermal decomposition of this complex has been shown 
to produce Cu(O), Hz, P(C6Hs)3, and P(C6H5)3.BH3.22 The catalytic nature of 
this thermal decomposition reaction has found utility in various imaging pro- 
c e ~ s e s . ’ ~ * ~  
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98 Transition Metal Compounds and Complexes 

20. (DIMETHY L PHOSPHITO) COMPLEXES OF PLATINUM( 11) 

Submitted by ROGER P. SPERLINE* and D. MAX ROUNDHILL* 
Checked by A. J. CARTYt and D. K. JOHNSON? 

Substituted phosphinous acid (R2POH) and phosphorous acid [(RO),POH] 
exist in solution primarily as the tetracoordinate tautomers R,P(H)O and 
(RO)*P(H)O. Deprotonation yields a potentially ambidentate anionic ligand, 
which, with platinum(II), coordinates through the phosphorus atom. The parent 
acid also can coordinate through the phosphorus atom by way of the electron 
pair of the tricoordinate phosphorus atom. Frequently, a complex contains the 
ligand in each formal valence type, and in this case the proton is symmetrically 
bonded between the oxygen atoms on the two 1iga11ds.I.~ This proton between 
the coordinated dialkyl phosphito and phosphorous acids is acidic and can be 
replaced by BF: or divalent first row transition metal ions.’16 Replacement of 
the coordinated phosphorous acid by a tertiary phosphine or arsine ligand leads to 
platinum(I1) complexes having the phosphite ligand coordinated solely as a 
tetracoordinate anionic ligand. These complexes form trimetallic cationic 
complexes with first row transition metal ions.’ 

A. CHLORO(D1METHYL HYDROGEN PHOSPHITEP) (DIMETHYL 
PHOSPHITO-P) (TRIPHENYLPHOSPHINE) PLATINUM(I1) 

Procedure 

This procedure is a modification of the published method7 for the preparation 
of Pt[OP(OCH,),] [HOP(OCH,),] 2 ,  which subsequently is converted to 
PtCl [OP(OCH,),] [HOP(OCH,),] [P(C6H5)3] by a method similar to the one 
used for the triethylphosphine analogue! We have found that it is necessary 

*Department of Chemistry, Washington State University, Pullman, WA 99164. 
tGuelph-Waterloo Centre, Waterloo Campus, Department of Chemistry, University of 

Waterloo, Waterloo, Ontario N2L 3G1, Canada. 
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20. (Dimethylphosphito) Complexes of Platinum (II) 99 

to purify commercial samples of potassium tetrachloroplatinate(I1) to avoid 
reduction to platinum metal with a simultaneous decrease in yield of desired 
product. Satisfactory samples of potassium tetrachloroplatinate(I1) can be 
obtained by two recrystallizations of commercial samples from 0.1 M potassium 
chloride solution. 

Purified potassium tetrachloroplatinate(I1) (1 g, 2.2 mmole) is dissolved in 3 
mL of deionized water acidified by 1 drop of 6 M HzS04. Trimethyl phosphite 
is added to this solution (use a well-ventilated hood) in 0.1-mL portions, with 
continuous vigorous stirring, to raise the temperature of the reaction mixture to 
about 60°, and then it is added at a rate that maintains this temperature. A total 
of 3 mL is added and all the potassium tetrachloroplatinate(I1) is dissolved. This 
operation is carried out in a 25 mL beaker with a 7-mm stirring bar and the 
temperature is monitored with a small thermometer. When precipitation of 
white solid begins, deionized water (5 mL) is added and the mixture is stirred for 
1 hour. If precipitation begins before 3 mL of trimethyl phosphite has been 
added, an additional 5 mL of deionized water should be added. The crude 
product is filtered from the cool solution by means of a medium-porosity 
sintered-glass filter and washed first with cold methanol (three 5-mL portions) 
and then with diethyl ether (three 5-mL portions). This product is extracted 
through the filter with dichloromethane (about 10 mL) into a 100-mL, round- 
bottomed flask, leaving unreacted potassium tetrachloroplatinate((11) on the 
filter. To the dichloromethane solution is added methanol (25 mL) and the 
volume of the solution is reduced to 10 mL under reduced pressure with- 
out heating, using a rotary evaporator. On standing, the compound 
precipitates as colorless needles, which are filtered off and washed with two 
5-mL portions of diethyl ether. Yield 0.389 g (25%);mp 176-178'. The filtrate 
and diethyl ether wash are combined to  precipitate on standing a second crop 
of compound. Yield 0.583 g (38%); mp 175-178'. Combined yield 0.972 g 
(63%). If necessary, the compound can be recrystallized by dissolving it in the 
minimum volume of dichloromethane and then precipitating it by slow addition 
of diethyl ether. This intermediate compound is bis(dimethy1 hydrogen phos- 
phite-P)bis(dimethyl phosphitoP)platinum(II). PQosphorus-3 1 NMR spectrum: 
6 (85% H3P04) = 90.65; 'Jppt = 3461 Hz. 

Bis(dimethy1 hydrogen phosphite-P)bis(dimethyl phosphito-P)platinum(II) 
(0.420 g, 0.66 mmole) and cis-[dichlorobis(triphenylphosphine)platinum(II)] 
(0.524 g, 0.66 mmole) are refluxed in toluene (25 mL) for 30 hours. The color- 
less reaction mixture is filtered while hot using vacuum to remove any unreacted 
cis- [ dichlorobis(triphenylphosphine)platinum(II)] . The filtrate is transferred to 
a lOO-mL, round-bottomed flask and evaporated to dryness on a rotary eva- 
porator, using gentle heating if necessary. The cream-colored residue is dissolved 
in a mixture of dichloromethane (15 mL) and methanol (15 mL) and the solu- 
tion is allowed to concentrate slowly under water aspirator vacuum on a rotary 
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evaporator without heating until the volume of the solution is 10 mL. The flask 
is removed from the evaporator, stoppered, and allowed to remain at room 
temperature for 1 hour. The colorless crystals of product are collected by 
vacuum filtration and washed with diethyl ether (50 mL). The complex is dried 
at 80'11 torr for 30 minutes. Yield 0.501 g (53%), mp 167-168'. A second crop 
of product can be obtained by evaporation of the methanol solution to  5 mL on 
the rotary evaporator. Total yield 0.592 g (63%). And.  Calcd. for 
C22Hz&106P3Pt: c, 37.1; H, 3.97; c1,4.98; P, 13.1. Found: c, 37.3; H, 4.07; 
C1,5.05;P, 13.1%. 

Transition Metal Compounds and Complexes 

Properties 

Chloro(dimethy1 hydrogen phosphite-P)(dimethyl phosphito-P)(triphenylphos- 
phine)platinum(II) is very soluble in chloroform and dichloromethane, soluble in 
toluene and methanol, and insoluble in diethyl ether, ligroin, and water. The 'H 
NMR spectrum shows resonances for the methoxy groups at 7 6.83 and 6.25 
with 3 J p o c ~  = 12 Hz. The 36-line 31P NMR spectrum has chemical shifts 
from 85% H3P04 at 6 29.1 (lJppt = 2179 Hz), 6 89.4t'Jppt = 4110 Hz), 
and 60.1 ('Jppt = 5209 Hz). The complex gives a trimetallic compound 
[PtC1[OP(OCH3)z] zP(C6H5)3] zCo on heating in toluene with bis [(2,4-pentane- 
dionato)] cobalt(I1) and a pentametallic compound (PtC1 [OP(OCH3),] z- 
P(C6H5)3}4Th using a similar procedure with tetrakis[(2,4-pentanedionato)] - 
thorium(IV) in mesitylene solution. 

B. BIS(DIMETHYL PHOSPHITOP) [ o-PHENYLENEBIS(DIMETHYLAR- 
SINE)] PLATINUM(I1) 

Procedure 

This procedure is similar to that used for the synthesis of bis(dimethy1 
phosphito-P)[ethylenebis(diphenylphosphine)] platinum(II).8 To a solution of 
bis(dimethy1 hydrogen phosphiteP)bis(dimethyl phosphito-P)platinum(II) (0.976 
g, 1.5 mmole) in benzene (50 mL) is added o-phenylenebi~(dimethylarsine)*~ 
(0.441 g, 1.5 mmole). The solution is heated at reflux with stirring for 1 
hour and then allowed to cool to room temperature. The colorless compound 
precipitates and is collected by suction filtration on a medium-porosity fritted 
glass. The complex is washed with benzene (two 5-mL portions) and then 

*The compound can be purchased from Strem Chemicals Inc., Danvers, MA 01923. 
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diethyl ether (two 5-mL portions) and is dried at 80' under vacuum for 15 
minutes. Yield 0.758 g (69%), mp 240' (there is some decomposition between 
235 and 240"). If necessary, the complex can be recrystallized by dissolving it in 
the minimum volume of dichloromethane and precipitating by the slow addition 
of benzene. Anal Calcd. for C14H28A~206P2Pt: C, 24.1; H, 4.18; P, 8.86. 
Found: C, 23.9; H, 4.04;P, 9.00%. 

Properties 

The compound is very soluble in chloroform and dichloromethane and insoluble 
in benzene, diethyl ether, and ligroin. The 'H NMR spectrum shows a resonance 
for the methoxy groups at T 6.905 ( ' J p o ~  = 12 Hz) with additional resonances 
from o-phenylenebis(dimethy1arsine) centered at T 8.70 and 2.90. The complex 
forms the trimetallic compounds [{Pt [OP(OCH,)2] [o-C6H4 [As(CH3)2] 2 }  ZM] 
(c104)2 [M = Cu, Co] on treatment with the appropriate metal perchlorate salt. 
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Two-coordinate complexes still remain a rarity in transition metal ,chemistry. 
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Recently a few bicoordinate complexes of palladium(0) and platinum(O), ML21-7 
[M = Pd, Pt; L = PPh(t-Bu), or P ( C ~ C I O - C ~ H ~ ~ ) ~ ]  have been reported, and X-ray 
studies reveal that they have almost linear structures.1y2~6y8 The PdL, complexes 
were prepared by a reaction of the phosphine with (q5-C5HS)(q3-C3H5)Pd1'2 or 
[q3-(2-methylally1)PdCll 2.3 The former reaction may involve an incipient forma- 
tion of Pd(q'-C3H5)(q1-CSH5)Lz (L = phosphines)followed by reductive elimina- 
tion of organic moieties as C,,Hlo.9 The compound Pd[P(CyClO-C6H1 1)312 wasalso 
prepared by removing the ethylene molecule from Pd(C2H4) [P(cyclo-C6H1 1)3] 27 

or by reduction of Pd(acac), (acac = acetylacetonato) with A1Et3 in the presence 
of the phosphine." The preparative procedure described here is a slight modifi- 
cation of the first method.'.' 

The platinum analogues PtL, [L = PPh(t-Bu), or P ( c y ~ l o - C ~ H ~ ~ ) ~ ]  may be pre- 
pared by reduction of the corresponding dichloro compounds with sodium 
amalgam or sodium naphthalene.' The compound P t [ P ( c y c l ~ - C ~ H ~ ~ ) ~ ]  is 
also accessible from Pt(cod)2 (cod = 1,5-~yclooctadiene) and P(cyclo-C6Hll): 
or from Pt(q3-allyl)[P(cycZo-C6Hll)3] 2+ and t-BuONa.6 

.Caution. All the phosphines, (q5-C,HS)(q3-Cfis,!Pd, and bicoordinate com- 
plexes are air sensitive. The phosphines and (q5-C5H5)(q3-Cfi3)Pd are malo- 
dorous materials with unknown physiological effects. Therefore all the manipul- 
ations described here should be carried out under a dry nitrogen atmosphere 
using Schlenk-tube techniques". l1 and in a well ventilated hood. A hypodermic 
syringe is employed for weighing and transfem'ng P P ~ ( ~ - B U ) ~  and P(t-BuJ3. All 
the solvents are dried with sodium metal (except methanol) and distilled under 
nitrogen. 

Transition Metal Compounds and Complexes 

A. BIS@Itert-BUTYLPHENYLPHOSPHINE)PALLALMW(O) 

Procedure 

A 50-mL Schlenk flask containing a magnetic stirring bar is 'charged with (q3- 
ally1)(~5-cyclopentadienyl)palladium12 (0.40 g, 1.89 rnmole), toluene (1 0 mL), 
and di-tert-b~tylphenylphosphine'~ (0.89 g, 4.00 mmole). The deep-red solution 
is heated at 70-75" for 1 hour. The resulting pale-brown solution is concentrat- 
ed in vacuo to dryness and the pale-brown crystals that separate are washed with 
methanol (five 3-mL portions). The crude crystals are dissolved in hot hexane 
(25 mL). The solution is filtered and the filtrate is concentrated in vuuo to a 
quarter of the original volume to give pale-yellow crystals. For complete 
crystallization the solution is cooled overnight at -35". The mother liquor is 
removed with a syringe, and the crystals are washed at -35" with cold hexane 
(two 5-mL portions) and dried in vacuo. Yield 0.91 g (86%), mp 160-162" 
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(under N2 in a sealed capillary tube). Anal. Calcd. for CZsHMP2Pd: C, 61.06; 
H, 8.41. Found: C, 60.81; H, 8.46. 

Properties 

The properties of bis(di-ten-butylphenylphosphine)palladium(O) are described 
with those of the other bicoordinates complexes (see below). 

Procedure 

In a 50-mL Schlenk flask containing a magnetic stirring bar are placed (v3- 
allyl)(~5-cyclopentadienyl)palladium'2 (0.34 g, 1.60 mmole) and a toluene solu- 
tion (15 mL) of tricyclohe~ylphosphine*'~ (0.99 g, 3.54 mmole). The dark-red 
mixture is stirred with heating at 75-80" for 3 hours. The brown solution is con- 
centrated in vacuu to dryness. The brown crystalline solid is washed with MeOH 
(two 10-mL portions) to remove a slight excess of the phosphine. The solid is 
dissolved in hot toluene (5 mL), and methanol (5 mL) is added to give crystals. 
After standing in a freezer (-35") overnight, the crystals are isolated by 
removing the mother liquor with a syringe, washed with MeOH (five 2-mL por- 
tion), and dried in vacua The off-white crystals thus obtained are pure enough 
to prepare organopalladiurn complexes. Yield: 0.84 g (79%). Analytically pure, 
colorless crystals can be obtained by recrystallization from a toluene (5 
mL)methanol (5 mL) mixture. Mp 185-189" (under N, in a sealed capillary 
tube). Anal. Calcd. for C36H66PZPd: c ,  64.79; H, 9.99. Found: c ,  64.76; H, 
9.97. 

Properties 

The properties of bis(tricyclohexylphosphine)palladium(O) are described with 
those of the other bicoordinate complexes (see below). 

C. BIS(TRI-terf-BUTYLPHOSPHINE)F'ALLADIUM(O) 

( $ - C ~ H , ) ( Q ~ - C ~ H ~ ) P ~  + 2P(t-Bu), --* Pd[P(f-Bu)3] 2 + CsHl, 

Procedure 

This compound is prepared by a procedure similar to the one described above 

*Tricyclohexylphosphine is available from Strem Chemicals Inc., Box 212, Danvers, MA 
01923. 

iranchembook.ir/edu

https://iranchembook.ir/edu


104 

for the di-fert-butylphenylphosphine compound, employing (~~-allyl)($-cyclo- 
pentadienyl)palladium12 (0.2 1 g, 1 .O mmole) and tri-ferf-butylph~sphine'~ 
(0.46 g, 2.3 mmole).* The product is obtained in 60% yields as colorless crystals. 
Mp 150-153" (dec. in air). Anal. Calcd. for C?4H54P2Pd: C, 56.40; H, 10.67. 
Found: C, 56.62; H, 10.73. 

Transition Metal Compounds and Complexes 

Properties 

The properties of bis(tri-ferf-butylphosphine)palladium(O) are described with 
those of the other bicoordinate complexes (see below). 

D. BIS(D1-ferf-BUTYLPHENYLPHOSPHINE)PLATINUM(O) 

K,PtCl, t 2PPh(f-Bu), + truns-PtC1, [PPh(f-Bu),], t 2KC1 

trans-PtC1, FP~(~-BU)~] ,  + 2Na(Hg) + Pt[PPh(f-Bu)2] 2 + 2NaC1 

Procedure 

A 100-mL Schlenk flask containing a magnetic stirring bar is charged successive- 
ly with K2PtCI4 (1.0 g, 2.3 mmole), deoxygenated water (5 mL), EtOH (10 
mL), and di-rerf-butylphenylphosphine (1.06 g, 4.8 m o l e ) .  The mixture is 
stirred at room temperature for 40 hours, and the colorless solid is filtered in air, 
washed successively with H 2 0  (10 mL) and EtOH (20 mL), and dried in YUCUO. 

A yield of 1.6 g (98%) is obtained. The crude fruns- [dichlorobis(di-ferf-butyl- 
phenylphosphine)platinum(II)] l6 (0.95 g, 1.34 mmoles) thus obtained, 1% 
sodium amalgam (50 g), and tetrahydrofuran (15 mL) are placed successively in 
a 100-mL Schlenk flask containing a magnetic stirring bar. The mixture is stirred 
vigorously at room temperature for 22 hours. The gray suspension is transferred 
with a syringe to a filtration funnel" fitted to a 100-mL Schlenk flask and 
filtered through a filter paper. The sodium amalgam is washed with hexane 
(15 mL). The combined filtrate and washings are concentreated in Y ~ O  to dry- 
ness. The solid residue is dissolved in hexane (30 mL) and the solution is fdter- 
ed. The pale-yellow filtrate is concentrated to one-third of the original volume. 
After standing in a freezer (-35'), the colorless crystals are isolated by removing 
the solution with a syringe, washed at -35" with cold hexane (5 mL), and 
dried in vumo. A yield of 0.79 g (92%) is obtained, mp 171-174' (under N2 

*Since tri-tert-butylphosphine is low melting (mp 30"), it is recommended to weigh the 
phosphine liquidfied at 50" employing a syringe preheated in a oven (60"). If the phosphine 
solidifies in the syring, it can be melted by heating with a heat pun. 
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in a sealed capillary tube). Anal. Calcd. for C28HaPzPt: C, 52.57; H, 7.25. 
Found C, 52.68; H, 7.05. 

Properties 

The properties of bis(di-tert-butylphenylphosphine)platinum(O) are described 
with those of the other bicoordinate complexes (see below). 

E. BIS(TRICYCLOHEXYLPHOSPHINE)PLATINUM(O) 

frans-PtCl, [ P ( ~ y c l o - C ~ H ~ ~ ) ~ ]  + 2[C loHal Na' + 

Pt[P(~yclo-C,H,,)~] + 2NaCl + 2CIoHs 

Procedure * 
A 100-mL Schlenk flask containing a magnetic stirring bar is charged with 
K2PtC14 (1.0 g, 2.3 mmole), deoxygenated water (5 mL), and an ethanol solu- 
tion (40 mL) of tricyclohe~ylphosphine'~ (1.5 g, 5.4 mmole). The mixture is 
stirred at room temperature for 15 hours, and the colorless solid is filtered, 
washed successively with H 2 0  (10 mL) and EtOH (20 mL) in air, and dried in 
vacuo. A yield of 1.8 g (95%) is obtained. The crude frans-PtC12[P(cycio- 
C6H11)3] 2 (1.0 g, 1.2 mmole) thus obtained is placed in a 50-mL Schlenk flask 
containing a magnetic stirring bar, and a 0.33 M tetrahydrofuran solution (15 
mL) of sodium naphthalene prepared from sodium (0.5 g) and naphthalene 
(2.2 g) in THF (50 mL) is added. The mixture is stirred at room temperature for 
5 hours and the resulting brownish-green solution is concentrated in vacub. The 
dark-brown solid residue is extracted with hot hexane (twenty 2-mL portions) 
(50-55") and the extract is transferred into a filtration funnel" fitted with a 
sublimation apparatus and filtered through fa fdter paper. (Caution. The 
residue, which is insoluble in hexane, is pyrophoric and should be treated with 
EfOH under a nitrogen atmosphere before if is discarded.) The filtrate is con- 
centrated in vacuo and the resulting solid is heated at 50-70" in vacuo (lo-' torr) 
for 10 hours to remove the naphthalene by sublimation. It is then dissolved in 
hot hexane (30 mL) and the solution is filtered as above. Concentration of the 
filtrate in vacuo to 5 mL gives pale-yellow crystals. After standing in a freezer 

*Sodium amalgam can also be employed as a reducing agent. However, in this case a pro- 
longed heating (50 hr at 55-60") is required because of insolubility of tmuns-PtCI,(P(eyclo- 
C6H,,)3] in tetrahydrofuran. 
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(-35') overnight, the crystals (0.40 g) are isolated by removing the mother 
liquor with a syringe, washed with hexane (three 2-mL portions), and dried in 
YUCUO. Additional crystals (0.10 g) are obtained on concentration of the com- 
bined mother liquor and washings to 1 mL. Total yield 55%? Colorless crystals 
are obtained by recrystallization from hexane. Mp 204-208' (under N, in a 
sealed capillary tube). Anal. Calcd. for C36H66P2Pt: C, 57.19; H, 8.80. Found: 
C, 57.11;H,8.98. 

Transition Metal Compounds and Complexes 

Properties 

The bicoordinate complexes described here are soluble in benzene and 
hexane. The Pd[P(t-Bu)3] 2 complex is stable in air in the solid state, whereas 
the other complexes are unstable and give the dioxygen complexes M02L28 
[M = Pd, Pt; L = PPh(r-Bu),, P ( c y c l ~ - C ~ H ~ ~ ) ~ ] .  In the case of palladium com- 
plexes, the formation of dioxygen complexes is readily detectable by the 
developement of a pale-green color. All of the two-coordinate complexes can be 
stored under dry nitrogen for more than a year. The linear structure of the 
P(t-Bu), and PPh(t-Bu), complexes is readily deducible from a 1 :2: 1 triplet of 
the tert-butyl proton signal (Table I). Mass spectra of PtL, [L - PPh(t-Bu), or 
P ( c y c l ~ - C ~ H ~ ~ ) ~ ]  show the corresponding parent and fragment ions. 
[M-(R-l)]+, [M-2(R-l)]', [M-3(R-1)]', and MP,', where R is the alkyl sub- 
stituent of the phosphine., As expected from the high degree of coordinative 

Table I 'H NMR Spectra of Two-Coordinate Complexes 

Chemical Shift 3JKP 
(ppm, Me,Si)' +'JH-P Area Assignment 

Pd [P(t-Bu), 1 1.51 (t) 12.0 
Pd[PPh(t-Bu),] z b  1.48 (t) 12.7 

8.40 (m)C 
6.94-7.30 (m) 
0.70-2.60 (m) 

8.46 (m)C 
6.90-7.30 (m) 
0.70-2.60 (m) 

Pd [~(cYc~o-C, H i 1 ) 3 I 2 
Pt[PPh(t-Bu),] z b  1.56 (t) 13.5 

Pt [WCYC~O-C~ H 11 )a 1 z 

t-Bu 
9 t-Bu 

d m- andp-H 
1 O-H 

Cyclo-C, H, 
9 r-Bu 
1 0-H 
d rn- and p-H 

CYC~O- C6 Hi 

"Measured in benzened, at 22.5". 
%easured in tolueneil, at 22.5'. 
CAt 771° the ortho proton signals of Pd[PPh(t-Bu),] and Pt[PPh(t-Bu),] 
6 7.55 (m), 9.33 (m) and 7.40 (m), 9.38 ppm (m), respectively. 

are observed at 

*The checkers found that for unknown reasons only two of five experiments gave this 
compound. In the other experiments they got Pt[P(cyclo-C,H,,), ] with metallicpalladium. 
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unsaturation, the bicoordinate complexes, particularly the platinum complexes, 
show an enhanced reactivity toward small molecules and weak protonic acids, 
for example, alcohol, and n-acids like maleic anhydride." 
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Tris(triethy1phosphine)platinum was originally prepared by vacuum thermolysis 
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of Pt(PEt3)4, but the latter was synthesized from Pt(B3H,)(PEt3),, which is an 
inconvenient starting material.'" A direct synthesis from readily available 
starting materials is the reaction of K2PtC14 with KOH and PEt, in alcohol: but 
the product is difficult to isolate from the reaction mixture in pure form. The 
procedure described here is based on the vacuum thermolysis of Pt(PEt3)4, as 
obtained by a procedure outlined in this volume? 

The triisopropylphosphine analogue, Pt [P(i-Pr),] ,, is obtained by reducing 
trans-PtC1, [P(i-Pr),] with sodium amalgam in the presence of P(i-Pr); as 
described here. 

.Caution. AN zero-valent platinum compounds and trialkylphosphines 
employed here are extremely air sensitive and should be handled in a dry 
nitrogen or argon atmosphere. The trialkylphosphines are malodorous and toxic, 
and should be handled with care, in a well-ventilated hood. AN solvents should 
be dried (except ethanol) and distilled under nitrogen. 

Transition Metal Compounds and Complexes 

A. TRIS(TRIETHYLPHOSPHINE)PLATINUM(O) 

in vacuo 
Pt(PEt3)4 - Pt(PEt,), t PEt, 

Procedure 
A 15-mL Schlenk flask is evacuated and refilled with nitrogen three times. 
Tetraki~(triethy1phosphine)platinum~ (0.66 g, 1 mmole) is charged by the 
Schlenk-tube techniques.6 Under a nitrogen flow the flask is connected to a 
vacuum line through a liquid nitrogen U-trap. The flask is heated at 50-60" at 
reduced pressure (5 torr) for 6 hours to give an orange-red viscous oil. Yield 0.49 
g (90%). Anal. Calcd. for C18H45P3Pt: C, 39.3;H, 8.3. Found: C, 38.9;H, 8.2. 

Properties 
The properties of tris(triethylphosphine)platinum(O) are described with those of 
tris(triisopropylphosphine)platinum(O). 

B. TRIS(TRIISOPROPYLPHOSPHINE)PLATINUM(O) 

K,PtCl, + 2P(i-Pr), + trans-PtC1, [P(i-Pr),] + 2KC1 

trans-PtC1, [P(i-Pr),] t P(i-Pr), + 2Na(Hg) + Pt [P(iPr),] + 2NaCI 
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Procedure 

To a 50-mL nitrogen-flushed Schlenk flask containing a magnetic stirring bar is 
added K,PtCl, (0.50 g, 1.2 mmole), deoxygenated water (3 mL), P(i-Pr)37 (0.42 
g, 2.6 mmole), and ethanol (3 mL). The mixture is stirred at room temperature 
for 2 hours and the resulting colorless solid to tran~-PtCl~[P(i-Pr)~] , is filtered, 
washed with ethanol, and dried in vacuo. (.Caution. The amalgamation of 
sodium is highly exothemzic. Small pieces of sodium must be added to mercury 
behind a shield.'). The crude trans-PtCl, [P(i-Pr),] 2 (0.6 g, 1 .Ommole)is placed 
in a 50 mL Schlenk flask containing a stirring bar. A 20-g sample of 1% sodium 
amalgam and 10 mL of dried tetrahydrofuran' containing 0.24 g (1.5 mmole) of 
P(&Pr), are added successively. The mixture is stirred at  room temperature for 
10 hours. The red solution is transferred with a syringe into a filtration funnel 
(see Fig. 1, Reference 10) and filtered through a filter paper. The sodium 
amalgam is washed with dried and degassed pentane (two 10-mL portions). The 
combined filtrate and washings are concentrated under reduced pressure (7 torr) 
to dryness. The solid residue is extracted with pentane (two 10-mL portions) 
and the extract is filtered as above. The filtrate is concentrated under reduced 
pressure to a quarter of the original volume. After standing at -35' overnight, 
the pale-yellow crystals are isolated by removing the solution with a syringe, 
washing with pentane (three 2-mL portions) at -78', and drying at -35" under 
reduced pressure (7 torr). Yield 0.33-0.41 g (48-60%), mp 60-62" (under 
nitrogen in a sealed tube). Anal. Calcd. for C2,H6,P3Pt: C, 47.97; H, 9.39. 
Found: C, 48.09; H, 9.5 1. 

Properties 

The three-coordinate complexes PtL, [L = PEt,, P(i-Pr),] are extremely un- 
stable toward air and should be kept under dry nitrogen in a freezer. They are 
readily soluble even in saturated aliphatic hydrocarbons. The 'H NMR spectrum 
of Pt(PEt,), measured in benzene-d6 shows two broad signals at 6 1.76 (CH,) 
and 1.16 ppm (CH,), while that of Pt[P(i-Pr),] , shows signals at 6 1.86 (CH) 
and 1.24 ppm (CH,). In contrast to Pt(PEt,);, which does not dissociate the 
coordinate phosphine, Pt [P(i-Pr),], readily liberates P(i-Pr), even in the solid 
state (Kd  = 4.0 X lo-' M in heptane). They are strong nucleophiles and readily 
react with hydrogen and weak protonic acids, for example, CzH50H and HzO. 
With hydrogen Pt(PEt3), gives PtH2(PEt3),,' while Pt [P(i-Pr),] , affords frans- 
PtH, [P(i-Pr),] ,.ll Oxidative addition of alcohol to Pt(PEt3), is reversible to 
give [PtH(PEt&] OC2HS', but with Pt [P(i-Pr),] , it is irreversible and gives 
trans-PtH, [P(i-Pr),] ,.ll They add H 2 0  reversibly to give the strong hydroxo 
bases [PtH(PEt3),] OH' and (PtH(S)[P(i-Pr),] ,}OH (S = solvent). 
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23. TETRAKIS(TRIETHYLPHOSPHINE)PLATINUM(O) 

K2PtC1, t 4PEt3 + 2KOH + CzH50H --f 

Pt(PEt3)g + 4KC1 + CHjCHO +2HzO 

Submitted by T. YOSHIDA*, T. MATSUDA*, and S. OTSUKA* 
Checked by C. W. PARSHALL? and W. C. PEETt 

Tetrakis(triethylphosphine)platinum(O) has been prepared by two routes: (1) 
treatment of Pt(B3H,)(PEt3), with PEt3lp2 and (2) reduction of ~ i s - P t C l ~ ( P E t ~ ) ~  
with potassium’ or sodium amalgam in the presence of PEt,. The procedure 
described here is a direct synthesis from KQtCl,, PEt,, and potassium 
hydroxide in alcohol that was originally developed by Pearson et al? for the 
preparation of Pt(PEt3)’. 

Procedure 

.Caution. Triethylphosphine and tetrakis(triethylphosphine)platinum(O) are 
extremely air-sensitive. The phosphine is malodorous and toxic. Therefore all 

*Department of Chemistry, Faculty of Engineering Science, Osaka University, Toyonaka, 

tCentral Research Department, E. I. du Pont de Nemours and Co., Wilmington, DE, 19898. 
Osaka, Japan 560. 
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23. Tetrakis(triethylphosphinejPIatinum(0) I I 1  

manipulations should be carried out in a nitrogen atmosphere and in a well- 
ventilated hood. All solvents should be degassed with an inert gas. 

A 50-mL Schlenk flask containing a magnetic stirring bar is charged with a 
solution of KOH (0.7 g. 12.5 mmole) dissolved in a 30:l  EtOH-H20 mixture 
(31 mL) and PEt, (3.0 mL, 20 mmole). To the mixture a solution of K,PtCl, 
(1.5 g, 3.6 mmole) in H20 (10 mL) is added dropwise by syringe over a period 
of 5 minutes. The mixture is stirred at room temperature for 1 hour and then at 
60" for 3 hours. The colorless solution is concentrated to dryness in vacuo 
(5 torr) at room temperature under stirring. The reddish, oily-solid residue is 
extracted with hexane (two 15-mL portions) and the extract is filtered by the 
Schlenk-flask filtration method.' The orange filtrate is concentrated to a quarter 
of the original volume under reduced pressure (5 torr). The concentrate is 
treated with PEt, (0.5 mL, 3.4 mmole) and cooled at -78" (Dry Ice-acetone) 
for 4 hours. The colorless crystals that separate are isolated by removing the 
solution with a syringe, washing with hexane (two 3 m L  portions) at -78', and 
drying in vacuo (5  torr) at -40". Yield: 2.0 g (85%); mp 47-48" (under nitrogen 
in a sealed capillaw tube). Anal. Calcd. for C24H60P4Pt: C, 43.2; H, 9.1. Found: 
C, 42.6; H, 8.9. 

Properties 

Tetrakis(triethylphosphine)platinum(O) is extremely air sensitive and readily 
soluble in saturated aliphatic hydrocarbons. The complex can be stored under 
dry nitrogen in a freezer (-35') for several months. The complex readily loses 
one of the coordinated phosphine molecules to give Pt(PEt3)t (dissociation 
constant (Kd) in heptane is 3.0 X lo-'). The 'H NMR spectrum measured in 
benzene46 shows two multiplets at 6 1.56 (CH,) and 1.07 ppm (CH,). Tetrakis- 
(triethylphosphine)platinum(O) is a strong nucleophile and reacts readily with 
chlorobenzene and benzonitrile to give o-phenyl complexes PtX(Ph)(PEt3)2 
(X = C1, CN).' Oxidative addition of EtOH affords [PtH(PEt,),] +. 
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24. BARIUM TETRACYANOPLATINATE(II) TETRAHYDRATE* 

Transition Metal Compounds and Complexes 

alternating current 
2Ba(CN), + Pt + 6H20 

Ba[Pt(CN)4].4Hs0 + Ba(OH)2 + H2 t 

Submitted by ROBERT L. MAFFLY? and JACK M. WILLIAMS* 
Checked by R. N. RHODAB 

The yellow-green compound Ba[Pt(CN).,] -4H20 is highly useful in the 
syntheses of a series of partially oxidized tetracyanoplatinates. The appropriate 
metal sulfate is added to precipitate BaS04 and obtain aqueous solutions of the 
metal platinum cyanide.’” The procedure described here, first reported by A. 
Brochet and J. Petit,3 is suitable for the rapid direct synthesis of very pure 
Ba[Pt(CN)4] .4H20 with a considerable savings of time and effort. More 
important, however, is the fact that this electrolytic procedure at no time 
involves a solution containing potassium ion, which, because of the stability of 
its partially ortidized platinum compounds K1.75 [Pt(CN),] - 1 .5H20 and 
K2 [Pt(CN),] Bro33-3.0H20, is always an impurity of major concern. 

Bocedure 

The Ba(CN)? used** contains metal cation impurities limited to sodium, 
aluminum, strontium, and 0.05% potassium, plus traces of iron, magnesium and 
lithium.# Each platinum electrode is a 90-100 cm2 heavy sheet with purity > 
99%. During the electrolysis, half of each electrode is submerged in the solution. 
All water used is distilled, and all filters are medium-pore fritted-glass filters. 
The electrolysis apparatus consists of a variable ac voltage supply with an ac 
ammeter included in the circuit. 

*Research performed under the auspices of the Division of the Basic’Energy Sciences of 

f Research participant sponsored by the Argonne Center for Educational Affairs from 

$Correspondent: Chemistry Division, Argonne National Laboratory, Argonne, IL 60439. 

the U.S. Department of Energy. 

Whitman College, Walla Walla, WA. 

Paul D. Merica Research Laboratory, International Nickel Co., Inc., Sterling Forest- 
Suffern, NY 10901. 

**Available from ICN-K&K Laboratories, Inc., 121 Express St., Plainview, NY 11803. 
#We wish to thank J. P. Faris for the emission spectrographic work performed at Argonne 

National Laboratory, Argonne IL. 
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24. Barium Tetracyanoplatinate(II) Tetrahydrate I I3 

Caution. Because o f  the extremely poisonous nature o f  cyanide, these steps 
should be carried out in a well-ventilated fume hood using protective gloves, 
clothing, and face shield. Although the magnetic stirrer and voltage regulator 
should be adequately grounded, care should be taken not to come in contact 
with the electrodes or connecting wire while the reaction is in progress. 

Initially, 200 g (1.06 moles) Ba(CN)z is placed in a 1000-mL beaker, 600 mL 
of HzO is added, and stirring is initiated by means of a magnetic stirrer. Two 
platinum electrodes of known weight are introduced into the mixture, typically 
separated by 7 cm, and an alternating current is applied such that the current 
remains at 5 A and the applied voltage somewhere between 15 and 20 v. The 
volume is kept at 600 mL by the addition of water and the current is kept at  
5-6 A through this part of the procedure for approximately 45-50 hours. The 
mixture ranges from a white to a yellow-green color as the platinum is oxidi -d. 

The electrolysis is discontinued when the mixture visibly begins to change to a 
grayish color as a result of the formation of platinum black. After the platinum 
electrodes are disconnected, they are washed in concentrated HC1 until clean, 
and weighed (Pt loss = 30-35 g). 

The murky solution is stirred, heated to boiling, and immediately filtered. The 
filtrate is transferred to a clean 1000-mL beaker and allowed to cool overnight, 
resulting in yellow-green Ba[Pt(CN),] -4Hz0 crystals. The beaker is placed in an 
ice bath for 1 hour to cause remaining Ba[Pt(CN)4] .4H20 to crystallize. The 
crystals are collected by filtration, and the filtrate is saved. The saved filtrate is 
evaporated to 300 mL on a steam bath and immediately filtered hot. This 
solution is allowed to cool in an ice bath, resulting in another crystallization of 
Ba[Pt(CN)4] -4H10. These crystals are collected on a filter and added to those 
from the first isolation. The filtrate is disposed of in a waste platinum receptacle. 
The material is purified by adding 4 mL of HzO per 10 g of solid and heated 
with stirring for 15 minutes in a boiling water bath. The beaker is then placed 
in an ice bath for 30 minutes and the crystals are filtered out. This procedure 
is repeated four times. The highly pure product* represents 90-100% yield based 
on the platinum lost from the electrodes. 

Properties 

The compound Ba[Pt(CN),] .4H20 is a colorless crystalline material with a 
measured density of 3.09 g/mL (calculated density 3.13 g/mL). The first 12 

*Typical impurity levels as measured by emission spectrographic analysis are: Na, 0.03- 
0.1%; Sr, 0.01-0.1%; Al, 0.01%; K not detected (<O.OOl%). 
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d-spacings from X-ray powder diffraction are: 8.70 (mw), 6.90 (m), 5.80 (s), 
4.60 (mw), 4.40 (mw), 4.30 (m), 3.73 (w), 3.21 (ms), 2.96 (ms), 2.91 (ms), and 
2.77 (mw) A. 

Transition Metal Compounds and Complexes 

References 
1. T. F. Cornish and J. M. Williams, Inorg. Synth., 19, 10 (1979). 
2. R. L. Maffly, J. A. Abys, and J. M. Williams, Inorg. Synth., 19, 6 (1979). 
3. A. Brochet and J. Petit, C. R., 138, 1095 (1904). 

25. TRANS PHOSPHINE COMPLEXES 
OF PLATINUM(I1) CHLORIDE 

Submitted by CHAO-YANG HSU,* BRIAN T. LESHNER,* and MILTON ORCHIN* 
Checked by MICHEL LAURENT? 

Heretofore, the most common method for the preparation of the useful 
platinum(I1) complexes of the type [PtCl,L,], where L is a tertiary phosphine, 
consisted of the reaction between potassium tetrachloroplatinate(I1) and ter- 
tiary phosphines.’ When trialkylphosphines are used, the reaction usually 
leads t o  a mixture of cis- and trans and when triarylphosphines are 
employed4 only the cis isomers are obtained. The preparation of pure trans 
complexes by a simple, convenient procedure is highly desirable. 
truns-[Dichlorobis(triphenylphosphine)platinum(II)] has been prepared by 

the reaction of truns-[chlorohydridobis(triphenylphosphine)platinum(II)] with 
mercury(I1) chloride,’ by photochemical isomerization of the cis isomer: and 
by the oxidative elimination of chlorine from tetrakis(tripheny1phosphine)- 
platinum(0) under carefully controlled reaction conditions.’ trans- [Dichlorobis- 
(tributylphosphine)platinum(II)] has been prepared by the thermal 
isomerization of the corresponding cis isomer.’ 

The following procedures describe the direct preparations of 
trans-[PtCl,~P(C,H,),),1 and truns- [PtCl, [P(n-C,H&] ,] by the reaction 
between the appropriate tertiary phosphine and potassium trichlor4ethylene)- 
platinate(II)** 

*Department of Chemistry, University of Cincinnati, Cincinnati, OH 45221. 
t Department of  Chemistry, Northwestern University, Evanston, IL 60201. 
**We thank Engelhardt Industries, Inc. for a generous supply of  platinum. 
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25. Trans Phosphine Complexes of Platinum(II) Chloride 115 

A. trans-[ DICHLOROBIS(TRIPHENYLPHOSPHINE)PLATINUM(II)] 

Procedure 

In a 50-mL, round-bottomed flask containing a Teflon-coated magnetic stirring 
bar are placed 0.77 g (2.0 mmole) of anhydrous potassium trichIoro(ethy1ene)- 
platinate(I1) and 15 mL of acetone. This anhydrous complex may be prepared 
according to the procedure reported by Hartley.' An alternate procedure may 
also be used.' On stirring, a clear yellow solution is formed, whereupon a 
solution of 1.0 g (3.8 mmole) of triphenylphosphine in 5 mL of acetone is added 
dropwise (conveniently by syringe) over about 5 minutes. (Because trans isomers 
are readily isomerized to cis isomers by excess phosphine or by elevated 
temperature, the phosphines are chosen as the limiting reagents and the reaction 
is conducted at room temperature.) Light-yellow crystals separate immediately 
upon the addition of phosphine. After stirring for about 10 minutes, the crystals 
are filtered by suction and washed successively with 10-mL portions of water, 
ethanol, and diethyl ether. The resulting pale-yellow crystals are dried in vamo 
overnight. Yield: 1.4 g (91%, based on triphenylphosphine); mp: 312-314' 
(dec.). Anal. Calcd. for PtCl, p(C6&),] 2: C, 54.69; H, 3.83; C1,8.97. Found: 
C, 54.49;H, 3.91;C1,8.84. 

Properties 

fran~-[PtC1~{P(C~H~)~}~] is a pale-yellow crystalline solid, stable in air. It is 
soluble in benzene, chloroform, and dichloromethane and insoluble in alcohols, 
acetone, and water. It can be recrystallized from benzene/methanol. The 
infrared spectrum of the trans isomer shows only one PtCl  stretching band, 
u = 344 cm', whereas the spectrum of the cis isomer shows two corresponding 
absorptions at 319 and 295 cm-' (Nujol 

B. rrans-[ DICHLOROBIS(TRIBUTYIPHOSPHINE)PLATINUM(II)] 

K[PtCI,(C,H,)] + 2P(n-C,H,), + 

tr~n~-[PtC12{P(n-C4H9)3}2] + KC1 + C2H4 
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I16 Transition Metal Compounds and Complexes 

Procedure 

.Caution. P(n-C.Jf& is toxic and flammable. 
To a stirring solution of 0.77 g (2.0 mmole) of potassium trichloro(ethy1ene)- 

platinate(I1) in 10 mL of methanol is added dropwise (with syringe) 0.80 g 
(0.98 mL or 3.9 mmole) of tributylphosphine over a period of about 3 min- 
utes, and the reaction solution is stirred for about 10 minutes. The preci- 
pitated potassium chloride is filtered and washed with two 5-mL portions 
of methanol. The filtrate and washings are transferred to a 50-mL, round- 
bottomed flask, and the volume is reduced to 5 mL under reduced pressure 
(rotatory evaporator). The remaining solution, which may contain some crystals, 
is cooled in an ice-water bath for about 30 minutes. The yellow crystals are 
then filtered and air-dried. The crystals are further purified by grinding them 
under water to remove occluded potassium chloride. The crystals are again 
filtered and then dried in vamo overnight. Yield 0.66 g (50%, based on tributyl- 
phosphine); mp: 64.5-65.5'. The conversion is about 85% based on the volume 
of ethylene evolved, but because of the high solubility of the complex the 
yield of isolated material is considerably 1ower.Anal. Calcd. for PtC1, [P(C4H9)3] , : 
C, 42.98; H, 8.12; C1, 10.57. Found: C, 42.91; H, 8.24; C1, 10.48. 

Properties 

trans-[PtC1,{P(n-C4H,)3),] is a yellow crystalline solid. The melting point is 
appreciably lowered by traces of impurities? This complex is highly soluble in 
benzene, acetone, ethanol, and most other organic solvents. The infrared 
spectrum of the cis isomer shows two absorptions vet-a) at 308 and 285 cm-', 
whereas that of the trans isomer has only one absorption vw-cr) = 338 cm-' 
(Nujol mull). 
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26. Tris(ethylenediamine)ruthenium(II) and Tris(ethy1enediamine)ru thenium(III) I 1  7 

26. TRIS( ETHY LENEDIAMINE)RUTHENIUM( 11) AND 
TRIS( ETHY LENEDIAMINE)RUTHENIUM( 111) COMPLEXES 

Submitted by P. J. SMOLENAERS* and J. K. BEATTIE* 
Checked by J. N. ARMOR? 

Although resolution of the tris(ethylenediamine)ruthenium(III) ion is mentioned 
in an obituary of Werner,’ no synthesis of any tris(ethy1enediamine)ruthenium 
species appears to have been published until that of [Ru(en),J [ZnC14J was 
described by Lever and Bradford in 1964.’ Their method of reducing hydrated 
ruthenium(II1) chloride with zinc dust in an aqueous solution of 
ethylenediamine remains the general method of preparation of [Ru(en),] 2 +  

salts.394 The use of zinc as the reducing agent generally leads to the isolation of 
the relatively insoluble tetrachloro- or tetrabromozincate salts; contamination 
with Zn(er~)~’+ salts can occur. To obtain a more soluble salt, Beattie and 
Elsbernds prepared [Ru(en),] [ZnBr4] , complexed the Zn’+ with ethylenedia- 
minetetraacetic acid, and isolated [Ru(en),] Brz. This procedure has undesirable 
features, however, and is unsuitable for preparation of the even more soluble 
chloride salt. In the procedure described here, zinc is removed by precipitation 
of zinc dianthranilate [zinc bis(2-aminobenzoate)] and [Ru(en),] Clz is isolated 
by the addition of acetone in which any excess lithium anthranilate reagent is 
soluble. From the very soluble chloride other less soluble salts can readily be 
obtained by metathesis in aqueous solution. 

The tris(ethylenediamine)ruthenium(III) species is obtained by oxidation of 
[ R ~ ( e n ) ~ ]  ’+ with, for example, iodine4 or bromine? The oxidizing agent and 
conditions employed must be chosen carefully to avoid further oxidation of the 
ethylenediamine ligand to coordinated diimine.’ In the present procedure solid 
silver anthranilate is used to oxidize [Ru(en),] [ZnCl,] , and [Ru(en),] C13 is 
isolated. In this heterogeneous procedure the, desired [Ru(en),] C13 is the only 
soluble product and can easily be separated from the insoluble silver, silver 
chloride, and zinc dianthranilate. Other less soluble [ R ~ ( e n ) ~ ]  3+ compounds 
can be obtained easily from the soluble chloride. 

*School of Chemistry, University of Sydney, N.S.W. 2006, Australia. 
?Allied Chemical Corp., Chemical Research Center, P.O. Box 1021 R, Morristown, NJ 

07960. 
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11 8 Transition Metal Compounds and Complexes 

A. TRIS(ETHYLENEDIAMINE)RUTHENIUM(II) TETRACHLOROZINCATE 

Zn RuC13.nHz0 + en - [Ru(en),] (ZnCl,) 

.Caution. Ethylenediamine has an irritating vapor, is h a m  ful b y  skin 
absorption, and is flammable. Breathing of vapor and contact with skin and eyes 
should be avoided. 

Procedure 

A 100-rnL flask containing 2.0 g (approximately 7.6 mmole) of hydrated 
ruthenium trichloride and 30 mL (about 125 mmole) of 25% aqueous 
ethylenediamine solution is purged with argon and the mixture is then gently 
refluxed for about 50 minutes. A total of about 1 g (15 mmole) of powdered 
zinc is added in small amounts during this time. After the mixture becomes 
bright orange, it is heated at reflux for 30 minutes more with further additions 
of zinc dust. The hot mixture is filtered in an argon atmosphere using Schlenk 
techniques, the filtrate is cooled in ice, and ice-cold, deoxygenated, concentrated 
HC1 is added slowly by syringe until pH 2 is obtained (approximately 18 mL of 
10 M acid is used). The resulting yellow-brown precipitate is collected on a filter 
under an inert atmosphere and washed with deoxygenated ethanol and 
deoxygenated, peroxide-free diethyl ether, yielding 3.0 g (80%). This crude 
product can be recrystallized under an argon atmosphere by dissolving in the 
minimum amount (about 50 mL) of warm deoxygenated 0.01 M trifluoroacetic 
acid, cooling the solution, and adding acetone to precipitate the pale-yellow 
complex, which is washed with ethanol and diethyl ether and dried on a vacuum 
line for 8 hours. Anal. Calcd. for [Ru(C2HBN2),] [ZnC14] : C, 14.75; H, 4.95; 
N, 17.20; C1, 29.03; Ru, 20.68. Found: C, 14.96; H, 4.98; N,  17.10;C1,28.82; 
Ru, 20.42. 

B. TRIS(ETHY LENEDIAMINE)RUTHENIUM(II) CHLORIDE 

[Ru(en),] [ZnC14] + 2Li(an) - 
[ R ~ ( e n ) ~ ] C l ~  + Zn(an), + 2LiCl 

(an = anthranilate = 2-aminobenzoate) 

Procedure 

A solution of lithium anthranilate (0.82 M> is prepared by adding a solution of 
0.206 g (4.92 mmole) of LiOH-H20 in 6.0 mL of €€,O to an equivalent amount 
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26. Tris(ethylenediamine)ruthenium(II) and Tris(ethylenediamine)mthenium(III) I I 9  

of solid anthranilic acid (0.674 g, 4.92 mmole). The resulting solution is 
deoxygenated and kept in the dark to avoid decomposition. Excess LiOH must 
be avoided; the solution should be neutral or slightly acidic. 

The crude [Ru(en),] [ZnC14] (1.0 g) (2.0 mmole) is placed in a deoxygenated 
flask and a stoichiometric amount (5.0 mL) of 0.82 M deoxygenated lithium 
anthranilate solution is added. The resulting white precipitate of zinc 
dianthranilate is removed by filtration on a fine frit under an inert atmosphere 
and washed with two 1.5-mL portions of deoxygenated water. Addition of 
20 mL of acetone to the combined washings and light-brown filtrate results in 
formation of a yellow precipitate. An additional 20 mL of acetone is added and 
the precipitate is collected by filtration under reduced argon pressure. The 
precipitate is washed with two 1.5-mL portions of deoxygenated acetone and 
two 5-mL portions of diethyl ether and is then dried under a stream of argon 
and, if it is not to be recrystallized immediately, on a vacuum line overnight. 
This yellow product (0.58 g, 80%) can be reprecipitated under an inert 
atmosphere by dissolving in a minimum amount (approximately 3 mL) of warm 
deoxygenated 0.01 M trifluoroacetic acid, cooling, and adding acetone to give 
canary-yellow hexagonal plate crystals. Anal. Calcd. for [Ru(CzH8Nz~] Clz : 
C, 20.46; H, 6.87; N, 23.85; C1, 20.13; Ru, 28.69. Found: C, 20.19; H, 6.99; 
N, 23.62;C1, 19.86; Ru, 28.50. 

C. TRIS(ETHYLENEDIAMINE)RUTHENIUM(III) CHLORIDE 

2[Ru(en),] [ZnCl,] + 4Ag(an) - 
2[Ru(en),]C13 + 2Ag + 2AgCl + 2Zn(an)~ 

.Caution. Skin contact with silver salts and solutions should be avoided. 

Procedure 

Solid silver anthranilate is prepared as follows. A solution of 2.0 g (50 mmole) of 
NaOH in 10 mL of water is stirred for 10 minutes with a slight excess of 
anthranilic acid (7.0 g, 51 mmole). The excess undissolved anthranilic acid is 
removed by filtration and a solution of 8.5 g (50 mmole) of AgNO, in 6 mL of 
water is added to the filtrate. The slowly precipitated silver anthranilate is 
collected by filtration, washed with water, ethanol, and acetone, and dried first 
in the air and then on a vacuum line for 8 hours. The off-white solid is light and 
heat sensitive. 

The silver anthranilate (1.30 g, 5.33 mole) is slowly added with shaking to an 
ice-cold, deoxygenated slurry of 1.30 g (2.66 mmole) of [Ru(en),] [ZnCl,] 
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in 15 mL of deoxygenated M trifluoroacetic acid. The resultant 
heterogeneous mixture is agitated for several minutes, preferably in an ultrasonics 
bath. The solids are removed by filtration under an inert atmosphere and washed 
with two 2.5-mL portions of deoxygenated M trifluoroacetic acid. The 
combined light-brown filtrate and washings are cooled in an ice bath and 30 mL 
of deoxygenated acetone is added, causing some precipitation. An additional 30 
mL of acetone is added and the resulting white solid is collected, washed with 
two 2.5-mL portions of deoxygenated ethanol, two 5-mL portions of acetone, 
and two 5-mL portions of diethyl ether, and dried in a vacuum for 8 hours. 
Yield 0.98 g (95%). Care must be taken not to prolong the above preparation or 
to use excess silver anthranilate. 

The compound can be purified by reprecipitation from the minimum amount 
of 0.1 M HC1 by the addition of acetone or by recrystallization from dilute 
hydrochloric acid. Anal. Calcd. for [Ru(C2H,N&]Cl3: C, 18.59; H, 6.24; 
N, 21.67; C1, 27.43; Ru, 26.07. Found: C, 18.65; H, 6.40; N, 21.43;C1,27.53; 
Ru, 25.85. 

Transition Metal Compounds and Complexes 

Properties 
The canary-yellow crystals of [ R ~ ( e n ) ~ ] C l ,  can be transferred in the air. 
Solutions and the incompletely dried solid are readily air oxidized. The 
pale-yellow [Ru(en),] C13 is an air-stable solid, but neutral solutions are air 
sensitive. Its electronic absorption spectrum4 can be used to characterize 
[R~(en)~]~,:with two absorption maxima in 0.01 M trifluoroacetic acid solution: 
€370 = 120 M' cm-' and e3,,,, = 1020 M-' cm-'. I t  is difficult to detect small 
amounts of [ R ~ ( e n ) ~ ]  3+ in the solution, however, since its absorption spectrum 
in this region consists of a single weaker band? €310 = 355 M-' cm-', and a 
shoulder with = 458 M' cm-'. A common impurity is [Ru(en)?(diimine)] '+ 

in which the coordinated ethylenediamine ligand has undergone a four-electron 
~ x i d a t i o n . ~  This is readily detected by its intense absorption band with 
'L 7000 M' cm-' . Pale-yellow solutions of [Ru(en),] '+ can be prepared in 
deoxygenated 0.01 M trifluoroacetic acid in concentrations up t? 0.9 M .  To 
reduce any [ R ~ ( e n ) ~ ]  3+ impurity the solution is stirred over zinc amalgam for 
20-30 minutes. Any [R~(en)~(diimine)]'+ impurity is not reduced by this 
procedure, however, and produces a yellow-brown solution. 

Studies of these complexes include reports of NMR,'>' EPR,' ORD and 
CD," and ESCA7 spectra, and chemical studies of the reactions of [Ru(en),] '+ 

with oxygen" and Fe(III)4 and of electron exchange between the two oxidation 
states? 
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27. MANGANESE DIPHOSPHATE 
(MANGANESE PYROPHOSPHATE) 

NaQz07 + 2(MnClZ.2.03KC1) - 
MnzPZO7 + 4NaCl + 4.06KC1 

Submitted by B. DURAND* and J. M. PARIS* 
Checked by E. KOSTINER? and M. H. RAPPoSCH? 

Owing to its stability, manganese diphosphate is very convenient as a calibrant 
for magnetic susceptibility measurements. Its magnetic susceptibility follows the 
Curie-Weiss law between -80 and +485'. 

It is generally prepared by thermal decomposition in air of ammonium 
manganese phosphate monohydrate Mn(NH,)(PO),*H,O. Yet, as was shown by 
Etienne and Boulle,' structureless phases of complex composition appear before 
the crystallization of the diphosphate (presence 'of mono, di-, tri-, and 
polyphosphate anions). This is a quite general phenomenon, observed not only 
during the thermal decomposition of ammonium metallic phosphates 
M2NH4PO4, but also during the decomposition of hydrogen metallic phos- 
phates M2HP04 and hydrated diphosphates M2P,O7*nH20. A ratio of MO/- 
P z 0 5  = 2 is characteristic of all these compounds. The unavoidable formation 
of these intermediate phases and their often incomplete transformation into 
diphosphate represent a major difficulty in the preparation of pure divalent 

*University of Lyon 1, 43 Boulevard du 11 November 1918, 69621 Villerbanne, 

?Institute of Materials Science, The University of Connecticut, Storrs, CT 06268. 
France. 

iranchembook.ir/edu

https://iranchembook.ir/edu


122 

metal diphosphates. The synthesis described here involves the double decom- 
position reaction between the sodium diphosphate and a molten divalent 
manganese salt. This method avoids the formation of intermediate phases. 

Tronsition Metal Compounds ond Complexes 

Preparation of  Starting Materials 
Sodium diphosphate is prepared by the following procedure. Disodium hydrogen 
phosphate dihydrate, NazHP04-2Hz0, (7.12 g, 40 mmole) is placed in a 60-mL 
platinum crucible and heated in air at 400" for 12 hours (Product Merck for 
analysis K 6580). According to Porthault,2 this method leads to a tetrasodium 
diphosphate, Na4Pz0,, the purity of which is better than 99.5%. No impurities 
can be found by chromatographic or potentiometric analysis. 

The potassium and manganese double chloride is prepared by the following 
procedure. The eutectic, MnClz=2.03KC1: is prepared by mixing potassium 
chloride reagent grade (12.1 1 g, 0.1624 mole) with manganese(I1) chloride 
MnC12*4 HzO reagent grade (15.83 g, 0.800 mole). The mixture is heated, 
in a 250-mL Pyrex beaker, in air at 200" for 3 hours. 

Procedure 
The eutectic MnCl2*2.03KC1 and the phosphate Na4Pz0, are quickly mixed by 
milling in air in an agate mortar so as to avoid as much as possible the 
hydratation of the salt. To get a rapid and complete reaction an excess of 
eutectic is used: 5.32 g Na,Pz07 (2 X 10- mole) for 22.17 g of eutectic 
(8 X 10- mole). 

The reaction mixture is placed in a 60-mL platinum crucible, heated in a 
nonoxidizing atmosphere at 500" in a regulated furnace (temperature rise: 
150'/hr), and held there for 24 hours. The nonoxidizing atmosphere is produced 
by a stream of pure nitrogen that has been dried by passage over Pz05. 

After it is cooled, the solidified mixture is washed with distilled water to 
remove excess manganese salt and the alkaline salt formed. After filtration, the 
manganese diphosphate is dried by heating in air at 200'. 

Prap erties 
The manganese diphosphate produced by this method is a pale-pink powder 
composed of crystallites between 0.2 and 0.8 m in diameter. It is stable in air 
and slightly soluble in water. 

The compound crystallizes in the monoclinic system with unit-cell dimensions 
of a = 6.64 A; b = 8.58 A; c = 4.54 4 /3 = 102.8'. These data agree well with 
those reported by Lukaszewic~.~ Manganese diphosphate can be identified 
according the following powder diffraction lines: 
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44 w o  d I l l 0  d I l l 0  d I/Io d I/Io 

5.16 50 3.08 100 2.58 88 2.16 25 2.06 68 
4.43 39 3.03 25 2.37 30 2.14 38 2.04 36 
4.30 32 2.93 95 2.21 12 2.08 35 1.97 29 
3.11 100 2.61 83 2.17 91 2.07 55 1.93 58 

Anal.536 Calcd.: Mn, 38.72;P, 21.82. Found: Mn, 38.65;P, 21.90. 
The magnetic susceptibility, measured with a vibrating sample magnetometer 

(Foner), calibrated with nickel (purity 99.9% - specific susceptibility at 
293°K 5 5  cgs/g) at 293 * 0.2"K with a magnetic field of 17,700 G ,  is 101.39 
k 0.20 10% cgs/g. This value may be compared with 101.65 k 0.20 cgs/g 
for manganese diphosphate prepared by thermal decomposition of the 
ammonium manganese phosphate. The value calculated from Reference 7 is 
101.96 * 0.20 cgs/g. 
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28. ELECTROCHEMICAL SYNTHESIS OF CHROMIUM( 111) 
BROMIDE; A FACILE ROUTE TO CHROMIUM( 111) COMPLEXES 

Submitted by JACOB J. HABEEB* and DENNIS G. TUCK* 
Checked by WILLIAM E. GEIGER, Jr.,? and WILLIAM BARBER? 

Chromium(II1) bromide can be prepared directly by treating the metal with 
bromine in a sealed tube at temperatures variously reported' 12 as being between 
750 and 1000°. The direct electrochemical synthesis described below leads to 

*Department of Chemistry, University of Windsor, Windsor, Ontario, N9B 3P4, 

tDepartment of Chemistry, University of Vermont, Burlington, VT 05401. 
Canada. 
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the rapid production of the anhydrous compound in gram quantities at room 
temperature. This product reacts readily with a variety of mono- and bidentate 
ligands. The preparation of cationic and anionic coordination complexes of 
chromium(II1) is described; the examples selected are but a few of the many 
such compounds that can presumably be obtained in this way. 

Some other synthetic applications of the oxidation of positively charged 
metals in electrochemical cells have been described previously? -6 

Transition Metal Compounds and Complexes 

A. ANHYDROUS CHROMIuM(II1) BROMIDE 

CrBrqs) - 
“(anode)’ 3/2 Br2(sol) 

Procedure 

.Caution. This synthesis involves liquid bromine, which should be handled 
with care in a well-vented hood, and it is best that the whole experiment be 
perfomted in such a hood. 

The electrochemical cell is set up in a 200-mL tall-form beaker, with a tightly 
fitting rubber stopper to  support the electrodes. The cathode is a platinum wire 
connected to a 2 X 2 cm Pt sheet; the exact form of the cathode is not critically 
important, provided that sufficient flow of current can occur. The anode 
consists of a selected flat piece of chromium metal (99.999%)*, weighing 
approximately 2 g (in the original work, this metal had one shiny and one 
carbuncular surface.) The chromium is supported in a cage made by winding 
platinum wire around it, or it can be placed on a flat coil of platinum wire; the 
platinum should not be welded to chromium, nor should adhesives be used. 
The anode and cathode are placed 1-2 cm apart. The solution phase consists of 
100 mL of benzene-methanol (3: 1, v/v) containing 2 g of bromine.7 

The dc power supply should be capable of delivering up to 100 V and 500 mA. 
(In the original work, a Coutant LQ 50/50 unit was used.) (.Caution. Care is 
needed in the operation of cells at such voltages, and warrting notices should be 
posted.) In a typical experiment, an applied voltage of 42 V gives a current of 
200 mA. The current does not change significantly throughout an experiment 
lasting about 3 hours. As the experiment proceeds, a dark-green oil settles in the 
bottom of the cell, and after 2-3 hours the whole liquid phase turns green. The 
reaction time apparently is not critical. Some chromium metal (0.37 g in the 

*Available as lumps from Alfa Products, Ventron C o p .  P.O. Box 299, Danvers, MA 

tThe checkers report that magnetic stirring is recommended, and this has been found 
01923. 

helpful in other electrochemical preparations studied by the original authors. 
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original work) remains at the end of the experiment, and the smell of bromine 
can still be detected, although the color of the liquid phase masks the color of 
any bromine present. 

The cell is then dismantled and flushed with a slow stream of dry nitrogen for 
15-30 minutes to remove any unreacted bromine. The resultant liquid is 
transferred to a suitable vessel (e.g., lOO-mL, round-bottomed flask) in a dry 
nitrogen atmosphere (glove bag or dry box) and pumped on a vacuum line for 
2 hours at room temperature. The resultant thick oil is washed with dry diethyl 
ether (two 10-mL portions) and sucked dry on a sinter disc by means of a 
trapped aspirator vacuum (all under nitrogen) to give a dark-green powder of 
chromium(II1) bromide. Both the green oil and the resultant solid can be 
successfully used in preparing chromium(II1) complexes; examples of each 
procedure are given below. 

Yield 8.5 g (93%, based on chromium loss at the anode). Anal. Calcd. for 
CrBr3: Cr, 17.8; Br, 82.2. Found: Cr (atomic absorption), 17.8; Br 
(AgN03/KCNS titration), 8 1.8%. 

B. TRIS(ETHYLENEDIAMINE)CHROMlUM(III) BROMIDE, [Cr(en),] Br3 

CrBr, + 3en - [Cr(en),] Br3 

(en = ethylenediamine) 

The preparation of salts containing the [Cr(en)3] 3+ cation from anhydrous 
chromium sulfate has been described previously in Inorganic Syntheses,'" and 
the merits of this, and other, methods have been reviewed.' A more rapid route 
to this cation involves refluxing CrC13*6H20 in methanol with ethylenediamine 
and zinc metal, which allows the substitution to proceed by way of the kineti- 
cally labile chromium(I1) species." All of these preparations yield hydrated 
salts; the procedure described below leads to anhydrous [Cr(en)3] Br3. 

Procedure 
Approximately 0.5 g (1.7 mmole) of CrBr3, as the dark-green oil derived in 
Section A, is added dropwise to 15 mL of colorless ethylenediamine (reagent 
grade). An exothermic reaction occurs, following which the mixture is allowed 
to cool to room temperature, resulting in the formation of yellow crystals. These 
are collected, washed with diethyl ether (2 X 25 mL), and dried in vucuo. 
Yield 0.74 g (1.55 mmole, 90%). Anal. Calcd. for C6H24N6CrBr3: Cr, 11.1; 
Br,51.2.Found: Cr, ll.l;Br,51.4%. 
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Properties 

Freshly prepared [Cr(en), J Br3 is a yellow solid which slowly turns violet-blue, 
probably because of some photochemically induced reaction (cf. Reference 9). 
The compound is sparingly soluble in water, from which it can be recrystallized 
as the hydrate. The resolution of [Cr(en),13' salts by means of tartrate has 
been described in a previous volume of Inorganic Syntheses. 

C. HEXAKIS(D1METHYL SULFOXIDE)CHROMIUM(III) BROMIDE, [ Cr- 
(DMSOh 1 Br3 

CrBr3 + 6dmso - [Cr(dm~o)~]Br~ 

[dmso = (CH3), SO] 

Dimethyl sulfoxide is now widely used both as a solvent and a ligand; the 
triperchlorate salt (Cr(dm~o)~]  (C104)3 was first prepared by Cotton and 
Francis" by the reaction sequence 

dmso Cr(OW3 HC1oa: c ~ ( c ~ o ~ ) ~  - [ ~ r ( d m s o ) ~ l ( ~ 1 0 ~ ) ~  

This compound, described as crystallizing as emerald-green needles, has been 
the subject of infrared study of both vs=013914 and vMal' vibrations. The 
bromide salt of the [ C r ( d m ~ o ) ~ ] ~ '  cation has now been prepared directly 
from CrBr3. 

Procedure 

Approximately 0.3 g (1.05 mmole) of solid CrBr3 is dissolved at 45' in 20 mL 
of dimethyl sulfoxide which has been dried over molecular sieves and distilled 
before use. The solid dissolves immediately. When the solution has cooled to 
room temperature, the pale-green crystals which form are collected, washed with 
diethyl ether (two 25-mL portions), and dried in vacuo (1 hr, room 
temperature). Yield 0.74 g (0.97 mmole, 94%). Anal. Calcd. for C IZH36S606Cr- 
Br3: Cr, 6.6; Br, 34.2. Found: Cr, 6.5; Br 34.4%. 

Properties 

The infrared spectrum shows the characteristic absorption due to us=-, at 936 
cm-', shifted from the value in free dimethyl ~ulfoxide,'~, and vcral5 at 520 (s) 
cm-' . 
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D. POTASSIUM TRIS(OXALATO)CHROMATE(III) TRIHYDRATE 

CrBr3 t 3KzC204 - K3 [Cr(C204),] t 3KBr 

The classical preparationI6 of this salt involves the reaction of oxalic acid, 
dipotassium oxalate, and potassium dichromate, in which the reduction Cr(V1) - Cr(II1) is accompanied by complexation. The method described below has 
chromium in the t 3  state in the highly reactive starting material. 

Procedure 

Approximately 0.5 g (1.7 mmole) of CrBr, as the green oil is added to an 
aqueous solution of dipotassium oxalate [ 1 g (6.0 mmole) in 10 mL of water] . 
Green crystals of K;[Cr(CZO4),] *3Hz0 are immediately precipitated and are 
collected and washed with dry ethanol. Yield 0.7 g (1.43 mmole, 81%). A d .  
Calcd. for C6H6OI5K3Cr: K, 24.0; Cr, 10.7. Found: K(atomic absorption), 
24.3; Cr, 10.6%. 

Properties 

The salt K3[Cr(C2O4)] .3H20 is soluble in water. The crystals are dichroic, 
being green-blue by transmitted light and magenta by reflection. The infrared 
spectra of this and other tris(oxa1ato) complexes have been recorded and 
analyzed." 
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Transition Metal Compounds and Complexes 

29. DINUCLEAR MOLYBDENUM COMPLEXES 

Submitted by J. S A N  FILIPPO, JR.,* and H. J. SNIADOCH* 
Checked by M. E. C L A d  and T. M. BROWN? 

The structural diversity and chemical reactivity of dinuclear complexes that 
contain strong metal-to-metal bonds have made them a focus of interest.' Such 
bonds are extensive in the chemistry of molybdenum(II), and a considerable 
chemistry of the [MozI4' unit has been developed. Many of the chloro 
complexes of dimolybdenum(I1) can be prepared by direct reaction of ligand 
and a salt of the [MoZCl8l4- ion. Others can be synthesized by ligand 
replacement reactions employing the 1,2-bis(methylthio)ethane complex 
M O ~ C ~ ~ ( C H ~ S C H ~ C H ~ S C H ~ ) ~  as a convenient starting complex. Salts of the 
dinuclear molybdenum(II1) ion [Mo,Br,H] 3- serve as useful precursors for the 
preparation of M o ~ B ~ ~ ( C ~ H ~ N ) ~ ,  from which, in turn, a series of bromo 
complexes of dimolybdenum(I1) can be obtained by ligand replacement. 
Convenient, high-yield preparations for these key starting reagents are described 
here. In addition, the preparation of a family of mixed halo-p(arylcarboxy1ato) 
complexes, MozXz(OzCAr)zLz, is presented along with a more general 
procedure for the synthesis of tetra-p(carboxy1ato) complexes, Moz(OzCR).+. 

General Procedure 

(.Caution. All reactions involving noxious reagents [pyridine, tributylphos- 
phine and 1,2-bis(methylthio)ethane, i.e. 2Jdithiahexanel or corrosive 
substances, particularly hydrogen chloride, are carried out in a good fume hood.) 
Tributylphosphine$ is distilled under nitrogen (bp 150°, 50 torr) prior to use. 
1,2-Bis(methylthio)ethane (2,5dithiahexane)§ is distilled (bp 183O) before use. 
All solvents are deoxygenated by purging with dry, high-purity nitrogen for 30 
minutes prior to use. 

*Wright and Rieman Chemistry Laboratories, Rutgers, The State University of New 

tDepartment of Chemistry, Arizona State University, Tempe, AZ 85281. 
$Available from Aldrich Chemical Co., 940 W. St. Paul Ave., Milwaukee, WI 53233. 
§Available from Columbia Organics, Inc., P. 0. Box 5273 Columbia, SC 29209. 

Jersey, New Brunswick, NJ 08903. 
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A. OCTACHLORODIMOLYBDATE(4-), [ M02Cl81 4-, DI-p-CHLORO-HEX- 

BROMO-HEXABROMO-p-HYDRIDO-DIMOLYBDATE(3-), [ Mo2Br8H] '- 
ANIONS 

ACHLORO-p-HYDRIDO-DIMOLYBDATE(3-), [ M o ~ C ~ ~ H ]  '-, AND DI-p- 

[Mo,C1814- + 4H' + 4CH3C02H 
o", 

M02(02CCH3)4 + 8HC1 

Mo,(02CCH3)4 + 8HX -% [Mo,X8HI3- + 3H' + 4CH3COzH 

(X = C1, Br) 

Anions of the type [Mo,Cl,] 4- and [Mo,C18H were first prepared by Cotton 
and coworkers2s by procedures similar to those outlined below. The latter 
species, previously3 purported to be [Mo,C18] '-, has been recently determined 
to be [Mo2C18H 1 '-, that is, a mixed halohydrido dinuclear complex of moly- 
bden~m(II I ) .~  

Procedure 

1. Preparation of pentaammonium nonachlorodirnolybdate(5-) 
monohydrate, (NH4),[Mo,C19] .HzO. Into a 500-mL flask equipped with a 
Teflon-coated stirrer bar is placed 250 mL of 12 M hydrochloric acid. The flask 
is placed in an ice bath, and hydrogen chloride gas is bubbled into it for 1 hour. 
Molybdenum(I1) acetate' (10.0 g, 23.4 mmole) and ammonium chloride (10.0 
g, 187 mmole) are added and the vessel is stoppered with a rubber septum. The 
flask is removed from the ice bath and the resulting mixture is allowed to warm 
to room temperature under nitrogen with stirring. After 1 hour the wine-red 
solid is collected by suction filtration using a fiediumporosity fritted-glass 
funnel. The product is rinsed with two 100-mL portions of cold (- 15") absolute 
ethanol, and vacuum dried for 2 hours. The average yield is 11.6 g (80%). Anal. 
Calcd. for H2,C19MoZNSO: H, 3.50; C1, 51.12; N, 12.02. Found: H, 3.21; C1, 
51.05;N, 11.93. 

2. Preparation of tricesium di-p-chloro-hexachloro-p-hydrido-dimolybdate- 
(3-), CsJMo2Cl$I]. Molybdenum(I1) acetate (10.0 g, 23.4 mmole) is 
placed in a three-necked, 500-mL flask containing a Teflon-coated stirrer 
bar. The flask is capped with three rubber septums, and a thermometer is 
inserted through one of the septums. After the flask and its contents have 
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been flushed with nitrogen for 10 minutes, a deoxygenated solution of hydro- 
chloric acid (250 mL, 12 M) is added and the mixture is stirred under nitrogen 
at 60" for 1 hour. Cesium chloride (15.0 g, 89.1 mmole) is added to the warm 
solution with stirring and the mixture is allowed to cool to room temperature. 
The yellow precipitate is isolated by suction filtration, washed with two 100-mL 
portions each of absolute ethanol and diethyl ether, and then dried in vacuo. 
Yields of 18.4 g (90%) or better are obtained. Anal. Calcd. for HC18Cs3M02: 
Cl,32.41;Mo,21.91. Found: C1,32.27;Mo, 21.79. 

3. Preparation of tricesium di-p-bromohexabromo-p-hydridodimoiybdate- 
(3-), Cs,[Mo,Er$l/. Molybdenum(I1) acetate (12.0 g,  28.0 mmole) is placed 
in a three-necked, 2000-mL flask equipped with a Teflon-coated stirrer bar. 
Each neck is stoppered with a rubber septum, and a thermometer is inserted 
through one of the septums. The entire system is flushed with nitrogen and 
600 mL of deoxygenated 48% hydrobromic acid is then added.* This mixture 
is heated with stirring at 60" for 1 hour under a nitrogen atmosphere. The 
resulting solution is allowed to cool to ambient temperature and is then treated 
with a deoxygenated solution of cesium bromide (30.0 g in 300 mL of 48% 
hydrogen bromide). A brown precipitate forms immediately. The reaction 
mixture is chilled at 0" for 1 hour and the solid is collected by suction fitration, 
washed with 50 mL of absolute ethanol and 50 mL of absolute diethyl ether, 
and dried in vacuu. The yield averages 30.7 g (89%). Anal. Calcd. for IICr8Cs3- 
Moz: Br, 5 1.98; Mo, 5 1.98. Found: Br, 5 1.47; Mo, 5 1.77. 

Transition Metal Compounds and Complexes 

Properties 

Salts of the anion [Mo2Cl,] 4- show varying degrees of stability and sensitivity 
to air. However, all can be stored essentially indefinitely in vacuo. Their 
dissolution in neutral aqueous solution is accompanied by rapid decomposition. 
The cesium salts of [Mo2C16H] 3- and [MozBr8H] 3- are relatively stable in dry 
air and appear to be stable indefinitely when stored in vacuo. They are 
essentially insoluble in neutral water and in concentrated aqueous hydrogen 
halide. Salts of [Mo2Cl,] 4- exhibit a characteristic Raman spectrum that is 
distinguished by an intense band around 340 cm-' corresponding to vMe0.' 
The low-energy Raman spectra of Cs3 [MozC18H] and Cs, [Mo2Br8H] are nch in 
detail, although not uniquely characterized by any single feature! 

*The submitters have observed that the history of  the hydrobromic acid is frequently 
critical to the success of this preparation. Best results are obtained with freshly opened 
bottles that have not been stored for an extended period. 
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B. TETRAHALODIMOLYBDENUM(I1) COMPLEXES 

[MoZCl,] 4- + 2CH3SCH2CHZSCH3 + M o ~ C ~ ~ ( C H ~ S C H ~ C H ~ S C H ~ ~  + 4C1- 

[Mo2Br8H] '- + CSHsN + M o ~ B ~ ~ ( C ~ H ~ N ) ~  

Mo2Br4(CSHsN)4 + 4P(n-C4H9), + Mo2Br4 [P(n-C4H9),] 4 + 4CSH5N 

Procedure 

1. Preparation of tetrachlorobis[ 1,2-bis(methylthio)ethane/ dimolybdenum- 
(II), MOZG!~(CH~SCH~CHZSCH~/~. Pentaammonium nonachlorodimolybdate- 
(11) monohydrate (4.00 g, 6.5 mmole) is placed in a 500-mL flask containing 
a Teflon-coated stirring bar. The flask is capped with a rubber septum 
and the vessel is flushed with nitrogen; a deoxygenated solution of 
1,2-bis(rnethylthio)ethane (8 mL) in methanol (200 mL) is then injected. After 
the contents of the flask have been stirred for 30 minutes, the precipitated 
product is collected by suction filtration and rinsed with three 10-mL portions 
of absolute ethanol, followed by three 10-mL portions of diethyl ether. It is 
finally dried in vacuo. The yield of blue-green M O ~ C ~ ~ ( C H ~ S C H ~ C H ~ S C H ~ ) ~  is 
3.4 g (90%). Anal. Calcd. for C8H2&14Mo2S4: C, 16.62; H, 3.49; C1, 24.52; S, 
22.19. Found: C, 16.57;H,3.67;C1,24.21;S,21.90. 

2. Preparation of Terrabrornotetrakis(pyridine)dimo[ybdenum(II), Mo2Br4 - 
(CsHsN)4: Freshly prepared Cs3[Mo2Br,H] (5.0 g, 4.1 mmole) is placed in a 
250-mL flask equipped with a condenser, a Teflon-coated stirrer bar, an addition 
funnel, and a nitrogen inlet. The system is flushed with nitrogen, and pyridine 
(100 mL, freshly distilled from calcium hydride under nitrogen) is added. The 
resulting mixture is heated at reflux for 50 minutes with efficient stirring and 
then chilled (- 10") for 1 hour. The green, crystalline solid that precipitates is 
collected by suction filtration and washed, first with distilled water (15 mL), 
then with absolute ethanol (30 mL) and finally with absolute diethyl ether 
(30 mL), before it is dryed in vacuo. The yield averages 1.9 g (55-60%). Anal. 
Calcd. for C2,,H2,Br4M02N4: C, 29.02; H, 2.43; Br, 38.60; N, 6.77. Found: 
C, 28.83; H, 2.32; Br, 38.49; N, 6.70. 

3. Preparation of Tetrabromotetrakis(tributylphosphine)dimo~bdenum(II), 
MozBrdP(Cd , )d , .  M o ~ B ~ ~ ( C ~ H ~ N ) ~  (1.73 g, 2.09 mmole) is placed in a 
100-mL flask fitted with a nitrogen inlet and a condenser. The vessel is flushed 
with nitrogen and then a deoxygenated solution of tributylphosphine (3 mL) in 
methanol (60 mL) is introduced by syringe. The resulting mixture is heated at 
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reflux for 1 hour and allowed to cool to room temperature. The flask is then 
placed in a Dry Ice-acetone bath for 15 minutes. The blue crystals of MozBr4- 
[P(n-C4H9)3] are collected by suction filtration, rinsed with two 10-mL 
portions of cold (-78'), deoxygenated methanol, and dried in vucuo. The yield 
averages 2.48 g (8590%). Anal. Calcd. for C4HlosBr4Mo,P4: C, 43.81;H, 8.21; 
Br 24.29. Found: C, 43.56; H, 8.67; Br, 24.18. 

Transition Metal Compounds and Complexes 

Properties 
Tetrahalodimolybdenum(I1) complexes are brightly colored solids. Their 
solubilities in organic solvents vary considerably with the nature of the 
coordinating ligand. The stability of these substances in air is limited, although 
in most cases the solids can be handled briefly in air. Solutions of these 
complexes are much more air sensitive. The tetrahalo complexes of 
dimolybdenum(I1) exhibit a characteristic visible absorption between 500 and 
700 nm (e=200-5000), the position of which is strongly dependent on the nature 
of the coordinating ligands: Mo,C~,[P(C~H~)~] 4, 588 (1.3 X I03); Mo2C14- 
(CH3SCHz%H2SCH3)z, 629 (KBr); Mo2Br4(CSHSN),, 656 (9.3 X 10*);MozBr4- 
[P(C4H9)3], 600 (1.5 X 103).7 Like the octahalo complexes, these compounds 
also display an intense Raman band between -330 and 380 cm-' assigned as 

V ~ o - ~ o *  
7 

C. BIS- AND TETRAKIS(CARBOXYLATO)DIMOLYBDENUM(II) COM- 
PLEXES 

MozX, [ P ( ~ I - C ~ H ~ ) ~ ]  + 2ArCOzH -+ M O ~ X ~ ( O ~ C A ~ ) ~  [P(n-C4H9)312 

+ 2HX + 2P(n-C4H,), 

Tetrakis-p-(carboxy1ato)-dimolybdenum(I1) complexes have been obtained by 
only one general route, namely by the direct interaction of carboxylic acids with 
molybdenum hexacarbonyl.' This reaction requires elevated reaction 
temperatures and prolonged reaction times. These same compounds are obtained 
in comparable or better yields by the brief reaction of tetrachloro- or 
tetrabromotetrakis(tributylphosphine)dimolybdenum(II) with alkyl- or aryl- 
carboxylic acids in refluxing benzene. The bis-p(arylcarboxy1ato) complexes 
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can be obtained by a similar reaction using an Mo2X2(02CAr), [P(n-C4H9)3] 
adjusted st oichiome try. 

Procedure 

1. Preparation of Tetrakis-p(butyrat0)-dimolybdenum(II), Mo2(02CCH2- 
CH2CH3)4. Into a 100-mL flask, equipped with a Teflon-coated stirrer bar, is 
placed 1.00 g (0.76 mmole) of M O ~ B ~ ~ [ P ( C ~ H ~ ) ~ ] ~ .  A distillation head is 
attached and the system is thoroughly flushed with nitrogen, and a 
deoxygenated solution of butyric acid (0.50 mL, 5.4 mmole) in benzene (10.0 
mL) is injected by syringe. The resulting mixture is heated gently at reflux under 
nitrogen with stirring for 2 hours and is then concentrated by distillation under 
nitrogen to a volume of about -3 mL. The pale-yellow product that precipitates 
upon cooling is collected by filtration under nitrogen, washed with two 10-mL 
portions of deoxygenated petroleum ether, and finally dried in a stream of 
nitrogen. Yield 0.27 g (66%). Tetrakis-p-(butyrato)-dimolybdenum(I1) is 
extremely air sensitive and must be handled exclusively under nitrogen. 

2. Preparation of bis-~-(benzoato)-dibromobis(tnbutylphosphine~imolyb- 

mmole) and benzoic acid (0.093 g, 0.76 mmole) are placed in a 50-mL, round- 
bottomed flask equipped with a Teflon-coated stirrer bar and a condenser 
capped with a rubber septum. The system is flushed with dry nitrogen and then 
10 mL of deoxygenated benzene is injected by syringe. This mixture is then 
heated at reflux for 3 hours. The resulting solution is concentrated to  about 2 
mL by distillation under nitrogen, and chilled (- 15"), oxygen-free methanol 
(10 mL) is added by syringe. This mixtures is allowed tc  stand for 1 hour at 
- 15". The product that precipitates is collected by suction filtration, washed 
with two 10-mL portions each of methanol and diethyl ether, and dried in 
uacuo. The yield is 0.27 g (70-75%). Anal. Calcd. for C3,HWBr2Mo2O4P2: 
C, 45.71; H, 6.46; Br, 16.01; P, 6.20. Found: C, 44.76; H, 6.18; Br, 15.68; 
P, 6.15. 

Properties 

Tetrakis-p-(butyrato)dimolybdenum(II) is a bright-yellow complex that is 
soluble in a spectrum of organic solvents, including THF and benzene (but not 
petroleum ether). It is very air sensitive in both the solid state and in solution 
and must be handled under an inert atmosphere at all times. It can be stored 
under nitrogen indefinitely. 

Dibromobis-~-(benzoato)bis(tributylphosphine)-dimolybdenum(II) is a bright 
orange-red compound. It is soluble in a broad spectrum of organic solvents 

denum(Ill, ~02Br2(02CC6H51z/P(C4H913J 2. Mo~Br4 [P(C4H9)31 4 (0.50 g, 0.38 

i 
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134 Transition Metal Compounds and Complexes 

including benzene. Although noticeably less air sensitive than Mo2(02CCH2- 
CH2CH3)4, it, nonetheless, should be handled under an inert atmosphere and can 
be stored indefinitely under nitrogen. 
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3 0. (2,2'-B IPY RIDINE)TRICHLOROOXOMO LY BDENUM( V) 

-2HCI 
IbpyH,] [MoOCl,] - [MoOCI3(bpy)] (red form) 

boiling 
98% ethanol 

Submitted by H. K. SAHA* and M. C. HALDAR* 
Checked by T. M. B R O W ?  and ROBERT WILEYf 

Isomers of (2,2'-bipyridine)trichlorooxomolybdenum(V) were first isolated and 
characterized by Saha and Halder.' These materials are interesting both as 
starting materials for the syntheses of other compounds of quinquevalent 
molybdenum and also for studying molybdenum-oxygen bonding interactions 
in oxomolybdenum compounds. Synthesis of [MoOC13(bpy)] involves two 
stages of reaction, that is, (1) isolation of the salt 2,2'-bipyridinium penta- 
chlorooxomolybdate(V), [bpyH2] [MoOC15] and (2) dehydrohalogenation of 
[bpyH2] [MoOCIS] in a solvent to yield the desired stereoisomer of [MoOC13- 
(bPY)l* 

*Inorganic Chemistry Laboratory, Pure Chemistry Department, University College of 

?Department of Chemistry, Arizona State University, Tempe, AZ 85281. 
Science, 92, Acharya Prafulla Chandra Road, Calcutta-9, India. 
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30. (2,~-Bipyridine]trichlorooxomolybdenum( V) 135 

A. 2,2'-BIPYRIDINIUM PENTACHLoROOXOMOLYBDATE(V) [ bpyHz] - 
[ MOOCIS ] 

Procedure 

A sample of 2.0 g (14 mmole) of molybdenum trioxide is dissolved in 15 mL of 
hot concentrated hydrochloric acid (12 M) with stirring. Then 2 mL of 
hydriodic acid (Dzo = 1.70) is added, and the mixture is gently boiled to drive 
off the liberated iodine. The concentrated small mass is again boiled with a 
10-mL volume of fresh 12 M hydrochloric acid to ensure the complete removal 
of iodine. Finally, the dark-brown, moist residue is taken up with a minimum 
quantity of 12 M hydrochloric acid to give a bright-green solution. A sample of 
2.7 g (17 mmole) of 2,2'-bipyridine, dissolved in 10 mL of 12 M hydrochloric 
acid, is added to this bright-green solution, and the mixture is cooled and 
vigorously stirred. There is immediate precipitation of a yellowish-green 
crystalline solid, which is filtered through a sintered-glass Gooch crucible and 
dried in a vacuum desiccator over solid KOH. Yield about 6.0 g (96%). The 
filtrate on slow evaporation deposits larger dark-green crystals. Anal. Calcd. for 
CloHloN2MoOClS: Mo, 21.46; C1, 39.64; N, 6.26. Found: Mo, 21.12; C1,39.50; 
N, 6.24. The oxidation state of the metal is 5.0 (by ceric sulfate method). 

Properties 

Magnetic susceptibility measurements by Guoy balance show peff = 1.73 BM 
(30"). Infrared spectra show vMw0 at 985 cm-' . The salt rapidly decomposes on 
exposure to moist air. 

B. [ 2,2'-BIPYRIDINE)TRICHLOROOXOMOLYBDENUM(V)] - RED FORM, 
[MOOC13(bPY)l 

Procedure 

A sample of 2.5 g (5.6 mmole) of 2,2'-bipyridinium pentachlorooxomolybdate- 
(V) is placed in a lOO-mL, round-bottomed flask fitted with reflux condenser 
and a bent guard tube (filled with fused calcium chloride) to avoid entrance of 
moisture. About 20 mL of ethanol (98%) is added, and the materials are shaken. 
There is an immediate reddish-pink coloration. The mixture is heated at reflux 
for about 1 hour, until there is no more evolution of hydrogen chloride (tested 
with blue litmus paper). The mixture is then filtered through a dry sintered-glass 
Gooch crucible and washed twice with small quantities of ethanol. The product, 
a reddish-pink solid, is dried in a vacuum desiccator. Yield 1.5 g (71%). Anal. 
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Calcd. for MoOC13-CloH8N2 : Mo, 25.64; C1,28.41; N, 7.48. Found: Mo, 25.68; 
C1, 27.85; N, 7.44. The oxidation state of the metal is 5.0 (found by ceric 
sulfate method in the presence of saturated silver sulfate solution). 

Transition Metal Compounds and Complexes 

Properties 

Magnetic susceptibility measurements show pef f  = 1.60 BM at 32'. Infrared 
spectra show vMF0 at 980 cm-'. It hydrolyses slightly in warm water. This 
compound can also be prepared by heating solid [bpyH2][MoOC1,] in an 
inert atmosphere at 150'. 

C. [ (2,2'-BIPYR1DINE)TRICHLOROOXOMOLYBDENUM (V)] -GREEN 
FORM, [MoOCl,(bpy)l 

Procedure 

A sample of 1.5 g (3.4 mmole) 2,2'-bipyridinium pentachlorooxomolybdate(V) 
is heated at reflux with 20 mL of acetonitrile (CH,CN) for 6-7 hours in an inert 
atmosphere to avoid access to air and moisture as far as possible. Hydrogen 
chloride gas is evolved during this reaction (tested with moist blue litmus paper), 
and a bright-green crystalline solid separates out at the bottom. The solid is 
removed by filtration using a dry sintered Gooch crucible. It is washed twice 
with small quantities of acetonitrile and dried in a vacuum desiccator. Yield 
1.0 g (79%). A n d  Calcd. for MoOC13*Cl&N2: Mo, 25.64;C1, 28.41;N, 7.48. 
Found: Mo, 25.50; C1, 28.34; N, 7.40. The oxidation state (found by ceric 
sulfate method in the presence of saturated silver sulfate solution) is 5.0. 

Properties 

Magnetic susceptibility measurement show peff = 1.76 BM at 30'. Infrared 
spectra show vMulo=o at 980 cm-'It is exceptionally stable and does not hydrolyze 
even in warm water. It is isomorphous with the red form. 

Analysis 

Molybdenum' is estimated gravimetrically as MOO,. The compound is 
decomposed with Na20z and then treated with sodium sulfide solution. The 
resulting thiomolybdate solution is acidified with dilute sulfuric acid to 
precipitate molybdenum sulfide, which is ignited at 540" to constant weight as 
M a 3 .  The filtrate and washing are used for the estimation of chloride as silver 
salts. 
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Reference 

1. H. K. Saha and M. C. Halder, J. Inorg. Nucl. Chem., 33, 3719 (1971). 

3 1. METAL PENTAFLUORIDES 

2 ~ ~ 6  + COA ~ U F ~  + C O E ~  

@I = Mo, Re, Os, U) 

Submitted by R. T. PAINE* and L. B. ASPREY? 
Checked by L. GRAHAM* and N. BARTLETT* 

The transition metal and actinide pentafluorides are both structurally intriguing 
and synthetically useful reagents. A number of synthetic routes to these reactive 
compounds have been described, including direct fluorination of the metal,' 
halogen exchange: and decomposition or chemical reduction of a higher 
oxidation state metal f l ~ 0 r i d e . l ~ ~  We have not found any of the previously 
described methods to be general or suitable for preparation of large quantities 
of pure compounds. 

The syntheses described here involve simple one-electron reduction reactions 
of metal hexailuorides. The procedures have been found to be conveniently 
applicable to the preparation of MoF,,' ReFs,6 OSF,,~ and UF5.7 High-purity 
hexafluorides can be obtained relatively easily by known methods: and the 
reducing agents are ordinary reagents. 

It should be pointed out that the procedures and conditions described here do 
not result in the reduction of SF6 or WF6. 

=Caution. Metal hexafluorides are volatile, toxic, corrosive, and highly hygro- 
scopic materials. They must be handled in a very dry, clean, fluorine-precondit- 
ioned metal vacuum system. The vacuum system should be constructed from 
stainless steel or Monel materials (glass is not acceptable if pure products are 
desired). Hydrogen fluoride also is quite toxic and volatile. If only one metal 

*Department of Chemistry, The University of New Mexico, Albuquerque, NM 87131. 
tCNC-4, Los Alamos Scientific Laboratory, Los Alamos, NM 87545. 
*Department of Chemistry, The University of California, Berkeley, CA 94720. 
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vacuum system is available, it should be throughly cleaned when it is changed 
from one hexafluoride to another to minimize cross contamination. 

Transition Metal Compounds and Complexes 

Procedure A 

The metal vacuum system used here is essentially identical to those used at the 
Argonne National Laboratory? A simpler vacuum system described in an earlier 
volume of this series is also sati~factory.~ The metal hexafluorides are stored in 
Kel-F storage tubes sealed with a medium-pressure stainless steel valve (Series 
30 VM Autoclave Engineers).* Anhydrous hydrogen fluoride? may be used 
directly from the tank, but we have found that it is often sufficiently wet so 
that it promotes hydrolysis of the metal hexafluoride. We have found that the 
following procedure provides pure, dry HF. Crude HF is subjected first to trap- 
to-trap distillation through -78 and -196' baths. The HF retained at -78" is 
treated with fluorine at 25" and 4 atm for 12 hours or more in a stainless steel 
tank, and this HF is distilled again. The HF retained at -78" is treated with 
K2NiF6 for 2-6 hours, and the HF is distilled directly into a Kel-F storage tube 
fitted with a Kel-F valve.* 

In a typical experiment the metal vacuum line and connections to the hexa- 
fluoride and HF storage tubes are pumped to at least lo* torr over several 
hours. A 30-mL Kel-F reaction tubeg fitted with a metal valve closure is charged 
with silicon powder and a Tefloncovered stirring bar. The reaction tube is 
attached to the vacuum system and evacuated. 

The remainder of the experiments are described in terms of preparing UF, 
from UF6; however, the MoF6, ReF6, and OsF6 reductions proceed in exactly 
the same fashion. Ten milliliters of anhydrous HF is condensed with liquid 
nitrogen onto 30.8 mg (1.1 mmole) of silicon powder. This mixture provides a 
slurry of silicon powder when stirred. Onto the frozen slurry is condensed 1.7 g 
(4.9 mmole) of UF6. The mixture is warmed to room temperature and stirred. 
After about 1 hour, the reaction is complete, as evidenced by the disappear- 
ance of the gray silicon powder and the cessation of gas evolution (SiF,). In this 
case, the UF, product is insoluble in HF, and a fine yellow-green powder pettles 
in the tube. The other metals yield HF-soluble pentafluorides. 

.Caution. Metal hexafluorides should not be condensed directly onto dry 
silicon powder. Explosions can occur. 

The pentafluoride products are easily recovered by vacuum evaporation of the 
HF, SiF,, and excess MF6. These volatile substances are passed through 
soda-lime and charcoal traps to scrub the HF and MF6. For each hexafluoride a 

*Available from Autoclave Engineers, 2930 W. 22nd St., Erie, PA 16512. 
?Available from Matheson Gas Products, P.O. Box 85, E. Rutherford, NJ 07073. 
$Container identical to that shown in Reference 8, p. 132. 
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100% yield of MF5 is obtained based on the reducing agent, which is the limiting 
reagent. The products are quite pure at this stage; however, MoFS, ReF,, and 
OsF, can be sublimed to a cold finger with continuous pumping. Sublimations 
are best performed in metal or Kel-F sublimation apparatus. 

Procedure B 

In a typical gas-phase carbon monoxide-UF6 reduction, 1.7 g (4.9 mmole) of 
UF6 is condensed at -196" into an evacuated 30-ml Kel-F tube. Carbon 
monoxide (2.3 mmole) is expanded into the tube, and the valve of the reactor 
is closed. A Hanovia, 6515-34, 450-W Hg lamp is placed about 30 cm from 
the Kel-F tube and the gaseous sample is irradiated for 2-4 hours. (.Caution. 
The lamp should be shielded by a heavy black screen from laboratory personnel.) 
The pentafluoride product collects on the walls and the remaining volatile 
products can be vacuum evaporated. The yield is in excess of 90%. Anal. Calcd. 
for UF,: U, 71.47; F, 28.52. Found: U, 71.33; F, 28.45. 

Larger scale preparations using either Procedure A or B are possible; however, 
the scales described here are most convenient for normal laboratory uses. 
Procedure B is the preferred synthesis for UFI. 

Properties 

The pentafluorides MoF, (yellow), R e F ,  (green), OsF, (blue), and UF, (pale 
yellow-green) are extremely moisture sensitive and must be handled and stored 
in a dry box. The samples can be stored in Kel-F bottles. With the exception of 
UFS these compounds have sufficient vapor pressure so that they can be 
sublimed. Uranium pentafluoride, on the other hand, is a nonvolatile solid at 
room temperature. The melting points for these compounds are : MoF,, 65'; 
ReF,, 47'; OsF,, 70'. The infrared spectra (Nujol mull) show the following 
broad bands: MoFS, 740, 693, 653, 520 cm-'; ReF,, 720, 691, 660,530 cm-'; 
OsF,, 710, 690, 655, 530 cm-'; UF,, 620, 565, 510, 405 cm-'. More detailed 
spectroscopic and powder diffraction data have been summarized elsewhere.'-' 
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Transition Metal Compounds and Complexes 

32. SODIUM AND AMMONIUM DECAVANADATES(V) 

10Na3[V04] -nHzO t 24HOAc + Na6[V&8] - 18H20 + 24NaOAc 

6NH3 + 5V2OS + 9H20 3 (NH4)6[V100~1-6HZO 

Submitted by GARRETT K. JOHNSON* and R. KENT MURMANN* 
Checked by R. DEAVIN? and W. P. GRIFFITH? 

The aqueous chemistry of vanadium(V) is not very well understood. One reason 
for this may be the lack of well-defined compounds of known composition and 
structure. 

In the very alkaline region [VO,] 3- is said to be the main ion, gradually giving 
dimers and trimers (or tetramers) as the basicity is decreased.' Equilibrium 
measurements in the pH region 4-7 suggest oligomerization predominantly to the 
decavanadate ion, [V,,O,,] 6-, which may be partially protonated.' A region of 
electroneutrality and minimum solubility lies at pH 2-3, and in very acidic 
solutions the [VO,] ' ion is thought to predominate. 

The existence of the [Vl0O2,] 6- ion has been unequivocally demonstrated 
in the compounds K2Zn2 [Vlo02,] 16H20 and Ca3 [VloOz,] 17Hz0 by X-ray 
crystal structure determinations.' Raman spectra of these solids are very similar 
to the spectra of the solutions from which they crystallize, suggesting that the 
same highly symmetric conformation (D2h) persists in both solutions and salts.' 

Recent studies5 of the "0 isotropic exchange of [Vlo02,] '- and the orthe 
vanadate ion, [VO,] 3-, have shown slow kinetic exchange (f1,2, minutes to 
hours) and have proven the identity of discrete decavanadate ions in solution. 

At this time the decavanadate ion is better characterized than any other 
aqueous vanadium(V) species and may be the starting material for future 
structural advances in vanadium(V) chemistry. Presented here are simple 

+Department of Chemistry, University of Missouri, Columbia, MO, 65201. 
?Department of  Chemistry, Imperial College, London SW 7, England. 
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syntheses of the sodium and ammonium salts of the decavanadato) ion and 
some guidelines for the preparation of others. 

Two general approaches to syntheses seem to exist. In one method, 
exemplified in Section A for the sodium salt, a solution of a simple vanadate is 
acidified in a controlled way to produce the condensed [VloO,] 6- ion, which is 
then crystallized as the salt of the original cation. This method has somewhat 
limited applicability inasmuch as the solubilities of many simple vanadates 
(e.g., of calcium and ammonium) are too low. 

The second method, illustrated in Section B for the ammonium salt, relies 
on the direct stoichiometric acid-base reaction between V205 and the oxide, 
hydroxide, carbonate, or hydrogen carbonate (bicarbonate) of the desired 
positive ion. Surprisingly, this method works well for quite a variety of ions, 
even in cases where both reactants are only slightly soluble in water (e.g., CaO + 

In summary, the method in Section A is adaptable to K' and Li', as well as 
Na', and that in Section B has been found to be applicable to all Group I ions, as 
well as NH4+, and to Ca", Sr", and Ba2+. 

It should be noted that both methods strictly avoid the introduction of foreign 
positive ions (except H'). This is necessary because of the very large variety of 
stoichiometric mixed-cation decavanadates known, which are generally less 
soluble than the pure end members and thus contaminate the latter if their 
formation is possible. 

The typical side products in decavanadate preparations are the metavanadate 
and/or hexavanadate, as well as unreacted VzOd. These impurities are generally 
less soluble than the decavanadate salt and can be removed by filtration. X-Ray 
powder diffraction is felt to be the best criterion of phase purity unless macro- 
scopic crystals are obtained. 

Although many salts of the decavanadate ion can be made, their preparations 
in many cases depend implicitly on the relative kinetic inertness of the ion, 
rather than on true thermodynamic stability. This is certainly the case in the one 
system for which an order of stabilities can presently be assigned, namely, 
NH3-VzO5-Hz0. Thus the following reaction is pbserved in the damp salt and in 
concentrated solutions: 

v2°5). 

Corroborating this, only the products of the above reaction appear in the 
equilibrium phase diagram of the system at 30°.6 Decavanadate salts nevertheless 
occur naturally, and synthesized samples may be stored for years without change 
(see further under Properties). 
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A. SODIUM DECAVANADATEW) OCTADECAHYDRATE, Na6[VloOzs ] 
1 8 H 2 0  

Procedure 

A mixture of 50 g (0.182 mole) of commercial sodium (0rtho)vanadate hydrate 
(Na3V04*nH20)* and 100 g of water is stirred with a magnetic bar for 15 
minutes, or until nearly all  of the solid is dissolved, at about 30'. Glacial acetic 
acid (50 mL total, 1.142 moles) is added with vigorous stirring over a period of 
15-20 minutes, keeping the temperature in the 30-35' region. The solution 
becomes orange, and toward the end an orange crystalline product is deposited. 
The solution is stirred for 1 hour at 25' and the crystalline product is collected 
on a filter, washed four times with 50-mL portions of acetone, and air dried. The 
yield of crude product is approximately 25 g. 

Purification is accomplished by crystallization from a solution prepared from 
the crude product and 100 mL of water at a maximum temperature of 50'. 
(The time at this temperature should be kept minimal.) Filtration of the nearly 
saturated solution through coarse fiber-glass paper (Whatman GF/A) removes 
impurities of low solubility. At 0' the solid product crystallizes slowly; 12 hours 
are required for complete deposition. The orange solid is collected on a filter 
and dried under atmospheric conditions (not vacuum). Yield: 17.0 g, 66% of 
theory.* Water of hydration is lost under low humidity conditions or under 
vacuum. Anal. Calcd. for Na6VloOze*18HzO: V, 35.89; HzO, 22.84. Found: 
V, 35.5 1; HzO, 22.65%. 

Properties 

The formula weight of this compound is 1419.6. The yellow-orange crystals are 
stable for an indefinite period in closed vessels at room temperature. They 
dehydrate to a yellow powder at low humidities or upon gentle heating. The 
density determined by flotation is 2.35 g/mL and the ply of a 5% aqueous 
solution is 6.7. Concentrated aqueous solutions show noticeable decomposition 
in 1 day at 25', while dilute solutions - 0.01 M show little change in weeks. 
At 25' the compound has a solubility of 0.284 g/ml HzO. 

The principal X-ray powder diffraction lines of Nab [VloOz,] 18Hz0 are given 
on card number 20-1 176 of the Powder Diffraction File.' Patterns reported for 
other hydrates of this salt are also in the file. 

*The value for n in the commercial Na,VO, is variable but usually is in the range of 
3-6. The yield is based on n = 5 .  
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B e  AMMONIUM DECAVANADATE(V) HEXAHYDRATE, (NH4)6[ V,,O2,] * 

6Hz0 

Procedure 

The starting material is high-grade powdered V205  having appreciable surface 
area (at least a few m2/g). Materials that have proven satisfactory are: V z 0 5  
produced by pyrolyzing N H 4 V 0 3  in air at 400'C for 2-4 hours; Spex Industries 
high-purity VzOs*; and Fisher Company certified reagent VzO,f. Fused VzOs 
(nonporous) must not be used. V20s  may contain varying amounts of V(IV); 
calcination in air or oxygen for a few hours at 400' ensures an adequate degree 
of purity with respect to oxidation state. 

Minor departures from the following deceptively simple procedure may 
drastically reduce the yield. 

A 20-g sample of V z 0 5  (0.22 mole V) is mixed with 60 mL of H 2 0  in a 200- 
250 mL glass container. The mixture is magnetically stirred continuously for 2 
hours, or until the oxide is thoroughly slurried and suspended. (For larger 
preparations, ball-milling is preferable.) 

A 10-mL sample of concentrated aqueous NH3 (29%) (0.15 mole NH3) is 
separately diluted with H20 to a volume of 40 ml. 

The Vz05 slurry is heated to 35", the source of heat is removed, and rapid 
dropwise addition of the NH3 solution is begun. The complete addition should 
take 10-15 minutes, during which period the oxide must remain entirely 
suspended, through adequate stirring. The temperature must remain in the 30- 
35" range and the pH should not exceed 6.5. (If the preparation is considerably 
scaled up, addition of small amounts of cracked ice is necessary to prevent 
overheating.) 

Immediately after the addition of NH3 is complete, the mixture is cooled as 
rapidly as practicable to 15-20'. Complete reaction of V2OS should not be 
awaited. The mixture is filtered with suction through glass or paper of medium 
porosity. The clear orange filtrate of pH 5.5-6 is returned to a clean vessel, and 
75 mL of reagent grade acetone is added gra$ually with constant stirring. 
Stirring is continued for 5-10 minutes after addition is complete to allow 
maximum precipitation. 

The orange crystalline product is collected on a coarse filter and sucked as 
dry as possible. It is washed once with a 100-mL portion of 50:50 acetone- 
water. (Neat acetone causes dehyration.) 

The damp product is spread in thin layers on glass or filter paper and dried, with 

*Available from Spex Industries Inc., 3880 Park Ave., Metuchen, NJ 08840. 
?Available from Fischer Scientific Co., P.O. Box 171, Itasca, IL 60143. 

iranchembook.ir/edu

https://iranchembook.ir/edu


144 

frequent turning, at room temperature. Some decomposition occurs if complete. 
drying is not effected within a few hours. This is indicated by lack of total 
solubility in HzO. 

The yield is 20.7 g (80%). Since no foreign species are introduced into the 
synthesis, the product may be considered essentially pure at this point. If 
recrystallization is desirable, the best method is to refrigerate for several days 
(0') an aqueous solution initially saturated around 25'. Anal.: Calcd. for 
(NH4)~V100z8-6Hz0: V, 43.4; NH3, 8.71; Vz05, 77.5; H,O, 9.21. Found: V, 

Tronsition Metal Compounds ond Complexes 

43.5;NH3,8.71;V,0.5,77.7;H20,9.45%. 

Properties 

The formula weight of this compound is 1173.7. The crystals are red-orange 
equiaxed triclinic prisms, stable indefinitely in the dry state in air. The streak is 
yellow. The flotation density is 2.37 g/mL and the pH of 5% aqueous solution 
(24") is 7.2. The hydrate vapor pressure is 0.3 torr at 25". The solid may be de- 
hydrated without further decomposition at 80" in vucuo in 2 hours. Loss of 
NH3 is rapid above 180" in air. The salt may be pyrolyzed to pure V205  in air 
at 350400" in about 2 hours. The solubilites are given below. 

HZO H20-Acetone, 26" 
Temp. ("C) Conc. (M) Ratio Conc. (M) 

40 0.5 (unstable) lo:o 0.32 
30 0.37 9: 1 0.10 
20 0.23 8:2 0.04 
10 0.10 7:3 0.02 
0 0.08 6:4 0.004 

The solution stabilities (room temperature) are: 0.1 M, decomposition 
apparent in about 1 day; 0.01 M, stable for months. 

Principal X-ray powder lines are: 8.32 (lo), 8.75 (7), 8.01 (4), 6.19 (2), 6.24 
(l), 4.14 (l), 3.16 (1)A. 

Solutions of the NH4' and the Na' salts at acidities about pH 7 contain only 
one vanadium oxy ion, [V,oOz8] '-. Isotopic l8O exchange with the solvent is 
slow,' the r1 being of the order of 15 hours at 25", showing that the ion does 
not reversibly dissociate to smaller fragments at a rapid rate. The ion 
decomposes to V205 in acidic media and slowly to (V03Jn and HV02- in 
strongly alkaline media. I t  behaves reversibly as a base having pKol = 3.6 i 0.3 
and pKoz = 5.8 * 0.10 at 25OC; p = 1.0 with NaC104.' At O', 10- M solutions 
of Na6VlOOz8- 18H20 give apparent pKal = 4.7 and pKa2 = 7.2.5 
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33. cis-[ DIHALOBIS( 2,CPENTAEDIONATO)TITANIUM( IV)] 
COMPLEXES 

TiX4 t 2CSHs02 - Ti(C5H,02)2X2 + 2HX 

Submitted by C. A. WILKIE,* G. LIN,* and D. T. HAWORTH* 
Checked by DAVID W, THOMPSON? 

In this procedure cis-[dihalobis(2,4-pentanedionato)titanium(IV)] complexes 
(halo = F, C1, Br) are prepared in high yields through the reaction of a titanium 
tetrahalide with 2,4-pentanedione in dichloromethane. 

Procedure 

1. cis-[Difluorobis(2,4-pentanedionato)titanium(IV)J. A 25 0-mL, three-neck- 
ed flask is equipped with a magnetic stirring bar, 50-mL dropping funnel, 
and nitrogen inlet (vented through a safety bubbler). The apparatus is 
flushed with dry nitrogen and charged with 4.191% (0.034 mole) of titanium(1V) 
fluoride and 150 mL of dichloromethane that has been dried over calcium 
hydride. A solution of redistilled 2,4-pentanedione (acetylacetone) (7.24 g, 
0.0723 mole) in 25 mL of dichloromethane is slowly added from the dropping 
funnel to the flask while the contents of the latter are stirred. The dropping 
funnel is then replaced with a condenser, topped with a calcium chloride drying 
tube. The solution is heated at reflux for about 12 hours with a slow stream 

*Department of Chemistry, Marquette University, Milwaukee, WI 5 3233. 
tDepartment of Chemistry, The College of William and Mary, Williamsburg, VA 23185. 
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of nitrogen flowing from the condenser. The yellow solution is filtered under 
nitrogen using appropriate inert-atmosphere apparatus such as that described by 
Shriver' and H01ah.~ The filtrate is reduced in volume to about 50-60 mL by 
boiling off solvent under a nitrogen flow or removing the solvent under reduced 
pressure. Hexane, which has been dried over calcium hydride, is added to the 
cooled solution until the crystals begin to precipitate. The solution is allowed 
to stand until crystallization is complete (about 10 hr). The product is filtered, 
washed with 3 10-mL portions of hexane, and dried at room temperature 
in vacuo. The product (8.2 g, 84% yield) is recrystallized by dissolving it in 
dichloromethane and then adding hexane until precipitation begins; mp 
165-166', lit. 165-166'.' Anal. Calcd. for CloHI4O4F1Ti: C, 42.27; H, 4.97; 
Ti, 16.8. Found: C, 41.55; H, 4.68; Ti, 16.7. 
2. cis-[ Dichlorobis(2,4-pen tanedionato)titanium(I V)] . A similarly equipped 

flask as used in the difluoro synthesis is flushed with dry nitrogen and charged 
with 150 mL of dichloromethane to which 4.24 g (0.022 mole) of titanium(1V) 
chloride is added from a preweighed syringe. A solution of redistilled 
acetylacetone (5.46 g, 0.055 mole) in 25 mL of dichloromethane is slowly added 
through the dropping funnel to the flask while the contents of the 1at.ter are 
stirred. The red solution is stirred for 30 minutes as it is purged with nitrogen. 
The solution is evaporated to about 50-60 mL under a nitrogen flow. Hexane is 
added to the cooled solution with stirring until crystallization begins. The 
solution is allowed to stand for about 6 hours and it then filtered; the precipitate 
is washed with 3 10-mL portions of hexane. The product (6.0 g, 90% yield) is 
redissolved in dichloromethane (about 10 mL) and recrystallized by adding 
hexane; mp 191-192', lit. 191-192'.' And.  Calcd. for CloH1404C12Ti: C, 37.89; 
H, 4.45; Ti, 15.1. Found: C, 37.80; H, 4.24; Ti. 14.9. 

3. cis-(Dibromobis(2,4-pentanedionato)titanium(IV)]. The preparation of 
the dibromo derivative is similar to that of the dichloro complex. Since 
titanium(1V) bromide fumes in moist air, a pulverized sample of titanium(1V) 
bromide is prepared in a nitrogen-filled glove bag and placed in a preweighed 
glass-stoppered bottle (about 5 mL). The titanium(1V) bromide (5.32 g, 0.145 
mole) is quickly poured from the weighing bottle into 150 mL of 
nitrogen-purged dichloromethane. Acetylacetone (6.24 g, 0.062 mole) in 25 mL 
of dichloromethane is slowly added from the dropping funnel to the flask while 
the contents of the latter are stirred. The dark-red solution is purged with 
nitrogen for 30 minutes, filtered, and then evaporated to about 50-60 mL under 
a nitrogen flow. The product (5.91 g, 88% yield) is crystallized from dichloro- 
methane-hexane; mp 242-244', lit. 243-244'.' Anal Calcd. for C loH1404BrZTi: 
C, 29.59; N, 3.48; Ti, 11.8. Found: C, 29.28; H, 3.15; Ti, 11.6. 

Properties 

Difluorobis(2,4-pentanedionato)titanium(IV) is a bright yellow solid, dichloro- 
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bis(2,4pentanedionato)titanium(IV) is an orange-red solid, and dibromobis- 
(2,4-pentanedionato)titanium(IV) is a dark-red solid. They all exhibit parallel 
extinction and pleochroi~m.~ Under atmospheric conditions the dibromo 
complex is easily hydrolyzed (1 hr), whereas the dichloro and difluoro 
complexes are not easily hydrolyzed (1-3 days).3 All three complexes are soluble 
in nitrobenzene, dichloromethane, and chloroform, with the solubility increasing 
from the bromo to the fluoro derivative, and they are insoluble in saturated 
hydrocarbon solvents. 

Previous 'H NMR work has shown these cis-disubstituted (2,4-pentanedio- 
nato)titanium(IV) complexes exist in solution as nonrigid molecules? Fay 
and coworkers3 y5-6 have shown that dihalobis(2,4-pentanedionato)titanium(IV) 
compounds rearrange by way of a unimolecular mechanism. In addition, the 
dihalo- and also the dialkoxybis(2,4-pentanedionato)titanium(IV) complexes 
undergo rapid ligand-exchange reactions that scramble both monodentate 
and bidentate ligands.' Except for the diiodobi~(2,4-pentanedionato)titanium,~ 
which exists in a dichloromethane solution in both the cis and trans forms, 
the other compounds of this type all have a cis-octahedral structure? On 
reaction of these complexes with a titanium tetrahalide the apparent five- 
coordinate trihalo(diketonato)titanium(IV) can be synthesized. The trichloro- 
(diketonato)titanium(IV) complex has been shown to exist in solution as a 
monomer and as a dimer in the solid state."-" 

The IR spectra of these complexes are all very similar in the 100-3100 cm-I 
range, which is indicative of acetylacetone as a bidentate ligand.'* The KBr 
pellet technique gives the following major absorption bands below 1100 cm' . 
Ti(dik)zFz: 1025, 935,807, 616, 547,466,411, 355, 312, 240, and 219 cm'; 
Ti(dik),Cl,; 1029, 952, 932, 805, 667, 541,471, 372,319,265, and 220 cmi; 
Ti(dik),Br,; 1031,931,811,674, 667, 510,410,361,320,239 and 210cm'. 
The low-frequency spectra on Nujol mulls between polyethylene sheets give the 
following major absorption bands. Ti(dik),F,; 408, 352, 309, 257, and 220 
cm-'; Ti(dik)zC1,; 372, 315, 265, 218; Ti(dik)zBr2; 406, 358, 305, and 215 
cm'. 
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Chap te r Fou r 

TRANSITION METAL ORGANOMETALLIC 
COMPOUNDS 

34. BIS(T~-CYCLOOCTATETRAENE)URANIUM(IV) 

Submitted by ANDREW STREITWIESER, JR.,* U. MUELLER-WESTERHOFF,* 
FRANTISEK MARES*, CHARLES B. GRANT,* and DENNIS G. MORRELL* 
Checked by TOBIN J. MARKS? and STEVEN S. MILLER? 

The synthesis of bis ( q8-cyclooctatetraene)uranium(IV) (uranocene)$ from 
uranium tetracl-horide and (cyc1ooctatetraene)dipotassium was first published 
in 1968.’ The method reported here is a modification of that procedure and is 
suitable for a large variety of cyclooctatefraene complexes.2q Bis($-cyclo- 
octatetraene)uranium(IV) has also been prepared by the reaction of uranium 
tetrafluoride with (cyc1ooctatetraene)magnesium in the absence of ~olvent .~  
Direct reaction of finely divided uranium metal with cyclooctatetraene vapors 
at 150” also gives some ~ranocene.~& However, both methods give low yields. 

*Department of Chemistry, University of California, Berkeley, CA 94720; work supported 

{Department of Chemistry, Northwestern University, Evanston, IL 60201. 
*The suffix “ocene” is formally reserved for bl(q-cyclopentadieny1) metal complexes. 

The name “uranocene” does not fit this convention, but has been used as a m*vW name in 
the literature. 

in art by grants from the National Science Foundation. 
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Bis(q8-cyclooctatetraene)uranium(IV) and its precursor, dipotassium cyclo- 
octatrienediide, are air and water sensitive. A knowledge of inert-atmosphere 
techniques is essential to conduct this synthesis successfully.' (.Caution. Dry 
dipotassium cyclooctam'enediide may react explosively with air; therefore it 
always should be handled under an inert atmosphere or in vacuum.) 

Procedure 

.Caution. Tetrahydrofiran must be fiee of peroxides before it is distilled 
from L ~ A I H ~ . '  

Dry, degassed tetrahydrofuran (THF) is first prepared by distillation from 
LiAlH4 or sodium-bemophenone under nitrogen to ensure the absence of water 
and peroxides. Degassing is accomplished by two or three freeze-pump-thaw 
cycles. Approximately 100 mL of this THF is distilled by vacuum transfer into 
the reaction vessel shown in Fig. 1. The condenser coils are checked for leaks, 
both visually and by ability to hold a vacuum (10" torr). Potassium metal is 
cut under dry toluene. (.Caution. Potassium metal is highly reactive with 
water and with the skin of potassium oxides. The oxides should be scraped o f f  
of each chunk before it is cut.) The chunks are then weighed [4.16 g, 0.106 
mole] in a tared beaker of dry toluene and then washed with hexane. The metal 
is added to the reactor vessel through the side arm while the reactor is flushed 
with prepurified argon. Since the THF attacks the vacuum grease, a small 
amount of fresh grease should be applied to the side-arm joint each time it is 
opened. The cap is carefully flushed with argon beforc tightening. 

Over a safety pan, the THF is heated to reflux with a heat gun and stirred 
vigorously. When the potassium is finely divided, the stirring is stopped. Heating 
is continued until the circular motion of the liquid has stopped. The potassium 
sand should be finely divided to ensure short reaction times.. The mixture is 
allowed to cool to room temperature without external cooling. Usually, the 
THF may be reheated with stirring if an unsatisfactory sand results. After the 
potassium has hardened, the reaction mixture is cooled to -30°, and cyclo- 
octatetraene* (5.70 g, 0.053 mole; used as supplied) is added,with a syringe or 
pipe through the side arm. The reaction mixture is maintained at -30° until all 
of the potassium has dis~olved.~ Cooling of the reaction mixture is unnecessary 
when preparing alkyl- or aryl-substituted cyclooctatetraene uranium complexes. 
The corresponding substituted dianions appear to be more thermally stable in 
THF than the parent. A small excess of potassium metal has little effect on the 
yield or quality of the product. 

Uranium tetrachloride for the next step is prepared from U 0 3  and hexachloro- 
propene according to the method of Hermann and Suttle" and may be stored 

*Available from Aldrich Chemical Co., 940 W. St. Paul Ave., Milwaukee, WI 53233. 

iranchembook.ir/edu

https://iranchembook.ir/edu


34. Bis(r)'-cyclooctatetraene)uranium(I V) 151 

Fig. 1. Reaction vessel. 

in a glove box. Commercially available UC14 contains enough impurities to 
reduce the yield significantly. A solution of UC4 [ 10.0 g, 0.0264 mole] is 
prepared in about 100 mL of THF that has been dried and degassed as above. 
(.Caution. Uranium tetrachloride evolves heat when dissolving in THF and can 
form a dark cmst that only slowly dissolves. A safe, convenient way to prepare 
this solution is to place about 50 ml of THF in the addition flask shown in Fig. 
2 and add the uranium salt slowly with stirring in the glove box.) When all 
the salt has been added, excess UC4 is washed down with the remaining 50 mL 
of solvent. The stopper is replaced and tied down with rubber bands. The 
stopcock is closed, and a small cork is placed in the open end of the delivery 
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100 ml 

Fig. 2. Addition flask. 

tube. This THF solution is added to the solution of dipotassium cyclooctatriene- 
diide by removing the cork and inserting the tube into the reactor side-arm. The 
stopcock is opened, and the addition flask is tilted to allow the solution to run 
out. Heating with a heat gun speeds delivery. The solution immediately turns 
emerald green. The reaction is quite rapid, and may be over within a few 
minutes; however, our usual procedure is to allow at least 3 hours of reaction 
time. The reaction mixture is then frozen and degassed, and the solvent is 
removed by vacuum transfer. The crude solid is dried under vacuum for at least 
4 hours. 

Purification of his($-cyclooctatetraene)uranium(IV) is achieved through 
Soxhlet extraction of the crude solid by THF in the extractor shown in Fig. 3. 
In the glove box, the green, powdery crude material is placed in a thoroughly 
degassed paper thimble. The thimble is placed in the extractor, and the solvent 
is added. The his($-cyclooctatetraene)uranium(N) is extracted under argon 
until the solution surrounding the thimble is no longer dark green. Depending 
on the rate of reflux, extraction can take as long as 9 days. Many alkyl- and aryl- 
substituted cyclooctatetraene uranium complexes are highly soluble in THF. To 
minimize washing losses, other solvents are recommended.2 When toluene is 
used, the extractor should have a round bottom; thawing of frozen toluene can 
crack cylindrical extractor bottoms. 
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Fig. 3. Soxhlet extractor for highly 
air sensitive compounds. 

When the solution cools to room temperature, a green solid collects in the 
bottom of the extractor. Cooling to -70" is recommended at this point for the 
more soluble uranium compounds, such as bis@utyl-$-cyc1ooctatetraene)- 
uranium(1V). The extractor stopcock is closed, and the extractor is detached 
from the vacuum manifold. The supernatant liquid is poured into the side arm. 
The solid remaining is cooled with liquid nitrogen, and portions of solvent are 
distilled in from the side arm using a heat gun. After it is thawed, the solid is 
mixed thoroughly with the solvent and allowed to settle. The supernatant liquid 
is poured into the side arm. This washing process is then repeated. The solution 
in the side arm and the solid are both frozen with liquid nitrogen, and the liquid 
is degassed once to remove condensed argon. The stopcock to the extractor is 
opened carefully and slowly. Enough solvent remains in the thimble to spray the 
unextracted solids onto the pure product. The solution in the side arm is 
refrozen, and the side arm is sealed off at the constriction with a flame under 
full vacuum (1 0-3 torr). The solid bis(q8-cyclooctatetraene)uranium(IV) is 
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warmed to room temperature, and the residual solvent is carefully pumped off 
with stirring. When all traces of solvent have been removed from the product, 
the extractor is opened in the glove box. The thimble and plug are removed, and 
the stub end of the side arm is scored and broken off. The bis(q"-cyclooctate- 
traene)uranium(IV) is scraped out through the resultant hole with a 
long-handled spatula. Yield 9.6 g (82%). 

The bis(q"-cyclooctatetraene)uranium(IV) can be purified further by 
extraction with benzene or by sublimation at 140°/10" torr. 

Properties 

The green crystals of bis(q8-cyclooctatetraene)uranium(IV) are air and water 
sensitive and only slightly soluble in aromatic and polar organic solvents. The 
visible spectrum is characteristic. GkF: 615 (1850); 641 (890); 660 (600); and 
680 nm (350 L/mole-cm). The IR spectrum shows only four strong bands at 
3000,1430,900, and 741 ~ m - ' . ~  
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35. (q6 -ARENE)TRICARBONYLCHROMIUM COMPLEXES 

Submitted by C. A. L. MAHAFFY* and P. L. PAUSON" 
Checked by M. D. RAUSCHt and W. LEE? 

Most simple arenes react smoothly with Cr(C0)6 to give hexahapto complexes 

*Deparement of Pure and Applied Chemistry, University of Strathclyde, Thomas Graham 

?Department of Chemistry, University of Massachusetts, Amherst, MA 01002. 
Building, Cathedral Street, Glasgow, G1 EL. 
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($-ArH)Cr(CO),. The reactions have been conducted under a wide variety of 
conditions,’ and the chief problems encountered arise from (a) the volatility of 
cr(co)6, (b)  slowness of the reaction, and (c) difficulty in removing high-boiling 
solvents or excess arene from the product. Sublimation of Cr(CO)6 from the 
reaction vessel has been overcome by the use of rather complex apparatus,” 
but the following procedure shows this to be unnecessary. In inert solvents 
[decahydronaphthalene (decalin) has been widely used] , reaction is excessively 
slow. Donor solvents (D) lead to appreciably more rapid reaction, probably by 
way of intermediates Cr(CO),.,D, (where n = 1-3); but if the donor is too good 
(e.g., C6HsCN), it may compete, especially with the less reactive arenes (e.g., 
C6HSCN), leading to incomplete complex formation. Alkylpyridines have been 
re~ommended,~’~  but ethers have been much more widely used. Tetrahydro- 
furan (THF), a good donor, allows reaction to proceed cleanly’ but too slowly 
because of its low boiling point. Dibutyl ether also leads to rather slow reaction, 
probably because of its weak donor properties, whereas bis(2-methoxyethyl) 
ether (diglyme), which is better in t h i s  respect, is relatively difficult to remove. 
The following procedure therefore uses a mixture of dibutyl ether with 
sufficient THF to “catalyze” the reaction and to wash back most of the Cr(C0)6 
that sublimes into the condenser, but not enough to lower the boiling point 
too much. 

A. ($-ANIS0LE)TRICARBONYLCHROMIUM 

Procedure 

.Caution. The reaction should be carried out in a well ventilated hood, as 
hexacarbonylchromium is toxic and carbon monoxide is evolved during the 
reaction. Both ether solvents peroxidize; they should be carefully freed from 
peroxide and dried (conveniently by distilling from lithium tetrahydridoalumi- 
nate or from sodium) before use. Benzene is toxic; contact with the liquid or 
vapor should be avoided. 

In a 250-mL, round-bottomed flask fitted’with a gas inlet and a simple reflux 
condenser [not spiral or similar type from which subliming Cr(CO), is washed 
back less efficiently] are placed hexacarbonylchromium (4 g, 18 mmole), 
anisole (25 mL), dibutyl ether (120 mL) and tetrahydrofuran (10 mL). A 
bubbler is placed at the top of the condenser to prevent access of air. The 
apparatus is thoroughly purged with nitrogen. The nitrogen stream is stopped 
and the mixture is then heated at reflux for 24 hours (the checkers found 
stirring beneficial). The yellow solution is cooled and filtered through kieselguhr 
(diatomaceous earth) or a similar material (the checkers used Celite or, 
preferably, a small pad of anhydrous silica gel) on a sintered-glass filter, which is 
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then washed with a little additional solvent. The solvents are distilled off on a 
rotary evaporator from a water bath held at 60' (an oil pump may be required 
to remove the solvents completely); a deep-yellow oil remains to which dry lght 
petroleum ether (bp. 40-60') or hexane (20 mL) is added. Crystalline ($- 
aniso1e)tricarbonylchromium [4.1 g (92%), mp 83-84OI separates. A small 
amount of unreacted Cr(CO), may be recoverable from the condenser; the 
remainder distills off with the solvent. If a very pure product is required the 
compound may be recrystallized by dissolving it in benzene or in diethyl ether 
and adding light petroleum ether to give 3.53 g (80%), mp 84-85'; lit! mp 
84-85'. Anal. Calcd. for CI0HBCrO4: C, 49.2; H, 3.3. Found: C, 49.5; H, 3.4. 

Solutions of this compound and other arenetricarbonylchromiums can only 
be handled for very brief periods in air. The workup procedures are therefore 
best carried out in an inert atmosphere throughout, but they can be conducted 
in air if done rapidly and efficiently. 

Properties 

($-Aniso1e)tricarbonylchromium is a yellow crystalline solid. Its NMR 
spectrum' (CDC13 solution) shows a singlet at T 6.4 for the CH30 group and 
three well-resolved signals for the metal-bound ring at T 5.23 (lH, t) 4.97 (2H,d) 
and 4.6 (2H, t). Its solutions are air sensitive, forming greenish precipitates, but 
the pure solid is stable. However, refrigeration is recommended for prolonged 
storage. 

B. OTHER ARENETRICARBONYLCHROMIUM COMPLEXES 

The general applicability of the above method is illustrated by the examples in 
Table I. With the lowest boiling arenes, subliming cr(co)6 is completely washed 
back, and none is recovered at the end of the reaction. However, the reduced 
boiling point of the mixture necessitates a longer reaction time. For arenes of 
higher boiling points, it is preferable not to use a large excess, since it would be 
difficult to remove at the end of the reaction. This leads to  a somewhat less 
complete reaction, but since much of the unchanged Cr(CO), is readily 
recovered from the condenser and the distillate, yields in the table are based on 
unrecovered carbonyl. The result with anisole when only a small excess is used 
is included for comparison. The arenes for which resuits are tabulated are 
liquids, but several solid arenes have been used similarly. Thus the checkers 
obtained an 8 1% yield of (tripheny1ene)tricarbonyl chromium using a 1 : 1 molar 
ratio of the hydrocarbon to Cr(CO),. 
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158 Transition Metal Organometallic Compounds 

Reactivity 

The chemistry of arenetricarbonylchromium complexes has been extensively 
studied and reviewed.'0''' Compared to  the uncomplexed arenes they show 
greatly enhanced reactivity towards nucleophiles." 

References 

1. 

2. 

3. 

4. 
5. 

6. 
7. 

8. 

9. 

10. 

11. 
12. 

Comprehensive references may be found in Cmelin 's Handbuch der 
anorganischen Chemie, Supplement to the 8th ed., Vol. 3, 1971, pp. 181-289). 
W. Strohmeier, Chem. Eer., 94, 2490 (19611, A. T. T. Hsieh, W. C. Matchan, H. van 
den Bergen, and B. B. West, Chem. and fnd. (London), 1974, 114. 
R. L. Pruett, J. E. Wyman, D. R. Rink, and L. Parts. U. S. Patent 3378569 
(1968); Chem. Abstr., 69, 77512 (1968); U. S. Patent 3382263 (1968); 
Chem Abstr., 69,59376 (1968). 
M. D. Rausch, J.  Org. Chem, 39, 1787 (1974). 
W. P. Anderson, N. Hsu, C. W. Stanger, and B. Munson, J. Organomet. B lem,  69, 
249 (1974). 
W. R. Jackson, B. Nicholls, and M. C. Whiting, J.  Chem SOC., 1960, 469. 
J. F. Bunnett and H. Hermann, J. Org. Chem 36, 4081 (1971); V. S. Khandkarova, 
S. P. Gubin, and B. A. Kvasov,J. Organomet. G e m ,  23,509 (1970). 
W. McFarlane and S. 0. Grim, J.  Organomet. Chem, 5,147 (1966); A. Mangini and F. 
Taddei,fnorg. a i m  Acra., 2, 8 (1968). 
R. D. Fischer, Chem Ber., 93, 165 (1960); D. A. Brown and H. Sloan,J. Chem. Soc., 
1963,4389; D. A. Brown and J. R. Raju,J. a e m .  Soc., A, 1966,1617; D. M. Adams 
and A. Squire, J. Chem SOC., Dalton Trans.. 1974, 558. 
R. P. A. Sneeden, Organochromium Compounds, Academic Press Inc., New York, 
1975. 
W. E. Silverthorn, Adv. Organomet. Chem, 13,47 (1975). 
M. F. Semmelhack, in New Applications of Organometallic Reagents in Organic 
Synthesis, D. Seyferth, ed., Elsevier Publishing Co., Amsterdam, 1976, p. 361. 

36. PENTACARBONYLMANGANESE HALIDES 

The pentacarbonylmanganese halides have been known for some time'" but are 
still the subject of intense interest. Numerous vibrational analyses h: qe been 
carried out: as well as synthetic and kinetic studies of carbonyl substitution 
reactions? Halide substitution, which requires elevated temperatures,' leads to 
charged species. Diazocyclopentadienes insert into the manganese-halogen 
bond! 

The best method for preparation of pentacarbonylchloromanganese is the 
reaction of chlorine with dimanganese decacarbonyl in carbon tetrachloride 
solution. Earlier versions of this procedure' often give low yields; however, the 
present version is reliable and produces a good yield. 
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36. Pentacarbonylrnanganese Halides 159 

The action of CC14 alone on Mnz(CO)lo also gives MnCl(CO)5,7 but the 
reaction is too slow to be of synthetic utility. Recent reports' suggest that 
photolysis enhances both the rate and yield of this reaction. 

A commonly used preparation of MnBr(CO)s is the reaction of MnZ(CO),, 
with Brz in CCL,.~,~ However, the product is frequently contaminated with 
MnCl(CO)S owing to reaction of the decacarbonyl with the solvent.' A 
substantial increase in the yield and purity of this compound can be achieved 
by the use of CSz as the reaction solvent, as in the procedure given here. 

The iodo analogue has been prepared by thermal'" and photochemical' 
reactions of Mn2(CO)lo with Iz. The former method, which is simple to 
perform, is described in Section D. The reaction of MI~I(CO)~ and I z  also has 
been reported to give MnI(CO)5.'o Another procedure utilizes the nucleophilic 
character of the anion Mn(CO)5-. This reaction, which forms the basis of the 
procedure in Section C, was mentioned briefly some years ago," but no 
experimental detail was provided. Advantages of the method are speed, high 
yield, and absence of product contamination by unreacted Mnz(CO) 

Commercial Mnz(CO),o should be purified by sublimation (70", 0.05 torr) 
before use in these preparations. Solutions of M~IX(CO)~ must not be heated 
during evaporations, owing to the facile decarbonylation of these compounds to 
[MnX(C0)4]z2~'2 (especially for X = Cl). Evaporations can be assisted by 
immersion of the flask in a room temperature water bath. 

A. PENTACARBONYLCHLOROMANGANESE, MnCl(CO)S 

Mnz(CO)lo + Clz - 2MnC1(C0)5 

Submitted by KENNETH J. REIMER* and ALAN SHAVER? 
Checked by MICHAEL H. QUICKS and ROBERT J. ANGELICIS 

The reaction is conducted in a 100-mL three-necked round-bottom flask fitted 
with a nitrogen inlet (attached to a nitrogen l i d  equipped with a mercury 
b ~ b b l e r ) , ' ~  a magnetic stirrer, and an equipressure dropping funnel. Finely 
ground Mnz(CO)10(4.0 g, 0.01 mole) is dissolved in a minimum of degassed 
carbon tetrachloride at 0" in the nitrogen-filled flask. Another sample of carbon 
tetrachloride (25 mL) in a dropping funnel is saturated by means of a stream of 
chlorine and the yellow solution is added dropwise over 30 minutes to the 
cooled, stirred solution of Mnz(CO)lo. As the addition proceeds, some 

*Department of Chemistry, University of British Columbia, Vancouver, B.C., Canada. 
t Department of Chemistry, McCill University, Montreal, Quebec, Canada. 
*Department of Chemistry, Iowa State University, Ames, IA, 5001 1. 
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160 Transition Metal Organomelallif Compounds 

MnC1(CO)5 begins to  precipitate. After complete addition, the reaction mixture 
is allowed to warm to room temperature and is then stirred for 4 hours. The 
yellow precipitate is filtered in air and washed several times with carbon 
tetrachloride. The yield of crude product is 4.04 g (86%). The compound is 
contaminated with only small amounts of [MnCl(CO).,] , and white insoluble 
material. These impurities are negligible and usually no further purification is 
undertaken. If pure MnC1(CO)S is required, it is easily obtained by sublimation 
(40'/0.1 torr, yield 65%) [based on Mn2(CO)l,]. Anal. Calcd. for MnCl(C0)5: 
C, 26.06; C1, 15.39. Found: C, 26.08; C1, 15.44. 

B. PENTACARBONY LBROMOMANGANESE, MnBr(CO), 

Mn2(CO)lo + Br, 4 2MnBr(CO)S 

Submitted by MICHAEL H. QUICK* and ROBERT J. ANGELICI* 
Checked by KENNETH J. RElMERt and ALAN SHAVERS 

A Schlenk tube of about 100-mL capacity, equipped with a magnetic stirring 
bar, is flushed with h2. Dimanganese decacarbonyl (2.00 g, 5.13 mmole) and 
CS, (50 mLj are then added, under a nitrogen flush, and the mixture is stirred 
for about 10 minutes under nitrogen. (.Caution. Carbon disulfide is highly 
flammable and toxic and should be vented through an efficient fume hood.) 
Some of the Mn2(CO)lo remains undissolved, but this does not affect the 
reaction. A solution of Br, (0.35 mL, 1.0 g, 6.3 mmole) in 20 mL of CS, is 
then added under nitrogen from an equipressure dropping funnel over a period 
of 20-30 minutes; some of the product begins to precipitate during this time. 
Stirring is continued for an additional 1 hour. The dark-red mixture is then 
evaporated under reduced pressure to give an orange powder. 

The crude product is stirred with 150 mL of CH2C12, and the orange solution 
is filtered. Hexane (60 mL) is added, and the solution is slowly evaporated under 
reduced pressure (50-60 torr) to about 30 mL. The yellow-orange, micro- 
crystalline MnBr(CO), is filtered off, washed with cold (0") pentane, and 
dried in vacuo. Yield 2.53 g (90%). The product thus obtained is sufficiently 
pure for most purposes, but it can be sublimed (SO', 0.05 torr) with only a 

*Department of Chemistry, Iowa State University, Ames, IA 5001 1. 
?Department of Chemistry, University of British Columbia Vancouver, B.C., Canada. 
*Department of Chemistry, McGill University, Montreal, Quebec, Canada. 
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36. Pentacarbonylmanganese Halides I61 

slight decrease in yield if further purification is desired. 
The reaction may also be carried out in dichloromethane or cyclohexane. 

However, the yield and purity of the product are generally superior in CS2. 
Anal. Calcd. forMnBr(C0)5: C, 21.8;Br, 29.1. Found: C, 21.7;Br, 28.7. 

C. PENTACARBONYLIODOMANGANESE, MnI(CO)5 

Mn2(CO)lo + 2Na -+ 2Na[Mn(C0)5] 

Na[Mn(CO),] + I, - MnI(CO), + NaI 

Submitted by MICHAEL H. QUICK* and ROBERT J. ANGELICI* 
Checked by KENNETH J. REIhiERt and ALAN SHAVERS 

The reaction is conducted in a 100-mL three-neck amalgam reduction flask, 
which is described e1~ewhere.l~ The mixture is agitated with a paddle stirrer 
driven by a small electric motor. (The checkers found a Teflon-coated stirring 
bar and magnetic stirrer adequate.) The apparatus is flushed with nitrogen, after 
which 6 mL of 1% Na(Hg) and a solution of Mn2(CO)lo (2.00 g, 5.13 mmole) 
in 40 mL of tetrahydrofuran (distilled from LiAlH4; see Reference 15 for the 
distillation procedure) are added. The mixture is stirred vigorously for 3040 
minutes, after which the excess amalgam is drained off. The flask and solution 
are then “washed” for a few minutes by vigorous stirring with 3 4  mL of fresh 
mercury, which is then removed as before. A somewhat cloudy greenish-gray 
solution of Na[Mn(CO),] is ~ b t a i n e d . ’ ~  

A solution of I, (2.65 g, 10.4 mmole) in 20 mL of THF is then added from an 
equipressure dropping funnel to the stirred solution over a period of 15-20 
minutes. The solution, now clear and deep red-orange, is stirred for an additional 
5 minutes and then evaporated to dryness under reduced pressure. The residue 
is extracted with 120 mL of 1:l hexane-dichloromethane, the mixture is 
filtered, and the filtrate is evaporated to dryness. Sublimation (50°, 0.05 torr) or 
recrystallization from hexane (about 40 mL per gram of crude product) at  
-20’ gives red-orange crystals of pure MnI(CO)+ Yield 2.50-2.72 g (75-82%). 
Anal. Calcd. for MnI(CO)S: C, 18.6; I, 39.4. Found: C, 18.4; I, 40.3. 

*Department of Chemistry, Iowa State University, Ames, IA 5001 1. 
t Department of Chemistry, University of British Columbia, Vancouver, B.C., Canada. 
SDepxtment of Chemistry, McGill University, Montreal, Quebec, Canada. 
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162 Transition Metal OrganometaNic Compounds 

D. PENTACARBONYLIODOMANGANESE, ALTERNATE PROCEDURE 

Mn2(CO)lo t 1,- 2MnI(CO), 

Submitted by KENNETH J. REIMER* and ALAN SHAVER7 
Checked by MICHAEL H. QUICKS and ROBERT J .  ANGELICIS 

Stoichiometric quantities of Mn2(CO)lo and I2  are introduced into a thick- 
walled Carius tube (the checkers used a capable glass pressure bottleI6), mixed 
thoroughly, and cooled to  0' and the tube is sealed in vacuo. The mixture is 
uniformly heated in an oven at 90" until the color is uniform (12 hr is 
convenient for a reaction employing about 1 g of Mn2(CO)lo). (.Caution. Care 
should be taken when handling sealed reaction vessels.' Face and hands should 
be protected from the possibility of flying glass and chemicals.) The residue is 
placed in a sublimation apparatus fitted with a water-cooled probe. Sublimation 
(40'/0.1 torr) separates the product from a nonvolatile powder, but the 
sublimate is usually contaminated with Mn2(CO)lo. Purification may be 
accomplished by fractional sublimation or, more conveniently, by 
recrystallization from pentane to give an overall 50% yield of ruby-red crystals. 

Properties of MnX(COIS,  X = Cl, Br, I 

The yellow MnCl(CO), is slightly to moderately soluble in nonpolar organic 
solvents. Although stable in air, prolonged exposure to light results in the 
formation of [MnCl(CO),] 2 .  In a closed vessel an equilibrium exists between 
the monomer and dimer in benzene" and pentane.6b Unstoppered reaction 
vessels allow loss of CO and subsequent dimer formation. Heating solutions or 
solid samples of MnCl(CO), accelerates dimer formation. 

Pentacarbonylbromomanganese is an air-stable yellow-orange crystalline 
solid. Unlike the chloro analogue, MnBr(CO), is not particularly light sensitive. 
Its properties, such as solubility in organic solvents *and ease of 
decarbonylation,I2 are intermediate between those of the chloro and iodo 
compounds. 

The red crystalline (orange powder) MnI(CO)S is more soluble in common 
organic solvents thatn the chloro analogue. It dimerizes slowly in solution. The 

*Department of Chemistry, University of British Columbia, Vancouver, B.C., Canada. 
?Department of Chemistry, McCill University, Montreal, Quebec, Canada. 
#Department of Chemistry, Iowa State University, Ames, IA 5001 1.  
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36. Pentacarbonylmanganese Halides 163 

compound is best stored at 5', since iodine is liberated on prolonged standing 
at room temperature. 

The infrared spectrum in the carbonyl stretching region is very useful in 
characterizing these complexes (Table I). Three infrared active bands are 
predicted;" however, limited solubility may preclude observation of the weaker 
bands. Dimer formation is easily detected by the presence of characteristic 
bands. '' 
TABLE I 

Compound v co (cm-' in CCI, a 

MnCI(CO), 2 140 (w) 2054 (s) 2021 (vw) 1998 (m) 
MnBr(CO), 2 134 (w) 2051 (s) 2020 (vw) 2000 (m) 
Mnl(CO), 2127 (w) 2045 (s) 2016 (w)(sh) 2005 (m) 

'Referenced to 2147 cm-' band of CO gas. 

References 

1. 
2. 
3. 

4. 

5. 
6. 

7. 
8. 

9. 
10. 
11. 
12. 
13. 

14. 

15. 
16. 
17. 

E. 0. Brimm, M. A. Lynch, Jr., and W. J. Sesny, J. Am. Chem SOC., 76, 3831 (1954). 
E. W. Abel and G .  Wilkinson, J. Chem. SOC., 1959, 1501. 
L. M. Haines and M. H. B. Stiddard, Adv. Inorg. Radiochem., 12, 53 (1969) and 
references therein. 
(a) G. R. Dobson, Acc. G e m .  Res., 9, 300 (1976); (b) D. A. Brown, Inorg. Chim. 
Acta, 1, 35 (1967); (c) R. J. Angelici, Organomet. Chem. Rev., 3, 173 (1968). 
R. H. Reimann and E. Singleton, J. Organomet. Chem., 59, C24 (1973). 
(a) K. J. Reimer and A. Shaver, Inorg. Synth., 19, 000 (0000); (b) K. J. Reimer and A. 
Shaver, Inorg. Chem., 14, 2707 (19751, J. Organornet. Chem., 93, 239 (1975). 
J .  C. Hilemann, D. K. Huggins. and H. D. Kaesz, Inorg. Chem., 1, 933 (1962). 
(a) S. A. Hallock and A. Wojcicki, J. Organomet. Chem., 54, C 27 (1973); (b) M. S. 
Wrighton and D. S .  Ginley, J. Am. Chem. SOC., 97, 2065 (1975). 
R. B. King, Organomet. Synth., 1, 174 (1965). 
I. G. DeJong, S. C. Srinivasan, and D. R. Wiles,J. Organomet. Chem., 26, 119 (1971). 
M. F. Farona and L. M. Frazee, J. Inorg. Nucl. Chem., 29,1814 (1967). 
F. Zingales and U. Satorelli, Inorg. Chem, 6, 1243 (1967). 
D. F. Shriver, The Manipulation of Air-Sensitive Compounds, McGraw-Hill Book Co., 
New York, 1969. 
(a) R. B. King, Organomet. Synth., 1, 149 (1965); (b) R. B. King and F. G. A. Stone, 
Inorg. Synth., 7, 198 (1963). 
Inorg. Synth., 12, 111, 317 (1970). 
See Ref. 13, p. 157. 
C. H. Bamford, J .  W. Burley, and M. Coldbeck, J. Chem. SOC. Dalton Trans., 1972, 
1846. 

18. F. A. Cotton, Inorg. Chem., 3,702 (1964) and references therein. 

iranchembook.ir/edu

https://iranchembook.ir/edu


164 Transition Metal Organometallic Compounds 

37. METHYLENE (CARBENE) COMPLEXES 
OF TRANSITION METALS 

A. CARBENE COMPLEXES OBTAINED FROM ACYL AND CARBAMOYL 
METALLATES 

Submitted by E. 0. FISCHER,* U. SCHUBERT,* W. KLEINE,* and H. FISCHER* 
Checked by KEVIN P. DARST,? C. M. LUKEHARTJ and L. T. WARFIELD? D. J.  
DARENSBOURG,$ R.  R. BURCH, Jr.,z and J .  A. FROELICHZ 

A variety of different methods for preparing carbene complexes of transition 
metals have been developed in recent years and reviewed in some detail.'-' 
The basic idea behind the oldest and best established method is the stepwise 
synthesis of the carbene ligand at the metal by sequential treatment of a 
transition metal carbonyl with a nucleophile and an alkylating agent. Metal 
carbonyl compounds of Cr, Mo, W, Mn, Tc, Re, Fe, and Ni were employed in 
this synthesis,' as well as a variety of bases, such as organolithium 
compounds,'>6 Grignard reagents,' and potassium alkoxides.8 Reaction of the 
metal carbonyl complexes with bases leads to formation of acylmetallates or 
related compounds that can be prot0nated~9'~ or alkylated'-' to give hydroxy 
or alkoxy carbene complexes. Trialkyloxonium salts are usually used as 
alkylating reagents.'-' Other reagents, such as methyl fluorosulfonate" or 
iodomethane in the presence of macrocyclic crown ethersI2 offer no advantages. 
The intermediate acylmetallates can also be made to react with acyl 
t r i&ylha lo~i lanes~~ '~  and dichlorodicyclopentadienyltitaniuml' to give the 
corresponding acyl-, trialkylsiloxy-, and titanoxy-substituted carbene complexes, 
respectively. 

Alkoxy carbene complexes are useful starting compounds for other 
organometallic c o m p l e x e ~ , ' ~ ~  particularly methylidyne (carbyne) complexes.'6 
By modification of the coordinated (noncarbene) ligands or of ' the carbene 
ligand, other carbene complexes can be synthesized. The use of carbene 
complexes in organic syntheses has been reviewed r e~en t ly . "~ '~  

The preparations of (CO)sW[C(OCH,)C6Hs] ,19 (CO), W[C [OSi(CH,),] - 
C6HsI l4 and (CO)~Cr[C(OC2Hs)N(C2H~~] are described here. The scale can 

*AnorganischChemisches Institut der Technischen Universitat, 8 Munchen 2, West 

tDepartment of Chemistry, Vanderbilt University, Nashville, TN 37235 ; checked Sections 

$Department of Chemistry, Tulane University, New Orleans, LA 701 18;  checked Section 

Germany. 

A. l  and A.3. 

A.2. 
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37. Methylene (Carbene) Complexes of Transition Metals 165 

be increased provided that the increased sizes of the apparatus and the increased 
volumes of solvents can be handled without difficulties. Large amounts of crude 
carbene complexes are better divided into several smaller portions for 
chromatography. 

.Caution. Volatile metal carbonyls are highly toxic. Contact of phenyl- 
lithium and lithium diethylamide with the skin must be avoided. Lithium 
diethylamide is pyrophoric on contact with air. 

1. Pentacarbonyl(methoxyphenylmethylene)tungsten(O) , ., 
[ Pentacarbonyl[ methoxy(phenyl)carbene] tungsten(O)] 

Procedure 

All operations are carried out under nitrogen free from oxygen and moisture, 
using nitrogen-saturated solvents. Organic solvents must be dried by the usual 
methods. The products obtained are oxidized by air and must be handled in an 
inert atmosphere. A suspension of 15.0 g (0.0427 mole) of powdered W(CO)6 in 
600 mL of diethyl ether is prepared in a two-necked, 1-L flask equipped with an 
additional nitrogen inlet and a dropping funnel. To the well-stirred suspension, 
0.0427 mole of LiC6HSt2' in 75 mL of diethyl ether is added over a period of 3 
hours. To  obtain a good yield of product, local excesses of LiC6Hs should be 
avoided. During addition of the base, the color of the solution changes to 
orange-red and the W(CO)6 dissolves completely. After addition of all the 
LiC6HS the solvent is removed in vacuo (15 torr) without heating the solution 
above room temperature. The residue is dissolved in 100 mL of water saturated 
with N2, the solution is filtered under a nitrogen atmosphere through a G3-frit 
(medium porosity), and 200 mL of pentane is added. A sample of [(CH3),- 
01 [BF4] 22t (6.35 g, 0.0427 mole) is added in small portions to this mixture, 
which results in an immediate change in color to dark red. After addition of each 
portion of [(CH,),O] [BF,], the flask must be shaken well to extract the 
carbene complex into the organic phase. After addition of the last portion of the 
oxonium salt, the aqueous layer should be slightly acidic. Otherwise more 
[(CH3),0] [BF,] must be added. The organic layer is separated and the aqueous 

*The fact that diethyl ether is coordinated to solid lithium acylmetallates is neglected here 

t Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
and throughout Section 37. 
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N, inlet 

Glass wool 
packing support 

inlet 

To pressure release 
bubbler 

111 F E # -  Low-temperature 

inert-atmosphere 

layer is extracted under a nitrogen atmosphere with successive 50-mL portions 
of deoxygenated pentane until the organic layer no longer becomes dark red on 
shaking. The combined organic extracts are dried with 50 g of anhydrous 
Na2S04 to remove moisture and concentrated to a Yolume of 75 mL in VQCUO. 

On cooling to - 15' (ice-salt bath) the complex crystallizes to give 16.3-17.4 g of 
product [86-92% based on W(CO),], (CO),W[C(OCH3)C6H,], that is 
sufficiently pure for most purposes. Analytically pure samples are obtained by 
column chromatography on silica gel with hexane. A water-cooled column 
40 X 2.5 cm equipped with a nitrogen inlet is appropriate (Fig. 1). Prior to use, 
the silica gel in the column is held at high vacuum for 10 hours and flushed with 
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N1. The subsequent separation is performed under a nitrogen atmosphere with 
deoxygenated hexane. Approximately 2 g of carbene complex can be purified 
at one time on this column. After the portion of the eluant containing the deep- 
red carbene complex is isolated, this solution is reduced under vacuum to a 
volume of 10 mL and crystallization is induced by cooling to -15". Anal. 
Calcd. for C13H806W: C, 35.16; H, 1.82; 0, 21.62;W, 41.40. Found: C, 35.12; 
H, 1.67;0, 21.50;W, 41.60. 

Properties 

The red crystalline complex can be stored under N2 at -20" for months. It is 
soluble in common organic solvents. Mp 59'; subl. 45-50°/10-4 torr, IR: vco 
at 2083 (s), 1988 (s), 1946 (vs) cm-' in Nujol; 'H NMR (TMS, C6D6, 60 MHz): 
ToCH, at 6.04 ppm (singlet). 

2. Pentacarbonyl[p-tolyI(trimethylsiloxy)methylene] tungsten(O), 
[Pentacarbonyl[p-toIyl(trimethyIsiloxy)carbene] tungsten(0)l 

w(co)6 t LiC6H4CH3 - [(CO),W[C(0)C6H4CH3]] Li 

[(CO),W[C(0)C6H,CH3] ] Li t (CH3),SiC1 - 
(CO)5W [C [OSi(CH,),] C6H4CH3] t LiCl 

Procedure 

.Caution. Since metal carbonyls and chlorotrimethylsilane are volatile toxic 
substances, the operations described here should be performed in a fume hood. 

All operations are carried out under nitrogen free from oxygen and moisture, 
using nitrogen-saturated solvents. Organic solvents must be dried by the usual 
methods. The products obtained are oxidized by 'air and must be handled in an 
inert atmosphere. In a 500-mL, two-necked flask with a nitrogen inlet and a 
dropping funnel, a suspension is prepared of 3.2 g (0.010 mole) of powdered 
W(CO)6 in 200 mL of diethyl ether. p-Tolyllithium (LiC6H4CH3) (0.010 
mole)" in 50 mL of diethyl ether is added to the well-stirred suspension over 
a period of 2 hours. The orange-red solution is concentrated in vacuo to a volume 
of 50 mL, and filtered through a G3-frit (medium porosity). At -50" an excess 
of cold pentane is added to precipitate [ ( ~ ~ ) , ~ [ ~ ( ~ ) ~ 6 ~ 4 ~ ~ 3 ] ]  Li. The light- 
yellow powder is collected on a G3-frit (medium porosity) and redissolved in 
150 mL of diethyl ether. To the magnetically stirred solution in a 250-mL, 
two-necked flask with nitrogen supply 2 mL (0.0155 mole) of freshly distilled 
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(CH3)3SiCl in 30 mL diethyl ether is added slowly at -20". After 10 minutes 
of stirring at 0" the solvent and excess (CH3)3SiC1 are removed at - 10°/10-4 
torr (ice-salt bath). The brown-red residue is extracted with pentane and the 
solution is filtered through a G3-frit and concentrated to a volume of 15 mL. On 
cooling to -50" and two more recrystallizations from pentane, dark-red crystals 
are obtained which are dried at -5"/10* torr for 5 hours. Yield 2.9 g (56% 

W, 35.61. Found: C, 36.99;H, 3.10;Si,5.60;W, 36.20. 

Properties 

The red thermally unstable crystals are soluble in organic solvents. Since the 
complex is extremely sensitive to nucleophiles, traces of moisture and alcohols 
have to be removed from all solvents before use. The complex must be stored 
under nitrogen below -20". IR: uco at 2070 (m), 1952 (vs, br), 1942 (vs, br) 
cm-' in pentane, 'H NMR (TMS, C6D6, 60 MHz): T S ~ C H ,  at 9.93 ppm 
(singlet), TCH, at 8.1 1 ppm (singlet), T ~ , ~ ,  at 2.68 ppm (doublet) + 3.08 ppm 
(doublet). 

based on w(Co),).* Anal. Calcd. for C16H160SiW: c ,  37.22; H, 3.12; Si, 5.43; 

3. Pentacarbonyl[ ethoxy(diethylamino)methylene] chromium(0). 
{ Pentacarbonyl[ ethoxy(diethy1amino)carbenel chromium(0)) 

Cr(C0)6 + LiN(C2H& - [(CO),Cr [C(O)N(CZHs),] 3 Li 

Procedure 

All operations are carried out under nitrogen free from oxygen and moisture, 
using nitrogen-saturated solvents. Organic solvents must be dried by athe usual 
methods. The products obtained are oxidized by air and must be handled in an 
inert atmosphere. A suspension of powdered Cr(Co)6 (4.4 g, 0.020 mole) in 
200 mL of tetrahydrofuran (THF) is prepared in a two-necked, 500-mL flask 
with an additional nitrogen inlet and a dropping funnel. The well-stirred 
suspension is cooled to O", and 1.58 g (0.020 mole) of very pure Li[N(C2Hs)z] l' 
in 100 mL of THF is added dropwise within 1 hour. Stirring is continued at 0" 
for an additional hour. By concentration to a volume of 50 mL at high vacuum 
(without warming above 0") and addition of 200 mL of pentane, [(CO),Cr- 
[C(0)N(C2HS)2] ] Li is precipitated. To complete precipitation, the mixture 

*The checkers obtained an oil that yields an infrared spectrum of the desired material 

+Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
contaminated with W(CO),. 
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is allowed to stand overnight at -20". Then the solvents are decanted and the 
residue is dissolved in 30 mL of CH2C12. A solution of 3.61 g (0.019 mole) 
[ ( C Z H S ) ~ ~ ]  [BF,] ,22 in 30 mL CH2Clz is then added in several portions at 
- 10" and with vigorous stirring. Excess [(C,H,),O] [BF,] must be avoided; 
therefore if the yield of [(CO),Cr [C(O)N(CsHS),] ] Li is low, the amount of 
oxonium salt used here must be reduced proportionately. The solution is stirred 
at 0' for an additional 10 minutes, filtered through silica gel at -78', and 
concentrated at high vacuum without warming above 0". The brown oily residue 
is twice extracted with 50 mL of pentane. The combined pentane layers are 
concentrated to a volume of 20 mL, filtered (medium-porosity frit), and purified 
by chromatography at -10" (Fig. 1) on silica gel with pentane-diethyl ether 
(7: 1) (column 25 X 2.5 cm, silica gel held at high vacuum for 10 hr and flushed 
with N, before use). The brown nonmigrating side products are retained on the 
top of the column and can be removed by a pipette. The carbene complex then 
is eluted by diethyl ether. The eluate is concentrated in high vacuum and 
recrystallized from pentane to give 1.92 g of carbene complex [30% yield based 
on Cr(CO),]. Anal. Calcd. for ClzHISN06Cr: C, 44.86; H, 4.70; N,  4.26; 0, 
29.88; Cr, 16.18. Found: C, 44.57; H, 4.75; N, 4.22; 0, 30.55; Cr, 15.98. 

Properties 

The yellow solid can be stored under N2 at -20" for months. It is soluble in 
common organic solvents. Mp 29'; sub1 30°/10' torr. IR: vco = 2057 (m), 
1927 (vs) cm-' in hexane, 'H NMR (TMS, C6D6, 60 MHz): ~ O C H ,  at 5.49 
(quartet); 7 0 ~ ~  CH at 9.07 (triplet); 7NCH1CH, at 9.25 (triplet), + 8.96 
(triplet); TNCH at 7.10 (quartet) + 6.29 (quartet). 

1 3  

2 

B. CARBENE COMPLEXES OBTAINED BY NUCLEOPHILIC SUBSTITU- 
TION. 

STEN(0) I 

PENTACARBONY L[ (DIMETHYLAMIN0)PHENY LMETHY LENE] TUNG- 

Submitted by E. 0. FISCHER,* U. SCHUBERT* and H. FISCHER* 
Checked by D. T. HOBBS? and C. M. LUKEHARTf 

*Anorganisch-Chemisches Institut der Technischen Universiiat, 8 MOnchen 2,  West 

t Department of Chemistry, Vanderbilt University, Nashville, TN 37235. 
Germany. 
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Substitution of the alkoxy group of alkoxy carbene complexes is an important 
method of preparing carbene complexes with different substituents. Although 
reactions with primary and secondary amine~ , ' -~  th io l~ , ' ' ~  and ~ e l e n o l s * ~ ~ ~  
proceed spontaneously to give the corresponding amino-, thio-, or seleno-carbene 
complexes, exchange of the methoxy group for aryl,25,26 2-thienyl, or 2-fury1 
groupsz6 must be carried out in two steps: (1) addition of the heteroaryllithium 
compound to the carbene carbon atom at low temperatures and (2) subsequent 
removal of the methoxy group by acidification. 

The preparation of (CO),w[C "(CH,),] C6H5] 27 by aminolysis of (Co),- 
W[C(OCH3)C6H,] 1 9 ~ 2 8  is reported here (the scale may be increased to any 
size). Without major changes, the procedure is applicable to any known alkoxy 
carbene complexes and to all kinds of primary aryl or alkyl a m i n e ~ ? ' ? ~ ~  
secondary aliphatic a m i n e ~ , ~ ~ " ~  diamines,30 and even esters of amino acids,3* 
as well as ammonia.*' Elimination reactions at the nitrogen atom may occur 
during the preparation of aminocarbene complexes with certain secondary 
amines.,, The kinetics of the reaction of (CO)sW [C(OCH,)C,H,] with primary 
amines have been in~estigated.~, 

Aminocarbene complexes usually are less sensitive towards oxygen than the 
corresponding alkoxycarbene complexes, but nevertheless should be handled 
in an inert atmosphere. Their preparation is carried out under nitrogen free from 
oxygen and moisture, using dry, nitrogen-saturated solvents. 

Transition Metal Organometallic Compounds 

Procedure 

.Caution. The following synthesis involves noxious compounds 
(dimethylamine and metal carbonyls), and therefore the operations should be 
perfonned in a fume hood. 

In a two-necked, 500-mL flask with an additional nitrogen inlet, 3 mL (0.04 
mole) of dimethylamine is added to a cooled (-20", ice-salt bath) solution of 2.5 
g (0.0056 mole) of (CO),W[C(OCH3)C6Hs] 19128 in 200 mL of pentane. The 
color of the solution changes immediately from dark red to yellow. After a short 
time, (co),w[c "(CH,),] C6Hs] starts to precipitate. Pryipitation is 
completed by cooling to -70" (Dry Ice-acetone). After the crystallization is 
complete (about 4 hr) the solvent is decanted, and the crystals are dried at 
25"/10-4 torr to give 2.26 g of the aminocarbene complex (88% yield based on 
(CO),W[C(OCH3)C,H,]). Anal. Calcd. for C14HllN05W: C, 36.75; H, 2.43; 
N, 3.06. Found: C, 36.84;H, 2.50;N, 2.99. 

Properties 

The yellow complex can be stored under nitrogen for months. It is easily 
dissolved in benzene, ethers, and halogenated hydrocarbons and less easily in 
aliphatic hydrocarbons. Mp 93-94". 'H NMR (TMS, CDC13, 60 MHz): TNCH, 
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3 7. Methyrene (Carbene) Complexes of Transition Metals 171 

at 5.97 (singlet) + 6.93 (singlet); T ~ , ~  2.12-3.28 (multiplet). IR (in benzene): 
vc0 2090 (m), 1975 (w), 1935 (vs), and 1930 (sh) cm-'. 
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Transition Metal Organometallic Compounds 

38. METHYLIDYNE (CARBYNE) COMPLEXES. trans-[ BROMO- 
TETRACARBONY L( PHENYLMETHYL1DYNE)TUNGSTENl 

(CO),W [C(OCH3)C6HS] t BBr3 4 

t r a n ~ - B r ( C o ) ~ w ( C C ~ H ~ )  + CO + {Br2BOCH3) 

Submitted by E. 0. FISCHER.* U. SCHUBERT* and H. FISCHER* 
Checked by C. M. LUKEHARTt and G. PAULL TORRENCEt 

Most carbyne complexes synthesized to date have been derived from chromium 
and manganese group carbene complexes in which the carbene carbon atom is 
bound to a substituent such as an alkoxy, hydroxy, alkylthio or amino acid 
ester.''' Trihalides of boron, aluminium, or gallium cleave this substituent, 
generating the carbyne moiety. Depending on the a-donorln-acceptor relation of 
the ligand which is trans to the carbene ligand, neutral or cationic carbyne 
complexes can be Other methods of preparing carbyne complexes 
have been reviewed recently.' 

The preparation of trans- [Br(C0)4W(CC6Hs)] is reported here. The substituent 
bound to the carbyne carbon atom can be varied considerably2'' without major 
changes in the procedure. Although BC13 or B13 may be applied with equal 
success to give the corresponding trans-chloro or trans-iodo complexes, the 
reaction with BF3 is slightly different.8y9 Both carbene and carbyne complexes 
are sensitive to oxidation and therefore must be handled in an inert gas 
atmosphere. 

.Caution. Boron tribromide is very corrosive. Inhalation of the vapors and 

*Anorganisch-Chemisches Institut, der Technischen Universiiat, 8 Mtlnchen 2,  West 

tDepartment of Chemistry, Vanderbilt University, Nashville, TN 37235. 
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contact with the skin is dangerous. Reaction with moisture may be vigorous. 
Therefore exposure of BBr, to the atmosphere must be minimized and 
manipulations must be perfomed in a f ime  hood, 

Procedure 

All operations are carried out under nitrogen free from oxygen and moisture 
using nitrogen-saturated dry solvents. In a round-bottomed, two-necked, 250-mL 
flask with an additional nitrogen inlet a suspension of 4.4g (0.010 mole) (CO),- 
W[C(OCH3)C,&] lo in 80 mL of pentane is prepared at - 15" (ice-salt bath). 
To the well-stirred suspension, 2.5 g (0.010 mole) of BBr3* is added slowly in 
several portions by syringe. A nearly colorless solid starts to precipitate 
immediately, while the carbene complex dissolves completely. After addition of 
all the BBr,, the solution is stirred at - 10" (ice-salt bath) for some minutes and 
then cooled to -78" (Dry Ice-acetone) to complete precipitation of the carbyne 
complex. The solvent is decanted and the crude solid is dried at -2O"/lO' torr 
(ice-salt bath) for some hours. The unreacted carbene complex and W(CO)6 
(first band) are separated from the ivory-colored second band, containing the 
carbyne complex, by column chromatography under N, on silica gel with cold 
pentane-CH,Cl, (6:l). The column (see Fig. 1, Sec. 37) is 20 X 2.5 cm and is 
filled with silica gel, which is held at high vacuum for 10 hours and then flushed 
with nitrogen before use. The separation is performed at -25". After elution of 
the first band and removal of nonmigrating by-products at the top of the column 
by a pipette, the carbyne complex is eluted with CH,C12. The eluate is 
concentrated to a volume of 2 mL at -20°/10' torr and 20 mL of cold pentane 
is added. On cooling to - IOO", (methanol-slush bath) t r an~-Br (cO)~W(cC~H~)  
crystallizes as fine needles. The mother liquid is decanted, and the pale-yellow 
crystals are washed with three portions of 5 mL of cold (-100") pentane each 
and dried at -2S"/10-4 torr for 24 hours. Yield 3.8 g [82% based on (CO),- 
WC(OCH3)C6HS]. Anal. Calcd. for CIIHSBr04W: C, 28.42; H, 1.08; Br, 17.19; 
0, 13.77; W, 39.54. Found: C, 28.63, H, 1.18; Br, 17.80;0,  13.80; W, 38.60. 

I 

Properties 

The thermally unstable crystalline complex must be stored under nitrogen below 
-20". It is easily dissolved in benzene, diethyl ether, or CHzClz'but is only 
slightly soluble in aliphatic hydrocarbons. IR: vc0 at 21 25 (m), 2040 (vs) cm-I 
in hexane. 

*Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 
01923. 
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39. ISOCYANIDE AND METHYLENE (CARBENE) COMPLEXES 
OF PLATINUM( 11) 

Submitted by R. L. RICHARDS* 
Checked by P. M. TREICHEL? 

When coordinated to metal ions in their normal or higher oxidation states, an 
isocyanide is rendered susceptible to attack at the ligating carbon atom by 
nucleophilic reagents.’ When alcohols or amines are the nucleophiles, carbene 
complexes that may be prepared for a variety of metals and substituent groups 
are obtained. The first fully characterized compounds were of platinum(II),’ 
and general methods of their preparation, with particular examples, are given 
below. 

A. cis-[ DICHLORO(PHENY L ISOCYANIDE)(TRIETHYLPH~SPHINE)- 
PLATINUM(II)] 

be n E e n e 
trans- [Pt,Cl,(PEt,),] + 2RNC - 2cis- [PtCl,(RNC)(PEt,)] 

Wautiou. Isocyanides are toxic and nasal anaesthetics and must be handled 

*School of Molecular Sciences, University of Sussex, Brighton Sussex. England, BNI 9QJ. 
+Department of Chemistry, University of Wisconsin, Madison, Wl  53706. 
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39. Isocyanide and Methylene (Carbene) Complexes of Platinum(II) 1 75 

only iti an efficient hood. Benzene is a suspected mild carcinogen and must be 
handled in a hood. Isocyanide residues may be destroyed by treatment with 
commercial bleach (calcium hypochlorite). 

Procedure 

Isocyanides are prepared by the methods of Ugi et al.,, except for MeNC.4 
Phenyl isocyanide (0.4 mL, 3.9 rnmole) is added dropwise under nitrogen with 

stirring to trans-[Pt,CI,(PEt,),] ( 1  g)5  in suspension in 30 mL of dry benzene. 
Initially a yellow oil is formed, but after about 1 hour a colorless oil is obtained 
that solidifies to give white crystals of the product. These white crystals can be 
recrystallized from benzene as colorless needles, mp 162-163". Yield 0.9 g 
(70%). Anal. Calcd. for Cl3HzOCl2NPPt: C, 32.0; H, 4.1 ; N, 2.9; C1, 14.6. Found: 
C, 32.2; H, 4.3; N, 3.0; C1, 14.5. 

A further quantity of product may be obtained from the mother liquor of the 
original reaction by removing the solvent in vacua and then recrystallizing the 
residue from ethanol. 

These and succeeding preparations may occasionally be contaminated by small 
quantities of platinum metal, which may be removed by dissolving the product 
in the recrystallizing solvent, treating the hot solution with charcoal, filtering it, 
and allowing it to crystallize as usual. 

The traris-[chloro(isocyanide)bis(triethylphosphine)platinum(II)] perchlorate 
complexes used below were prepared by the method of Church and Mays.6 

.Caution. These compounds should be treated with the extreme caution 
normally ajjiorded organometallic perchlorate salts, which are potentially 
explosive. 

B. cis-[ (ANILINOETHOXYMETHYLENE)DICHLORO(TRIETHYL 
PHOSPHINE)PLATINUM(II)] 

cis- [PtCl,(RNC)(PEt,)] + R'OH + cis- [PtCl, (C(0R')NHR) (PEt,)] 

(R = aryl, R' = alkyl) 

Procedure 
cis-[PtC1,(PhNC)(PEt3)] ( 1  g, 2.05 rnmole) is heated under reflux in 50 mL of 
dry ethanol for 3 hours. The solution is concentrated to about one-third the 
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original volume under vacuum and white crystals separate; the crystals are filter- 
ed and recrystallized from ethanol or an acetone-diethyl ether mixture as color- 
less needles, mp 209-211". Yield 1 g (91%). Anal. Calcd. for CISH,,CI,NOPPt; 
C, 33.8; H, 4.9;N, 2.6;C1, 13.3. Found: C, 34.0;H, 4.9;N, 2.6;C1, 12.9. 

Transition Metal Organometallic Compounds 

C. cis-[ (DIANILINOMETHY LENE)DICHLORO(TRIETHYLPHOSPHINE) 
PLATINUM(II)] 

cis-[PtCl,(RNC)(PEt,)] t R'NH, + cis-[PtC12 {C<NHR')NHR}(PEt,)] 

(R = R' = alkyl or aryl) 

Procedure 
cis-[PtCl,(PhNC)(PEt,)] (1 g, 2.05 mmole) is dissolved in 30 mL of analytical 
grade aniline, and the solution is stirred for 1 hour at 20". The aniline is then 
removed in vacuo at 50" to give a brown oil, which solidifies on trituration with 
dry ethanol. The product, which is sparingly soluble in ethanol, may be recry- 
stallized from a large volume of this solvent (solubility -0.001 g/mL) as white 
needles, mp 235-236". Yield 0.5 g (42%). Anal. Calcd. for C19H27C12NZPPt: C, 
39.3; H, 4.7; N, 4.8; C1, 12.2. Found: C, 39.4; H, 4.7; N, 4.8; C1, 12.3. 

D. nuns-[ [ ANILINO(ETHY LAMIN0)METHYLENEl CHLOROBIS(TR1- 
ETHYLPHOSPHINE)PLATINUM(II)] PERCHLORATE 

EtNH, 
trans- [PtCl(PhNC)(PEt,),] C104 

trans-{PtCl [C(NHPh)(NHEt)] (PEt3),}Ci04 

Procedure 
trans-[PtCl(CNPh)(PEt,),]C1O4 (1 g, 2.05 mmole) is dissolved in 50 mL of 
ethylamine and the solution is stirred for 30  minutes and is then taken to dry- 
ness in vacua at 20", leaving a white solid, which is recrystallized from ethanol 
to give colorless needles. Yield 0.7 g (66%); mp 154-156". Anal. Calcd. for 
C2,H,,C1,N20,P,Pt; C, 35.3; H, 5.9; N, 3.9;C1,9.9. Found: C, 35.6; H, 5.9;N, 
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3.9; C1, 10.1. Conductivity = 24.7 ohms-' cm2 mole-' in approximately M 
PhNO, solution. 

The methylamino derivative is prepared from an excess of methylamine, 
passed as gas into a benzene suspension of the isocyanide complex, which 
dissolves as the reaction proceeds. Subsequent work-up is same as in Section C. 

Properties 
The isocyanide and carbene complexes are all colorless or white, air-stable, 
crystalline solids. The molecular structures of the cis isomers have been establish- 
ed by X-ray crystallography.2 The isocyanide complexes have a strong IR 
absorption [(N-C) stretching] in the range 2150-2280 cm-'; for example, cis- 
PtC12(PhNC)(PEt3) has vmc) at 2190 cm-' (Nujol mull). The carbene com- 
plexes have IR bands [(N-H) stretching] in the range 3100-3450 cm-'; for 
example, cis-PtC1, [C(OEt)NHPh] (PEt,) has Y(NH) at 3150 and 31 10 cm-'; 
cis-PtCl2 [C(NHPh)2] (PEt3) has vcNH) at 3250 m, 3210 cm-'; cis-PtClz[C- 
(NHEt)NHPh](PEt,) has vNH) at 3265, 3100 cm-' (Nujol mulls). A variety 
of phosphine coligands may be employed. In particular, cis complexes of 
PPr3 or PBu3 are sufficiently soluble for NMR studies of them (and the soluble 
cationic PEt, complexes) to be made.' On treatment with base, the cationic 
bis(amino)carbene complexes give uncharged trans-halo(amidin0) complexes, 
which revert to the parent carbene complexes when treated with acid.* The 
carbene complexes react with chlorine, without cleavage of the platinum-carbon 
bond, to give complexes of platinum(1V); those having N-phenyl substituents are 
metallated at the 2-phenyl p o ~ i t i o n . ~  
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40. PENTACARBONY L( DIHY DRO-2( 3H)-FURANY LIDENE) 
CHROMIUM(O), (CO), Cr(C,H,O) 

Submitted by C. P. CASEY,, R. L. ANDERSON,? S. M. NEUMANN,* 
and D. M. SCHE€K* 

Checked by E. 0. FISCHERS and W. HELD* 

Dihydro-2(3H)-furanylidene (1-oxacyclopent-2-ylidene) complexes of transition 
metals have previously been prepared by novel procedures involving either the 
reaction of metal carbonyl anions with 1,3-dibromopropane~'~~ or the reaction 
of acetylenic alcohols with platinum complexe~ .~  The reaction of the conjugate 
base of pentacarbonyl(1-methoxyethylidene)chrornium(O) with epoxides4 
provides a convenient method for obtaining several members of this class of 
compounds. Pentacarbonyl( 1 -oxacyclopent-2-ylidene)chromium(0) has been 
shown to be easily elaborated via its conjugate base: affording new carbene 
complexes and, by oxidat ion, substituted y-bu tyrolac tones.6' ' 

The following procedure can be extended to prepare 1-oxacyclopent-2-ylidene 
chromium complexes substituted in the 3 or 5 position4 Thus the reaction of 
the anion of pentacarbonyl( 1 -methoxypropylidene)chromium(O) with ethyl- 
ene oxide gives pentacarbonyl [dihydro-3-methyl-2(3H)-furylidene] chromium(0) 
[pentacarbonyI(3-methyl-l -oxacyclopent-2-ylidene)chromium(~)] , and the re- 
action of the anion of pentacarbonyl( 1-methoxyethylidene)chromium(O) with 
propylene oxide gives pentacarbonyl(dihydro-5-methyl-2(3H)-furanylidene)- 
chromium(0) [pentacarbonyl(5-methyl- 1 -oxacyclopent-2-ylidene)chromium(0)]. 

The synthesis described below is a minor modification of our original pro- 
cedure? and requires less than 1 day to complete. 

*Department of Chemistry, University of Wisconsin, Madison, W1 53706. 
t Amoco Research Center, P.O. Box 400,  Naperville, IL 60540.  * Anorganisch-Chemisches Institut der Technischen Universitat, Arcisstr. 2 1 ,  D 8000 

Miinchen 2, West Germany. 
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Procedure 

All manipulations are carried out under a nitrogen atmosphere using standard 
septum, syringe, and hypodermic tubing techniques.8 Caution. Since ethylene 
oxide is a colorless, extremely flammable, moderately toxic gas at room 
temperature and atmospheric pressure, all procedures except the final column 
chromatography are carried out in a well-ventilated hood. 

Pentacarbonyl( l-methoxyethylidene)chromium(0)9 (2.14 g, 8.54 mmole) is 
placed in a flame-dried 250-mL round-bottomed flask fitted with a rubber 
septum, dissolved in 50 mL of diethyl ether, and cooled to -78". Butyllithium 
in hexane* (5.80 mL, 1.63 M, 9.45 mmole, 1.73 M total base, 10.03 mmole) is 
added dropwise to the stirred solution. The solution becomes dark brown after 
it is stirred for 5 minutes at -78". Double titration of the lithium reagent using a 
1,2-dibromoethane quench is recommended." Ethylene oxidet (1 mL, 20.0 
mmole) is condensed at 0" into a graduated tube and is then added as a liquid by 
means of hypodermic tubing to the reaction mixture. The mixture is warmed 
from -78" to ambient temperature and is stirred for ?4 hour. Distilled water (100 
mL)is added to the mixture, and the deep red-orange diethyl ether layer is carefully 
decanted through hypodermic tubing under a slight positive nitrogen pressure. 
The aqueous layer is extracted with 50 mL of diethyl ether, and the combined 
ether layers are dried over Na2S04. The red-orange ether solution is decanted 
from the Na2S04 using hypodermic tubing and a positive nitrogen pressure, 2 g 
of silica gel$ is added, and the solvent is immediately removed on a rotary 
evaporator. The rotary evaporator is vented to nitrogen, the flask is removed, 
and the material adsorbed on the silica gel is subjected to column chromato- 
graphy (silica gel, 45 g) with hexane as the eluent. A water-jacketed chromato- 
graphy column [IS mm id X 56  cm] is employed to maintain the temperature 
at about 15"." The column and receiver are kept under nitrogen throughout the 
elution, Hexane is distilled from CaH2 before use. Two bands are eluted; the 
fast-moving yellow band contains unreacted starting material (0.13 g, 6%) and 
the second, slower-moving, orange band contains the desired product. Removal 
of solvent from the orange solution by rotary evaporation gives pure pentacar- 
bonyl( l-oxacyclopent-2-ylidene)chromium(0) (1.10 g, 49% yield), mp 65-66", 
which can be recrystallized by dissolving in hexane (0.025 g/ml) at room temper- 
ature and cooling to -22". Anal. Calcd. for C9H6O6Cr: C, 41.24; H, 2.31; Cr, 
19.84. Found: C, 41.40;H, 2.30;Cr, 19.64. 

*Available from Foote Mineral and Chemicals, Route 100, Exton, PA 19341. 
?Available from Matheson Gas Products, P.O. Box 8 5 , 9 3 2  Paterson Plank Rd., E. Ruther- 

$Available from Grace, Davison Chemical Co., Baltimore, MD 21226; Grade 62, 60-200 
ford, NJ 07073. 

mesh. 
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Proper ties 
Pentacarbonyl( 1 -oxacyclopent-2-ylidene)chromium(O) is an air-stable, bright 
yellow compound that dissolves readily in most organic solvents. The infrared 
spectrum of a heptane solution shows bands at 2066 (s), 1983 (m), 1958 (s), and 
1944 (s) cm". The proton NMR spectrum in CS2 shows a two-proton triplet 
(J = 8 Hz) at 6 4.90, a two-proton triplet ( J =  8 Hz) at S 3.67, and a two-proton 
quintet (J= 8 Hz) at 6 1.96 all relative to internal tetramethylsilane. 
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Both W(C0)’ [C(C6HS),] ’ and the analogous di-p-tolylmethylene complex have 
been used in- model studies of the olefin metathesis In contrast to 
heteroatom-stabilized carbene complexes such as W(C0)’ [C(OCH3)(C6H,)] , 
pentacarbonyl(diphenylmethylene)tungsten(O) reacts with alkenes to  give cyclo- 
propanes and 1 ,I-diphenylalkenes.’ The compound W(C0)’ [C(C6H5),] is the 
best reported catalyst for the metathetical polymerization of l-methylcyclo- 
butene? 

The preparation described here is a composite of the published procedures of 
Casey et  al.’ and of Fischer et al.’ and can be completed in 1 day. Similar 
synthetic procedures have been employed for the preparatiQn of W(C0)’ [C(p- 
CH3C6H4),] and of Cr(C0)’ [C(C6Hs),] .’ 

Procedure 

Solutions of W(C0)’ [C(C6H5),] can be handled for short times in the air, but it 
is recommended that all manipulations be carried out under a nitrogen atmo- 
sphere. Standard septum, syringe, hypodermic tubing techniques6 are used in 
this procedure. Since this synthesis involves the use of phenyllithium, it should 
be carried out in a hood. 
Pentacarbonyl(ar-methoxybenzylidene)tungsten(O)’ (0.89 g, 2.0 mmole) and a 

magnetic stirring bar are placed in a flame-dried, 100-mL, round-bottomed flask 
fitted with a rubber septum. The flask is flushed with nitrogen, 50 mL of diethyl 
ether (freshly distilled from sodium and benzophenone) is added, and the result- 
ing red solution is cooled to -78”. A double-titrated’ solution of phenyllithium* 
in 70:30 benzene/diethyl ether (1.25 mL, 1.85 M ,  2.31 mmole, 2.10 M total 
base, 2.63 mmole) is added by syringe to  the well-stirred solution. The anionic 
intermediate formed is thermally unstable at room temperature and is kept at 
-78” (Dry Ice-acetone) to avoid decomposition. 

After 1 hour at -78”, dry HCl in diethyl ether (4.0 mL, 0.73M, 2.92 mmole, 
prepared by bubbling anhydrous HC1 through dry diethyl ether) is added. At this 
point, the red-brown suspension becomes wine red and homogeneous. The cold 
solution is filtered under nitrogen through a fritteg funnel containing a 1-cm layer 
of silica gel into a Schlenk tube! The red solution is transferred to a 250-mL 
round-bottomed flask by means of hypodermic tubing and solvent is removed by 
distillation on a rotary evaporator at 0” to give a red-purple oil. 

The oil is dissolved in several milliliters of hexane? and the solution is added to 
the top of a 27.5 X 2.0 cm silica gel* chromatography column, which is main- 

*Available from Alfa Products, Ventron Corp., 8 Congress St., Beverly, MA 01915. 
tolefin-free hexane (obtained by stirring over H,SO, for several days, washing with bicar- 

bonate and water, drying over MgSO,, and distilling from CaH,) is used for chromato- 

$Available from Grace, Davison Chemical Co.,  Baltimore, MD 21226. Grade 62, 60-200 
graphy. 

mesh. 
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tained at approximately -40°C by circulation of cold methanol through the 
column jacket.' [Column chromatography also can be carried out with a water- 
cooled column at 15", since W(CO),[C(C6H5),] is stable under these conditions. 
However, a 55-cm column is required to attain adequate separation, and recry- 
stallization is required to remove small amounts of W(CO)5 [C(OCH,)(C,H,)] . 
While chromatography at -40" is more time consuming (4.5 vs. 1.5 hr) purer 
material is obtained.] After elution with 200 mL of hexane, a red-purple band 
begins to elute and is collected with 500 mL of hexane in a receiver cooled to 
-78". Solvent is evaporated at 0" on a rotary evaporator and the residual red- 
purple oil is dissolved in 6 0  mL of hexane and filtered through a sintered-glass 
filter. Solvent is evaporated and the red oil is dissolved in 3 mL of pentane and 
cooled to -78' to give crystalline material. Solvent is removed by evaporation 
under vacuum at -78" and the solid is dried under vacuum for several minutes at 
room temperature to give W(CO), [C(C6HS),] (0.73 g, 75% yield), mp 65-66", 
which is homogeneous as judged by thin-layer chromatography on silica gel 
(10% diethyl ether-90% hexane). The crystals may also be isolated by rapid 
filtration of the cold solution. However, if the solution becomes warm during 
filtration some material is lost. 

Recrystallization from pentane at -22" gives analytically pure material, mp 
65-66". Anal. Calcd. for C18Hlo0,W: C, 44.11; H,  2.05; W. 37.51. Found: 
C, 43.94; H, 2.1 1 ; W, 37.69. 

Properties 
Pentacarbonyl(diphenylmethylene)tungsten(O) is a moderately air-stable soild 
that is readily soluble in most organic solvents. The resulting solutions are air 
and light sensitive and decomposed thermally at about 50". The infrared 
spectrum of a heptane solution shows bands in the metal carbonyl region at 
2070 (m), 1971 (s), and 1963 (s) cm-', characteristic of a group VI pentacar- 
bony1 species. The proton NMR spectrum in CS2 or acetoned6 shows a complex 
multiplet at S 7.2 relative to internal tetramethylsilane. 
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42. THIOCARBONYL COMPLEXES OF TUNGSTEN(0) 

Submitted by B. DUANE DOMBEK* and ROBERT J. ANGELIC[* 
Checked by P. TELLIER? and C. FRANK SHAW I d  

The thiocarbonyl (CS) ligand of certain thiocarbonyl complexes of tungsten 
exhibits a chemical reactivity that is substantially different from that of C O  in 
its analogous The parent complex in this series, W(CO),(CS), is 
prepared by reducing W(CO)6 in tetrahydrofuran with sodium amalgam (a 
reaction that gives mainly [W2(CO)l,'-] ) 5  and allowing the resulting solution to 
react with thiophosgene (thiocarbonyl dichloride), C1,CS. The W(CO),(CS) 
product may be converted to numerous thiocarbonyl-containing derivatives, one 
of the most useful of which is [Bu4N] [trans-W(CO),(CS)I]. The preparation 
and purification of these two complexes are described here. Somewhat lower 
yields of Cr(co) , (Cs)  are obtained in similar preparations using Cr(CO),.' 

.Caution. Because o f  the very toxic nature of carbon monoxide, all of the 
following reactions should be perfomed in an efficient hood. Except where 
specified otherwise, the preparations are performed under an atmosphere of 
commercial prepurified nitrogen, in glassware previously flushed with nitrogen. 

A. PENTACARBONYL(THIOCARBONYL)TUNGSTEN(O) 

Procedure 

An apparatus consisting of a lOOO-mL, three-necked flask fitted with a mechani- 
cal stirrer and reflux condenser is flushed with nitrogen for several minutes. A 
positive nitrogen pressure is maintained thereafter by a mineral oil bubbler 
connected to a T-tube in the gas line between the nitrogen cylinder and the 

*Department of Chemistry, Iowa State University, Ames, IA 5001 1. 
TDepartinent of Chemistry, University of Wisconsin-Milwaukee, Milwaukee. W I  53201. 
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flask. Mercury (about 120 mL) is added to the flask, and a sodium amalgam is 
prepared by stirring vigorously while adding, one at a time, pieces of sodium 
metal (7.0 g, 304 mmole, cut into about 10 pieces) through the third neck of the 
flask against a counter-current of nitrogen. 

After the amalgam is cooled, 400 mL of tetrahydrofuran (THF) distilled from 
lithium tetrahydridoaluminate is added to the flask, followed by 50.0 g (142 
mmole) of W(CO)6. * .Caution. m e  THF should be checked for peroxide and 
high water content before LiAlH4 is added. The distillation procedure is given in 
Reference 6. 

An electric heating mantle is then fitted under the flask, and the mixture is 
vigorously stirred and heated to reflux under nitrogen for 12-18 hours. After 
cooling to room temperature, a positive nitrogen pressure is mainiained while 
the mechanical stirrer is replaced with a glass stopper. 

The solution is then decanted under nitrogen flush through a 90" bent tube 
into a 500-mL pressure-equalizing addition funnel fitted with a small flask with a 
side arm (Fig. 1). A nitrogen source is then connected to this side arm to main- 
tain positive nitrogen pressure over the solution while the bent tube at the top of 
the funnel is replaced with a nitrogen inlet. Any amalgam that has also been 
transferred is removed through the funnel stopcock. (The mercury in the 
amalgam may be recovered by washing first with ethanol and then with ~ a t e r . ~ )  

The funnel is then placed on a 2000-mL, single-necked, round bottomed flask 

Fig. I. Apparatus used in the transfer of THF solution from sodium amalgam 
to addition funnel. 

*Avaikable froin Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
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containing 150 mL of dried THF, 14 mL (183 mmole) of thiophosgene,* and a 
magnetic stirring bar under nitrogen. (.Caution. Thiophosgene is toxic and 
should be handfed only in the hood.) The THF-C12CS solution is stirred 
vigorously with a magnetic stirrer, and the contents of the funnel are added 
rapidly (< 5 min) to the flask. (.Caution. Large amounts of gas, are liberated 
during rhis exothemzic reaction, and frothing occurs.) The black sohtion is then 
stirred until it has cooled to room temperature. It may be transferred in air to a 
1000-mL flask; the flask is rinsed with THF. The solution is concentrated under 
water-aspirator vacuum on a rotary evaporator. The solution may be transferred 
to a 500-mL flask during the concentration, and evaporation is continued until 
the solvent has been removed. 

A water-cooled sublimation probe with a vacuum inlet, similar to that shown 
in Reference 8, is then inserted into the flask, which is immersed in an oil bath 
at 50-60". The contents are sublimed under a static vacuum (i.e., the apparatus is 
closed after being evacuated), with occasional removal of the sublimate from the 
probe. Approximately 10-15 g of yellow crystals, a mixture of W(CO)6 and 3-6 g 
of W(CO),(CS), is obtained. Much of the W(CO)6 may be removed by dissolving 
the yellow solid in approximately 400 mL of warm hexane and allowing the 
solution to cool to 0" in a refrigerator. The solution is decanted from the pale- 
yellow crystals [mainly w(co)6] and evaporated to dryness to yield 4-7 g of a 
mixture that is generally 6040% W(CO),(CS). 

The amount of W(CO),(CS) in this mixture may be determined by preparing 
a solution of about 20 mg of the mixture in 50 mL of hexane and measuring the 
absorbance of the 420-nm peak of W(CO),(CS). Since W(CO)6 absorption is 
negligible at this wavelength, the concentration of W(CO),(CS) may be calculat- 
ed from its molar extinction coefficient, 7.52 X 10' L/cm mole. 

Alternatively, the composition of this mixture may be estimated by gas chro- 
matographic analysis of a sample in hexane solution. A 6.2 mm X 1.5 m 2% 
SE-30 column at temperatures of 70-150' and a helium flow rate of 25 mL/min 
gives excellent separations. Using a temperature program of 8"/min and an initial 
temperature of 70", the retention time of W(CO)6 is 4 minutes and that of 
W(CO),(CS) is 10 minutes. The peak areas for these compounds are taken to be 
indicative of their relative molar quantities. Small amounts of pure W(CO),(CS) 
may be collected from the gas chromatograph using oven and detector temper- 
atures below 70". 

Further recrystallizations remove more of the W(CO)6, but much W(CO),(CS) 
is lost in the process. The thiocarbonyl complex in the w(co)~(cs)~w(co)~ 
mixture is more conveniently purified by first converting it to [Bu,N] [trans- 
W(CO),(CS)l] , which may then be allowed to react with Ag' and CO to yield 
pure W(CO),(CS), as outlined in Sections B and C. Anal. Calcd.: C, 19.55; H, 
0.00; S,  8.70. Found: C, 18.93; H, <0.01; S, 8.36. 

*Available from Aldrich Chemical Co., 940 W. St. Paul Ave., Milwaukee, WI 53233. 
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Properties 

The W(CO),(CS) complex is an air- and moisture-stable yellow solid, soluble in 
polar and nonpolar organic solvents and insoluble in water. The infrared 
spectrum of W(CO),)(CS) exhibits vco bands in hexane solvent at 2096 (w), 
2007 (m) and 1989 (vs) cm-', and a very strong vcs band in CS2 solvent at 1258 
cm-'. (Tungsten hexacarbonyl exhibits one strong band at 1983 cm-' in 
hexane.) The similarity of the physical properties of W(CO),(CS) and W(CO)6 
makes their separation difficult. The thiocarbonyl ligand in this complex is 
susceptible to nucleophilic attack, reacting rapidly at room temperature with 
primary and secondary amine~.'~' The complex undergoes carbonyl substitution 
reactions with various ligands at lower temperatures than does W(CO)6.'s2,9 This 
property is used to separate the thiocarbonyl complex from W(CO)6, since the 
latter complex does not react with [Bu4N] I (Bu = n-C4H,) under the mild con- 
ditions that convert W(CO),(CS) to [Bu4N] [W(CO)4(CS)I]. After removal of 
the W(CO)6, the halide complex may be reconverted to W(CO),(CS) as described 
in Section C. 

B. TETRABUTYLAMMONIUM trans-[ TETRACARBONYLIODO- 
(THIOCARB0NYL)TUNGSTATE ] 

Procedure 

Approximately equimolar amounts of W(CO),(CS) and [Bu4N] I should be used 
in this preparation. The W(CO),(CS) content of the mixture obtained in Section 
A may be determined by visible spectroscopy or gas chromatography, or it can 
be estimated from the infrared spectrum. Such a mixture (5.1 g) of W(CO),(CS) 
and W(CO)6 containing 3.3 g of W(CO),(CS) (9.0 mmole) is placed in a 250-mL, 
single necked flask with 3.3 g (9.0 mmole) of [Bu4N] I. The flask is flushed with 
nitrogen, 125 mL of dried THF is added, and the flask is connected to a nitrogen 
source and mineral oil bubbler. The solution is magnetically stirred at 50-55" 
in an oil bath for 1.5 hours and is then concentrated under water-aspirator 
vacuum to about 25 mL on a rotary evaporator. Precipitation of the crude 
product is completed by addition of 50-75 mL of diethyl ether. The brown solid 
(6.4 g, 99%) is washed well with diethyl ether and air dried. Unless a large 
excess of [Bu,N] I is employed in the preparation, this crude product may be 
used in further syntheses without purification. Recrystallization by dissolving 
the solid in a minimum volume of CH,C12 and adding 4 volumes of diethyl ether 
gives yellow crystals of the desired product. Anal. Calcd.: C, 35.54; H, 5.08; 
S, 4.52. Found: C, 35.05; H, 5.09; S, 4.67. 
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Properties 

This air- and moisture-stable complex is soluble in many polar organic solvents. 
Its infrared spectrum in CH2C12 solution exhibits uco bands at 2062 (w), and 
1947 (vs) cm-' and a vcs band at 1195 (vs) cm-I. Strong alkylating and 
acylating agents add to the thiocarbonyl sulfur atom in the complex to yield 
neutral S-alkyl- and S-acylthiocarbonylium complexe~ .~  The halide ion may be 
abstracted in acetone or THF solutions with AgBF4 or Ag[CF3S03]. Addition 
of ligands (L) to these solutions yields tran~-[w(Co)~(CS)(L)]  complexes: One 
such reaction ( L  = CO) is outlined below, and other ligand additions may be 
performed similarly, in ground-joint glassware under a nitrogen atmosphere. 

C. PENTACARBONYL(THIOCARBONYL)TUNGSTEN(O) 

[Bu~N]  [W(CO),(CS)I] -t Ag[CF,S03] + CO + 

W(CO),(CS) -t [ B u $ J ]  [CF$03] + AgIJ 

Procedure 

Caut ion .  This synthesis should be performed in a hood, and the pressure 
bottle should be adequately shielded. 

The crude [Bu4N] [W(CO)4(CS)I] product from Section B is heated over- 
night at 50" under high vacuum to remove the last traces of W(CO)6. Then 5.1 g 
of this product is placed in a 250-mL soft-glass pressure bottle (pop bottle)*" 
with a magnetic stirring bar and 150 mL of acetone. The solution is briefly 
flushed with CO (in a hood!) and fitted with a metal cap having a self-sealing 
Neoprene liner. A solution of 1.85 g (7.2 mmole) of Ag[CF3S0,] t in 5 mL of 
acetone is added through a syringe with magnetic stirring, and the bottle is 
charged using a syringe needle with 30 psi of carbon monoxide. The mixture is 
stirred vigorously for 6 hours with occasional carbon monoxide repressuring. 
The carbon monoxide is then vented (into a hood!) through a syringe needle and 
the bottle cap is removed. The solution is filtered through Celite filter-aid and 
evaporated to dryness under reduced pressure. The residue is extracted with 
25-mL portions of warm hexane until the extracts are nearly colorless. The com- 
bined extracts are concentrated to about 25 mL and passed through a 2 X 40 cm 
Florisil column with hexane eluant. Evaporation of the yellow band under 
reduced pressure gives 2.15 g (83%) of W(CO),(CS). Use of 13C0 instead of 

*The reaction may also be performed at atmospheric pressure with ground-glass equip- 
ment if carbon monoxide saturation of the solution is maintained. However, somewhat 
lower yields (about 65%) result under these conditions. 

tAvailable from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
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188 Transition Metal Organometallic Compounds 

l2CO in this reaction gives trans- [W(CO)4('3CO)(CS)] .4 AgBF4 also has been 
used successfully. 
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43. CYCLOPENTADIENYLMANGANESE THIOCARBONYLS 
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Since the discovery of the first transition metal thiocarbonyl complexes by Baird 
and Wilkinson in 1966,' over 100 of these complexes have been synthesized, 
encompassing essentially all the transition rnetals?l3 X-Ray data4>' reveal that 
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metal-C(S) bond distances are about 0.07 .A shorter than metal-C(0) bond 
distances in analogous metal carbonyl derivatives. This fact, together with other 
physical6-* and chemical evidence: indicates that CS is both a better o-donor 
and n-acceptor ligand than CO and, consequently, metal-C(S) bonds should be 
stronger than metal-C(0) bonds. 

In an earlier volume of Inorganic Syntheses, we described the synthesis of 
dicarbonyl(~s-cyclopentadienyl)(thiocarbonyl)manganese(I),9 and since then 
we have demonstrated the greater strength of the Mn-C(S) bond compared to 
the Mn-C(0) bonds in this complex with respect to photolytic substitution by 
preparing numerous (vs -C5 HS)Mn(CO)(CS)L, lo +12 (vs-Cs HS)Mn(CS)L2, l2 and 
(vS-CSHS)Mn(CS)(L-L)'3 derivatives, where L is a monodentate ligand and L-L is 
a bidentate ligand. Presented are the preparations of two typical derivatives, 
both of which future research may well prove to have important catalytic or 
synthetic applications. 

Caution. Metal carbonyls are highly toxic and must be handled in a hood 
and with care. 

A. CARBONY L(v'-CYCLOPENTADIENYL)(THIOCARBONYL) 
(TRIPHENY LPHOSPHINE)MANGANESE(I) 

Procedure 

Tetrahydrofuran (THF) (about 500 mL) is d i~ t i l l ed '~  under nitrogen from 
sodium/benzophenone into a Pyrex ultraviolet irradiation vessel (capacity 575 
mL) fitted with a water-cooled quartz finger containing a 100-W Hanovia high- 
pressure mercury lamp.* Dicarbony1(~s-cyclopentadienyl)(thiocarbonyl)man- 
ganese(1) (0.5 1 g, 2.32 mmole)" is dissolved in the freshly distilled tetrahydro- 
furan. The reaction vessel is wrapped in aluminum foil and placed in an ice- 
water bath, and the reaction mixture is then irradiated with ultraviolet light. 
(.Caution. Exposure of the eyes to ultraviolet light must be avoided at all 
times.) The progress of the reaction is monitored by following the changes in the 
uco region (2150-1800 cm-') of the infrared ipectrum of the reaction mixture 
using a pair of matched 1 .O-mm NaCl cells. The samples are withdrawn from the 
reaction mixture through a side arm of the irradiation vessel by means of an air- 
tight syringe fitted with a 15 cm stainless steel hypodermic needle. The solution 
gradually turns dark red, and extensive decomposition occurs, as evidenced by 
the appearance of brown precipitate. After about 1% hours, no  further changes 
occur in the infrared spectrum. At this stage, the uco bands at 2006 and 1954 
cm-' due to  the starting material have virtually disappeared, and there is a new 

*The design of the irradiation vessel used by the authors is similar to that described by 
Strohmeier's (see also Fig. 1. p. 194). 
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strong vc0 band at 1912 cm-', due presumably to formation of the highly 
reactive ($-CSHs)Mn(CO)(CS)(C4HsO) species. The irridation is stopped and 
the vessel is removed from the ice-water bath. Triphenylphosphine (1.10 g, 4.2 
mmole) is now added to the dark-red solution, and the reaction mixture is heat- 
ed slightly by passing warm tap water (35-40") through the quartz finger. The 
reaction is allowed to continue until the infrared bands due to the product 
($-CsHs)Mn(CO)(CS)[(C6Hs)3P] at 1925 (vco) and 1231 (vcs) cm-' have 
ceased increasing in intensity ( 2 4  hr). The reaction mixture is filtered under 
nitrogen through a medium-porosity sintered-glass filter t o  remove the copious 
amount of light-brown decomposition product that forms. The tetrahydrofuran 
solvent is pumped off from the orange-brown filtrate at about 50" on a rotary 
evaporator to give a brown oil. Thin layer chromatography under nitrogen of a 
drop of this oil on a silica gel sheet (Eastman Kodak #13181) in a 4:l hexane- 
acetone mixture shows the presence of (C6Hs)3P (Rf = 0.63), ($-CsHs)Mn 
(CO),(CS) (R = 0.62), and ($-CSHS)Mn(CO)(CS)[(C,HS),P] (Rf = 0.53). The 
last complex is extracted from the brown oil by preparative thin layer chromato- 
graphy under nitrogen on six activated silica gel plates (20 X 20 cm, coating 
thickness 0.75 mm*).I6 The eluant is 4:l hexane-acetone. Since the product is 
air sensitive, particularly in solution, every effort must be made to minimize 
exposure of the compound to air during the following work-up procedure. All 
solvents should be freshly distilled under nitrogen prior to their use. The brown 
oil is taken up in a minimum quantity of dichloromethane and spotted onto the 
plates; the eluent is a 4: 1 hexane-acetone mixture. The full extent of the orange 
(qS-CSHS)Mn(CO)(CS)[(CbH5)3P] band on each plate is determined by exposing 
the plates to a low-intensity ultraviolet lamp.? The product bands are quickly 
scraped off with a spatula, the scrapings are combined, and the triphenylphos- 
phine derivative is dissolved in dichloromethane (about 20 mL). The insoluble 
silica gel is filtered off under nitrogen through a medium-porosity, sintered-glass 
filter and the solvent is removed from the filtrate under reduced pressure at 
about SO" on a rotary evaporator to yield an oily orange solid. Dissolution of 
this oily solid in a minimum quantity of dichloromethane, followed by addition 
of a large excess of hexane, and subsequent evaporation of the solyents almost 
to dryness, affords orange crystals of the desired complex. These crystals are 
then dried in vmuo (25"/0.003 torr) for 9 hours. Yield 0.264 g [25% based on 
(~s-CsHs)Mn(CO),(CS)] ; dec 114-1 17" (uncorrected). Anal. Calcd. for 
C2,H2,0PSMn: C, 66.1; H, 4.4; S ,  7.0. Found: C, 66.0; H, 4.5; S, 6.3. 

'Machery, Nagel and Co. adsorbants used here may be purchased from Canlab, 8655 
Delmeade Rd., Town of Mount Royal, Montreal Quebec, Canada H4T 1M3. 

?Mineralight UVS.11, Ultra-Violet Products Inc., San Gabriel, CA 91778. 

iranchembook.ir/edu

https://iranchembook.ir/edu


43. Cyrlopentadienylmanganesethiocarbonyls 191 

Properties 

Carbonyl (77'-cyclopentadienyl)( thiocarbonyl)(triphenylphosphine)manganese(I) 
is air sensitive, and the complex gradually turns green upon prolonged exposure 
to air. Although it is soluble in most common organic solvents, it is only slightly 
soluble in hydrocarbons. If the solvents are not deaerated, it decomposes rapid- 
ly. Although a detailed study of the decomposition reaction has not been carried 
out, it appears from changes in the vCo and vcs regions of the infrared spectrum 
that the major product is (~'-CSHS)Mn(C0)~[(C~H5)3P], with small amounts of 
unidentified thiocarbonyl-containing products also being produced. The princi- 
pal infrared absorptions of (77' -C5Hs)Mn(CO)(CS) [(C,Hs),P] are: in CS2 
solution, vco at 1925 (s); vcs at 2131 (s); in hexane, vco at 1939 (s) and 
1929 (s); VCS at 1236 (s); and in Nujol mull; vco at 1913 (s) and vcs at 1213 (s) 
cm?. The appearance of mo vc0 bands for this monocarbonyl complex in 
hexane solution is attributed to the detection of two different conformational 
isomers resulting from restricted rotation of the phenyl groups within the 
(C6H5)3P ligand (see Reference 17). In the solid-state Raman spectrum, the vco 
mode appears at 1913 cm-' (Kr' laser, 647.1-nm excitation). The 'H NMR 
spectrum in saturated CS2 solution exhibits a complex phenyl resonance at r 
2.73 and an approximately 1 : 1 doublet centered at r 5.75 due to coupling of 
the $-CSH, protons with the 31P atom of the triphenylphosphine ligand (.fiPH, 
1.6 Hz). 

B. [ 1,2-BIS(DIPHENYLPHOSPHINO)ETHANE] ($-CYCLOPENTAD1ENYL)- 
(THIOCARBONY L)MANGANESE(I) 

Procedure 
As described in Section A, about 500 mL of tetrahydrofuran is distilled under 
nitrogen into the ultraviolet irradiation vessel. Dicarbonyl (V'-cyclopentadienyl)- 
(thiocarbonyl)manganese( I)  (0.5 1 g, 2.32 mmole) and 1,2-bis(diphenylphos- 
phinoethane) [ethylenebis(diphenylphosphine), diphos] * (1.03 g, 2.55 mmole) 
are dissolved in the tetrahydrofuran. The irradiation process is carried out as 
above. After about 2% hours, the infrared spectrum indicates that there is little 
or no ($-C,HS)Mn(C0)2(CS) remaining and the irradiation is stopped. The 
brown decomposition product that forms is filtered off under nitrogen through 
a medium-porosity, sintered-glass filter and then the solvent is pumped off from 
the yellow filtrate at about 50" on a rotary evaporator to give an orange oil. The 

*Available from Strem Chem., P.O. Box 212, Danvers, MA 01923. 

iranchembook.ir/edu

https://iranchembook.ir/edu


192 Transition Metal Organornetallic Compounds 

($-C5H5)Mn(CS)(diphos) is extracted from this oil by chormatography on a 
silica gel column (2.5 X 35 cm) using a 3:2 benzene-hexane mixture as eluent. 
Thin layer chromatography on a silica gel sheet (Eastman Kodak #13181), using 
the same solvent mixture, reveals the presence of ($-CSHS)Mn(CO),(CS) 
(Rf = 0.92), diphos (Rf = 0.88), and (v5-C5HS)Mn(CS)(dipho:) (Rf = 0.72). 
Some difficulty may be experienced and it may be necessary to elute with 
dichloromethane-acetone mixtures, or even pure acetone, to remove the ($- 
CSHS)Mn(CS)(diphos) completely from the column. The presence of the strong 
vcs absorption at 1206 cm-' and the absence of any vco bands in the infrared 
spectra verify that the orange fractions collected contain ($-CSHS)Mn(CS)- 
(diphos). However, if the infrared spectra indicate the presence of a small 
amount of ($-CSHS)Mn(CO),(CS), it can be conveniently removed by high- 
vacuum sublimation (30"/0.001 torr) following the product work-up. Solvent 
removal from the combined orange fractions at about 50" on a rotary evaporator 
yields an oily orange solid, which, upon repeated recrystallization from dichloro- 
methane-hexane mixtures following the same procedure described earlier for the 
isolation of ($-CSH5)Mn(CO)(CS)[(C,H,),P] , affords the desired complex as 
an orange crystalline solid [0.532 g, 41% yield based on (q5-C5HS)Mn(CO),(CS); 
dec. 197-199" (uncorrected)]. Anal. Calcd. for C32H29P2SMn: C, 68.3; H, 5.2; P, 
11.0 Found: C, 67.9; H, 5.6; P, 11.2. 

Properties 

[ 1,2-Bis(diphenylphosphin o)ethane] (qScyclopentadienyl)(thiocarbon y1)mangan- 
ese(1) is air stable, both as a solid and in solution. It is very soluble in 
CS2, acetone, and chlorinated organic solvents, moderately soluble in benzene, 
and only slightly soluble in alkanes. The prominent infrared bands in CS2 
solution are vCs at 1206 (s); 6 ~ ~ ~ s  at 555 (m) and 543 (s) cm-'. The 'H NMR 
spectrum in saturated CS2 solution exhibits a complex phenyl resonance with 
peaks at T 2.30, 2.76, and 2.95, a broad CH2 resonance with peaks at T 7.4 and 
7.6, and an approximately 1 :2:1 triplet due to coupling of the 77'-CSH5 protons 
with the two equivalent 31P atoms of the diphos ligand 1b.5 Hz) centered 
at T 5.85. Preliminary studies on the reactions of this complex suggest that the 
sulfur atom of the thiocarbonyl ligand is strongly nucleophilic, and products 
most probably containing -CS- bridges are formed, as in the case for 
(diphos)2(OC)W-CES-W(CO)5, which is formed in the reaction of W(CO)(CS)- 
(diphos)2 with W(CO),(acetone)." 
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44. DICARBONY L (77’-CYCLOPENTADIENY L)- 
(SELENOCARBONY L)MANGANESE( I) 

hv 
(77’ -C HS)Mn (CO) + C4 HsO -+ (qs -C H5)Mn(CO), ( C4 HBO) t CO 

($-C5HS)Mn(C0),(C4HgO) t CSe2 t (CbHS)3P + 

(qS-CSHS)Mn(CO),(CSe) + (C6Hs)3PSe + C4HsO 
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Whereas the diatomic molecules carbon monoxide and carbon monosulfide can 
readily be synthesized, attempts to isolate the analogous carbon monoselenide 
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species have been unsuccessful even at very low temperatures.' However, it has 
recently been established that the CSe molecule can be stabilized by coordina- 
tion to transition metals and a few selenocarbonyl complexes have now been 
prepared, for example, (q6C6H~C02CH3)Cr(CO)2(CSe),2 ($-C5H5)M(CO),- 
(CSe) (M = Mn? Re3), and RUC~~(CO)(CS~)[(C~H~)~P]~.~ X-Ray data for the 
ruthenium complex indicate that the bonding is similar to that in transition 
metal carbonyl and thiocarbonyl complexes, namely, the CSe ligand is attached 
to the ruthenium atom by way of the carbon atom and the Ru-C-Se moiety is 
essentially linear.4 The synthesis presented here describes the preparation of a 
selenocarbonyl complex of manganese, ($-CSH5)Mn(C0)2(CSe). Similar methods 
may be used to prepare related chromium and rhenium complexes and future 
research in this area may well prove this method to be a general route to many 
other selenocarbonyl complexes of the transition metals. 

.Caution. Metal carbonyls are highly toxic and must be handled in a hood 
and with care. Since CSe2 has an obnoxious smell and may have high toxicity it 
should also be handled carefully, in an efficient hood. 

1 C 
19/26 

Fig. 1. Ultraviolet irradiation vessel (capacity 1800 mL): ( A )  water-cooled 
quartz lamp holder; ( B )  nitrogen inlet for purging and solution agitation; ( C )  
nitrogen outlet and sampling port; (D) inlet and outlet for cooling water. 
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Procedure * 
Dry tetrahydrofuran (1500 mL) is placed in an ultraviolet irradiation vessel 
(capacity 1800 mL) (see Fig. 1) similar to that described by Strohmeier.’ Tri- 
carbonyl($-cyclopentadienyl)manganese(I)~ (1.57 g, 7.6 mmole) is then 
dissolved in the solvent. After it is wrapped with aluminum foil, the irradiation 
vessel is placed in an ice-water bath and the reaction mixture is agitated with a 
stream of nitrogen. The ultraviolet sourceS located in the quartz finger of the 
irradiation vessel is then switched on. (Caution. Exposure of the eyes to the 
ultraviolet light must be avoided at all times.) The solution gradually turns from 
pale yellow to deep wine red owing to the formation of the monosubstituted 
complex, ($-C5Hs)Mn(C0),(C,HgO). The progress of the reaction can be 
conveniently followed by monitoring changes in the vco region of the infrared 
spectrum of the reaction mixture.** The irradiation is stopped when the infrared 
peaks due to the THF intermediate have ceased to increase in intensity (about 
1 hr).tt Carbon diselenide (1 .O g, 5.8 mmo1e)S 5 and excess triphenylphosphine 
(2.01 g, 7.7 mmole) are then added sequentially to the solution and the reaction 
mixture is allowed to stand at room temperature for 2 hours. The resulting dark- 
yellow solution is transferred to a 2-L, round-bottomed flask, and the solvent is 
removed under reduced pressure on a rotatory evaporator. The dark-brown oily 
residue is extracted with deaerated hexane (7 X 50 mL) and the combined 
extracts are evaporated to dryness to yield a yellow-brown solid.g: Extended 
high-vacuum sublimation of this crude reaction product onto an ice-water 

*All the solvents should be distilled under nitrogen immediately prior to their use, and to 
minimize the possibility of decomposition, all transfers of materials and solutions should be 
performed routinely under a nitrogen atmosphere. 

tAvailable from Strem Chem., P.O. Box 212, Danvers, MA 01923. 
$450-W Hanovia high-pressure mercury lamp. 
**The highly reactive THF intermediate complex cannot be isolated from solution, but its 

presence is clearly indicated by the infrared spectrum of the reaction mixture in the u r n  
region: (q5-CSH,)Mn(CO),, 2017 (s) and 1929 (vs); (qsC,H,)Mn(CO),(THF), 1925 (s) and 
(1850 (s). 

?‘!The desired (q5-C,H,)Mn(CO), (CSe) product is eitremely difficult to separate from the 
corresponding tricarbonyl complex and therefore it is essential to ensure conversion of as 
much as possible of the latter complex into the monosubstituted THF derivative. However, 
prolonged irradiation results in some disubstitution, and subsequent decomposition of this 
species leads to a decrease in the yield of the final product. 

$$-TheCSe, is added directly from the shipping ampule (Strem Chemicals Inc., P.O. Box 
212, Danvers, MA 01923) under a hood. 

§A Dry Ice-acetone trap should be used to prevent escape of any CSe,. Any unreacted 
CSe, appears in the last 50-100 mL of THF, from which it can be recovered by fractional 
distillation for proper disposal. 
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cooled finger inserte.d into the flask affords the desired selenocarbonyl complex 
as a golden-yellow crystalline solid, 0.54 g, 34% yield based on CSe2. An analyti- 
cal sample can be obtained by further sublimation (mp 65-66", uncorrected). 
It is important that he crude reaction product be completely dry before 
the sublimation is begun, otherwise an oil forms on the cold finger. The 
product should not be exposed to prolonged evacuation because of its 
high volatility. Even after sublimation, the selenocarbonyl complex may 
contain a small amount of ($-CSHS)Mn(CO)3 as an impurity; however, this may 
be removed by further fractional sublimations. To maximize the yield of the 
product, it is advisable to shield the compound from light as much as possible 
during the work-up procedure. Anal. Calcd. for C8H502SeMn: C, 36.0; H, 1.9; 
Se, 29.6; Mn, 20.6; MW 268. Found: C, 36.1; H, 2.0; Se, 29.6; Mn, 20.3; Mw, 
268 (mass spectroscopy, Se). The residue remaining after the successive 
extractions with hexane contains triphenylphosphme selenide and various de- 
composition products. If desired, a pure sample of (C6Hs)3PSe can be obtained 
by extraction of the residue with benzene and subsequent repeated recrystalliza- 
tions from benzene-ethanol solutions (mp 188-189", lit? 187-189'). Anal. 
Calcd. for Cl8Hl5PSe: C, 63.3; H, 4.4; P. 9.1; Se, 23.2; MW, 342. Found: C, 
63.4; H, 4.7; P, 8.8; Se, 23.3; MW, 342 (mass spectroscopy, "Se). 

Properties 

Dicarbonyl(q5-cyclopentadienyl)(selenocarbonyl)manganese(I), ($-CSHs)Mn- 
(CO),(CSe>, is air stable but slowly darkens when exposed to light. The complex 
is soluble in all common organic solvents but rapidly decomposes in solution if 
exposed to light. If the solutions are shielded from light, they are stable for 
weeks. A single sharp resonance at  6 4.8 ppm (from TMS) is observed in the 'H 
NMR spectrum in CS, solution. the 13C NMR spectrum in CS2 solution at  -50" 
exhibits resonances at 6 85.8 (singlet, v5-C5Hs), 205.5 [singlet, (CO),], and 
358.0 pprn (singlet, CSe). In its infrared spectrum, the absorptions due to CO 
and CSe stretching modes are: in CS2 solution, uco = 2010 (s) and 1960 (s), 
vCSe = 1107 (s); in hexane solution, vco = 2015 (s) and 1965 (s), vCSe = 1113 
(s); and in Nujol mull, uco = 2012 (s) and 1962 (s), Vcse = 1 1  15 (s) cm-'. The 
major fragments in the mass spectrum at 70 eV are ($-C5HS)Mn(C0)2(CSe)' 
(m/e  268),(v5-C5H5)Mn(CSe)'(m/e212) and (p5-C,Hs)Mn' (m/e 120); there is a 
conspicuous absence of the ($-C,H,)Mn(CO)(CSe)' (m/e 240) fragment. The 
complex readily undergoes photochemically induced CO substitution with 
various ligands such as (C6H5)3P.3 
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45. ARENE THIOCARBONYL CHROMIUM(0) COMPLEXES 

Submitted by GLRARD JAOUEN* and GkRARD SIMONNEAUX* 
Checked by IAN S. BUTLER7 and DANIEL COZAK? 

In sharp contrast to metal carbonyl compounds, very few thiocarbonyl com- 
plexes have been prepared so far and these are known mainly for group VIII 
metals.’. This is unexpected because the calculated strength of the M-CS bond is 
greater than that of the M-CO bond’ (CS is favored over CO in terms of both u 
and 77 bonding). Fenster and Butler suggested that synthetic difficulties may 
be the reason for this discrepancy, and they reported a method for the prepara- 
tion of thiocarbonyl complexes of Mn(I).3 Also, the formation of thiocarbonyls 
of zero-valent group VI metals was reported in the (arene)Cr(CO): series (ben- 
chrotrene) by way of an (arene)Cr(CO)2(cis-cyclooctene) intermediate and in 
M(C0)6 series (M = Cr, Mo, W) using CI2CS as a reagent.’ 

The preparations of several (arene)(thiocarbonyl)chromium(O) complexes 
bearing electron-donating and/or electron-withdrawing substituents on the ring 
are described here (A-E). This type of compound is useful in organometallic 
chemistry for problems related to stereochemistry around a chromium atom6 
and in organic chemistry in the activation of arene substituents with respect to 
a l k y l a t i ~ n . ~  

Q;;3 

ycr\ 
co I co 

cs 

R’ p - R  

P, 
co I co 

cs 

R’ p R  

A B [R = COZCHj, R‘ = HI D [R = COzCH3, R’ = CH3J 
C [R = C02CH3, R’ = CH3] E [R = R’ = CHJ] 

*Laboratoire de Chimie des Organomdtalliques, E. R. A.-CNRS no 477 Universitd de 

7 Department of Chemistry, McGill University, P. 0. Box 6070, Station A, Montrkal, 
Rennes, 35031 Rennes Cedex-France. 

QuebLc, Canada M 3C 3GI. 
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Waution. Because of the toxicity of the metal carbonyls and the need for 
venting CO, the reactions should be carried out in a fume chamber. Care must 
also be exercised with the CS2, as it is extremely flammable. 

A. DICARBONY L(q6 -o-DIMETHYLBENZENE)(THIOCARBONY L)- 
CHROMIUM(0) 

Procedure 

The photochemical reaction is carried out in a 200-mL Pyrex vessel fitted with a 
water-cooled quartz finger. The UV source (T.Q. 150 W Hanau high-pressure 
mercury lamp) is located inside the finger (Fig. 1). (Waution. Laboratory 
personnel must be shielded from the UV light.) A 4-g sample (0.016 mole) of 
tricarbonyl(q6-o-dimethylbenzene)chrornium,* 30 mL of cis-cyclooctene and 
150 mL of benzene are placed in the reaction and irradiated for SO minutes at 
room temperature under a nitrogen stream. The yellow solution gradually 
becomes orange. The UV lamp is turned off and 3.9 g (0.016 mole) of triphenyl- 
phosphine dissolved in 100 mL of deoxygenated CS2 (CS2 is degassed by 
bubbling nitrogen through the solvent) is added to the flask. The solution is then 
allowed to stand overnight under nitrogen (all the operations dealing with the 
cyclooctene complex must be performed under nitrogen). After filtration and 
removal of the solvents under vacuum, the crude oil is purified by chromato- 
graphy through a deaerated silica gel column (column: 4 X 66 cm; silica gel: 
Mallinckrodt A-R 100 mesh) using an 80:20 hexane-diethyl ether mixture as 
eluent. A 3.4-g sample of yellow dicarbonyl(q6-o-dimethylbenzene)(thiocar- 
bony1)chromium is obtained (yield 84%; mp 100") after removal of the solvent 
under vacuum, and 0.2 g of the starting material is recovered from the front- 
running yellow fraction. The complex may be recrystallized from diethyl ether- 
petroleum ether (30-70 mL) by leaving the solution in a dark cupboard. Anal. 
Calcd. for CllH1,CrO,S: C, 5 1.16; H, 3.87. Found: C, 5 1.36, H, 3.85. 
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Fig. I. Left: photochemical reactor. Right: water-cooled UV lamp for reactor. 
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200 Transition Metal Organometallic Compounds 

Properties 

The complex is air stable in the solid state but decomposes in solution upon 
exposure to sunlight. It is soluble in most common organic solvents. The infrared 
spectrum exhibits two metal carbonyl bands at 1908 and 1965 cm-' and a thio- 
carbonyl absorption at 1207 cm-' (CH2C12 solution). The NMR spectrum (6cH3 
at 2.1 ppm, 6,--H arene at 5.7; CDC13 solution) is consistent with the structure 
shown above (A). Progress of the reaction may be easily monitored by thin layer 
chromatography* (TLC plate: 20 X20 X 1 mm, Kieselgel G. Typ. 60, Merck) 
using a 80:20 hexane-diethyl ether mixture as eluent. 

B. DICARBONY L(METHY L T~-BENZOATE)(THIOCARBONYL)- 
CHROMIUM(0) 

Procedure 

A solution of 5 g (0.01 8 mole) of tricarbonyl(methy1 $-benzoate)chromium' 
and 30 mL of cis-cyclooctene in deoxygenated benzene (180 mL) is irradiated as 
described above for 2% hours at room temperature. The yellow-orange solution 
rapidly becomes deep red. After the irradiation is stopped, a solution of 4.5 g 
(0.018 mole) of triphenylphosphine in 100 mL of  CS2 free of oxygen (see 
above) is added to  the flask under nitrogen. The mixture is allowed to stand 30 
minutes at room temperature, filtered, concentrated under vacuum, and purified 
by chromatography with a silica gel column using a petrolepm ether-diethyl 
ether, 75:25 eluent. The first eluted compound is the starting material (0.8 g 
recovered) and the major band is the red thiocarbonyl complex (3.2 g; yield 
7376, mp 79"). The product is recrystallized from hexane-diethyl ether (50:50) 
to give prismatic crystals. Anal. Calcd. for CIIH8CrO4S: C, 45.83; H, 2.77. 
Found C, 45.98, H, 2.89. 

*The checkers suggested that infrared spectroscopy might also be used to monitor the 
reactions. The appearance of the vcn band of the CO,CH, functional group or the high- 
energy (A,) u r n  band of the carbonyl ligands may be conveniently used. Care should be 
taken, however, not  to confuse the ucn bands of the metal carbonyl with the two combina- 
tion bands due to the arene ring at 1953 and 1809 cm-'. 
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Properties 

The intermediate cyclooctene complex appears to be more reactive with respect 
to CS coordination and more sensitive to oxidation when the arene ring bears 
electron-withdrawing groups (e.g., C02CH3). Dicarbonyl(methy1 $-benzoate)- 
thiocarbony1)chromium is air stable in the solid state and reasonably stable in 
solution? The infrared spectrum exhibits metal carbonyl absorptions at 1980 
and 1935 cm-' and a metal thiocarbonyl stretch at 1215 cm-' (Nujol) (these 
occur at 1978, 1932, and 1912 cm-' in CH2C12 solution)." Irradiation of the 
compound in the presence of phosphite or phosphine leads to slow substitution 
of CO by these ligands, whereas the CS ligand remains inert to substitution. The 
crystal structure has been published." 

C. DICARBONYL(METHYL $-m-METHYLBENZOATE)(THIO- 
C A R  BONY L)CHROMIUM( 0) 

u v  
{q6-m-(CH3)C6H4C02CH3] Cr(CO), f CaHl4 - 

{D~-~-(CH~)C~H~CO~CH~}C~(CO)~(C~H 14) + CO 

Procedure 
Under the conditions described above, racemic dicarbonyl(methy1 g6-m-methyl 
benzoate)(thiocarbonyl)chromium, mp 74", may be obtained in 90% yield 
from the corresponding racemic tricarbonyl complex, mp 97".12 Thus 4.5 g of 
product are isolated starting with 4.8 g (0.01 7 mole) of tricarbonyl(methy1 
v6-m-methy1benzoate)chromium irradiated for 4% hours under nitrogen (0.1 g 
recovered from the chromatography; eluent: $0:20 petroleum ether-diethyl 
ether). If the optically active tricarbonyl complex [o] = - 1 13", c = 1.3 1 g/L, 
benzene (S), mp 122",133'4 is used instead of the racemic complex, the thio- 
carbonyl complex, mp loo", shows an optical rotation of [a]$ = -140", c = 
1.09 g/L, CHC13, (S). The absolute configurations are shown in C. In this 
reaction, the planar chirality, due to the complexed disubstituted arene ring, 
remains untouched. So the absolute configuration of the thocarbonyl complex 
can be acertained by correlation to that of the tricarbonyl ~ o m p l e x . ' ~  The 
infrared spectrum exhibits carbonyl absorptions at 1976 and 1928 cm'' and a 
thiocarbonyl stretch at 1208 cm-' (CH2C12 solution). (NMR: ~ C H ,  2.33 ppm; 
~ C O , C H ,  4.07 pprn in CDCI3 solution). 
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D. CARBONYL(METHY L v6-m-METHY LBENZOATE)(THIOCARBONYL) 
(TRIPHENY L PHOSPHITE)CHROMlUM(O) 

Procedure 
A mixture of dicarbonyl(met1iyl q6-rn-methylbenzoate)(thiocarbonyl)chromi- 
um (2 g, 0.007 mole) and 16.5 g (0.058 mole) of triphenyl phosphite in 200 mL 
of deoxygenated benzene is irradiated under nitrogen for 3% hours. The 
orange solution rapidly becomes red and some decomposition is observed. Filtra- 
tion and removal of the solvent are followed by primary chromatography on 15 
silica gel preparative TLC plates (TLC plates: 400 X 200 X 5 mm, Kiesel gel G, 
Typ. 60  Merck) using a 1: 1 petroleum ether-diethylether mixture as the eluent. 
Three bands are developed, corresponding, respectively, to carbonyl (methyl 8'- 
m-methylbenzoate)(thiocarbonyl)bis(triphenylphosphite)chromium from the 
front (0.8 g), the mixture of the two diastereoisomers (1.2 g), and finally, the 
starting material (0.3 g). 

The mixture of diastereoisomers is then dissolved in benzene (200 mL) and 
submitted to a second preparative TLC using a 2:6 benzene-hexane mixture as 
eluent (to avoid crystallization of the product on the plates, the quantity should 
not exceed 0.05 g/per plate). Diastereoisomer I (mp 140°, 0.5 g) is eluted first, 
followed by diastereoisomer 11 (mp 158", 0.5 g). Yield 30%Anal. Calcd. for I 

Starting with the S optically active dicarbonyl thiocarbonyl complex, the 
optically active disubstituted complex, mp 129" [a] = - 140", c = 1.22, CDCI3, 
and diastereoisomers are isolated: I ,  mp loo", [a ]E = +195", c = 1.06 g/L, 
CHCI3 and I I m p  119", [ a ] E  = -  276",c = 1.12 g/L, CHCl3. 

C,gH25Cr06PS: C, 59.59; H, 4.31. Found: C, 59.47; H, 4.26. 

Properties 
The relative amounts of the products depend on irradiation time, and the forma- 
tion of the bis (triphenyl phosphite) chromium complex may be almost com- 
pletely avoided by following the reaction with thin layer chromatography. The 
diastereoisomers are air stable and reasonably soluble in most organic solvents. 
Their infrared spectra exhibit a metal carbonyl band at 1925 cm-' (VCO ester at 
1729 cm-') and a metal thiocarbonyl band at 1925 cm-' (CH,CI2 solution). The 
NMR spectra. I :  ~ C H ,  at 1.87 ppm: GCO,CH, at 3.77 ppm; 11: ~ C H ,  at 1.77 
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ppm and GCO,CH, at 3.93 ppm (CDC13 solution), may be used for determina- 
tion of purity with respect to separation of the diastereoisomers. 

The planar chirality afforded by the substituted arene ring is removed by con- 
version of the ester function C02CH3 into CH3. The resulting q6-m-dimethyl 
benzene complex E owes its optical activity to the chiral chromium center. Thus 

I,  [a] M), is dissolved in 50 mL of diethyl ether and 
reduced to carbonyl(q,-m-dimethylbenzene)(thiocarbonyl)(triphenyl phosphite)- 
chromium, mp 161", [a]E = +223", c = 1.40 g/L, CHC13 solution, (0.018 
g, yield 69%) at room temperature using equimolecular amount of LiA1H4-AlCl3 
(0.380 g/1.33 g; M )  as reducing agent. The infrared spectrum contains v a  
at 1915 cm-' and ucs at 1205 cm-' (CH2C12 solution) and the NMR spectrum 
exhibits the diastereotopic methyl groups at ~ C H ,  at 2-13 and 1.86 ppm (CDC13 
solution). 

The (methyl q6-m-methylbenzoate)(thiocarbonyl)bis(triphenyl phosphite)- 
chromium gives the following spectroscopic properties: yc0 at 1723 cm-' 
(ester), and ucs at 1158 cm-' (CH2C12 solution); &-H, at 1.53 pprn and 
6c02 CH at 3.5 ppm (C6D6 solution). 

The thiocarbonyl ligand is expected to be more polar and reactive than the 
analogous carbonyl ligand and the observed ease of nucleophilic attack at the 
carbon atom supports this idea.' However, few of its specific properties have 
been recognized, with the exception of strong n-acceptor and the 
possibility of bridging through C and S.'57'6 

=+195" (O.O2g, 0.5 X 
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46. trans-[ CHLORO(THIOCARB0NYL)BIS- 
(TRIPHENYLPHOSPHINE)RHODIUM( I) J 

PPh, 
Rh(PPh&Cl + CS2 - rrans-[RhC1(CS)(PPh3),j t Ph3PS 

Submitted by M. KUBOTA* and C. 0. M. HO* 
Checked by Y. FUJIIt and V. MAINZt 

Baird and Wilkinson in 1966 reported the first syntheses of transition metal 
complexes containing the thiocarbonyl (CS) ligand.' The compounds truns- 
[RhX(CS)(PPh,),], where X = C1, Br, were obtained from the reaction of 
€UIX(PP~~)~ and CS, in approximately 50% yield. A crystallographic studyZ 
revealed that the Rh-C(S) bond distance is 0.07 A shorter than the Rh-C(O) 
bond distance in the analogous rhodium carbonyl complex. Other studies indi- 
cate that the CS ligand is a better a-donor and n-electron pair acceptor than 
C0.3 Triphenylphosphine and R ~ I C I ( P P ~ ~ ) ~  in a 1 : 1 mixture of methanol and 
carbon disulfide give an emerald-green solution from which a nearly quantitative 
yield of orange crystals of trans- [RhCl(CS)(PPh3)2] has been reported4 The 
synthesis presented here, which is an adaptation of the latter procedure, can be 
accomplished in 3 hours from the readily available starting compound 
RhCl(PPh3)3.s The compound trans-[ RhC1(CS)(PPh3),] is a useful starting 
material for the synthesis of a variety of thiocarbonyl complexes of rhodium(1) 
and rhodium(II1). 

Procedure 

.Caution. Carbon disulfde is high& flammable and toxic and should be 
vented out through an efficient fume hood. 
Chlorotris(triphenylphosphine)rhodium(I)s (1.42 g, 1.53 mmole), triphenyl- 

phosphine (4.0 g, 15.3 mmole), and a magnetic stirring bar are placed in a 
50-mL, round-bottomed flask fitted with a gas-inlet tube. The flask is purged 
with nitrogen because the starting reagent € U I C ~ ( P P ~ ~ ) ~  decomposes in the 
presence of oxygen and triphenylphosphine in solution under room illumination 
reacts with oxygen! (The product, trans- [RhCl(CS)(PPh,),] , does not react 
with oxygen.) Methanol (12 mL) that has been deaerated by bubbling nitrogen 
through it for 5 minutes is added. Freshly distilled carbon disulfide (10 mL) is 

*Department of Chemistry, Harvey Mudd College, Claremont, CA 9171 1. 
tDepartment of Chemistry, Univerisity of Illinois, Urbana, IL 6 1801. 
$Department of Chemistry, University of California, Berkeley, CA 94720. 
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then added in one portion. The flask is stoppered and stirred for 20 minutes, and 
then it is fitted with a condenser and heated at reflux for 30 minutes. 

The solvent is evaporated at reduced pressure, using a rotary evaporator and 
water aspirator. The remaining solid is dried in vacuo for 1.5 hours. The orange 
product is washed with two 5-mL portions of methanol and four 5-mL portions 
of cold diethyl ether. The product is dried in vacuo. Yield 932 mg (86%). The 
product may be recrystallized to remove possible triphenylphosphine contamina- 
tion by dissolving it in hot chloroform (50 mL), filtering if necessary, and then 
slowly adding 100 mL of ethanol (yield 50%). Anal. Calcd. far RhC3,HMC1P2S: 
C, 62.86; H, 4.28. Found: C, 62.66; H, 4.25. In addition to infrared absorption 
bands due to triphenylphosphine, trans- [RhCl(CS)(PPh,),] has a strong 
absorption band at 1300 cm-' (Nujol) that is attributed to C-S stretching. 

Properties 

Orange crystals of trans- [chloro(thiocarbonyl)bis(triphenylphosphine)rhodium- 
(I)] melt with decomposition at 259-262" in air.* The compound is stable in air. 
It is soluble in dichloromethane, chloroform, toluene, and benzene; only slightly 
soluble in methanol, ethanol, and diethyl ether; and insoluble in hexane, cyclo- 
hexane, and other hydrocarbon solvents. The chloro ligand may be readily 
substituted by metathesis, for example, to form tran~-[Rh(NCS)@!3)(PPh,)~] . 
The bromo derivative trans- [IUIB~(CS)(PP~,)~] has also been prepared from 
RhBr(PPh3),. Like its carbonyl analogue, trans- [RhCl(CS)(PPh,),] oxidative- 
ly adds chlorine,' bromine,' and tetracyanoethylene (ethylenetetracarboni- 
trile).7 The compound [R~(CS)(Q'-CS,)(PP~~)] [BPh4] has been isolated 
from solutions of trans- [RhCl(CS)(PPh,),] in methanol and carbon disulfide 
containing triphenylphosphine and sodium tetraphenylborate .' 
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*The checkers observed a decomposition temperature of 250-25 2". which agrees with the 
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47. trans-[ CHLORO(THIOCARB0NY L)BIS- 
(TRIPHENY LPHOSPHINE)IRIDIUM( I)] 

trans-[Ir(PPh3),(N2)C1] + CS2 + Ph3P -+ 

tran~-[Ir(PPh~)~(CS)Cl] + N2 + Ph3PS 

Submitted by M. KUBOTA* 
Checked by A. P. GINSBERG? and C. R. SPRINKLE? 

Whereas physical and chemical evidence strongly indicate that CS is a better 7- 
donor and Ir-acceptor ligand than carbon monoxide,' methods for the synthesis 
of thiocarbonyl analogues of the well-known metal carbonyl complexes are still 
somewhat limited in scope. The thiocarbonyl complex trans- [Ir(PPh3)2(CS)Cl] , 
which is analogous to the well-known complex trans- [Ir(PPh,),(CO)Cl] ,' was 
first prepared in low yield in 1968 by the reaction of carbon disulfide and 
Ir(PPh3)3C1.3 The synthesis of Ir(PPh3)2(CS)C1 from Ir(PPh3)2(N2)C14 can 
be a c c ~ m p l i s h e d ~ ' ~  in 3 or 4 hours in yields up to 70%. The isolable intermedi- 
ates in this reaction, Ir(PPh3)2Cl(C2S5) and Ir(PPh3)2Cl(CS)(CS3), may also 
be converted in high yield to Ir(PPh3)2(CS)Cl. The thiocarbonyl complex 
Ir(PPh3)2(CS)CI is a convenient starting material for a variety of thiocarbonyl 
iridium complexes .3*69 

Procedure 

.Caution. Carbon disulfide is highly flammable and toxic and should be 
vented out through an efficient fume hood. 

The nitrogen complex trans-[Ir(PPh3)2(N2)C1] (680 mg, 0.87 rnm01e)~ and a 
magnetic stirring bar are placed in a 100-mL, two-necked, round-bottomed flask. 
Nitrogen is slowly introduced from a tube fitted to one neck of the flask, and 
4 mL of cold carbon disulfide (about 5') is added in one portion through the 
other neck. The yellow nitrogen complex reacts rapidly with gas evolution to 
give an immediate dark-green solution which rapidly turns black. The reaction 
mixture is stirred to ensure that all of the nitrogen complex has reacted. The 
carbon disulfide is then evaporated with a stream of nitrogen, leaving a black 
product Ir(PPh3)2(C2S5)Cl.5 If the starting nitrogen complex is not of high 
purity, the black Ir(PPh3)2(C2S5)Cl may be recrystallized by dissolving it in 

*Department of Chemistry, Harvey Mudd College, Claremont, CA 91 71 1. 
t Bell Laboratories, Murray Hill, NJ  07974. 
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dichloromethane and precipitating it with excess methanol to give black micro- 
crystals. 

Triphenylphosphine (2 g), 14 mL of chloroform, and 7 mL of methanol are 
added to the black solid Ir(PPh3),(C2SS)CI. The nitrogen flow is reduced to 
maintain only a slight positive pressure in the flask, and a water-cooled con- 
denser is fitted to the other neck of the flask. The flask is heated with a heating 
mantle and the mixture is heated at reflux for 3 hours, during which time the 
reaction mixture turns from orange-brown to orange. After cooling, the orange 
crystals that form are collected on a medium-porosity filter. They are washed 
with four 5-mL portions of diethyl ether and dried in vacuo. Yield 485 mg 
(71%). The product may be recrystallized by dissolving in a minimum volume of 
chloroform and slowly adding twice that volume of methanol. Anal. Calcd. for 
IrC37H30C1P2S: C, 55.8; H, 3.80. Found: C, 55.4; €1, 3.66. In addition to 
absorption bands due to triphenylphosphine, tr~i~s-[Ir(PPli~)~(CS)Cl] has 
infrared absorption bands at 1332 cm-' (s) (Nujol) attributed to ucs and at 292 
cm-' (w) due to q-cl. Impure preparations of trans- [Ir(PPh,),(CS)CI] have 
infrared bands at 1360, 1050,868, and 838 cm-', which are due to intermediate 
products in the reaction.' These intermediate products may be converted to 
trails- [Ir(PPh,),(CS)Cl] by further heating at reflux with triphenylphosphine in 
chloroform-methanol. 

Properties 

trat~s-[Chloro(thiocarbonyl)bis(triphenylphosphine)iridium(I)] forms orange 
crystals that melt with decomposition at 260-270" * in air. The compound is 
stable in air, moderately soluble in chloroform, dichloromethane, and benzene, 
but only slightly soluble in methanol, diethyl ether, and hexane. Alkyl or aryl 
phosphine exchange gives6 products such as trans- [Ir [P(C6H,1)3]2(CS)C1] and 
[Ir(diphos),(CS)] * [diphos = ethylenebis [diphenylphosphine] or 1 ,Zbis(di- 
pheny1phosphino)ethane. Carbon monoxide bubbled through a solution of 
trans- [Ir(PPh,),(CS)Cl] gives6 the cationic dicarbonyl complex 
[Ir(PPh,),(CO),(CS)] +. With sodium tetrahydrobo,rate( I - )  and triphenylphos- 
phine in ethanol, the complex gives Ir(PPh3)3H(CS), and with carbon disultide 
and sodium tetraphenylborate the complex gives the cationic 
[Ir(PPh3)2(CS)($-CS2)] +. Like its carbonyl analogue, rratr~-[Ir(PPh,)~(CS)Cl] 

gives adducts with CO, SO2, BC13, HC1, tetracyanoethylene (ethylenetetracar- 
bonitrile), fumaronitrile, and [NO] [BF,] ,3q7 but unlike its carbonyl analogue 
the less basic thiocarbonyl complex does not react with hydrogen, oxygen, or 
boron trifluoride. 

*The checkers observed melting with decomposition in the 280-290" range. 
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48. (v'-CYCLOPENTADIENYL)NITROSYL CHROMIUM, 
MOLYBDENUM, AND TUNGSTEN COMPLEXES 

Submitted by BRIAN W. S. KOLTHAMMER,* PETER LEGZDINS,* 
and JOHN T. MALITO* 
Checked by JOSEF TAKATS? 

A. ALKY L AND ARYL(qS-CYCLOPENTAD1ENYL)DINITROSYL 
CHROMIUM, MOLYBDENUM, AND TUNGSTEN COMPLEXES 

Until recently, the only known alkyl and aryl(q5-cyclopentadieny1)dinitrosyl 
complexesof the group VIB metals [i.e., (qs-CsHS)M(NO),R, where M = Cr, Mo, 
W] were the methyl, ethyl, and phenyl derivatives of the chromium-containing 
compound. These derivatives can be prepared in low yields by the reaction of 
the appropriate Grignard reagent with (qS-cyclopentadienyl)diitrosylchromium 
bromide or iodide.' The recent utilization of alkyl- and arylaluminum com- 
pounds as alkylating or arylating agents now provides a high-yiefd synthetic 
route to a variety of such alkyl and ary1fq'-cyc1opentadienyl)dinitrosyl com- 
plexes [i.e., (qs-C5HS)M(NO)2R, M = Cr, Mo and R = CH3, C2H5, CH2CH(CH&, 
C6Hs; M = W and R = CH3, C6HS]'. The syntheses described below involve 
reactions characterized by the following general equation: 

*Department of Chemistry, The University of British Columbia, Vancouver, B.C., Canada, 

TDepartment of Chemistry, The University of Alberta, Edmonton, Alberta, Canada T6G 
V6T 1W5. 
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benzene / 
(qs-CSHS)M(NO)2C1 + R-Al, - (v5-CSHS)M(N0)2R + [Cl-Al,] 

Procedure 

The complexes are all prepared similarly and the four procedures outlined below 
provide representative examples of the general synthetic method. 

1. (~s-Cyclopentadienyl)isobutyldinitrosylchromium. A 200-mL, three- 
necked flask is fitted with a nitrogen inlet, an addition funnel, and a magnetic 
stirrer and it is thoroughly flushed with prepurified nitrogen. All of the manipul- 
ations in this and subsequent procedures are performed under prepurified 
nitrogen. The flask is charged with 1 .O g (4.7 mmole) of ($-C5HS)Cr(N0)2C13.5 
and 25 mL of benzene (reagent grade dried by distillation from potassium metal 
and deaerated with prepurified nitrogen). A solution of 0.68 g (4.8 mmole) of 
hydridodiisobutylaluminum* in 30 mL of benzene is introduced by syringe into 
the addition funnel and is added dropwise over a period of 30 minutes to the 
stirred reaction mixture at  room temperature. A red-brown oil deposits on the 
walls of the flask during this addition. Stirring is then continued until the 
infrared spectrum of the supernatant liquid no longer exhibits nitrosyl ab- 
sorptions due to the initial reactant (about 2 hours). The reaction mixture is 
concentrated in vacuo to about 15 mL and the green supernatant solution is 
transferred by syringe onto a short (3 X 7 an) column of alumina (Woelm 
neutral grade 1) made up in benzene. The colunln is eluted with benzene (about 
150 mL) until the eluate is colorless and the bulk of the solvent is then removed 
from the eluate in vacuo (about lo-' mm). Removal of the last traces of benzene 
under high vacuum (<0.005 mm for 2 hr) at room temperature affords 0.42 g 
(38% yield) of analytically pure ($-CsHS)Cr(NO)2(i-C4H9) as a green oil. Anal. 
Calcd. for C9Hl4CrN2O2: C, 46.15; H, 6.03; N, 11.96. Found: C, 45.87; 
H, 6.18; N, 11.78. 

2. (q5-Cyclopentadieriyl)dirzitrosylphenylmolybdenum. A 200-mL, three- 
necked flask equipped with a nitrogen inlet, an addition funnel, and a magnetic 
stirrer is charged with 1 .O g (3.9 mmole) of (~s-CSHs)Mo(NO)2C13's and 25 mL 
of benzene. A solution containing 0.35 g (1.4 mmole) of freshly prepared tri- 
phenyla l~minum~ in 75 mL of benzene is preparedt and is introduced by 
syringe into the addition funnel. This solution is added dropwise over a period of 
30 minutes to the stirred reaction mixture at room temperature. After addition 
is complete, the mixture is stirred for 1 hour, during which time a small amount 

*Available from Texas Alkyls Inc., Stauffer Chemical Co., Specialty Chemical Division, 
Westport, CT 06880. Solutions of  various organoaluminum reagents in hydrocarbon solvents 
may also be purchased directly from Tesas Alkyls Inc. 

tWarming the mixture to 40-50" may be necessary to effect dissolution. 
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of a red-brown solid forms. The infrared spectrum of the final supernatant liquid 
should not exhibit any nitrosyl absorptions attributable to the starting material. 
The mixture is then concentrated in vmuo to about 15 mL and the supernatant 
green solution is transferred by syringe onto a 7 X 5 cm alumina column pre- 
pared in benzene. The solution is carefully chromatographed with benzene as 
solvent until the first yellow-green band is eluted (about 100 mL). The solvent 
is removed from the eluate under high vacuum (C0.005 mm) at room tempera- 
ture for 4 hours. The dark-green oil that remains is an analytically pure sample 
of ($-CsHs)Mo(NO),(C6Hs) (0.60 g, 52% yield). Anal. Calcd. for CIIHlo- 
M0N202: C, 44.30; H, 3.36; N, 9.40. Found: C, 44.48; H, 3.42; N, 9.22. 

3. (qS-Cyclopentadienyl)ethyldinitrosylmo~bderzum. A 100-mL three-neck- 
ed flask fitted with a nitrogen inlet, an addition funnel, and a magnetic stirrer is 
charged with 1.28 g (5.00 mmole) of (~s-CsHS)Mo(N0)2C135 and 20 mL of 
benzene and is cooled in an ice bath. A solution containing 0.57 g (5.0 mmole) 
of triethylaluminum in 15 mL of benzene is introduced by syringe into the addi- 
tion funnel and is added dropwise to the stirred reaction mixture. The progress 
of the reaction is monitored by infrared spectroscopy and the triethylaluminum 
reagent is added until the nitrosyl absorptions due to the initial reactant dis- 
appear. (This reaction produces a dark-red oil as a by-product and if an excess of 
triethylaluminum is used, the yield of the desired product is markedly reduced.) 
The final reaction mixture is concentrated in vacuo to about 10 mL and the 
supernatant solution is transferred by syringe onto a 3 X 10 cm alumina column 
prepared in benzene. Elution of the column with benzene until the washings 
are colorless (about 150 mL) produces a bright-green eluate. The bulk of the 
solvent is then removed from the eluate in vucuo (about 10-’ mm). Removal of 
the last traces of benzene under high vacuum (<0.005 mm for 1.5 hr) at room 
temperature affords 0.72 g (57% yield) of (gs-CSHs)M~(N0)2(CZH5) as a dark- 
green oil. Anal. Calcd. for C7HI,MoN20,: C, 33.62; H, 4.03; N, 11.20. Found: 
C, 34.05; H, 4.26; N, 10.90. 

4. (.r)S-Cycl~~pentadienyl)methyldinitrosylti~ngsten. A 200-mL, three-necked 
flask equipped with a nitrogen inIet and magnetic stirrer is charged with 1.72 g 
(5.00 mrnole) of ($-C5HS)W(N0)2C13’S and 80 mL of benzine. A solution of 
0.72 g (10 mmole) of trimethylaluminum in 20 mL of benzene is introduced by 
syringe directly into the reaction flask. The mixture is stirred at room tempera- 
ture for 24 hours, during which time a red oil deposits. The infrared spectrum of 
the final reaction mixture shows nitrosyl absorptions of approximately equal 
intensities attributable to both the initial reactant and the desired product. 
[Optimum yields of ($-CsH5)W(NO)2(CH3) are obtained with this reaction 
time and further reaction leads only to extensive decomposition.] The final 
mixture is concentrated to about 10 mL irr vacuo and the supernatant liquid is 
purified by chromatography on a 5 X 12 cm alumina column with benzene as 
eluent until the washings are colorless (about 150 mL). The eluate is evaporated 

Transition Metal Organometallic Compounds 
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to dryness in VQCUO and the resultant solid is sublimed at 35-40" (0.005 mm) 
onto a water-cooled probe to obtain 0.15 g (10% yield) O ~ ( ~ ' - C ~ H ~ ) W ( N O ) ~ C H ~ )  
as a green solid. Mp 96.0-96.5". Anal. Calcd. for C6H8N202W: C, 22.24; H,  2.49; 
N, 8.65. Found: C, 22.48; H, 2.50; N, 8.51. 

Properties 

The properties of these compounds have been discussed previously.' The com- 
plexes are green oils or solids readily soluble in organic solvents. They are stable 
in air for short periods of time but are best stored under nitrogen at tempera- 
tures below 0". The characteristic IR stretching frequencies for these compounds 
are listed below. 

Compound vNo(in hexane)(cm-') 

B. BIS[ (~5-CYCU)PENTADIENYL)DINLTROSYLCHROMIUM] 

The compound [($-C5Hs)Cr(N0)2] was first prepared in low yields (<5%) by 
the reduction of ( T ~ ~ - C ~ H ~ ) C ~ ( N O ) ~ C ~  with sodium tetrahydroborate in a two- 
phase water-benzene system.6 Recently, this complex was isolated in 75% yield 
from the zinc amalgam reduction of ($-C5H5)Cr(N0)2Cl in tetrahydrofuran 
over a period of 21 hours.2 However, [(q5-C5HS)Cr(NO),] is synthesized most 
conveniently by the reduction of the above-mentioned chloro complex with 
sodium amalgam in benzene as outlined below. 

benzene 
~ ( Q ~ - C ~ H ~ ) C ~ ( N O ) ~ C ~  t 2Na/Hg - [($'-CsHs)Cr(NO)2] t 2NaCl 

Procedure 
A 200-mL, three-necked flask fitted with a gas inlet and an egg-shaped magnetic 
stirring bar is thoroughly flushed with prepurified nitrogen. (All subsequent 
manipulations are performed under nitrogen in a well-ventilated fume hood.) 
The flask is charged with 4 mL of mercury, and an approximately 1% sodium 
amalgam is formed by the addition of 0.5 g (20 mmole) of sodium in about 0.1-g 
portions. The freshly prepared amalgam is then covered with 60 mL of benzene 
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(reagent grade dried by distillation from potassium metal and deaerated with 
prepurified nitrogen). A solution of 1.06 g (5.00 mmole) of ($-CSHs)Cr- 
(NO)2C13’s in 60 mL of benzene is transferred by syringe onto the vigorous@ 
stirred amalgam at room temperature. The original yellow-green solution 
becomes deep red and a gray solid precipitates as the reaction progresses. The 
reaction mixture is stirred until the infrared spectrum of the supernatant liquid 
indicates the absence of the initial reactant (about 1.5 hr). (Reaction beyond 
this point leads to decomposition of the desired product.) The final mixture is 
allowed to settle, and the supernatant liquid is removed by syringe from the 
amalgam and is filtered through 3 X 3 cm of Celite supported on a medium- 
porosity Schlenk-type filter frit. The fdtrate is concentrated in vucuo to about 
20 mL and is transferred to a short (2 X 5 cm) column of alumina (Woelm 
neutral grade 1) in benzene. Elution of the column with benzene until the 
washings are colorless (about 120 mL) produces a deep-purple eluate. The eluate 
is taken to dryness in vacuo and the remaining purple solid is dried thoroughly 
under high vacuum (<0.005 mm for 2 hr) at room temperature to obtain 0.50 g 
(56% yield) of analytically pure [($-CSH5)Cr(NO)2 J 2 .  Anal. Calcd. for 
C10H10CrZN404: C, 33.91; H, 2.85; N, 15.82. Found: C, 33.78; H, 2.75; N, 
15.82. 

Properties 

The properties of this compound have been discussed previously! The complex 
is a purple-black solid readily soluble in organic solvents. The solid is stable in 
air for short periods of time but indefinitely under nitrogen. It melts at 146.5- 
147.0’ with some decomposition and its IR spectrum in CH2C12 exhibits q o  at 
1667 (s) and 15 12 (m) cm-’ . 
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49. OLEFIN COMPLEXES OF PLATINUM 

Submitted by J. L. SPENCER* 
Checked by S. D. ITTELt and M. A. CUSHING, JR? 

Significant advances in organonickel chemistry followed the discovery of 
rr~ns,trans, trans-( 1,5,Pcyclododecatriene)nickel, Ni(cdt),%d bis( 1,5-cycloocta- 
diene)nickel Ni(cod)? by Wilke e t  al.' In these and related compounds, 
in which only olefinic ligands are bonded to the nickel, the metal is 
especially reactive both in the synthesis of other compounds and in catalytic 
behavior. Extension of this chemistry to palladium and to platinum has hither- 
to been inhibited by the lack of convenient synthetic routes to  zero-valent com- 
plexes of these metals in which mono- or diolefins are the only ligands. Here we 
described the synthesis of bis(l,5-cyclooctadiene)platinum, tris(ethy1ene)- 
platinum, and bis(ethylene)(tricyclohexylphosphine)platinum. The compound 
Pt(cod)2 (cod = 1,5-cyclooctadiene) was first reported by Miiller and Goser,2 
who prepared it by the following reaction sequence: 

(a) i-Pr MgBr, -40" uv 
PtCl, (cod) Pt(i-Pr),(cod) - Pt(cod), 

(b) MeOH, -50" cod 

The method described below provides a more reliable synthetic route to this 
compound. 

A. BIS( 1 ,5-CYCLOOCTADIENE)PLATINUM(O) 

2Li t C8H8 + Li2C8H8 

LizC8Hs t Pt(CsH12)C12 t CllIllz + Pt(CsHl2), t 2LiCl t CBHs 

Procedure 

Dichloro( 1,5-cyclooctadiene)platinum(II) may be prepared from hexachloro- 
platinic acid,3 by heating bis(benzonitrile)dichloroplatinum(II)4 in 1,5-cyclo- 

*Department of Inorganic Chemistry, The University of Bristol, Bristol BS8 ITS, England. 
tCentral Research and Development Department, E.I. du Pont de Nemours and Co., Inc., 

Experimental Station, Wilmington, DE 19898. 
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octadiene at 145°C for 5 minutes or from potassium tetrachloroplatinate.' The 
complex PtC12(cod) has a very low solubility in the reaction mixture and must 
be finely ground to ensure complete reaction. Commercial 1,5-cyclooctadiene is 
often wet and contaminated with other impurities and should be distilled from 
sodium immediately prior t o  use. The 1,3,5,7-~yclooctatetraene* should also be 
distilled. All solvents are dried and distilled under nitrogen. In particular, 
peroxide-free diethyl ether is first dried over sodium wire and then distilled 
under nitrogen from lithium tetrahydroaluminate. (Caution. This distillation 
should be carried out behind a shield, and the still pot must not be allowed to go 
to dryness.) 

1. Preparation of (1,3,5,7-cyclooctatetraene)dilithium ( L i 2 C a 8 ) .  Lithium 
foil (0.7 g, 100 mmole) is suspended under nitrogen in dry diethyl ether (80 
mL) in a magnetically stirred lOO-mL, two-necked, round-bottomed flask at 0". 
A 2.5-g sample (24 mmole) of 1,3,5,7-~yclooctatetraene is added and the 
mixture is stirred for 16 hours. The small quantity of white precipitate is 
allowed to settle, an aliquot of the orange solution is removed with a syringe, 
and the molarity is checked by hydrolysis and titration against standard acid. A 
saturated solution of (1,3,5,7-cyclooctatetraene)dilithium is about 0.24 M. 
(Caution. The solution is no more flammable than diethyl ether but solid 
L i 2 C a 8  is pyrophoric in air.) 

2 .  Preparation of bis(1,S-cyclooctadiene)platinum(O). A 250-mL, three- 
necked, round-bottomed flask is charged with 3.7 g (10 mmole) of dichloro(1J- 
cyclooctadiene)platinum(II) and equipped with a Teflon magnetic stirring bar, a 
pressureequalizing dropping funnel, and a stopcock adapter connected by a 
T-piece to a supply of dry nitrogen and a mineral oil bubbler. The apparatus is 
flushed with nitrogen, and 15 mL of deoxygenated 1,5-cyclooctadiene is added 
through the third neck, which is then closed. The flask and its contents are 
cooled in a Dry Ice-isopropyl alcohol bath at -40". The diethyl ether solution of 
(cyc1ooctatetraene)dilithium (1 0 mmole) is transferred to the dropping funnel 
with a hypodermic syringe and then added dropwise to the rapidly stirred slurry 
over a period of 45 minutes, while the temperature is maintained at -50 to -30". 
When the addition is complete, the cream-colored mixture is allowed to warm to 
0" (30 min). The dropping funnel is replaced by a stopcock adapter connected 
to a vacuum line by a large solvent trap, cooled by liquid nitrogen, and the ether 
is distilled off at  reduced pressure. Excess 1,5-~yclooctadiene and cyclooctate- 
traene are then removed at 10" (0.01 torr) until the residue is quite dry. 
Nitrogen is readmitted to the flask, and the pale-tan solid is extraced with five 
50 mL portions of toluene at 20". The extract is filtered under nitrogen through 

*Available from BASF Aktiengesellschaft, 6700 Ludwigschafen, Germany or Aldrich 
Chemical Co., 940 W. St. Paul Ave. Milwaukee, W153233.  
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a short column (8 X 2.5 cm) of alumina* into a 500-mL, round-bottomed flask. 
After the column is washed with a further 50  mL of toluene, the combined 
filtrate and washing are evaporated at reduced pressure (20") to a volume of 
approximately 15 mL. The mother liquor is then removed with a syringe from 
the off-white crystals, which are washed with diethyl ether (four 5-mL portions) 
and dried, first in a stream of nitrogen, then under vacuum (20", 0.01 torr, 1 hr) 
to give 1.6-2.4 g (40-60% yield) of Pt(CRH12)2. Anal. Calcd. for CI6Hz4Pt: 
C, 47.4; H, 5.9. Found: C, 47.7; H, 5.7. The material so prepared is generally 
pure enough for most purposes. Pure white crystals may be obtained by dissolu- 
tion in a large volume of petroleum ether (approximately 80 mL/mmole), filtra- 
tion through alumina, and recrystallization at - 78". 

Properties 

Bis( 1,5-cyclooctadiene)platinum is appreciably more oxidatively and thermally 
stable than the nickel analogue, and the dry solid may be handled safely in air.6 
The 1,s-cyclooctadiene groups are readily displaced by a range of other ligands, 
including phosphines, ethylene, strained olefins, and isocyanides. In several 
instances it has been found that the order of addition is important in these 
displacement reactions, the best results being obtained when the Pt(C,H 12)2 is 
added slowly to a solution of the ligand. 

The 'H NMR spectrum (C,D,) shows resonances at 7 5.80 [m, 8H, CH, J p t ~  at 
55 Hz] and 7.81 [m, 16H, CHz].  The I3C NMR spectrum (C6D,, proton 
decoupled) shows resonances at 6 73.3 ppm [C=C, Jptc at 143 Hz] and 633.2 
ppni [CH2, Jp, at 15 Hz] . 

B. TRIS(ETHY LENE)PLATINUM(O) 

Procedure 
Ethylene (C.P. grade) may be used directly f;om the cylinder without further 
pruif'ica tion. 

.Caution. The entire prepurutiori is performed under uti utniosphere of 
ethylene. Also,  the piiysiologicul properties of the product, which is quite vola- 
tile, have tiot beeti iiivcsrigated. Therefore all operutiom should bc curried out iii 
a well-ventilutetl hood. 

An 80-mL Schlenk tube,' with magnetic stirring bar and containing ?O-mL of 
petroleum ether (bp 40-60"), is flushed continuously with ethylene and cooled 
in ice for 10 minutes. Bis( 1,5-cyclooctadiene)platinum is added in 0.1-g 

*BLlH, Brockman activity 11. 
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portions, with rapid stirring, until no more dissolves readily (about 1.1 g). (If too 
much bis(1,S-cyc1ooctadiene)platinum is added, or if it is added too quickly, an 
insoluble white precipitate forms.) The tube is then temporarily sealed (to 
prevent large volumes of ethylene from dissolving in the solution) and cooled 
with a toluene slush bath (-96") for 40 minutes, during which time a mass of 
white crystals of product forms. When crystallization is complete, ethylene is 
readmitted, another Schlenk tube is attached to  the first by means of a curved 
glass transfer tube, and the supernatant liquid is decanted into the second tube. 
The tubes are separated, and the crude solid is redissolved in 9 mL of petroleum 
ether at room temperature, and the solution is filtered through a sintered-glass 
frit (porosity 3, fine) into a clean Schlenk tube. The product is again crystallized 
at -96", and the supernatant liquid is decanted into the tube containing the first 
mother liquor. One further recrystallization from pentane or light petroleum 
ether (5 mL of bp 30-40") gives, after drying at -40" (0.01 torr for 1 hr), a 
0.42-g (56%) yield of white crystals of tris(ethylene)platinum(O). Anal. Calcd. 
for C6HI2Pt: C, 25.8; H, 4.3. Found: c ,  25.2; H, 4.5. 

A considerable quantity of the Pt(cod)2 (20%) may be recovered by passing 
the combined mother liquors through a small pad of alumina and evaporating 
the filtrate to dryness at reduced pressure. 

Transition Metal Organometallic Compounds 

Properties 

Tris(ethylene)platinum(O) is stable for several hours st 20" under 1 atm of 
ethylene and keeps for many weeks at -20°.6 In the absence of ethylene, 
decomposition to metallic platinum occurs in minutes at room temperature. The 
complex is quite volatile, with a vile smell, and sublimes slowly at 20" in an 
atmosphere of ethylene onto a cold finger at 0'. 

Despite the obvious lability of the complex, the 'H NMR (C6H6,C2H4 1 atm) 
shows a well-defined singlet, 76.94, with 19'Pt satellites (JPM at 57  Hz), as well 
as the signal for free ethylene at 74.72, although at 40" both signals begin to 
broaden. 

Other tris(olefin)platinum(O) complexes (where olefin represents a strained 
olefin such as bicyclo [2.2.1] heptene, dicyclopentadiene, or trans-cyclooctene) 
may be similarly obtained by direct displacement of 1 ,Scyclooctadiene, often in 
quantitative yield .6 

C. BIS(ETHYLENE)(TRICYCLOHEXYLPHOSPHINE)PLATINUM(O) 
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Procedure 

This preparation should be carried out in a well-ventilated hood. 
To a 250-mL two-necked round-bottomed flask, fitted with a magnetic stirring 

bar, is added 90 mL of petroleum ether (bp 30-40"), cooled to 0". The apparatus 
is flushed with ethylene until the solvent is saturated. Bis( 1,s-cyc1ooctadiene)- 
platinum (3.8 g, 9.2 mmole) is added in small (0.2 g) portions, each portion 
being allowed to dissolve before the next is added. A petroleum ether solution of 
tricyclohexylphosphine* (2.6 g, 9.2 mmole in 15 mL) is added slowly. After a 
brief evolution of gas, crystallization of the product begins. The ethylene source 
is removed, and the flask is flushed with a slow stream of nitrogen for 1 hour. 
The supernatant liquid is decanted into a clean flask, and the crystals are washed 
well with cold petroleum ether (four 10-mL portions), the washings being added 
to the mother liquor. The white crystals may be dried at 20" (0.05 torr) for 1 
hour. Anal. Calcd. for C22H41PPt: C, 49.7;H, 7.8. Found: C, 49.5; H, 8.2. 

A second crop of crystals may be obtained as follows. The combined mother 
liquor and washings are evaporated to complete dryness at reduced pressure, and 
the residue is dissolved in petroleum ether (50-100 mL) under an atmosphere of 
ethylene. This solution is filtered through a short column of alumina (2 X 5 
cm), under ethylene, into a round-bottomed flask. Evaporating the solvent to a 
small volume gives the second crop of Pt(CZH4)2P(C6H11)3; combined yield 
4.2 g (85%). 

Properties 

Bis(ethylene)(tricyclohexylphosphine)platinum(O) is a white crystalline solid 
that may be handled safely in air, but should be stored in an inert atmosphere. It 
is slightly soluble in petroleum ether and readily dissolves in aromatic solvents to 
give reasonably stable solutions, even in the absence of dissolved ethylene. The 
'H NMR spectrum (C6H6) shows a sharp singlet with 19'pt satellites at T 7.25 
(CzH4, Jp, = 57 Hz) and a broad featureless resonance centered at T 8.5 (C6H11). 

The complex undergoes a variety of reactions to afford organoplatinum com- 
pounds. With triorganosilanes and germanes, it I gives binuclear complexes 

[Pt(H)(MR,)(.P(C,H,,),)] (M = Si, Ce; R = Me, Et, C1, OEt), and with allyltri- 
methylstannane it gives the v3-allyl complex Pt(SnMe3)(C3HS)(P(C6Hll),).8 

References 

1. P. W. Jolly and G. Wike,  The Organic Chemistry of Nickel, Vol. 1 and 2, Academic 
Press Inc., New York, 1974, 1975. 

2. J.  Muller and P. Goser, Angew. Chetn. Int. Ed., 6 ,  364 (1967). 
3. D. Drew and J. R. Doyle, Inorg. Syndr.. 13, 48 (1972). 

*Available from Strem Chemicals Inc., P.O. Box 212. Danvers, MA 01923. 
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5 .  J .  X. McDermott, J .  F. White, and C. M. Whitesides, J. Am. Chem. SOC., 98, 6521 

( 1  976). 
6. M. Green, J. A. K .  Howard, J. L. Spencer and F. C. A. Stone, J. Chem. SOC. Dalton 

Trans., 1977, 271; Chem. Commun., 1975, 3, 449. 
7. D. F. Shriver, The Manipulation of Air-Sensitive Compounds, McCraw-Hill Book Co., 

New York, 1969. 
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50. DI-p-CHLORO-BIS(g4- 115-CYCLOOCTADIENE)- 
DIRHODIUM(1) 

Submitted by G. GIORDANO* and R. H. CRABTREE? 

Checked by R. M.  HEINTZ,* D. FORSTER,* and D. E. MORRIS$ 

Di-p-chloro-bis(v4- 1,5-cyclooctadiene)dirhodium(I), [ RhCl( 1 ,5-C8H 12)] 2 ,  has 
been prepared in 60% yield by reducing rhodium trichloride hydrate in the 
presence of excess olefin in aqueous ethanol.' In the present preparation the 
yield has been greatly increased (to 94%). Two related complexes, [RhCI(l,S- 
C6Hl0)]2' and [ € U I C ~ ( C ~ H ~ ~ ) ~ ] ~ ,  are similarly prepared in high yield from 1,5- 
hexadiene and 2,3-dimethyl-2-butene, respectively. 

Such diene complexes can be used to prepare homogeneous hydrogenation 
catalysts in sifu, especially where a variable tertiary phosphine/rhodium ratio is 
required' or where an asymmetric tertiary phosphine is employed for asym- 
metric synthesis4 The cyclooctadiene complex is also the starting point for the 
preparation a number of complexes of the type [Rh(l ,5-C8H12)L2]+ (L repre- 
sents a variety of P- and N- donor ligands) of interest in homogeneous 
catalysis .' 

Procedure 

2RhC13 + 2C8HI2 + 2CH3CH20H + 2Na2CO3 + 

[RhCl(C8HI,)], + 2CH3CH0 + 4NaCl + 2 C 0 2  + 2H20 

A 100-mL, two-necked, round-bottomed flask is fitted with a reflux condenser 
connected to a nitrogen bubbler. The flask is charged with 2.0 g (7.6 mmole) of 

*Present address: Istituto di Chimica Generale, Universith, Via Venezian 21, 20133 

?Sterling Chemistry Laboratory, Yale University, New Haven, CT 06520. 
ZMonsanto Chemical Co,  St Louis, MO 63166. 

Milano, Italy. 
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rhodium trichloride trihydrate§ (a generous loan of the Compagnie des Me'taux 
Prkcieux) and 2.2 g (7.7 mmole) of sodium carbonate decahydrate.* Under 
nitrogen, 20  mL of deoxygenated ethanol-water (5:l)  and 3 mL of 1J-cyclo- 
octadienet are added and the mixture is then heated at reflux with stirring for 
18 hours, during which time the product precipitates as a yellow-orange solid. 
The mixture is cooled and immediately filtered and the product is washed 
with pentane and then with methanol-water (1 : 5 )  until the washings no longer 
contain chloride ion. The product is dried in vacuo. Yield 1.67 g (94%). Anal. 
Calcd. for C16H24C12Rh2: c ,  38.97; H, 4.91; C1, 14.38; Rh, 41.74. Found: c, 
39.01; H, 4.80; C1, 14.08. 

Properties 

Di-p-chloro-bis(~~- 1 ,5-cyclooctadiene)dirhodium(I) is a yellow-orange, air-stable 
solid. It can be used directly as obtained for preparative purposes' or as a pre- 
cursor for homogeneous  catalyst^."^ It can be recrystallized from dichloro- 
methane-diethyl ether to give orange prisms. The compound is soluble in dichloro- 
methane somewhat less soluble in acetone and insoluble in pentane and diethyl 
ether. Characteristic strong bands occur in the infrared spectrum at 819,964, and 
998 cm-' (Nujol mull). The cyclooctadiene vinylic protons resonate in the 'H NMR 
spectrum at T 5.7 and the allylic protons at  T 7.4-8.3 (deuteriochloroform 
solution). Other physical properties are given by Chatt.' 

Analogous Complexes 

The 1,5-hexadiene complex, [RhC1(C6HlD)] 2,  may be prepared by this method 
with a reaction time of 24 hours. The temperature should not exceed 40" to 
avoid the deposition of metallic rhodium. Under these conditions the yield is 
85% of analytically pure product. 

The new 2,3-dimethyl-2-butene complex, [RhC1(C6H12)2]2, is prepared by 
a similar method, in which the solution is left at 20" for 30 days instead of 
being refluxed. A trace of metallic rhodium is deposited. This is removed by 
recrystallization from dichloromethane-diethyl &her to give an analytically pure 
product; yield 75%. 

References 

1 .  J .  Chatt and L. M. Venanzi, J.  Chem. Soc., 1957, 4135. 

§Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 
*The checkers obtained an off-color (olive-green) product when using sodium carbonate. 

However, in the absence of sodium carbonate they repeatedly obtained the expected yellow- 
orange product in good yields (90-94%) and time periods (18 hr). 

Available from Aldrich Chemical Co., 940 W. St. Paul Ave., Milwaukee, WI 53233. 
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2. C. Winkhaus and H. Singer, Chem. Ber., 99, 3602 (1966). 
3. J. A. Osborn and G. Wilkinson, J. Chem. SOC., A ,  1968, 1054. 
4.  L. Horner, H. Buethe, and H. Siegel, Tetrahedron Lett.,  4023 (1968); H .  B. Kagan, and 

T-P. Dang, J. Am. Chem. SOC., 94,6429 (1972); W. S. Knowles, J .  J .  Sabacky, and B. D. 
Vineyard, Chem. Commun., 1972, 10. 

5 .  R. R. Schrock and J .  A. Osborn, J. Am. Chem. SOC.. 93,2397 (1971). 

5 1: (q3-ALLYL)PALLADIUM(II) COMPLEXES 

Submitted b y  YOSHITAKA TATSUNO,* TOSHIKATSU YOSHIDA,* 
and SEIOTSUKA* 
Checked by NAJEEB ALSALEM? and BERNARD L. SHAW? 

(q3-Ally1)(q5-cyclopentadienyl)palladium(Il), first prepared by B. L. Shaw,' is a 
labile organopalladium compound useful for preparations of various Pd(0) 
complexes. The present preparation from bis(~3-allyl)di-~-chloro-dipalladium 
(11) follows the method of Shaw. 

A. BIS(~3-ALLYL)DI-~-CHLORO-DIPALLADIUM(II)2 

2Na2PdC14 + 2CH2=CHCH2Cl + 2CO + 2H20 + 

(q3-C3HS)2Pd2Cl2 + 4NaC1 + 2C02 + 4HC1 

Procedure 
Caution. The preparation should be performed in a well ventilated hood. 
A 200-mL, two-necked, round-bottomed flask equipped with a magnetic 

stirring bar, a gas inlet tube, and a condenser topped with a bubbler is charged 
with an aqueous solution of palladium(I1) chloride (4.4q g, 25 mmole) and 
sodium chloride (2.95 g, 50 mmole) in 10 m L  of H 2 0 ,  followed by methanol 
(60 mL) and ally1 chloride (3-chloro-1-propene) (6.0 g, 67 mmole). Carbon 
monoxide is passed slowly (2-2.5 L/hr) under stirring through the reddish-brown 
solution by way of a gas-inlet tube for 1 hour. The bright yellow suspension thus 
obtained is poured into water (300 mL) and extracted with chloroform (2 X 

*Department of Chemistry, Faculty of Engineering Science, Osaka University, Toyonaka, 

?School of Chemistry, University of Leeds, Leeds LS2 9JT, England. 
Osaka, Japan 560. 
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100 mL). The extract is washed with water (2 X 150-mL portions) and dried 
over calcium chloride. Evaporation under reduced pressure (20 torr) gives yellow 
crystals. Yield 4.3 g (93%). The crude product can be used without further puri- 
fication. The analytically pure sample can be obtained by recrystallization 
from a mixture of dichloromethane/hexane. The compound decomposes at 
155-156". Anal. Calcd. for C6HloCI2Pd2: C, 19.49; H, 2.73. Found: C, 19.60; H, 
2.75. 

Properties 

The air-stable, yellow, crystalline compound is soluble in benzene, chloroform, 
acetone, and methanol. The 'H NMR spectrum (CDC13) shows two doublets at 
6 3.03 (anti CH2, J = 12.0 Hz) and 4.10 ppm (syn CH2, J = 7.1 Hz), and a 
triplet at 6 5.48 ppm (CH) in a relative ratio of 2:2: 1. A variety of reactions of 
this compound are summarized in several reviews3 

B. ($-ALLYL)(77'-CYCLOPENTADIENYL)PALLADIUM(II) 

( v ~ - C ~ H , ) ~ P ~ ~ C ~ ~  + 2NaC5H5 + 2Pd(773-C3Hs)(775-CSIIg) + 2NaCl 

Procedure 

.Caution. (773-A11yl)(77'-cyclopentadienyl)palladium is volatile and has an 
unpleasant odor. A s  rhe toxity is unknown. all manipulations should be carried 
out in an efficient hood. All solvents are dried over sodium metal and distilled 
under nitrogen. 

A tetrahydrofuran (THF) solution of sodium ~yclopentadienide~ is prepared 
by adding freshly distilled cyclopentadiene' to a sodium suspension in THF. The 
concentration of the resulting pale-pink solution can be determined by titration 
with acid. 

In a 300-mL, three-necked flask equipped with a three-way stopcock, a 
pressure-equalizing dropping funnel, and a Teflon-coated magnetic stirring bar, is 
placed bis(~3-allyl)di-p-c~~ro-dipalladium(II) (9.9 g, 27 mmole). The flask is 
evacuated and filled with nitrogen three times. THF (100 mL) and benzene (100 
mL) are added through the three-way stopcock under nitrogen, with a syringe, 
to give clear yellow solution. The flask is then cooled with an ice-sodium chloride 
mixture to -20". A THF solution of sodium cyclopentadienide (54 mmole in 28 
mL of THF) is transferred by syringe to a nitrogen-flushed dropping funnel and 
is then added dropwise to the cooled solution with stirring at -20". The solution 
changes slowly from yellow to a dark red. After 1 hour the ice bath is removed 
and the temperature of the reaction mixture is allowed to reach room tempera- 
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Filtration funnel 

Fluted filter paper 

Schlenk flask 

Fig. 1. Simple apparatus for filtering under inert atomsphere. The flow of 
nitrogen or arsgon is controlled by a finger over the base of the needle. 

ture with stirring. The stirring is continued for an additional 30 minutes. The 
solvents are removed by distillation in vacua (30-60 torr) t o  give a dark-red solid. 
If the pressure is lower than 30 torr, a considerable amount of the palladium 
complex sublimes at 25". The solid residue is extracted with hexane (80 mL) 
and the extract is filtered through a dried filter paper under a nitrogen at- 
mosphere in a filtration funnel as shown in Fig. l.* The red filtrate is evaporated 
in vacuo (30-60 torr), affording red needles of ($-allyl)(q5-cyc10pentadienyl) 
palladium(I1). The yield is about 9.2 g (80%).t 

*As a regular glass filter will become clogged, it is not suitable for this filtration. 
tThe checker used a mechanical stirrer and obtained the a 98% yield. 
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The product can be used for most preparations of palladium(0) complexes. 
This compound can be further purified by sublimination at 40” under 30 torr, 
with slightly decreased yield. Anal. Calcd. for C8HloPd: C, 45.20;  H, 4.74. 
Found: C, 45.20;  H, 4 . 7 7 .  

Properties 

(~~-Ally1)(~~-cyclopentadienyl)palladium(I1) is an easily sublimed compound 
with an unpleasant odor. It forms red, needlelike crystals that decompose at 61”. 
In the solid state it is fairly stable, although it decomposes gradually at room 
temperature to give-a black solid that is insoluble in hexane. It is therefore 
recommended that the complex be stored below -20” under nitrogen. The ‘H 
NMR spectrum (C,D,) shows signals at S 2.14 (2H, doublet, J = 11 Hz), 3.1 1 
(2H, doublet, J = 6 Hz), and 4.63 ppm (lH, complex) for the q3-allyl protons, 
and a signal at S 8.1 ppm (SH, singlet) for the cyclopentadienyl ring protons. 

This compound reacts readily with alkyl isocyanides to give a cluster 
‘‘Pd(CNR)2”,6 and with bulky alkyl phosphines to give two coordinated 
palladium(0) cornplexe~.~  

References 

1. B. L. Shaw, Proc. Chem. Soc., 1960, 247. 
2. W. T. Dent, R. Long, and A. J .  Wilkinson, J. Chern. Soc., 1964, 1585. 
3.  P. M. Maitlis, The Organic Chemistry Palladium, Vol. 1, Academic Press Inc., New York 

and London, 1971; I-‘. A. Hartley, The Chemistry of Platinum arid Palladium, Applied 
Science Publishers Ltd., London, 1973. 

4. t:. C.  A. Stone, R. West ed., Advances in Organonietallic Chemistry, Vol. 2, Academic 
Press Inc., New York and London, 1964; p. 365;  R. B. King and F. G. A. Stone, Inorg. 
Synth., 7, 99 (1963). 

5 .  R. B. Moffett, Org. Synth.. Coll. Vol. 4, 238 (1963). 
6 .  E. 0. Fischer and H. Werner, Chew. Ber., 95, 7 0 3  (1962); S. Otsuka. A. Nakamura, and 
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5 2. (7 ’ -CY CLOPENT ADIENY L)HY DRIDOZIRCONIUM 
COMPLEXES 

Submitted by P. C. WAILES* and H. WEIGOLD* 
Checked by JEFFREY SCHWARTZ’ and CHU JUNGt 

*Division of Applied Organic Chemistry. CSIRO, Melbourne, 300 I ,  Australia 
‘Department of Chemistry. Princeton University, Princeton, NJ, 08540. 
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The dihydridozirconium complex, ZrHz(q5-C5H5)2, was prepared originally' by 
the action of trialkylamines on the bis(tetrahydroborate), Zr(BH4)2(q5-C5H5)2. 
Below are described more convenient methods for the preparation of the 
dihydride and of the chlorohydrido derivative, ZrHCl(qS-C5H5)2, from readily 
available starting materials. These compounds are useful intermediates in the pre- 
paration of alkyl- and alkenylzirconium and under hydrogen 
pressure they are active catalysts for hydrogenation of olefins and acetylenes.' 
The "hydrozirconation" reactions require ZrHC1(q5-C5H5)2 as starting 
material.4 

A. BIS(~5-CYCLOPENTADIENYL)DIHYDRIDOZIRCONIUM 

2ZrC12(q5-C5H5)2 + H 2 0  + [ZrC1(q5-C51-15)z]20 t 2HC1 

[ZrC1(q5-C5H5)2]20 t Li[AlH4] -+ 2ZrH2(q5-CsH5)2 + LiCl t %[AlOCl] 

1. M-Oxo-bis[ c h l ~ r o b i s ( ~ ~  -cyclopentadienyl)zirconium] 

The method of preparation described here is an adaption of the 
which gives consistently high yields. 

Procedure 

To a solution of ZrC12(q5-C5H5)2* (29 g, 0.1 mole) in dichlorornethane (250 
mL) in a conical flask is added aniline (10 mL) and water (1.3 mL) with shaking. 
A white precipitate of aniline hydrochloride forms immediately. After it is chill- 
ed for several hours in a refrigerator the suspension is filtered. Occasionally large 
crystals of the product are present at this stage and these are dissolved by addi- 
tion of more CH,C12. The filtrate is evaported to smalf volume, and light 
petroleum ether (100 mL, bp 30-40") is added to precipitate the product. After 
filtration and washing with petroleum ether, white crystals of the 0x0-bridged 
compound are obtained (25 .5  g, 97% yield); these slowly turn pink on storage. 
The melting point varies with the rate of heating, but if the sample in an 
evacuated capillary is placed in a melting point apparatus preheated to 260°, a 
melting point around 305" should be obtained. 

*Available from Arapahoe Chemicals Division, Syntex Inc., 2855 Walnut St., Boulder, CO 
80302. 
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2. Bis(q5-cyclopentadienyl)dihydridozirconium 

In this reaction purified tetrahydrofuran (THF) is required, as well as a stand- 
ardized solution of Li[AlH4] in tetrahydrofuran. The THF from freshly opened 
bottles is distilled from Li [AIH4] . (.Caution. Li[AlH4/ is a hazardous material 
and must be handled in dry conditions and in small quantitites. Serious explo- 
sions can occur when impure THF is purified i f  it contains peroxides (see 
Reference 7). 

Standardized solutions of Li[AIH4] are prepared by stirring Li[AlH4] in 
purified THF for several hours under nitrogen or argon and filtering through 
Celite (previously baked out at 140" and degassed under vacuum) using the 
apparatus shown in Fig. 1 ,  followed by hydrolysis of an aliquot of this solution 
with dilute acid and accurate measurement of the hydrogen evolved. This is 
best done on a vacuum line using a Topler pump, but simpler methods should 
also suffice. 

Procedure 

To a solution of [ZrCl(r)5-CSH5)2]20 (17.7 g, 33.4 mmole) in purified THF 
(200 mL) in a 500-mL flask of the type shown in Fig. 1, a clear solution of 
Li[A1H4] in THF (20 mL of 1.7 M, 34 mmole) is added dropwise from a 
hypodermic syringe with stirring. An atmosphere of nitrogen or argon is main- 
tained at all times. A white precipitate slowly appears, but precipitation is not 
complete for several hours. The mixture is set aside overnight and then filtered 
anaerobically as in Fig. 1, giving the dihydrido complex as an almost colorless 

Nitrogen ~ ,, , . 
Hypodermic or 

in 
needle - Argon - 

'J 
/ 

k 

Simple apparatus for filtering under inert atmosphere 
The flow of N, or Ar is controlled by a finger over 
the base of the needle. 

Fig. 1. Filtration apparatus. 
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microcrystalline solid (yield 10.1 g, 66%). Anal. Calcd. for CIOHIzZr: ash (ZrOz), 
55.14%; hydrolyzable H, 2.00 g-atom/mole. Found: ash, 55.5%; hydrolyzable 
H, 1.89 g-atom/mole. The yield of dihydride never exceeds 66%; the remainder 
of the zirconium is believed to be a complex with an aluminum compound (see 
Properties). 

B. CHLOROBIS(~S-CYCLOPENTADIENYL)HYDRIDOZIRCONIUM 

ZrC12(~S-C5Hs)2 + LiAlH(r-Bu0)3 -+ ZrHCl($-CSHs)2 + LiCl + Al(t-BuO), 

Procedure * 
The apparatus and procedures are similar to those in the preparation above and a 
1 L flask is used. A solution of lithium tri-terr-butoxyhydridoaluminatet ' 
(28.6 g, 1 13 mmole) in purified THF (1 00 mL) is added slowly to a solution of 
ZrC12($-CSHs)2 (32.9 g, 113 mmole) in THF (500 mL) with stirring. After 
complete addition, stirring is continued for 1 hour, after which the mono- 
hydrido complex is collected by anearobic filtration (Fig. 1) and washed with 
THF (yield 26.3 g, 90%). Anal. Calcd. for CloHIICIZr: ash (Zr02), 47.77%; 
hydrolyzable H, 1 .OO g-atom/mole; C1, 13.75. Found: ash, 47.0%; hydrolyzable 
H, 1.02 g-atom/mole; C1, 13.4. One-quarter mole of Li[AlH4] may be used 
instead of the tri-?err-butoxy hydrido complex, but the essential control of 
stoichiometry is more difficult (see Properties). 

Other hydridozirconium derivatives that have been prepared from aluminum 
hydrides are ZrH(CH3)(rlS-CSHs)2, Z ~ H ( A ~ H ~ ) ( Q ' - C ~ H ~ ) ~ ,  the complex 
Z K H ~ ( $ - C ~ H ~ ) ~  - [ZrH($-CSHS)2]20, and deuterido derivatives corresponding 
to all of these hydrido complexes.' 

Properties 

The bis(~5-cyclopentadienyl)zirconium hydrides are colorlkss solids that 
hydrolyze in water. Accurate measurement of the hydrogen thus evolved is a 
sensitive method of analysis. Alternatively, reaction with CHzC12 in a stoppered 
NMR tube and quantitative estimation of the CH3C1 so formed can be used. The 
compounds are associated through bridging hydrido ligands, which explains their 
insolubility and the low infrared frequencies of the metal-hydrogen bands [ 1520 
and 1300 cm" for ZrH2(qs-CSHs)2 and 1390 cm-' for ZrHC1($-C,H5)2], All 

*An interesting alternative procedure is to stir ZrC12(n5€sH5)2 in tetrahydrofuran with 
0.5 g-atom of magnesium turnings. A red color develops and after 3-5 days a 30% yield of 
ZrHCl(q'-C,H,), can be recovered by filtration. 

?Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923.  
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dissolve readily in excess Li [AH,] solution, probably forming zirconium- 
aluminum complexes with bridging hydrido ligands. All but the dihydrido 
complex slowly develop a pink color when exposed to  light and therefore appear 
to be photosensitive. 
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53. TETRACARBONY L[ OCTAHYDROTRIBORATO( 1- )] - 
MANGANESE, (C0)4Mn(B3H8) 

[(CH,),N] [B3HB] f (CO)5MnBr -+ (C0)4Mn(B3HB) + CO + [(CH3)4N]Br 

Submitted by STEVEN J. HILDEBRANDT* and DONALD F. GAINES* 
Checked by T. F. MOORE? and J. D. ODOM' 

In the past 10 years there has been increasing interest and activity' in the 
syntheses of transition metal complexes contaihing borane or anionic hydro- 
borate ligands. Compounds of this type are often referred to as metalloboranes 
and are considered to be boron hydride polyhedra or polyhedral fragments in 
which one or more boron atom positions are pccupied by metal atoms. Since 
bonding in the borane ligands is formally electron deficient, the bonding of the 
borane ligand to the metal is of considerable interest. The chemistry of this class 
of complexes has not been studied extensively, but preliminary work suggests 
notable differences from organotransition metal complexes. The octahydrotri- 
borate(1-) ligand, [B3HB] -, forms complexes with a variety of transition 
metals.2 Presented here is the high-yield synthesis of (C0)4Mn(B3HB),3 a stable, 
volatile, and reactive metalloborane, whose chemistry has been studied more 
extensively than that of other transition metal octahydrotriborate( 1-) com- 

*Department of Chemistry, University of Wisconsin, Madison, WI 53706. 
tDepartment of Chemistry, University of South Carolina, Columbia, SC 29208 
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plexes. Analogous rhenium and iron species, (C0)4Re(B3H8) and (7r-C5H5) 
(CO)Fe(B3H8), can be prepared when the procedure outlined below is slightly 
m ~ d i f i e d . ~  

Procedure 

.Caution. All reagents and products are toxic. All operations should be 
carried out in a vacuum line and/or in a good fume hood. 

Standard high-vacuum and/or inert-atmosphere techniques are employed 
throughout this ~yn thes i s .~  The vacuum system should be capable of attaining 
a vacuum of about lo-' torr. The fractionation train should consist of at least 
five U-traps with the bulb of each trap having an approximate liquid capacity 
below the U of 50 mL (in practice, bulbs of about 25 mL in volume are accept- 
able, but the smaller size necessitates dividing the product solution into two 
fractions before purification-see below). It is convenient to run small-scale 
preparations of (C0)4Mn(B3HB) in evacuated reaction flasks. A suitable reaction 
flask can be constructed by sealing a 300-mL, round-bottomed Pyrex flask to a 
high vacuum Teflon valve to which is attached a T joint adapter for transferring 
the product into the vacuum line after the reaction is complete. (Kontes 
#K-826500 and Ace Glass #8195 are excellent valves for the reaction flask.) 
0-Ring seats are preferable to a Teflon seat. Right angle valves with a large bore 
(8-12 mm) should be used to  facilitate addition of solid reagents. (.Caution. 
Because of  the evolution of  carbon monoxide, the volume of the reaction flask 
should be sufficient to allow for  pressures not to exceed 1.2 atm.) 

The reaction flask is charged with 1 S O  g (0.013 mole) of [(CH3)4N] [B3H8] 
and 2.75 g (0.010 mole) of (CO)5MnBr,6 along with a Teflon-coated magnetic 
stirring bar and about twenty-five 4-mm borosilicate glass beads. Because of 
limited solubility of [(CH3),N] [B3H8] in CHzC12 it is advantageous to grind the 
octahydrotriborate(1G) salt in a mortar prior to introducing it into the reaction 
flask. The flask is then attached to the vacuum line and evacuated. The solid 
reagents are thoroughly dried by evacuation at room temperature for at least 15 
minutes [longer pumping times should be avoided since the (CO)5MnBr slowly 
sublimes into the vacuum line, thereby decreasing the yield]. About 40 mL of 
CH2C12 (reagent grade, dried over 3-A molecular sieves) is distilled in uacuo into 
the reaction flask, the Teflon valve is closed, and the solution is stirred at room 
temperature. The reaction is complete in about 72 hours, as indicated by the 
cessation of carbon monoxide evolution. The progress of the reaction is easily 
monitored by freezing the reaction flask in liquid nitrogen and observing the 
carbon monoxide pressure on a mercury manometer (vapor pressure of CO = 
400 torr at - 196"). Since carbon monoxide evolution is slow, the flask should be 
opened to as small a volume as possible between the flask and the manometer to 
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maximize the pressure reading. The carbon monoxide produced is pumped away, 
the flask valve is closed, and the reaction is continued at room temperature. 
After the reaction is complete, the product mixture is allowed to  evaporate and 
is condensed in a U-trap at - 196" on the vacuum line. If the bulbs on the U-traps 
are not large enough to accommodate the total solvent volume the product 
mixture can be split in two portions. The CH2C12 can be separated from the 
product by distillation through a -45" (chlorobenzene slush) U-trap and con- 
densation in a U-trap cooled to -196". The (C0)4Mn(B3HB) is then purified by 
distillation through a 0" (ice-water) U-trap and condensation in a -36" (1,2- 
dichloroethane slush) U-trap. The product is a yellow-orange liquid (mp +4") 
having a vapor pressure of about 1 torr at 20". The yield of the purified product 
is approximately 70% [based on (CO),MnBr] . 

.Caution. The residues left behind in the reaction flask should be cautiously 
destroyed under nitrogen in the hood, behind a safety shield, by the slow 
addition of 20% 1-pentanol-hexane solution until no further reaction is visible. 

Other reactants can successfully be substituted without changing the pro- 
cedure outlined here. For instance, Cs[B3H8] and (CO),MnBr react in diethyl 
ether solvent to give a 53% yield of the desired product in 70 hours. 

Larger scale preparations (up to  0.100 mole) have been carried out on the 
bench top (in the hood!) under inert atmosphere conditions (a slow nitrogen 
purge through a oil bubbler), using the appropriate scale-up in reactant and 
solvent quantities. The reaction is complete in about 72 hours. The bulk of the 
solvent can be removed by evaporation at or below room temperature under 
reduced pressure on the bench top [heating should be avoided because it leads to 
significant product decomposition and the formation of HMn(CO), and 
Mn2(CO)lo impurities]. The final purification of the product should be accom- 
plished on the vacuum line. 

Properties 

Characterization of the product is most easily achieved by infrared spectroscopy. 
The low-resolution gas-phase infrared spectruq (10-cm cell, P 1 torr) of 
(CO),Mn(B,H,) exhibits the following prominent bands: 2560 (m), 2550 (m, 
sh), and 2500 (mw) (B-Htemb& 2200 (w), 2150 (m), 2070 (s), 2010 (s), and 
1980 (w, sh) (carbonyl); and 1825 (w) cm-' (B-H-B). The 'H and I l B  NMR 
spectra of (C0)4Mn(B3H8) show that the octahydrotriboratefl-) ligand is bound 
to the manganese atom in a bidentate fashion through hydrogen bridges (see 
Fig. 1). The "B NMR spectrum [C6D6 solvent, BF3-O(C2Hs)2 external refer- 
ence] shows a low-field triplet at  -0.4 ppm (B,) and a high-field multiplet at 
+42.2 ppm (B1,3). The 'H NMR spectrum (C6D6 solvent, TMS reference) 
consists of five resonances [6 3.25 (H, or H4), 2.83 (H4 or H2), 1.17 
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Q, 6 
Fig. I .  

-0.68 (H7,8) and -12.01 (H5,6) ppm]. The high-field resonance is very 
characteristic of those hydrogen atoms bridging between the metal and the 
adjacent boron atoms. Representative NMR spectra are reproduced in Reference 
3. The 70 EV mass spectrum of (C0)4Mn(B3HB) exhibits a parent ion in addi- 
tion to the mass envelopes corresponding to the loss of each of the four carbon 
monoxide ligands. As a further check on the identity of the product the exact 
mass of the parent ion, [('2C'60)~5Mn''1331H,]', was found to be 208.0086 
(calcd. 208.0083). 
Tetracarbonyl[octahydrotriborato(l-)] manganese is an air-sensitive liquid 

that decomposes slowly (about 5% in 4 days) at room temperature as a neat 
liquid in a vacuum. It is soluble in benzene, toluene, dichloromethane, diethyl 
ether, and tetrahydrofuran (THF), but decomposes upon heating at reflux in 
these solvents (especially in THF). Gas-phase thermal decarbonylation or solu- 
tion photodecarbonylation of (C0)4Mn(B3H,) yields the novel and reactive 
compound (CO),Mn(B3HB), in which the octahydrotriborate( 1-) ligand is 
tridentate .3 
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MAIN GROUP COMPOUNDS 

54. DIHYDRO( ISOCY ANO)(TRIMETHY LAM1NE)BORON 
(TRIMETHY LAMINE-ISOCYANOBORANE ADDUCT) 

2[(CH,),N] BH3 -I- I2 + 2[(CH,),N] BHzI -I- Hz 

Submitted by JOSE L. VIDAL*? and G .  E. RYSCHKEWITSCH? 
Checked by VIC B. MARRIOTTS and H. C. KELLY* 

Reports on cyanoboron species describing their formation and hydrolysis,'?' 
their ability to act as ligands toward metal and their function as a 
source of nsw boron compounds5 have been published recently. Amine-cyano- 
borane adducts also have been studied in similar fashion.'-' These compounds 
have been prepared by reaction of alkali cyanotrihydroborate with hydrogen 
chloride' or by the exchange reaction of trimethylamine-iodoborane adduct 
with alkali metal cyanide.' The product resulting in all these cases is the boron- 
carbon bonded isomer. 

The boron-nitrogen bonded isomer, trimethylamine-isocyanoborane a d d ~ c t , ~ ~ ' ~  

*Union Carbide Corporatior P. 0. Box 8361, South Charleston, WV 25303, current 

?Department of Chemistry, University of Florida, Gainsville, FL 32603. 
$Department of Chemistry, Texas Christian University, Fort Worth, TX, 76129. 

address. 
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has been shown to coordinate with post-transition metal ions" and with other 
boron species to give adducts and tetrahedral boron cations," t o  displace 
carbon monoxide from transition metals c~mplexes , ' ~  and to resemble chemi- 
cally the carbon isocyanides."712 Isocyanoborane adducts are thus expected to 
have a chemistry as broad as carbon isocyanides. However, the lack of avail- 
ability of pure alkali trihydroisocyanoborate salts precludes a preparation similar 
to that reported for amine-cyanoborane adducts.'-' 

The present method is the only documented synthesis of trimethylamine- 
isocyanoborane adduct, the first boryl isocyanide reported. The procedure may 
be general and thus useful for the preparation of other mine-isocyano and 
amine-pseudohaloborane adducts. Readily available materials are used, and a 
high yield of crude or purified product is obtained in an estimated 10-hour 
working period. Schlenk techniques are advocated for this work, but if Schlenk- 
ware is not available solutions may be transferred quickly in air and subsequent- 
ly handled under a nitrogen atmosphere. 

Procedure 

.Caution. This synthesis should be carried out in a well-ventilated hood 
because of the use of highly poisonous hydrogen surfide. Usual safety measures 
recommended for handling cyanide salts should be carefully observed during the 
synthesis and the disposal of the residues. Exposure of any of those products 
to acids could result in liberation of highly poisonous hydrogen cyanide. 

A SOO-mL, three-necked, round-bottomed flask equipped with a mechanical 
stirrer, a 200-mL pressure-equalizing funnel, and an adapter containing a 2-mm 
vacuum stopcock is charged with 124.0 g (0.926 mole) of silver cyanide, and the 
system is purged with nitrogen gas. Dry dichloromethane, 180 mL (previously 
distilled from P4010 under nitrogen) is added, and the mixture is stirred for 30 
minutes while being cooled in an ice-water-salt bath (Fig. 1). 

Trimethylamine-iodoborane adduct (42.80 g, 0.2 15 mole)* is prepared by 
previously published  procedure^'^ or by dissolving sublimed trimethylamine- 
borane adduct" (15.70 g, 0.215 mole) in 100 mL of dry dichloromethane and 
adding solid iodine (27.30 g, 0.1075 mole) in portions. The resulting light-yellow 
solution is allowed to  stand for 30 minutes while being purged with nitrogen. It 
is then checked by proton NMR to ensure the total conversion of the initial 
borane. Trimethylamine-iodoborane is the only detected aminoborane species as 
indicated by the resonance band of this species at 2.63 ppm downfield of tetra- 
methylsilane. If conversion is not complete, additional iodine is added in small 
portions until the disappearance of the band of [(CH&N] BH3 at 2.54 ppm. 

*The checkers advocate the use of a solution prepared from freshly sublimed trimethyl- 
amine-iodoborane adduct. 
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Fig. 1. Schlenk system used in the synthesis of trimethylamine-iaocyano- 
borane. 

The solution is then added dropwise to the stirred mixture over a period of 45 
minutes, and stirring is continued for an additional 1 hour. The constant-rate 
addition funnel is substituted by a 200-mL, medium-porosity sintered-glass 
frit, and the mixture is filtered under nitrogen pressure. The filtrate is collected 
in a previously evacuated nitrogen-purged 500-mL three-necked, round- 
bottomed flask equipped with a gas dispersion tube and two adapters, each 
attached to a mediumporosity, sintered-glass frit and a 2-mm vacuum stopcock. 
The receiving flask is cooled with a convenient refrigerant such as an ice-salt 
mixture and partially evacuated during the filtration. 

The filtrate is then warmed to room temperature, and hydrogen sulfide is 
bubbled into the solution until no more silver sulfide precipitates. This solid is 
separated by filtration through a medium-porosity, sintered-glass frit also 
connected to  a previously evacuated,' nitrogen-purged, and ice-salt-cooled 
500-mL, two-necked, round-bottomed flask bearing an adapter fitted with a 
2-mm vacuum stopcock. The filtrate is warmed to room temperature, and the 
stirred solution is evaporated under vacuum to give a solid product, which is 
further dried for another 1% hours. The yellow-brown crystalline solid, mp 
43-45', is crude dihydro(isocyano)(trimethylamine)boron. Yield 16.0 g (75 3% 
based on trimethylamine-borane). 

Further purification is achieved by vacuum sublimation of the crude material 
at an oil-bath temperature of 40". A white crystalline product is obtained, mp 
46', with a yield of about 31%. Anal. Calcd. for C4HllBNZ: C, 49.04; H, 
11.32; N, 28.60; B, 11.03. Found: C, 48.10; H, 11.30; N, 28.59; B, 11.07. 
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Properties 

Trimethylamine-isocyanoborane adduct is soluble in many organic solvents. The 
pure compound can be stored under nitrogen for 6 months without noticeable 
change, but the crude material turns hard and yellow under similar conditions. 
Thermal isomerization occurs easily at  temperatures above SO", and it is accom- 
panied by decomposition, as in the case of attempted acid-induced isomeriz- 
ation. 

The main infrared absorption bands noted in the KBr pellet spectrum of the 
compound are: 3010, 2970, 2430 (s), 2350, 2285, 2130, 1475 (s), 1460 (s), 
1450 (w, sh), 1404, 1250 (s), 1185 (s), 1105 (s), 975 (s), 855 (s), 799 (s), 
705 cm-' (all values f 5 cm-'). The bands at  2430 and 1185 cm-' are assignable 
to B-H stretching and bending vibrations in coordinated BH2 species, whereas a 
cyanide stretching mode is probably indicated at 2130 cm-'. A comparison of 
the spectra of [(CH,),N] BH2(CN)5~7"0~12~'s and [(CH,),N] BH2(NC) shows that 
the assignable cyanide absorption is located at lower energies (2210 vs. 2130 
cm-') and is several times more intense in the latter species. Similar differences 
are observed between alkyl cyanides and isocyanides.16 A comparison of data for 
[(CH,),N] BH2(CN) and [(CH3),N] BH2(NC) with those for [H3BCN] and 
[H3BNC]- show that similar relative results are observed for the cyanide infrared 
stretching vibrations. 

Further differences between the two isomers are found in the 'H and IIB 
NMR spectra. Proton resonances are found, respectively, for [(CH3),N] BH2(CN) 
and [(CH,),N] BH2(NC) at 2.70 and 2.63 ppm downfield of tetramethylsilane, 
added as internal standard to  the dichloromethane solutions.I2 Boron-1 1 
resonances for [(CH3)3N] BH2(CN) and [(CH&N] BH2(NC), respectively, are 
found at 33.3 and 25.8 ppm upfield of B(OCH3)3, used as external standard. 
Both signals are 1:2:1 triplets, with a J"B-H for [(CH,),N]BH,(CN) and 
[(CH,),N] BH,(NC) of 108 and 118 Hz, respectively. 

CN stretching frequencies, boron- 1 1 chemical shifts, and boron-hydrogen coupl- 
ing constants are for [H,B(CN)]-: vcN- at 2180 cm-'; IlB signal, 62.5 pprn; 
J ~ ~ B - H ,  = 90 Hz; and for [H,B(NC)] : V C N -  at 2070 cm:', "B, 45.5 ppm; 
J1 I B-H = 9 4  Hz. 
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5 5 .  1 -METHY LDIBORANE(6) 

3BzH6 t 2CH3Li + 2CH3B2H5 + 2LiBH4 

Submitted by ROGER K. BUNTING,* FRANCIS M. JUNGFLEISCH,? 
CHARLES L. HALLS and SHELDON G. SHORE 
Checked by CHARLES B. UNGERMANN# and THOMAS ONAK# 

1 -Methyldiborane(6) has previously been prepared by the thermal equilibration 
of mixtures of diborane(6) and trimethylborane,' and by a pressure reaction of 
trimethylborane with diborane(6), where the latter is generated in situ from a 
tetrahydroborate salt and acid.' These procedures are complex requiring long 
reaction times for full equilibration of the reaction mixture, and the l-methyl- 
diborane(6) is produced as only a minor component among all possible substitu- 
tion products. The method presented here is a single-step synthesis, and the yield 
of I-methyldiborane(6) (20%) is significantly greater than from other methods 

.Caution. Diborane( 6 )  and 1-methyldiborane(6) inflame explosively on con- 
tact with the atmosphere, and methyllithium may inflame on exposure to moist 
air. 

(8%). 

*Department of Chemistry, Illinois State University, Normal, IL 61761. 
tDuPont Corporation, Wilmington, DE 19898. 
*Eastman Kodak Co., Rochester, NY 14650. 
§Department of Chemistry, Ohio State University, Columbus, OH 43210. 
#Department of Chemistry, California State University, Los Angeles, CA 90032. 
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238 Main Group Compounds 

Procedure 

A diethyl ether solution containing 20 mmoles of methyllithiurn* is placed in a 
50-mL reaction vessel equipped with a stopcock and standard taper joint. The 
vessel is attached to a vacuum line stopcock equipped with a mercury blow-out 
manometer? and the contents are frozen at -196" (liquid nitrogen) prior to 
evacuation of the vessel. 

Thirty millimoles of dib0rane(6)+~ is measured out on the vacuum line by 
expanding it into a calibrated vessel of at least 1-L capacity and then is recon- 
densed at - 196". Under static vacuum the diborane(6) is then distilled and con- 
densed onto the methyllithium at - 196". 

With the reaction flask closed off from the vacuum line, the bath at -196" is 
replaced by a bath at - I1 1" (CS2 slush bath), which results in a gradual increase 
in pressure to approximately 50 torr as observed on the blowout manometer. As 
the reaction proceeds, the pressure slowly diminishes and stabilizes after about 2 
hours. When no further pressure change is observed, the reaction mixture is 
frozen again at - 196". The reaction vessel is then warmed by removing the cold 
bath, while the contents are subjected to pumping of the volatile products 
through successive cold traps at - 126 (methylcyclohexane slush bath), - 140, 
(Skelly F) and - 196". 

Seven to eight millimoles of unreacted diborane(6) may be recovered from the 
trap at -196", whereas pure 1-methyldiborane(6) is contained in the trap at 
- 140". Transfer of this product from its trap should be carried out by distilla- 
tion from a bath at - 11 1". The yield of 1-methyldiborane(6) is 3 mmole, 20% of 
the theoretical value based on consumed diborane(6). 

This preparative procedure may be successfully scaled up by at least a factor of 
3, with due caution being taken to monitor the pressure in the reaction vessel. 

Properties 

The density of liquid 1-methyldiborane(6) at -126" is 0.546 g/mL, or 13.1 
rnm~le /mL.~  Its vapor pressure is 55 torr at -78.5"'; the compdund is thermally 
unstable at this temperature and slowly disproportionates to diborane(6) and 
1 ,l-dimethyldib0rane(6)."~ Although the infrared spectrum can be used to 
identify this compound, similarities to the spectra of the disproportionation 
products present difficulties in assaying purity.' The "B NMR spectrum is 
useful for identifying and assaying 1-CH3B2HS. At -110", the "B NMR 

*Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. The 
yield of  lCH,B,H, is very much dependent on the purity of the methyllithium. Only 
freshly prepared methyllithium or material that has been stored in a refrigerator should be 
used. 

?Available from the Callery Chemical Co., Callery, PA 16024. 
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56. I ,6-Diboracyclodecane, B,H I (C,H,J , 239 

spectrum of a neat sample consists of a doublet of triplets [(ti - 11.3 ppm, with 
respect to BFjO(C,H,),] .  arising from a terminal hydrogen atom spin coupling 
with boron atom 1(J = 130 Hz), and two bridge hydrogen atoms spin coupling 
with boron atom 1 (J = 41 Hz); and a triplet of triplets (6 .-29.1 ppm), arising 
from spin coupling of two terminal hydrogen atoms with boron atom 2 (J = 134 
Hz) and two bridge hydrogen atoms spin coupling with boron atom 2 (J = 44 
Hz) . 
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56. 1,6-DIBORACYCLODECANE, B2Hz (C4H,)2 
[ 1,2: 1,2-BIS(TETRAMETHYLENE)DIBORANE(6)] 

I1 
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240 Main Group Compounds 

An exceptionally stable transannular boron-hydrogen-boron bridge compound, 
1,6-diboracyclodecane (II), results from the hydroboration of 1,3-butadiene 
followed by thermal depolymerization and isomerization of the largely 
polymeric product (I).’ This cyclic diboron compound is apparently the first 
molecule containing a transannular )BH,B< bridge and exhibits a number 
of unusual characteristics. It serves as a starting material for the preparation of 
other organoboron derivatives proceeding through symmetrical and unsymmetri- 
cal cleavage of the >BH,B< bridge.’13 

The first synthesis of 1,6-diboracyclodecane (11) was achieved by Koster? who 
assigned the “bisborolane” structure. Brown and coworkers first suggested’ 
and later proved’ the presently accepted structure, also supported by Young and 
Shore.’ Available methods for the preparation of I1 consist of the hydrobora- 
tion of 1,3-butadiene with dib0rane(6),’?~ with borane-tetrahydrof~ran,”~ and 
with borane-trialkylamine? followed by a thermal treatment to transform the 
initially formed polymeric materials. Considering the simplicity of the proce- 
dure, the borane-tetrahydrofuran method was originally the method of choice 
for a laboratory-scale preparation. In recent years, however, borane-methyl 
sulfide (BMS)* has become commercially available. Its use6,’ further simplifies 
the preparation. We describe here the preparation of 11, utilizing a modification 
of the earlier method,’ with BMS as the hydroborating agent. 

Caution. The reaction should be carried out in a well-ventilated hood and 
away from flames, since BMS, 1,3-butadiene, organoborane by-products, and 
methyl surfide are flammable, odoriferous, and possibly toxic substances. BMS 
and the initial hydroboration product are sensitive to air and moisture. The inert 
atmosphere technique’ is  therefore recommended. Peroxide-free tetrahydro- 
furan (THF) should be distilled from a small quantity of lithium tetrahydro- 
aluminate according to the procedures in Reference 8. BMS is a very concentrat- 

‘A 7’ 

P 

TO 
-FUME 

HOOD 

Fig. 1. Apparatus for the hydroboration of 1,3-butadiene. 

*Available from Aldrich Chemical Co., 940 W. St. Paul Ave., Milwaukee, W I  53233. 

iranchembook.ir/edu

https://iranchembook.ir/edu
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ed reagent (approximately 10 M in BH3), and the use of Neoprene gloves while 
handling this reagent is recommended. 

Procedure 

A 25-mL graduated tube (B), a 50-mL dry safety trap (C), and a 250-mL 
reaction flask (E)  fitted with a septum inlet are assembled and connected to the 
bubblers ( A  and C) as shown in Fig. 1. Mercury is placed in bubbler A and 
paraffin oil in bubbler C. Stopcock S2 is opened and 14.8 mL (200 mmole, 
6'' = 0.73 g/mL, bp -4.4") of 1,3-butadiene is condensed through Sl into the 
tube B maintained at -78" using a Dry Ice-acetone bath. With the use of 
hypodermic syringes the reaction flask (E)  is charged with 19.8 mL (200 mmole) 
of BMS* and 80 mL of THF and cooled in an ice bath. Stopcock S ,  is closed, 
S2 and S3 are kept open, and needle D is placed below the level of solution in E .  
(Care should be taken that no back up of the solution occurs through D.) 
Butadiene is allowed to distill into the reaction flask by lowering the Dry Ice- 
acetone ba th3  When all of the butadiene has been condensed into the reaction 
flask (E)  (about 2 hr), B and C are flushed with nitrogen to ensure the transfer 
of residual butadiene. The gas inlet needle (0) is removed and the mixture is 
stirred for 1 hour at room temperature to complete the reaction. 

The connecting tube (F )  is quickly replaced by a simple distillation assembly, 
while a flow of nitrogen is maintained through the side arm of E. (.Caution. 
Delay in replacing the distillation assembly may result in the escape of methyl 
sulfide and other volatile materials into the atmosphere as well as the 
introduction of some atmospheric oxygen into theflask.) The THF is distilled off 
at atmospheric pressure while the receiving flask is cooled. Then the borane is 
distilled, using a water aspirator (oil-bath temperature, 140'1 into a 250-mL, 
round-bottomed flask fitted with septum inlet. The distillate [yield 11.6 g, 86%, 
bp 92-94'118 torr, n z  1.4795; IR: 2520 (m), 1610 (s), 1560 (ms) cm-'1 con- 
tains some active hydride species as an impurity. Some of the material remains as 
nonvolatile, viscous pot residue even after heating to 200". 

The distillate may be purified by selective oxidation of the active hydride 
impurity. While nitrogen is passed through the septum inlet, the flask containing 
the distillate is disconnected from the assembly and a magnetic stirring bar is 
introduced and fitted with a connecting tube leading to a fume hood. The flask 
is cooled in an ice bath and 50 mL of water is added dropwise with stirring. 
(.Caution. Approximately 1.5 L of hydrogen is evolved. The reaction may be 
relatively vigorous in the initial stage.) Ten milliliters of 0.5 M sodium hydroxide 

*Commercial BMS estimated to be 10.1 M in BH, by hydrolysis* is used directly. 
$The checkers recommend that the Dry Ice-acetone bath be removed completely. This 

reduces the time of evaporation to about 1 hour; however, it may promote the escape of 
butadiene through bubbler G. 
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242 Main Group Compounds 

is added, followed by the dropwise addition of 5 mL of 30% hydrogen peroxide. 
When the evolution of gas ceases (about 0.5 hr), stirring is continued for 1 hour 
at room temperature. The contents of the flask are transferred to a 250-mL 
separatory funnel and extracted with pentane (three 75-mL portions). This 
combined organic layer is washed with water (three 50-mL portions) and dried 
over anhydrous sodium sulfate. The solvent is distilled off and 8.8 g (65% yield) 
of 1.6-diboracyclodecane is obtained by distillation under reduced pressure (88- 
89'116 torr) using a water aspirator. 

Properties 

1,6-Diboracyclodecane is a colorless liquid, bp 88-89'116 torr, n B  1.4895 (lit.' 
bp  59-60"/5 torr, no" 1.4886), miscible with the common organic solvents but 
insoluble in water. It is exceptionally inert for a tetrasubstituted diborane. Thus 
it is stable to air, water, methanol, and acetic acid at room temperature, fails to 
hydroborate simple olefins without heating, and resists oxidation by cold alka- 
line hydrogen peroxide. However, the transannular BHzB bridge exhibits inter- 
esting cleavage reactions. Ammonia and m i n e s  form unsymmetrical and 
symmetrical cleavage products, respectively,' whereas potassium hydride forms 
an organoborane anion containing a single transannular hydrogen bridge.3 

The infrared spectrum shows a very strong band at 1610 cm-' attributed to  the 

transannular >B:[ :B< bridge' in contrast to the band at 1560 cm-' 

exhibited by, 111,2,2-tetraethyldiborane(6) and similar derivatives. The 'H NMR 
spectrum in CCl, consists of an unresolved signal at 6 0.80 ppm due to the 
-CH2- group adjacent to boron and a slightly resolved triplet at 6 1.57 ppm 
due to the other methylene group, both integrating for equal numbers of 
protons. The '' B NMR spectrum in THF shows a broad unresolved resonance at  
6 -28.5 ppm from BF3-OEt2 [lit.' 6 -28.5 ppm] . 

3.. 

'H"' 
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57. TETRABUTYLAMMONIUM /J-HYDRO-DIHYDRO- 
BIS(/J-TETRAMETHYLENE)DIBORATE( 1- ) 

-0- H-B-H-B-H 

c 
+ [(C4H9)4N] ‘I- + [(C4H9)4N] + 

Submitted by M. YAMAUCHI,* D. 1. SATURNINO? and S. G. SHORES 
Checked by L. A. PEACOCK 8 and R. A. GEANANGEL 8 

Single boron-hydrogen-boron bridge species have been proposed as transient 
intermediates in Lewis base cleavage reactions of diborane(6) and organodi- 
boranes.’ Anionic species containing such a bridge system have been isolated 
and characterized.* However, the tetrabutylammonium salt of p-hydro-dihydro- 
bis-p-(tetramethylene)diborate( I-), [B2H3(C4H8)2] -, is the only species whose 
structure has been determined by X-ray crystallography.’ The preparation of 
this crystalline salt is described here. 

The procedure described for reaction 1 is suitable for preparing a wide variety 
of complex hydroborate anions,3b.4a.4b whereas the procedure for reaction 2 
is suitable for preparing stable crystalline salts of large, reactive a f l i o n ~ . ~ ’ ~ ~ ’ ’  

Procedure 
In a glove box that has a recirculating system to remove water and oxygen: a 

*East Michigan University, Ypsilanti, M I  48197.  
tMott Community College, Flint, MI 48597. 
$Ohio State University, Columbus, OH 43210. 
$University of Houston, Houston, TX 77004. 
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To vacuum line or 
filtration apparatus 

Teflon 
valve, 

Solv-Seal, 
10 mm 

8 mm 

E 
E 

s - 2 8 m m  

Stirring bar, 
25 mm 

needle 
4 mm 

Fig. 1. Reaction vessel A .  

10-mmole sample of oil-free KH* is transferred to  the main section of reaction 
vessel A (Figure. 1) and 6.90 mmole (1.10 mL) of 1,2:1,2-bis(tetramethylene) 
diborane(6),' ,728 BZH2(C4H&, is added through the side arm. Vacuum-line 
techniques6 are used to condense 10 mL of anhydrous tetrahydrofuran (THF) 
into the KH. While the KH suspension is being stirred at O", the organoborane is 
poured slowly into the KH, and the last traces are washed into the reaction 
mixture with THF. The mixture is stirred at 0" for 15 minutes and then at room 
temperature until dissolution of KH ceases. About 10 minutes at room 
temperature are required for formation of the anion when highly reactive KH, 
at least 95% pure, is used. The use of less than 95% pure KH should be avoid- 
ed because reaction times tend to be excessive (several hours). The progress of 
the reaction may be followed by monitoring the disappearance of the very 

*Research Organic/Inorganic Chemical Corp., 11686 Sheldon Street, Sun Valley, CA 
91352. 
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u 
Reaction 

Pig. 2. Vacuum-line filtration 
apparatus. 

vessel 

intense, infrared active, bridge stretching frequency of B2H2(C4H8)2 at 1610 
cm-' . 

To prepare [(C4H9),N] [B2H3(C4H5)*], THF is withdrawn from the reaction 
mixture by means of a vacuum line until the volume remaining is 5 mL. The 
capped vessel is then removed from the vacuum line, and a 6.40-mmole (2.357 g) 
sample of [(C4H9),N] I is added to the open end of the valve. The vessel is 
attached to a fine-frit, vacuum-line filtration apparatus (Fig. 2), and the system 
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246 Main Group Compounds 

is evacuated slowly. About 3 mL of anhydrous CH2C12 is distilled into the 
[(C4H9),N]I by cooling the solids with glass wool dipped in liquid nitrogen. 
(Caution. The Teflon stem of the valve and the Teflon bushing in the 
Sob-Seal joint* should not be cooled for  these may contract enough to cause 
leakage of air into the system.) The iodide salt is dissolved completely in the 
CHzClz by allowing the mixture to warm to room temperature. This solution 
is slowly drained into the potassium salt solution while the latter is stirred 
rapidly at 0". An additional 12 mL of CH2C12 is used to transfer all of the 
[ ( ~ I - C ~ H ~ ) ~ N ]  I into the reaction vessel. The milky suspension that forms as 
soom as the two solutions are mixed is stirred at room temperature for an hour. 
A small bar magnet is placed outside the vessel to keep the stirring bar from 
moving and the solids are allowed to settle. The colorless solution is carefully 
decanted onto the frit by rotating the filtration assembly about the joint 
attached to the vacuum line. Care in this operation is essential, for the finely 
divided KI may pass through and clog the frit. The small amount of KI that is 
inevitably carried over is allowed to settle on the frit. To accelerate filtration, 
S-2 is closed, and the receiver is cooled to 0". The crude product is isolated by 
openings-2 and S-3 and slowly removing the solvent by vacuum from the filtrate 
at room temperature. At this stage the product may be an oil, for some unreacted 
K[B2H3(C4HA)2] remains and i t  is a solvated liquid. 

To recrystallize the product, the vessel and its contents are transferred under a 
stream of dry nitrogen to a medium-frit vacuum-line filtration apparatus. The 
crude product is dissolved in 5 mL of CH2C12, the solution is cooled to -78", and 
while it is stirred rapidly, 15 mL of anhydrous (C2HS)zO is slowly added to 
precipitate the salt. A small bar magnet is placed outside the vessel to hold the 
stirring bar, about 0.75 atm of dry nitrogen is added, and S-3 is closed. The 
nitrogen atmosphere reduces splattering when the cold suspension comes in 
contact with warm parts of the apparatus in subsequent operations. Closing 
S-3 keeps the apparatus from being blown off the vacuum line should there be 
an accidental pressure buildup. To minimize dissolution of the product due to 
warming during fdtration, an aluminum foil cup is made to hold Dry Ice around 
the frit. Then the filtration apparatus is cooled by swabbing it with glass wool 
dipped in liquid nitrogen, and the suspension is poured rapidly onto the frit by 
rotating the apparatus about the joint attached to the vacuum line. Dry Ice is 
packed into the aluminum foil cup to keep the mixture cold. The first few drops 
of filtrate are allowed to fall into the receiver and evaporate to drive out some of 
the nitrogen. Then valve S-2 is closed and the receiver is cooled to -78" to 
accelerate filtration. Fresh (C2Hs)20 is used to wash the product and solvent is 
removed at room temperature under high vacuum. Yield 1.8 g (75%). Elemental 
analysis: Cz4HssBzN. Found: C24.0Hs4.2B2. IzN1. l l .  

'Available from Fischer and Porter Co.,  LabCrest Div., Warminister, PA 18974. 
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Properties 

Tetrabutylammonium p-hydro-dihydro-bis-p-(tetramethy1ene)-diborate( 1-) is a 
white, crystalline solid that is stable at  room temperature in an inert 
atmosphere. It is soluble in CH2C12, CHC13, C2H2C14, primary amines, and 
secondary amines. Its solubility in (C2H5)20r THF, and NH3(1) is very low. The 
"B NMR spectrum is a doublet at S = +4.9 ppm (~BF~O(C-H,), = 0 ppm),&, = 
70 Hz. The infrared spectrum of the anion has two bands in the B-H stretching 
region, one at 2230 em-' and the other at 2045 em-'. 
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58. HEXABORANE( 10) 

'l-BrBSHs i- HBr 
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1-BrB5HB i- KH (CH3)20 w K+[ 1-BrB5H7]- i- H2 
-78O 

K'[ 1-BrBsH7]- + MBzH~ (cH% B6Hlo i- KBr 

Submitted by R. J.. REMMEL,* H. D. JOHNSON, 113 V. T. BRICE,* 
and S. G. SHORE 
Checked by D. F. GAINES* 

*Department of Chemistry, University of Alabama in Birmingham, Birmingham, AL 

tDepartment of Chemistry, Northern Illinois University, DeKalb, 1L 601 15. 
$Department of Chemistry, University of Montana, Bozeman, MT 59715. 
§Department of Chemistry, The Ohio State University, Columbus, OH 43210. 
#Department of Chemistry, University of Wisconsin, Madison, WI 5 3106. 

35294. 

iranchembook.ir/edu

https://iranchembook.ir/edu


248 Main Group Compounds 

Hexaborane(l0) was among the first boron hydrides isolated by Alfred Stock 
and his coworkers.' Until relatively recently, however, remained unstudi- 
ed because the lack of adequate preparative methods. Early syntheses suffered 
either from low or from requirements for starting materials that were 
difficult to obtain?-' 

A preparative procedure for B6HI0 that gave quantities (25% yields) large 
enough for detailed investigations was reported in 1971.9 An improved 
synthesis, presented in 1973," that involves reactions 1-3 above is the basis for 
the procedure given below. This procedure gives yields greater than 50% of 
theory based upon B5H9. Pentaborane(9) is commercially available and BzH6 
may be either purchased or prepared in good The prepared 
from the reaction sequence above is easily purified. Furthermore, by starting 
with 2-ZH3B5Hs, 2-CH3B6H9 can be prepared, using a sequence of reactions 
analogous to reactions 1-3.'' 

.Caution. Because the compounds are spontaneously flammable in air, great 
care should be exercised in handling BSH9, B2H6, B d l 0 ,  and IBrB5Hs. 
Although it is possible to improve the yield of I - p - 8 5 H 8  through the use of a 
Friedel-Crafts catalyst such as AIBr3, the probabili,.. af forming Br2B5H7 also is 
increased. Our limited experience with this compound suggests that it can de- 
tonate violently above room temperature. As a further word of caution, I-BrB5H8 
reacts explosively with hexamethylenetetraamine above 90'. l3 The preparation 
presented here should be undertaken by chemists familiar with vacuum-line 
techniques. Bromine should be introduced by syringe into the reaction vessel in 
an adequate fume hood; heavy rubber gloves should be worn during this addi- 
tion. Small quantitites of  boron hydride wastes may accumulate in the cold 
traps that protect the pump station of the vacuum line. The contents of these 
traps should be handled with extreme caution. They should be distilled into a 
removable trap containing an amine (triethylamine, trimethylamine,orpyridine). 
The trap i s  warmed to -78' and aollowed to stand for an hour or so. Dry 
nitrogen is then introduced from the vacuum line into the trap. The trap i s  then 
removed from the vacuum line, placed in the hood, and allowed to come to 
room temperature. Similar treatment should be given to used' reaction vessels 
before they are exposed to air. 

Procedure 

The vacuum line used in the following preparations is similar to that described 
by Shriver.14 It consists of a pump station, a main reaction manifold with six 
reaction stations, a fractionation manifold with four U-traps and a reaction sta- 
tion at each end, a McLeod Guage, and a Topler pump. The pump station 
employs a two-stage mechanical forepump and a two-stage mercury diffusion 
pump. Operating vacuum is 1 .O X lo-' torr. Teflon valves are employed through- 
out. 
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Fig. 1. Reaction bulb. 

Bromine (80 mmole 12.8 g) is introduced by syringe into a I-L reaction bulb 
(Fig. 1) containing a Teflon-coated magnetic stirring bar. The bulb is then placed 
on the vacuum line, cooled to  -196", and evacuated. Pentaborane(9)* (78 
mmole, 7.8 mL liquid volume at 0") is distilled from a calibrated buret on the 
vacuum line and condensed into the reaction vessel, which is then allowed to 
warm to  room temperature while the contents are vigorously stirred. A - 196" 
bath is kept close at hand in the event the reaction proceeds too vigorously. 
After several hours, only a slight color remains. 

The volatile substances are then passed through a removable W r a p  (Fig. 2) 
maintained at -30" and a second U-trap mairltained at -196". The 1-BrB5Hg 
condenses in the removable U-trap, which is disconnected from the vacuum 
system and weighed. The yield of 1-BrB5H:' (54 mmole) is determined from 
the tared weight of this trap. The trap is then reconnected to  the vacuum line 
and the 1-BrBSH8 is passed into a second removable U-trap. This trap is equip- 
ped with a rotatable side arm (Fig. 3). The side arm contains 54 mmole of KHt ,  
added to the apparatus in an inert-gas-filled glove box. The KH is a freely flowing 
powder from which the mineral oil has been removed by repeated washing with 

*Gallery Chemical Company, Callery, PA 16024. 
tAvailable from Research Organic/Inorganic Chemical Corp., 507-5 19 Main St., Belleville, 

NJ 07109. 
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Srnm F I S H E R /  PORTER 
SOLV-SEAL JOINT 

or 
0- RING JOINT 

I 

- 4rnrn 
TEFLON 

VALVE 

+I8 rnrn 
TUBING 

45rnrn -1 Fig. 2. Removable U-trap. 

dry pentane either in an inert-gas-filled box or by employing an extractor on the 
vacuum line. Dimethyl ether (42 mL),* previously dried over LiAlH, at -78", is 
condensed into the vessel, which is then allowed to warm to -78". The KH is 
tipped into the solution a few millimoles at a time. Thk hydrogen evolved is 
pumped away periodically. (Care should be taken not t o  allow the pressure in 
the system to exceed 1 atm.) When all the KH, has been added, the solutionis 
allowed to stir at -78" for 1 hour. Diborane(6),t 27 mmole, is allowed to 
expand into the vessel at -78' and the vessel is then warmed to -35" and main- 
tained there for 1 hour. During this period a white solid, KBr, precipitates. The 
dimethyl ether is then pumped into a U-trap maintained at -196" while the 
reaction vessel remains at -78". 

*Available from Matheson Gas Products, P.O. Box 85, 932 Paterson Plank Road, East 

tAvailable from Callery Chemical Company, Callery, PA 16024. 
Rutherford, MJ 07073. 
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J 
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Fig. 3. Removable U-trap with rotatable side arm. 

The reaction vessel is then warmed to -35" and opened to U-traps maintained 
at room temperature, -78, and - 196". The bulk.of the B6Hlo is collected in the 
-78" trap at this time. The -35" bath is then transferred from the reaction vessel 
to the trap at room temperature and the vessel is allowed to warm to room 
temperature while pumping through the -35, -78, and - 196" U-traps. Typical 
yields are in excess of 70% based on 1-BrB5H8. The product should be stored in 
a sealed vessel at -78" to retard decomposition. 

Properties 

The vapor pressure of the product is 7.5 torr at 0". No impurities are detectable 
by I l B  NMR spectroscopy. Hexaborane(l0) is a colorless liquid that is air and 
moisture sensitive. It is stable in a vacuum at room temperature for several days. 
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The “B NMR spectrum of B6HI0 presents a simple positive means of identify- 
ing this compound. At room temperature it exhibits doublets at -14.1 (basal 
boron atoms) and 51.8 ppm (apical boron atom) relative to BF3.0(C2H5)2 in 
the area ratio 5 :  1. The ‘H NMR spectrum contains basal terminal, bridging, and 
apical resonances at 7 5.82, 11.10, and 11.22, respectively. The low-temperature 
I’B and ‘H NMR spectra are discussed in the literatureI6 with emphasis on the 
fluxional character of the bridging,hydrogen atoms. 

Hexaborane( 10) is deprotonated by various n u c l e ~ p h i l e s . ’ ~ ~ ~  Deprotonation 
occurs through the removal of a bridging proton.” Hexaborane(l0) is a stronger 
Bronsted acid than BsH9, but a weaker one than B10H14.17*18 It is protonated to 
.form the B6Hllt ion19’21 and reacts with the Lewis acids BCl3I9 and i-B9H122’23 
-to form adducts. Treatment of B6H10 with BBr3 gives 2-BrB6Hg in 59% yield.% 
Adducts with the Lewis bases (C6Hs)3P,”125 (CH3)3N,191p and (CH3)3P21’26 
also are reported. The metalloboranes [(C6Hs)sP] p-Fe(C0)4B6Hlo?8 
trans-[Pt(B6H10)2C12] ,2’ Rh(B6Hlo)2(acetylacetonate),28 [Rh(B6Hlo)2C1] 2?8 

[Ir(B6H1&C1] 2?8 Mg(B6H9)2*2THF,299j0 and ($-CSH5)2TiB6H~9 are prepar- 
ed from hexaborane( 10). 
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59. DIMETHYLZINC 

2(CH3)3Al t Zn(OCOCH3)2 -+ (CH3)2Zn t 2(CH3)2A10COCH3 

Submitted by A. LEE GALYER* and GEOFFREY WILKINSON* 
Checked by E. C. ASHBY? and MONSIEF BELL ASSOUED? 

Previously published methods for the synthesis of dimethylzinc, a useful alkylat- 
ing agent, include the reaction of dimethylmercury with metallic zinc,' the 
reaction of a zinc-copper couple with methyl iodide,2 and the Grignard 
method .3  The reaction of trimethylaluminum with zinc(I1) halides or alkoxides 
can be used: but it is more convenient to use zinc(I1) acetate, which is very 
readily obtained by dehydrating the commercial dihydrate with boiling acetic 
anhydride or by the reaction' : 

Zn(N03)2.4H20 + excess (CH3C0)20 + 

Zn(OCOCH3)2 + 4CH3COOH t oxides of nitrogen 

The procedure reported below is adapted from a ~ a t e n t . ~  

Procedure 

.Caution. Trimethylaluminum and dimethylzinc burn spontaneously in air 
and react very violently with water. This reaction should be carried out in a good 
hood, and personnel should wear adequate protective clothing. A container of  
vermiculite or other suitable dry powder extinguisher should be immediately 

*Royal College of Science, London, SW7 2AY, England. 
tGeorgia Institute of Technology, Atlanta, G A  30332. 
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Fig. 1. Reaction flask and receiver. 

available. Safe procedures for  the handling of pyrophoric liquid metal alkyls 
have been published. 

The apparatus, consisting of a 1-L three-necked flask fitted with nitrogen inlet, 
a 1 00-mL graduated, pressure-equalizing dropping funnel with a Teflon 
stopcock, and a 30-cm Vigreaux column leading by way of a water-cooled con- 
denser to the 250-mL receiving flask (Fig. 11, is assembled from carefully dried 
components and flushed thoroughly with nitrogen. Seventy grams (0.382 mole) 
of anhydrous zinc(I1) acetate is placed, together with a magnetic stirring bar, in 
the reaction flask and covered with 300 mL of dry, oxygen-free decalin. The flask 
and contents are cooled to about - 10" with ice-salt, and 75 mL (0.782 mole) of tri- 
methylaluminum" is placed in the dropping funnel and slowly added to the 
stirred mixture. After the addition is complete (about 1 hr), the yellowish 
mixture and the bath are at about 10". Stirring is continued at this temperature 
until the solution is practically clear (about 2 hr), at  which time the salt-water 
bath is replaced by an oil bath, the receiving flask is surrounded by ice-water, 
and the dropping funnel is replaced by a stopper while a positive purge of nitro- 
gen is maintained through the center neck of the reaction flask. The reaction 
mixture is heated to 115-120" with stirring, whereupon the dimethylzinc distills 

*Ethyl Corporation, Baton Rouge, LA. 
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Fig. 2. Storage container. 

as a colorless, fuming mobile liquid at a still head temperature of 44". Yield 32 g 
(88%). 

The receiver can be disconnected from the apparatus under a positive pressure 
of nitrogen from both nitrogen inlets and the neck is closed with a stopcock. 
The fuming reactive residues in the reaction flask may be destroyed by dilution 
with petroleum ether (bp 60-go"), followed by slow addition of pentanol or 
hexanol while cooling in ice-salt. After all reaction has ceased this mixture may 
be poured into a large volume of ice for disposal. 

Properties 

Dimethylzinc is a clear colorless liquid; rnp -29.2", bp 44". The  'H Nh4R con- 
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sists of a single peak at r 9.49 (in benzene),' the C NMR has a single resonance 
at 6 -4.2 (in CS2) with 'Jc-H = 121. 6 Hz? and the IR exhibits peaks at 614 
(vs), 710 (vs), 1190 (s, doublet), 1315 (s, two shoulders), 2840 (sh) and 2935 
(vs, doublet) ern-'.'' Dimethylzinc is very reactive toward oxygen, water, and 
common stopcock greases, but it may be stored indefmitely in ampules or under 
nitrogen in Schlenk-type tubes" with Teflon sleeve seals and valves. Small 
amounts of trimethylaluminum and dimethylzinc may be transferred by syringe, 
in which case the operator must be prepared to expect a drop or two of liquid 
to fall flaming from the needle tip. It is essential to work in a good hood with a 
dry nonflammable floor. Larger amounts may be transferred using Subaseals and 
stainless steel tubing under nitrogen The Ethyl Corporation can 
supply copies of detailed instructions for the use of their newer type of 225 g lb 
lecture bottle together with the necessary attachments. The same company has 
published details of the handling and reactivity of aluminum alkyls from labor- 
atory to industrial scale.* 

A convenient laboratory-scale storage device consists of a Schlenk tube (about 
100 mL) with a Teflon valve in the side arm and a socket joint on top of the 
body of the tube. The stopper is the corresponding Teflon-seated ball joint 
attached to a small Teflon valve (Fig. 2), which allows the air in the space 
above the socket to be purged with nitrogen prior to closing the tube. The ball 
and socket joint is preferable to the common cone and socket arrangement 
because the metal oxide crust that invariably forms in the joint is more easily 
broken. 

Dimethylzinc is commercially available from Alfa Inorganics and K. and K.  
Laboratories. 
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60. ELECTROCHEMICAL SYNTHESIS 
OF INDIUM(II1) COMPLEXES 

Submitted by JACOB J. HABEEB* and DENNIS G .  TUCK* 
Checked by BRUNO JASELSKIS? 

The conventional preparative routes to anionic, neutral, or cationic complexes 
of indium start with the metal, which is dissolved in a suitable mineral acid to 
give a solution from which hydrated salts can be obtained by evaporation. These 
hydrates react with a variety of neutral or anionic ligands in nonaqueous 
solvents, and a wide range of indium(II1) complexes have been prepared in this 
manner.' Alternatively, the direct high-temperature oxidation of the metal by 
halogens yields the anhydrous trihalides, which are again convenient starting 
materials in synthetic work. In the former case, the initial oxidation of the metal 
is followed by isolation, solution reaction, precipitation, and recrystallization. 

The syntheses described below allow such a cycle of operations to be circum- 
vented. As reported previously: the electrochemical oxidation of indium metal 
at room temperature in an organic solvent system yields neutral, anionic, or 
cationic complexes of indium(II1) within 2-3 hours, usually in good crystalline 
form. These syntheses are significantly quicker and more convenient than the 
procedures used in t h s  laboratory in previous work. 

General Procedure 

The reactions are carried out in a 200-mL tall-form beaker, with a tightly fitting 
rubber stopper through which the platinum electrode leads are inserted; gas inlet 
and outlet tubes can be inserted as required. The cathode is a platinum wire 
carrying a 2 X 2 cm platinum sheet. The anode is a platinum wire onto which a 
shot of indium is beaten to form a 1 X 1 cm plate. The electrodes are placed 1-2 
cm apart in the liquid phase, which is a mixture of organic solvents. 

The applied voltage in these experiments lies between 15 and 50 V. The 
original work involved a Coutant LQ S0/50 power supply, delivering up to  50 V 
and 500 mA; any dc unit satisfying these conditions could presumably be used. 

*Department of Chemistry, University of Windsor, Windsor, Ontario N9B 3P4, Canada. 
+Department of Chemistry, Loyola University of Chicago, Chicago, IL 60626. 
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The syntheses described are typical of many others that can be carried out in 
this way. 

.Caution. Care is needed in the operation of cells at such voltages, and 
warning notices should be posted. 

A. INDIUM(II1) CHLORIDE 

.Caution. This synthesis and that in Section B involve chlorine gas, and all 
operations should be performed in a well-vented hood. 

Procedure 
Indium metal (0.5 g) is maintained at +50 V in a solution phase of 100 mL of 
benzene-methanol (3: 1, v/v) containing 10 mg of tetraethylammonium per- 
chlorate. Benzene is dried with sodium-naphthaquinone and is distilled before 
use (all under nitrogen); methanol is analytical grade reagent. The cell must be 
cooled in an ice bath throughout the experiment, since appreciable amounts of 
heat are evolved. 

The cell is flushed with dry nitrogen, and a mixture of chlorine and nitrogen 
is then passed through the solution. The rate of flow of chlorine is approximate- 
ly one bubble per second from a 2-mm id tube; the nitrogen flows through a 
separate inlet at approximately twice this rate. Under these conditions, a current 
of 100 mA is recorded. 

After 2% hours the gas flow is terminated and the power supply is disconnect- 
ed. The layer of brown oil formed in the bottom of the vessel contains no 
indium and can be rejected. The supernatant is carefully removed to a 100-mL 
round-bottomed flask, and the solvent is removed by pumping in vacuo at room 
temperature until the volume is reduced to about 15 mL. The resultant white 
solid is collected and washed quickly with several small volumes of diethyl ether; 
although indium(II1) chloride is soluble in diethyl ether, the rate of dissolution is 
fairly slow, and the losses in this washing are tolerable. The collection and 
washing operations are carried out under dry nitrogen. Yield 0.23 g (26%, based 
on indium consumed). Anal. Calcd: for InC13: In, 51.9; C1 48.1. Found: In 
(atomic absorption), 5 1.9; C1 (silver nitrate-potassium thiocyanate titration) 
48.8. 

Properties 
Indium trichloride is a colorless crystalline solid, mp 586", that is highly deli- 
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quescent and is soluble in donor organic solvents. The crystal structure3 and 
vibrational s p e c t r ~ m ~ ' ~  have been reported. 

B. TRIS(D1METHYL SULFOXIDE)INDIUM(III) CHLORIDE [TRICHLORO- 
TRIS(D1METHYL SULFOXIDE)INDIUM(III)] 

Procedure 
Indium metal (0.85 g) is maintained at +15 V in a solution phase of 100 mL of 
5 0 5 0  benzene-dimethyl sulfoxide (dmso). Benzene is purified as in Section A 
above; dimethyl sulfoxide is dried over 4A molecular sieves before use. The cell 
is cooled in an ice bath throughout the experiment. Chlorine gas is bubbled slowly 
through the solution phase (about one bubble per second from a 2-mm tube) 
for 2 hours. At the end of this period, the solution is brown, and most of the 
indium has dissolved; approximately 0.1 g of corroded material remains. 

The colorless crystalline product that accumulates during the electrolysis is 
collected and can be recrystallized from hot methanol or ethanol (25 mL). The 
crystals are collected, washed with diethyl ether (2 X 25 mL), and dried in vacuo 
for 1 hour. Yield 2.8 g (92%). Anal. Calcd. for C6HI8O3S3InCl3: In, 25.3; C. 
23.4; Found: In, 25.3; C1, 23.1. 

Prop rrties 
Tris(dimethy1 sulfoxide)indium(III) chloride is a white crystalline nonhygro- 
scopic compound, soluble in alcohols, ethyl acetate, and nitromethane. Decom- 
position occurs at 130". The infrared spectrum and the results of thermal 
stability studies have been reported.6 The presence of dmso can be verified 
from the infrared spectrum,6 which shows C-H vibrations, and VS=O at 945, 
960, and 995 cm 

C. INDIUM(II1) BROMIDE 

Procedure 
.Caution. This synthesis (and that in Section 0) involve liquid bromine, and 

all operations should be carried out in a well-vented hood. Liquid bromine 
should be handled with extreme care. 
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The preparation is essentially identical to that described for InC13 (Sec. A), 
except that 2 g of bromine liquid and 10 mg of [Et4N]Br are added to the 
solution phase instead of a stream of chlorine gas and [Et4N]C104. The 
collection and subsequent treatment of the product are as for InC13. Yield 1.1 g 
(79%).Anal. Calcd. for InBr3: In, 32.4;Br,67.6. Found: In,32.1;Br, 66.9. 

Properties 
Indium tribromide is a white hygroscopic crystalline solid, mp 436'; the vibra- 
tional spectrum suggests that each indium is surrounded octahedrally by six 
bromine atoms?95 The solubility in organic solvents is similar to that for 
indium(II1) chloride (see above). 

D. TRIS(D1METHYL SULFOXIDE)INDIUM(III) BROMIDE [TRIBROMO- 
TRIS(DIMETHYLSULFOXIDE)INDIUM(III)] 

Procedure 
The preparation is essentially identical to  that described for InCl3*3dmso, 
except that 2 g of bromine is added to the solution phase in place of a stream of 
chlorine gas. Yield 3.6 g (77%). Anal. Calcd. for C6HI8O3S3InBr3: In, 19.5; 
Br, 40.7. Found: In, 19.8; Br, 40.6. 

Properties 
The compound is a white crystalline solid whose thermal, spectroscopic, and 
solubility properties are similar to those of the chloride analogue .6 

E. BIS(TETRAETHYLAMM0NIUM) PENTACHLOROINDATE(II1) 

Procedure 
Indium metal (0.3 g) is maintained at +50 V in a solution phase of 100 mL 
benzene-methanol (3: 1, vlv) to which 2 g of tetraethylammonium chloride is 
added. The solvents are purified as described in Section A above. Chlorine is 
bubbled through the solution as in Section B. Under these conditions, a current 
of 30 mA is recorded. 
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After 2 hours, the gas flow and the power supply are disconnected. No solid is 
visible at this point, but on transferring the solution phase to a suitable vacuum 
line and reducing the volume of solution by half, fine pale-yellow crystals of 
[Et4N] [InC15] appear. These are collected, washed with diethyl ether (two 
25-mL portions), and dried in VQCUO for 1 hour. A further crop of crystals can be 
obtained by adding an equal volume of diethyl ether to the filtrate. Yield 1.3 g 
(90%). Anal. Calcd. for Cl6HmNZInClS: In, 20.8; C1, 32.1. Found: In, 20.8; C1, 
32.1. 

Properties 

Tetraethylammonium pentachloroindate(II1) is a white crystalline solid, mp 
285' (dec.), slightly soluble in ethanol at 20" (more so at the boiling point) and 
also soluble in acetone and dichloromethane. The IR7>' spectrum shows 
absorptions at 294 (s), 282 (s), 268 (s), 152 (sh), and 142 cm-'; Raman 
emissions have been reportedg3" at 294 (s), 287 (sh), 194 (w), 167 (m), 123 
(m), and 106 (m) cm-'. The crystal structure shows that the 
anion is essentially square-based pyramidal, an unusual stereochemistry for main 
group elements MXS species. 

F. (TRIS(2,4-PENTANEDIONATO)INDIUM(III) 
[ TRIS(ACETYLACETONATO)INDIUM(III)] 

Procedure 

Indium metal (0.8 g) is maintained at +50 V in a solution phase of 80 mL of 2,4- 
pentanedione and 5 mL of methanol containing 50 mg tetraethylammonium 
perchlorate. Under these conditions, a current of 100 mA is recorded. Electro- 
lysis is continued for 2 hours at room temperature; the metal is almost complete- 
ly consumed in this period. The final solution is pale yellow, suggesting some 
decomposition of the diketone. 

The product [In(CsH702)3] may be obtained from the final solution in either 
one of two ways: (a) by reducing the volume of the solution by 50% in VUCUO, or 
( b )  by adding diethyl ether to the solution. In either case, the white crystals 
obtained are washed (diethyl ether, 4 X 25 mL) and dried in ~ Q C U O .  Yield 2.6 g 
(92%).Anal. Calcd. for C1sH21061n: In, 27.9. Found: In, 27.8. 

Properties 

Tris(acetylacetonato)indium(III) is a white crystalline compound, mp 186', 

iranchembook.ir/edu

https://iranchembook.ir/edu


262 Main Group Compounds 

insoluble in water but soluble in most organic  solvent^.'^ The NMR spectrumI4 
in CDC13 (10% w/v solution) has resonances at T 4.59 (y CH) and 7.98 (CH3);in 
dimethyl sulfoxided6 these values change to 4.51 and 8.06. Vibrations at 433 
and 444 cm-’ have been assigned to VM-O modes.” 
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61. BIS[ (TRIMETHYLS1LYL)METHYLl MAGNESIUM 

Et 0 
Me3Si(CH2C1) t Mg A [(Me3Si)CH2] MgCl 

Et,O 
[(Me3Si)CH2] MgCl t 1,4-dioxane - 

%.[(Me3Si)CH2I2Mg + %.MgCl2-2(1 ,4-dioxane) 

Submitted by RICHARD A. ANDEMEN* and GEOFFREY WILKINSON* 
Checked by M. F. LAPPERT? and R. PEARCES 

*Royal School of Science, London SW7 2AY, England. 
t School of Molecular Sciences, University of Sussex, Brighton BN1 9QJ, England. 
sI.C.1. Limited, Corporate Laboratory-Runcorn, P.O. Box 11, The Heath, Cheshire, 
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Dialkylmagnesium compounds have been prepared by three methods on the 
laboratory scale: (1) exchange between dialkylmercury and magnesium metal,”’ 
(2) reaction of alkyllithium compounds with magnesium chloride: and (3) 
disproportionation of a Grignard reagent with 1 A-dioxane! The first method 
suffers from the general unavailability of alkylmercury compounds, through it is 
the best method for small-scale preparations of halide-free R2Mg. The second 
method requires specially activated MgC12 and the preparation of alkyllithium 
compounds. The third method is the best available procedure for moderate-scale 
preparations, although the final product contains trace quantities of chloride. 

The synthesis described below is a combination of those reported for 
t-Bu2MgS and MezMg.6 The procedure has been used for syntheses of 
(t-BuCH&Mg, [(PhMe2C)CH2 J2Mg, Me2Mg, and Ph2Mg and is doubtless of 
general applicability. The dialkylmagnesium compounds are superior alkylating 
agents towards transition metal halides relative to Grignard reagents in that 
higher yields and cleaner reactions are generally observed.’ 

Procedure 

All reactions are performed in an atmosphere of nitrogen. An oven-dried, 1-L, 
three-necked flask, equipped with dropping funnel (500 mL), mechanical stirrer 
(with water-cooled bearing), and reflux condenser, is charged with Grignard grade 
magnesium turnings (14 g, 0.58 g-atom) and 150 mL of diethyl ether (distilled 
from sodium-benzophenone, or lithium te trahydridoaluminate). (Chloromethy1)- 
trimethylsilane* (61 g, 0.50 mole) dissolved in diethyl ether (350 mL) is 
added to the dropping funnel. A few drops of the solution are added to start the 
reaction (if no reaction occurs, a few drops of 1,2dibromoethane will initiate 
the exothermic reaction), and the remaining solution is added at a rate that will 
maintain a slow but steady reflux. After addition is complete, the solution, 
which varies from colorless to dark brown, is stirred for 3 hours. Hydrolysis of 
a 1-mL aliquot and titration with standard HCl (phenolphthalein indicator) gives 
a yield of 90% (0.45 mole).’ 

.Caution. 1,4-Dioxane is weakly carcinogenic and the operations should be 
carried out in a hood. 

1,4-Dioxane (45 mL, 0.52 mole), distilled from sodium under nitrogen, is add- 
ed dropwise with rapid stirring over about 1-2 hours. After addition is complete 
the reflux condenser is replaced by a stopper and the dropping funnel is replaced 

*Purchased from Peninsular Chemical Research Inc., P.O. Box 1466, Gainsville, FL 
32602, or Fluorochem Ltd., Dinting Vale Trading Estate, Glossop, Derbyshire, England. 
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by a nitrogen inlet. The white suspension is stirred rapidly for 12 hours. The 
suspension is transferred to centrifuge tubes by way of 2.5 cm stainless steel 
tubing and the tubes are centrifuged at about 2500 rpm for 30 minutes. It 
It should be noted that simple filtration, even when using a fdter aid (e.g., Celite), 
is generally difficult. The colorless supernatant liquid is transferred with stainless 
steel tubing to a 500-mL, two-necked flask, and the diethyl ether is removed in 
vacuum, with magnetic stirring. The white solid in the centrifuge tubes is washed 
with diethyl ether (100 mL), centrifuged, and transferred to the two-necked 
flask. After removal of all the diethyl ether the white solid so produced is heated 
in vacuum at 100-140"/10" torr for 24 hours to remove IP-dioxane. The white 
solid is dissolved in 200 mL of diethyl ether, and a 1-mL aliquot is titrated, as 
above, giving a yield of 70-80%. The 'H NMR spectrum of the diethyl ether solu- 
tion contains resonances at +1.30 ppm (s) due to Me3SiCH2Mg and +2.95 ppm 
(s) due to Me3SiCHzMg relative to the center resonance of the methyl triplet of 
diethyl ether. Anal. Calcd. for CBH2zMgSi2: C, 48.4, H, 11.1. Found: C, 
48.0; H, 10.2. 

Properties 

Base-free dialkylmagnesium is sensitive to oxygen and reacts violently with 
water. It melts at 200-205", though it does not sublime until 180" in vacuum. It 
is insoluble in benzene and petroleum ether, although it is readily soluble in 
diethyl ether and tetrahydrofuran. The diethyl ether solutions are conveniently 
stored at 0-5". The titer does not change over a period of 1 month. The 
compound can be further characterized as its N,N,N',N'-tetramethylethylene- 
diamine complex, [Mg(Me3Si)CH2]z.tmed, mp 93-95', 

References 

1. W. Schlenk, Chem. Ber., 64, 734 (1931). 
2. E. C. Ashby and R. C. Arnott, J. Organomet. Chem.. 14, 1 (1968). 
3. C. W. Kamienski and J .  F. Eastham, J. Org. Chem., 34, 116 (1969). 
4. W. Schlenk and W. Schlink, Chem. Ber., 62,920 (1929). 
5. G. E. Coatesand J. A. Heslop, J. Chem. SOC.. A, 1968,514. 
6. W. Strohmeier and F. Siefert, Chem Ber., 94, 2356 (1961). 
7. A. JacotGuillarmod, R. Tabacchi, and J. Porret, Helv. Chim. Acfa, 53, 1491 (1970); 

M. R. Collier, M. F. Lappert, and R. Pearce, J. Chem. SOC., Dalton Trans., 1973,445;G. 
A. Razuvaev, V. N. Latyaeva, L. 1. Vyshinskaja, A. N. Lingova, V. V. Droboteno, and 
V. K. Cherkasov, J. Organomet. Chem.. 93, 113 (1975); E. Kohler, K .  Jacob, and K.-H. 
Thiele, 2. Anorg. Chem., 421, 129 (1976); C. Santini-Scampucci, and J. G. Reiss, J .  
Chem. SOC., Dalton Trans., 1976, 195; and R. A. Andersen, E. CarmonaGuzman, 1. F. 
Gibson, and G. Wilkinson, J.  Chem. SOC., Dalton Trans., 1976, 2204. 

iranchembook.ir/edu

https://iranchembook.ir/edu


62. Dodecamethylcyclohexasilane 265 

8.  F. C. Whitmore and L. H. Sommer, J. Am. Chem. Soc., 68, 481 (1946). 

62.  DODECAMETHYLCYCLOHEXASILANE 

6(CH3)2SiC12 t 12M + Si6(CH,),, t 12MC1 

Submitted by ROBERT WEST,* LAWRENCE BROUGH* and WIESLAW WOJNOWSKI~ 
Checked by DONALD A. VAN BEEK, JR.S and A. LOUIS ALLREDS 

Dodecamethylcyclohexasilane (Si6Me12) is a starting material for the syntheses of 
many fully or partially methylated linear or cyclic polysilanes.' This compound 
was first prepared in 1949, when Burkhard found less than 1% in the product of 
the reaction of dichlorodimethylsilane (MezSiClz) with sodium at 11 5-2OO0C? 
Later Gilman and Tomasi found that adding a small amount of triphenylsilyl- 
lithium in the reaction of MezSiClz with lithium in tetrahydrofuran (THF) great- 
ly improved the yield of &Me 12 to 60-70%.j Simultaneously, Stolberg reported 
a remarkably high 81% yield of Si6MeI2 from MezSiClz and sodium-potassium 
(Na/K) alloy in refluxing THF.4 The synthesis reported here is a modification of 
the method of Stolberg.' 

Procedure 

.Caution. NaIK alloy is extremely reactive and may inflame spontaneously in 
air. Adequate measures should be taken so that a vigorous fire can be controlled. 
The reaction should be carried out in a hood and a suitable fire extinguisher 
such as Met-L-X8 should be immediately available. 

The reaction is carried out in a 2-L three-necked flask set in a heating mantle 
and equipped with a Friedrich condenser with nitrogen inlet and a Tru-bore 
mechanical stirrer. The glassware is oven-dried overnight and purged with nitro- 
gen, using the third neck as a nitrogen outlet. Once this has been completed a 
syringe septum is placed on the third neck and 400 mL of carefully predried 

*Department of Chemistry, University of Wisconsin, Madison, WI 53706. 
t Institute of Inorganic Chemistry & Technology, Technical University, Gdansk, Poland. 
$Department of Chemistry, Northwestern University, Evanston, IL 60201. 
§Available from the Ansul Company, Marinette, WI 54 143. 
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THF* is added by means of a syringe. Next, 92  m L  (80 g, 2.4 moles) of Na/K 
alloy? (78% K by weight) is added with a syringe equipped with a metal 
stopcock. Freshly distilled THF should be used, because THF rapidly absorbs 
both water and oxygen. Peroxides may be formed once the THF is distilled from 
the trace of antioxidant added to stabilize it. See Inorg. Synth., 12, 317 (1970). 
The septum is removed and quickly replaced by a pressure-equalized addition 
funnel containing 122 mL of high purity Me2SiClzS (129 g, 1 .O mole). 
(.Caution. The following reaction is very exothermic. Excessive addition of 
Me2SiC12 can result in very rapid refluxing that may exceed the capacity of the 
condenser.) The stirrer is started and 25 mL of the Me2SiC12 is added as rapidly 
as it will run in from the addition funnel. Within a few minutes the exothermic 
reaction brings the THF to vigorous boiling. The remaining Me2SiClz is then 
added over 10-15 minutes, to maintain a rapid reflux of solvent. The continued 
reaction of MezSiC12 with Na/K serves to  keep the THF refluxing for about 30 
minutes. When the reaction no  longer evolves enough heat t o  maintain boiling, 
the heating mantle is used to keep the solution at reflux temperature. 

From this point onward the amounts of &Me 12 and decamethylcyclopenta- 
silane (Si5Me in the mixture may be monitored by gas chromatography. 
Samples are removed from the reaction mixture with a syringe. However, the 
presence of salts and Na/K alloy make it necessary to  prepare a glass wool filter 
to avoid plugging the needle. An approximately 12-cm long strip of glass wool is 
folded in half, and then one half is wound about the other half in a helical 
fashion, resulting in a fairly compact, elongated, glass wool ball. The syringe 
needle is then pushed through a septum and the end of the needle is inserted 
into the glass wool filter. The old septum is quickly removed from the neck of 
the reaction flask and is replaced by the syringe, and a sample is withdrawn. (A 
metal stopcock on the syringe is very useful.) The syringe needle is then pulled 
through the septum, leaving the glass wool filter in the reaction flask; the sample 
is placed in a vial and the insoluble material that comes through the f i te r  is 

*Aldrich Chemical Co. 940 W. St. Paul Ave., Milwaukee, WI 53233.  
+Commercial grade, preformed Na/K alloy may be purchased from Callery Chemical Co., 

Callery, PA 16024, or it can be prepared from sodium and potassium as follows: Approxi- 
mately 6 6  g of potassium and 19 g of sodium are scraped, cut, and weighed under an inert 
solvent (see Reference 5) and placed in a dxy, nitrogen-purged, 500-mL three-necked flask 
equipped with a mechanical stirrer and nitrogen inlet. Rubber gloves are used to  squeeze 
together a piece of sodium and a piece of potassium until a bead of Na/K alloy is formed 
and then the pieces are placed in the flask. The small amount of Na/K alloy prepared in 
this way serves to hasten the formation of alloy in the flask. The mechanical stirrer is then 
turned by hand to stir the sodium and potassium together. After the majority of the alloy is 
formed, mechnical stirring is started and the formation of the alloy is completed. The alloy 
is allowed to settle to permit any oxide impurities to separate and all but a few milliliters of 
the alloy is transferred to the reaction flask. 2-Propanol is used to  destroy the remaining 
alloy. 

$Available from PCR, Inc., P.O. Box 1466, Cainesville, FL 32602. 
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separated by means of a centrifuge. For gas chromatographic analysis the 
authors used 225", 50 mL/min He, 4.6 m X 6 mm, 20% QF-1 silicone on 
60-80 mesh Chromosorb W. However, the gas chromatography conditions are 
not critical; other liquid phases such as SE-30 silicone can also be used. Initially 
the major product is (MezSi), polymer and the ratio of Si6Ml2 to SiSMelo is 
about 2: 1. However, several hours after the addition of MezSiClz the amount of 
&Melz present suddenly increases by a factor of about 3 in a period of less 
than 45 minutes, as the linear (MezSi), polymer depolymerizes. The reflux time 
required before depolymerization takes place is 2-3 hours with pure MezSiC12. If 
the reaction is carried out on a larger scale, the addition of MezSiClz must be 
more gradual and the reaction should be heated at reflux at least 15 hours. Also, 
reactions run with MezSiClz of lower purity may require significantly longer 
refluxing before depolymerization and are likely to give lower yields. Depoly- 
merization is accopanied by a characteristic color change from dark blue to 
black, which may also be used to monitor the reaction. 

After depolymerization, the heating is continued at reflux for 15 hours 
and the mixture is cooled, at which time 400 mL of hexane is added. The excess 
Na/K alloy still present is destroyed by the gradual and very slow addition of 
water. (.Caution. If water is added too rapidly the resulting heat may cause 
rapid refluxing that could exceed the capacity of the condenser. Under these 
conditions the possibility of fire is also increased.) Initially 5 mL of water is 
added over a period of about 10 minutes with stirring, the rate of addition being 
determined by the rate of evolution of hydrogen gas. Once this has slowed, an 
extra 40 mL of water is added slowly over a period of 15 minutes. The rate of 
addition of water is then rapidly increased until 600 mL has been added. For 
efficient mixing the stirrer may have to be raised in the flask. Care should be 
taken to see that any Na/K alloy that may have splashed onto the sides of the 
flask or into one of the necks above the solvent level is decomposed. 

The mixture is stirred for 10 minutes to dissolve the salts and then the hexane- 
THF layer is separated, filtered to remove (MezSi), and other polymeric 
material, and evaporated by means of a vacuum rotary evaporator. A white 
crystalline solid that is almost entirely Si6MeI2 and 8-10% Si5Melo is obtained. 
The solid is recrystallized from boiling 95% ethanol-THF (7:l v/v), which 
removes the SisMelo, yielding about 49 g (84%) of Si6Me12, >99% pure by gas 
chromatographic analysis. About 70% of the material present in the mother 
liquor is SisMelo, which may be isolated by reverse-phase high-pressure liquid 
chromatography on octadecylsilane-coated silica using methanol as a solvent. 

Properties 

The compound is generally soluble in organic liquids and is stable indefinitely in 
air. After two recrystallizations its melting point is 254-257O (sealed tube; 
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crystal transformations and sintering occur at lower  temperature^).^ The 'H 
NMR spectrum of Si6Me12 in C C 4  consists of a singlet at 6 = 0.13 ppm. 
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63. IODOSILANE AND ITS METHYL DERIVATIVES 

Submitted by JOHN E. DRAKE,* BORIS M. GLAVINEEVSKI,* 
RAYMOND T. HEMMINGSf and H. ERNEST HENDERSON* 
Checked by C. G. NEWMANf JOHN DZARNOSKI, JR.?, and M. A:RINGT 

The position of iodosilane and iodotrimethylsilane in the heavy salt conversion 
series'l' is such that ibdosilane and its methylated analogues may be used as 
sources for the [(CH&SiH3.,]- - (n = 0-3) groups in the preparation of a wide 
variety of silicon halides: pseudohalides>I6 c h a l c ~ g e n i d e s , ~ ' ~ ~ ~  and group V 
 derivative^.^ 

Iodosilane has been prepared by the cleavage of phenylsilane" or chloro- 
phenylsilane""' with hydrogen iodide, and by the reaction of monosilane with 
hydrogen iodide in the presence of a catalytic amount of aluminum triiodide: 
The latter method has been extended to prepare the methylated iodosilane~.~*'~ 
Iodotrimethylsilane has also been prepared by the cleavage of trimethylphenyl- 
silane with iodine.14 

We describe herein the synthesis of iodosilane by the reaction of phenylsilane 
with hydrogen iodide and the preparation of the methylated iodosilanes, namely 
(CH3),SiH3,1 (n = 0-3), by the reaction of the parent hydride with hydrogen 

*Department of Chemistry, University of Windsor, Windsor, Ontario, Canada, N9B 3P4. 
Department of Chemistry, Scarborough College, University of Toronto, Ontario, Canada 

1A4. * Department of Chemistry, San Diego State University, San Diego, CA 92182. 
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iodide in the presence of catalytic amounts of aluminum triiodide. These 
reactions give high yields in a relatively short time (about 4 hr) and may be 
modified to prepare polyiodinated silanes of the form (CH3),Si14., (n = 1,2) 
and CH3SiH12. 

Apparatus  

All manipulations are carried out on a previously cleaned and dried Pyrex- 
glass vacuum line of conventional design." The authors' system consisted of two 
manifolds interconnected by four U-traps, and a central manifold leading to two 
liquid nitrogen backing-traps and mercury diffusion and rotary oil pumps. The 
vacuum in the system was monitored by a Pirani-type gauge fitted to the central 
manifold. Pressure readings in excess of 1 torr were registered by mercury mano- 
meters. Because the iodosilanes and hydrogen iodide undergo rapid decomposi- 
tion in the presence of mercury, the manometers should be isolated when not in 
use. Kel-F oil over the mercury in the manometer may also be used to offset this 
difficulty. Any comparable system is suitable provided working pressures of <1 
X lo-' torr can be achieved. High-vacuum Teflon-in-glass valves and a silicone 
grease for ground-glass joints are preferred because of the marked solubility of 
the materials in hydrocarbon grease. 

.Caution. When working with silane and silyl compounds it is essential that 
the vacuum line is of particularly sound construction. Explosions can result if 
fractures occur during manipulation o f  these compounds. 

Starting Materials 

The following starting materials are available from commercial sources: silane*, 
phenylsilanet , aluminum triiodide, chlorotrimethylsilane, chlorodimethylsilane, 
and dichloromethylsilane' . Trimethylsilane, dimethylsilane, and methylsilane 
are prepared by the lithium tetrahydridoaluminate reduction of the cor- 
responding chloromethylsilane in B u , ~ . ' ~ ~  Their purity is confirmed by 'H 
NMR",22 spectroscopy. Hydrogen iodide*'' is obtained by continued distilla- 
tion of crude hydroiodic acid through traps at -78 (methanol-Dry Ice slush) and 
-196" (liquid nitrogen); the pure product collecting in the latter trap is identi- 
fied by IR analysis.'6b 

.Caution. The silicon compounds in these preparations should be regarded as 

*Available from Matheson Gas Products, P.O. Box 85, 932 Paterson Plank Road, East 

?Available from Petrarch Systems, Levittown, PA 19059. 
',Available from Alfa Products, Ventron Corp., P.O. Box 299, Danvers, MA 01923. 

Rutherford, NJ 07073. 
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toxic. They undergo rapid decomposition that may be explosive upon exposure 
to air andlor moisture. Manipulation should be carried out in a well-ventilated 
area. 

A. IODOSILANE 

Procedure (Eq. 1) 

Phenylsilane (C6HSSiH3; 0.3 120 g, 2.88 mmole) and hydrogen iodide (about 6 
mmole, measured in the gas phase using a mercury manometer) are condensed, 
in vacuo, into a 150-mL reaction flask (equipped with a 4-mm Teflon-in-glass 
valve and a MS19 ball joint ( 5  18/9) for attachment to the vacuum line) held at 
- 196". The reactants are isolated in the flask by closing the valve and the tem- 
perature is allowed to rise to -45" (chlorobenzene-liquid nitrogen slush). After 
the reaction has proceeded for 2 hours at -45", the valve is opened and the vola- 
tile materials are allowed to distill through a series of U-traps at -78 (methanol- 
Dry Ice slush), -95 (toluene-liquid nitrogen slush), and - 196" with pumping. 
The -78" fraction contains benzene and traces of diiodosilane (identified by 
their 'H NMR parameters), whereas the - 196" fraction contains unreacted 
hydrogen iodide (about 3 mmole). The trap at -95" retains pure iodosilane 
(SiH31; 0.3927 g, 2.49 mmole; identified by its 'H NMR18 and vibrati~nal'~ 
spectra). The yield of iodosilane, based on the phenylsilane consumed, is 86%. 

Procedure (Eq. 2 )  

The reaction flask is similar to that described in the preceding procedure. 
Aluminum triiodide (about 2 g) is added to  the flask (preferably in a dry box) 

and the flask is then attached to the vacuum line, surrounded by a -78" slush 
bath and evacuated. Glass wool may be used above the vessel to minimize iodine 
contamination of the vacuum line. After evacuation, the bath is removed, and 
with the valve closed, the flask is gently heated to disperse the AH3 onto the 
sides. Silane (SiH4; 0.1352 g, 4.2 mmole) and hydrogen iodide (about 6 mmole) 
are then condensed into the flask held at -196". The valve is again closed and 
the contents are allowed to warm to -45". The reaction occurs at -45" for about 
4 hours, at which time the volatile products are allowed to distill from the flask 
through a series of U-traps at -78, -95, and -196" with pumping. Increased 
yields of SiHJ occur if the reaction is allowed to proceed for a longer period. 
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Allowing the mixture to react overnight gave the following product distribution: 
SiH31 (95%), SiHzIz (3%), and SiH4 (2%). The fraction at -78" contains traces 
of diiodosilane; the fraction at - 196' contains unreacted hydrogen iodide and 
silane; and the fraction at -95" retains pure iodosilane (SiH31; 0.5056 g, 3.2 
mmole, identified by its 'H NMR" and ~ibrat ional '~  spectra). Noncondensible 
hydrogen gas is also formed. The yield of iodosilane, based on SiH4, is 76%. 

Properties 

Iodosilane is a clear, colorless liquid that is best stored at room temperature in 
break seal glass ampules. An analyzed sample of SiHJ gives the following 
physical data4: mp -57.0", bp 45.4"/760 torr;vp 123.9 torr at 0". The 'H NMR 
spectrum" gives a singlet due to 6 s ~  at 3.44 ppm (shifted downfield of tetra- 
methylsilane), whereas the infrared s p e c t r ~ m ' ~  gives prominent features above 
300 cm-' at 2201,2192,941,903,593, and 355 cm4. 

B. IODOMETHYLSILANE AND IODODIMETHYLSILANE 

All, (CH3),SiH3.,I + HZ 
(CH3),SiH4-, + HI- 

(n = 1,2)  

Procedure 

The reaction flask is identical to the one described in Section A. The aluminum 
triiodide catalyst need not be discarded from the flask after each preparation, 
provided the vessel is properly evacuated prior to each usage. The methylsilane 
[(CH3SiH3, 4.0 mmole; (CH3)2SiH2, 5.17 mmole] and hydrogen iodide (3.5 and 
5.02 mmole, respectively) are condensed into the flask held at - 196". The valve 
is closed and the contents are allnwed to react at -45" for 45 minutes. After this 
time, the valve is opened and the volatile materials &re allowed to distill out of 
the flask through U-traps held at -23" ( C a 4  liquid N2 slush) (.Caution. Carbon 
tetrachloride is toxic and a suspected carcinogen. I t  should be handled in an 
efficient hood.), -78" and -196" with pumping. In the case of CH3SiH21, the 
-23" fraction contains diiodomethylsilane and traces of iodomethylsilane, the 
-78" fraction contains pure iodomethylsilane (CH3SiH21, 0.5143 g, 2.99 mmole, 
85%; identified by its 'H Nh4Rm and vibrational" spectra), and the -196" 
fraction contains unreacted methylsilane (about 0.5 mmole). In the case of 
(CH3)2SiHI, the - 23" trap retains diiododimethylsilane (about 0.4 mmole) and 
traces of iododimethylsilane, the - 78" trap retains pure iododimethylsilane 
[(CH3)2SiHI, 0.7292 g, 3.92 mmole, 83%; identified by its 'H NMRZ2 and 

iranchembook.ir/edu

https://iranchembook.ir/edu


2 72 Main Group Compounds 

~ i b r a t i o n a l ~ ~  spectra] , and the - 196" trap retains unreacted hydrogen iodide 
(about 0.3 mmole) and dimethylsilane (about 0.45 mmole). Noncondensible 
hydrogen gas is also formed. Increased yields of CH3SiH12, CH3Si13, or 
(CH3)2Si12 result if excess hydrogen iodide is used and/or the reaction is allowed 
to proceed for more than 45 minutes. 

Properties 

Iodomethylsilane (analyzed sample g i v e s ' ~ ~ ~ :  mp - 109.5", bp 71.8"/760 torr) 
and iododimethylsilane [analyzed sample givesI3 : mp -88", bp (extrapolated) 
92"; vp 32 torr at O"] are clear, colorless liquids that may be stored at room 
temperature in break-seal glass ampules. They exhibit first-order'H NMR spectra 
as follows: CH3SiH21P, ~ C H ,  at 0;93 ppm; 6 s ~ ~  at 4.08 ppm, J19s,= 231.0 
Hz; (CH3)2SiH122, ~CH, at 0.83 ppm; 6 s ~  at 4.72 ppm, J 2 9 s ~  = 224.8 Hz 
(shifts measured in cyclohexane solution downfield from tetramethylsilane). 
The infrared spectra of iodomethylsilane and iododimethylsilane show strong 
absorptions above 300 cm4 at: CH3SiH212', 2985, 2874, 2190, 1418, 1264, 
947, 880, 855, 735,631, and 480 cm4;(CH3)2SiH123, 2952,2890,2160,1412, 
1243,900,856,822,763,674,645,635, and 330 cm-! 

C. IODOTRIMETHYLSILANE 

AII, 
(CH3)3SiH + HI - (CH&SiI t H2 

Procedure 

The reaction flask, catalyst, and experimental conditions are as described in 
Section A. Trimethylsilane [(CH&SiH; 0.7120 g, 9.61 mmole] and hydrogen 
iodide (about 13 mmole) are condensed into the flask held at - 196". The flask is 
isolated, the - 196" bath is removed, and the contents are allowed to warm to  
room temperature. The reaction occurs at room temperature for about 2 hours; 
then the valve is opened and the contents are allowed to distill through U-traps 
at -78 and - 196" with pumping. The - 196" fraction retains unreacted hydrogen 
iodide (about 3.3 mmole) and traces of unreacted trimethylsilane. The -78" 
fraction retains pure iodotrimethylsilane [(CH&SiI; 1.8616 g, 9.3 1 mmole; 
identified by its 'H NMR22 and Raman spectra25]. The yield of iodotrimethyl- 
silane, based on trimethylsilane, is 97%. 

Properties 

Iodotrimethylsilane (analyzed sample gives': bp 106.8"/742 torr) is a clear, 
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colorless liquid that is best stored in break-seal glass ampules at room tempera- 
ture. The ‘H Nh4R spectrumz2 of (CH3)$31 gives a singlet due to tiCH, at 0.73 
ppm (measured downfield of tetramethylsilane), and the Raman spectrumZS 
gives sharp bands above 300 em-’ at 2973, 2302, 1404, 1255, 845, 761, 704, 
627, and 331 cm-’. 
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64. SILYL SULFIDES 

Submitted b y  JOHN E. DRAKE,* BORIS M. GLAVINEEVSKI,* 
RAYMOND T. HEMMINGS? and H. ERNEST HENDERSON* 
Checked by E. A. V.  EBSWORTHS and S. G. D. HENDERSON* 

Disilathiane has been the subject of several recent studies.'-' Interest has been 
centered on the importance of (p-d)r-bonding in determining both the structure 
and the base strength relative to the disiloxanes and carbon The 
utility of disilathianes has been demonstrated by their conversion to a wide 
variety of silyl derivatives by exchange reactions or p r o t o l y s e ~ . ~ * ~  

Disilathianes, for example (SiH3)$3 and [(CH3),Si] 2 S ,  have been prepared by 
several routes,8 namely, the reaction of iodosilane with silver' and mercuric' 
sulfides; halosilanes with lithium ~ u l f i d e , ~  [NH,] SH,9 and [Me3NH] SH'; 
disilaselenane with H2S1' ; and trisilylphosphine with sulfur.'' Recently, the 
synthesis of hexamethyldisilathiane, [(CH3)3Si] 2S,# was described from the 
protolysis of 1-(triniethylsily1)iidazole with H2S and from the dehydrohalogen- 
ation of chlorotrimethylsilane and H2S with a tertiary amine." Both of these 
methods require about 18 hours. 

The syntheses of disilathiane and its methylated analogues by the reaction of 
mercuric sulfide with gaseous iodosilanes is described here in detail. The 
procedures are convenient, take about 2 hours, and are well suited to small-scale 
vacuum-line techniques, using a minimum of special appartus. The yields are in 
the range of 90-95%. 

Starting Materials 
The manipulation of all volatile compounds is carried out in a Pyrex-glass 
vacuum system [consisting of four manifolds (volume about 150 mL) intercon- 
nected by a central manifold and pumping system and two sets of U-traps con- 
necting adjacent manifolds] , using conventional techniques." Greaseless Teflon- 

*Department of Chemistry, University of Windsor, Windsor, Ontario, Canada, N9B 3P4. 
?Department of Chemistry, Scarborough College, University of Toronto, Ontario, Canada 

M1C A14. 
$Department of Chemistry, Edinburgh University, West Mains Road, Edinburgh, Scotland, 

EH9 3JJ. 
8 The checkers have prepared disilathiane and hexamethyldisilathiane in high yield by 

reacting the appropriate tertiary and secondary amine with H,S for 2 hr and then treating the 
solid residue with an excess of the appropriate chlorosilane or bromosilane. 

'Hexamethyldisilathiane may also be obtained commercially, (e.g., from Petrarch 
Systems, Levittown, PA 19059). 
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in-glass valves are used because the silanes show a marked solubility in hydrocar- 
bon stopcock lubricants. Because mercury initiates decomposition of the iodo- 
silanes, the manometers are isolated from the line when not in use. 

Iodosilane,* iodomethylsilane, iododimethylsilane, and iodotrimethylsilane 
are prepared by the reaction of hydrogen iodide with the parent hydride? 
namely, SiH4, CH3SiH3, (CH3)2SiHZ, and (CH&SiH, in the presence of a 
catalytic amount of A113.13 The purity of the iodosilanes may be confirmed 
spectros~opically.'~ Commercial red mercuric sulfide is dried at 120" in a high 
vacuum before use. 

.Caution. The disilathianes should be regarded as toxic and are vile smelling. 
Their exposure to air andlor moisture is likely to promote rapid oxidation. Mani- 
pulations should be carried out in a sound vacuum system in a well-ventilated 
area. All preparations may be scaled-up to use I0 mmole of starting material. 

A. DISILATHIANE 

2SiH31 t HgS + (SiH3)2S t Hg12 

Procedure 

The reactor is a horizontal tube (about 25 mm id X 350 mm long) equipped 
with U-traps at either end (one end has a constriction and the other end is 
detachable by a B-24 (T 24/40) joint to facilitate packing). The tube is packed 
alternately with glass wool and anhydrous red mercuric sulfide (about 20 g, 85 
mmole), mixed with clean and dried powdered glass (about 10 g). The tube is 

(.Caution. Always evacuate through the constricted end to avoid contamina- 
tion of the vacuum line with the packing material.) Iodosilane [SiHJ; 0.4307 g, 
2.73 mmole] is then allowed to pass through the column from one U-trap to the 
other. Typically after two double passes, the volatile products are fractionated 
on the vacuum line using cold traps at -45 (chlorobenzene-liquid nitrogen slush), 
-95 (toluene-liquid nitrogen slush) and - 196' (liquid nitrogen). No volatile 
species should be present in the -45" trap unless disproportionation has 
occurred. The second trap retains disilathiane [(SiH&S; 0.1 164 g, 1.24 mmole], 

attached to the vacuum line and is thoroughly evacuated for about 1 hour. $ 

*The cleaveage of phenylsilane with hydrogen iodide also provides of iodosilane (based 
on details given in Reference 15). 

'Sill4, CH,SiH,, (CH,),SiH,, and (CH,),SiH are available commercially on some markets 
(Petrarch Systems). Alternatively, they may be synthesized by the reduction of  the 
chlorides, (CH3)nSiC14~n, with LiAIH,. l6 

*The checkers found that by evacuating the tube for about 6 hr with occasional heating, 
the formation of siloky impurities was eliminated. 
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and the final trap at -196" should contain only traces of disiloxane (identified 
by its infrared spectrum"). No hydrogen is formed. The yield of disilathiane, 
based on the iodosilane consumed, is 91%. Optimum yields are achieved by 
minimizing the amount of moisture in the system. 

Properties 

Disilathiane is a colorless, volatile liquid (mp -70", bp 58.8"). Its vapor pressure 
relationship' is given in the range -40 to +50" by log p (torr) = 7.977 - 1692/T, 
which leads to AHvap of 7743 callmole and a Trouton's constant of 23.3 (all 
physical data were obtained on analyzed samples). The vapor pressure at 0" is 
61 torr. The 'H NMR spectrum of di~ilathiane,'~ measured in cyclohexane, con- 
sists of a singlet ( 6 s ~ )  at 4.35 ppm downfield of tetramethylsilane (JHH = 0.70; 
J19s~ = 224 Hz). The infrared spectrum'* shows prominent band at 2180 (vs), 
962 and 951 (vs), 907 (vs), 675 (ms), 635 (s), 610 (s), 517 (s), and 480 (ms) 
cm-'. Disilathiane may be stored at room temperature in break-seal glass 
ampules. 

B. 1,3-DIMETHYL, 1,1,3,3-TETRAMETHYL-, AND 
HEXAMETHY LDISILATHI ANE 

2(CH3),SiH3.,I + HgS -+ [ ( C H ~ ) ~ S ~ H ~ . ~ ] Z S  + HgIz 

(n = 1 ,2 ,3 )  

Procedure 

The reactor and conditions are identical to those described in Section A. The 
iodosilane [CH3SiH21, 2.38 mmole; (CH3)?SiHI, 1.01 mmole; (CH3)&I, 1.94 
mmole] is then passed through the tube four times. The volatile products are 
collected and fractionated, using cold traps at -45 and -196". The first trap 
retains the appropriate methyl disilathiane, namely (CH3SiH2)'S, 97%; 
[(CH3)2SiH] 'S, 92%; [(CH3)3Si] ?S, 95%. Any unreacted iodide or siloxane is 
collected in the trap held at - 196". The formation of siloxanes is again minimiz- 
ed by carefully removing moisture from the system by thorough evacuation. 

Properties 

1,3-Dimethyldisilathiane, 1,1,3,34etramethyldisilathiane (analyzed sample gives 
mp -146"' extrapolated bp 145", vapor pressure relationship: log p (torr) = 
6.461 -1498/T over the range 0-50"; AHvap = 6850 cal./mole; Trouton's 
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constant, 16.4)3 and hexamethyldisilathiane (analyzed sample gives bp 162')' 
are all clear, colorless liquids that are stable at room temperature in break- 
seal glass ampules. These methyl disilathianes exhibit first-order 'H NMR 
spectra l4 719 P as follows: (CH3SiH2)& 6cH at 4.52 ppm, 
J Z ~ , ,  = 215.0 Hz; [(CH&SiH] ZS, 6CH, at 6.37, 6SH at 4.fO ppm, J 2 g s S  = 
207.6 Hz; [(CH3)3Si] $3, aCH, at 0.33 ppm (shifts downfield from tetra- 
methylsilane in cyclohexane solution). The purity of these methyl disi- 
lathianes may be further checked by their infrared spectra.2' (CH3SiH2)#: 
2979, 2920,2159 (vs), 1408,1263,949,912,875 (vs), 743,701,and510cm4; 
[(CH3)2SiH]2S, 2964, 2905, 2130 (s), 1425, 1255 (s), 897 (s), 832 (s), 769, 
715, 663, 635, and 489 cm"; [(CH3)3Si]2S22, 2950 (s), 2890, 1452, 1406, 
1252 (s), 865 (s), 845 (vs), 828 (vs), 755, 692,628 (s), 493 (vs), and 441 cm-I. 
Any likely impurities are unreacted iodosilane and disiloxane, which have 
prominent vsg and V s a s i  absorptions at about 355 cm-' l4 and 1107 and 606 

at 0.43, tiSR 

in the infrared spectra. cm-l 17 
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65. CRYSTALLINE POLYAMMONIUM 
CA T‘NA- PO LY PHO SPHATE 

Submitted by RICHARD C. SHERIDAN* and JOHN F. McCULLOUGH* 
Checked by N. E. STAHLHEBER? and C. Y. SHEN? 

Crystalline polyammonium catena-polyphosphate, (NH4),HzPnO3 + 1, has been 
prepared by heating urea and monoammonium orthophosphate under ammonia 
vapor for 16 hours,’ by ammoniation of superphosphoric acid: by thermal con- 
densation of urea pho~phate ,~ and by heating various ammonium phosphates in 
a current of amm~nia .~”  The procedure given below, in which crude ammonium 
tetrametaphosphate is reorganized and condensed to a long-chain polymer in a 
stream of ammonia, is straightforward and permits the use of common labor- 
atory equipment and supplies. 

.Caution. The reaction of P4010 with aqueous ammonia is vigorous and 
strongly exothermic. 

Procedure 

Phosphorus(V) oxide (28.4 g, 0.1 mole) is added in small portions with vigorous 
stirring to 100 mL of concentrated aqueous ammonia over a 15-minute period. 

*Division of Chemical Development, Tennessee Valley Authority, Muscle Shoals, AL 

tMonsanto Company, 800 N. Lindberg Blvd., St. Louis, MO 63166. 
35660. 
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Phosphorus(V) oxide is very hygroscopic and the bottle must be closed except 
when an addition is made. The reactor is cooled with ice water so that the 
reaction temperature is maintained at 5-10". Methanol (125 mL) is added drop- 
wise to the stirred solution to precipitate the crude ammonium tetrametaphos- 
phate, which is collected by suction filtration, washed with methanol, and dried 
in vacuum over anhydrous CaS04. The product weighs 33 g and contains about 
65% of its phosphorus as tetrametaphosphate. The remainder is a mixture of 
ortho-, trimeta- and short-chain phosphates. Any lumps are crushed and the 
crude ammonium tetrametaphosphate is spread in a no. 1 porcelain evaporating 
dish and heated for 2 hours at 240" in a slow streaq,of anhydrous ammonia 
(about 100 mL/min or 3-5 g/hr). Care is taken to avoid absorption of moisture 
before or during heating, as this adversely affects the formation of the product. 

Caution. Anhydrous ammonia does not generally constitute a fire or ex- 
plostion hazard, but it is flammable in high concentrations, and contact with 
flames and electrical sparks should be avoided. 

The charge is conveniently heated in a 1-L resin reaction vessel* equipped with 
a heating mantle or in a small oven; a larger oven may be used if the ammonia 
is passed directly over the charge. The product should be cooled below 150" 
under ammonia to avoid deammoniation in handling. The product weighs 32.3 g 
and is a crystalline solid with the optical, X-ray powder diffraction pattern, and 
infrared absorption pattern reported for form I polyammonium catena-poly- 
phosphate.2y6 Anal. Calcd. for (NH4)nH1Pn03n+l with n = 50: N, 14.38; P, 
31.81. Found: N, 14.4; P, 31.8. 

Paper chromatographic analysis' shows that over 99% of the phosphate is 
present as a nonmoving high-molecular-weight species. However, the product 
contains a small amount of amorphous long-chain polyphosphates, and the 
purity of the crystalline form I polyammonium catena-polyphosphate is estimat- 
ed to be 90%. The relatively soluble amorphous polyphosphates can be removed, 
if desired, by stirring in 100 mL of water for 15 minutes at room temperature. 
The product is collected by suction filtration, washed with methanol, and air 
dried. Yield 29.1 g (75% based on the P4OI0 charged). 

Properties 

Form I polyammonium catena-polyphosphate contains the shortest long-chain 
anions of several polymorphic forms having the same chemical composition.' It 
is slightly soluble in water and gives a cloudy, viscous solution. The solubility 
increases with the quantity of solid phase present; the apparent solubility of the 
pure compound at 25" has been estimated to  be 0.15 g per 100 g of water.' The 
compound is more soluble in hot water or in the presence of other dissolved 

*Available from Curtin Matheson Scientific, Inc., 1850 Greenleaf Ave., Elk Grove Village, 
IL 60007. 
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cations. It shows a slower hydrolytic degradation rate than Graham's salt, 
Na,H2P,O3,+,. The dry crystals are stable at room temperature but are con- 
verted to other crystalline modifications having the same chemical composition 
(forms 11-V) by tempering at 200-400". Paper chromatography, end-group titra- 
tion, and other measurements indicate that the phosphate chain length of form I 
is above 50.' 
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SUBJECT INDEX 

Names used in this Subject Index for Volume XIX, as well as in the text, are based for 
the most part upon the “Definitive Rules for Nomenclature of Inorganic Chemistry,” 1957 
Report of the Commission on the Nomenclature of Inorganic Chemistry or the International 
Union of Pure and Applied Chemistry, Butterworths Scientific Publications, London, 1959; 
American version, J. Am.  Chem. SOC., 82, 55234544 (1960); and the latest revisions 
[Second Edition (1970) of the Definitive Rules for Nomenclature of Inorganic Chemistry] ; 
also on the Tentative Rules of Organic Chemistry-Section D; and ‘The Nomenclature of 
Boron Compounds” [Committee on Inorganic Nomenclature, Division of Inorganic Chem- 
istry, American Chemical Society, published in Inorganic Chemistry, 7 ,  1945 (1968) as 
tentative rules following approval by the Council of the ACS] . All of these rules have bden 
approved by the ACS Committee on Nomenclature. Conformity with approved organic 
usage is also one of the aims of the nomenclature used here. 

In line, to some extent, with Chemical Abstracts practice, more or less inverted forms are 
used for many entries, with the substituents or ligands given in alphabetical order (even 
though they may not be in the text); for example, derivatives of arsine, phosphine. silane, 
germane, and the like; organic compouncs; metal alkyls, aryls, 1.3diketone and other 
derivatives and relatively simple specific coordination complexes: Iron, cyclopentadienyl- 
(also as Ferrocene); Cobalt(I.1). bis(2,4-pentanedionato)- [instead of Cobalt (II) a c e t y k e -  
tonate].  In this way, or by the use of formulas, many entries beginning with numerical 
prefixes are avoided; thus Vanadate (III), tetrachloro-. Numerical and some other prefixes 
are also avoided by restricting entries to group headings where possible: Sulfur imides, with 
formulas; Molybdenum carbonyl, Mo(CO), ; both Perxenate, HXeO, ’ -, and Xenate(VIII), 
HXeO, ’ : In cases where the cation (or anion) is of little or no significance in comparison 
with the emphasis given to the anion (or cation), one ion has been omitted; e.g., also with 
less well-known complex anions (or cations): CsB,, H,,CH is entered only as Carbaundeca- 
borate(1-), tridecahydro- (and as B,,CH,, - in the Formula Index). 

Under general headings such as Cobalt(III) complexes and Ammines, used for grouping 
coordination complexes of similar types having names considered unsuitable for individual 
headings, formulas or names of specific compounds are not usually given. Hence it is impera- 
tive to consult the Formula Index for entries for specific complexes. 

As in Chemical Abstracts indexes, headings that are phrases are alphabetized straight 
through, letter by letter, not word by word, whereas inverted headings are alphabetized first 
as far as the comma and then by the inverted part of the name. Stock Roman numerals and 
Ewens-Bassett Arabic numbers with charges are ignored in alphabetizing unless two or 
more names are otherwise the same. Footnotes are indicated by n, following the page 
number. 

28 7 
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Acetato(tripheny1phosphine) complexes of 
platinum metals, 17:124-132 

Acetic acid, ethylenediamine-N,N-di-: 

-, trifluoro-: 
cobalt complexes, 18:100, 103 

osmium complexes, 17: 131 
rhenium complexes, 17: 127 

copper complex, 19:90 
iron(I1) complex, 18:6, 15 

of nickel(O), 17:117-124 

Acetonitrile: 

Acetylene complexes: 

Alkanes, cyclo-, see Cycloalkanes 
@-Aluminas Al, Ag, Ga, K,  Li, NH, , NO, Rb, 

and TI, 19:s 1-58. See also aluminum 
oxides 

e thox y)-: 
sodium, 18:149 

pentathiazyl, 17:190 

Aluminate( 1-), dihydridobis(2-methoxy- 

-, tetrachloro-: 

Aluminum, bis(diethy1amino)hydrido-, 17:41 
-, (diethy1amino)dihydro-, 17:40 
-, hexa-fi-acetyl-tris(tetracarbony1- 

manganese)-, 18:56,58 
-, trihydrido(trimethy1amine)-, 17: 37 
-, tris[cis-(diacetyltetracarbonyl- 

manganese)] -, 18:56,58 
Aluminum ammonium oxide (All, (NH,)O,,), 

19:56 
Aluminum compounds, 18: 145 
Aluminum gallium oxide (AI,,GaO,,), 

Aluminum hydrido complexes, 17: 36-42 
Aluminum lithium oxide (Al,, LiO,,), 

Aluminum nitrosyl oxide(A1,,(NO)O,, ), 

Aluminum potassium oxide (All, KO,,), 

Aluminum rubidium oxide (All1 RbO,,), 

Aluminum thallium oxide (AI,l TIO,,), 

Aluminum trihydride, 17: 6 
Amine, tris [ 2-(dipheny1arsino)ethyll -, 

-, tris[ 2-(diphenylphosphino)ethyl J -, 

-, tris[2-(methylthio)ethyl] -, 16:177 

19:56 

1 9 5 4  

19:57 

19:55 

19:55 

19:53 

16:177 

16: 176 

Amine complexes: 
of cobalt(III), 16:93-96; 17:152-155 
of iridium(II1) and rhodium(III), 

of osmium, 16:9-12 
of ruthenium, 16:13-15, 75 

17:152-155 

Aminoboranes, 17: 30-36, 159-164 
Ammines: 

chromium, 18:75 
cobalt, 18:67,75 

Ammonia,compd. with TaS, (l : l) ,  19:42 
Ammonium, tetrabutyl-: 

heptahydrodiborate(1-), 1 7:25 
tetrahydroborate(1-), 17: 23 

cyanate, 16:132 
cyanide, 16:133 

-, tetraethyl-: 

Ammonium catena-polyphosphate (NH,),- 

Ammonium compounds, quaternary, 

Ammonium cyanate, 16: 136 
Ammonium decavanadatew) 

(Pn0(3n+l)H, ),19:278 

17: 2 1-26 

(NH, l6 [Vl0 O,, ] hexahydrate, 
19: 140,143 

Aniline, N,N-dimethyl-: 
chromium complex, 19: 157 
molybdenum complex, 19:84 

-, N-(ethoxymethy1)-: 
platinum complex, 19: 175 

-, N- [(ethylamino)methyl] -: 
platinum complex, 19: 176 

-, N-methyl-: 
borane deriv., 17: 162 

-, N,K-methylenedi-: 
platinuml complex, 19: 176 

-, 2-(methylthio)-, 16:169 
Anilinoboranes, 17: 162 
Anion exchange resin, Bio-Rad AG 1-X8, 

in resolution of cobalt edda complexes, 
18:109 

Anisole: 

Antimonate, hexafluoro-: 

Antimonate( 1-), hexachloro: 

Antimonatew), [fi-fluoro-bis(penta- 

mercury (Hg, [Sb,F,, 1,). 19:23 

chromium complex, 19:155 

mercury (Hg, .91[SbF6 I ) ,  19:26 

pentathiazyl, 17:191 

fluoro- 
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Apparatus: 
reaction tube for Ir(CO)3Cl,.,,,, 19:19 
reactor for metal atom syntheses, 

19:59-62 
Arsenate, hexafluoro-: 

Arsenate (V), hexafluoro-: 

Arsine, (2-bromophenyl)dimethyl-, 16: 185 
-, dimethyI(pentafluoropheny1)-, 16: 183 
- ,1,2-phenylenebis(dimethyl-: 

nickel(O)complex, 17: 121 
platinum complex, 19: 100 

mercury (Hg, 

mercury (Hg,[AsF,],), 19:24 

[AsF, ] 1, 19: 25 

-, (stibylidynetri-l,2-phenylene)- 
tris(dimethy1-, 16:187 

-, triphenyl-: 
copper complex, 19:95 
nickel(0) complex, 17: 121 

-, tris[2-(dimethylarsino)phenyl] -, 16:186 
-, see QISO Amine, tris[2diphenyl- 

arsino)ethyl] - 
Arsonium, tetraphenyl-: 

cyanate, 16: 134 
cyanide, 16: 135 
hexacarbonylniobate( 1-), 16: 72 
hexacarbonyltantalate( 1-), 16:72 

Aza-2-boracycloalkanes, 1,3di-, see 

5-Aza-2,8,9-trioxagermatricyclo- 
C y clo alkane s 

(3.3.3.01 undecane, lethyl-,see 
Germanium, ethyl { {2,2',2"- 
nitrilotris [ ethanolato] } (3-)-N,0,0', 

5-Aza-2,8,9-trioxastannatricyclo[ 3.3.3.01 
0'9) 

undecane, 1-ethyl- see Tin,. 
ethyl { {2,2',2"-nitrilotris [ ethano- 
lato] }(3-)-~,0,0',0' ') -1 

Azobenzene complexes: 
of nickel(O), 17:121-123 

Benzaldehyde, 0-amino-: 

Benzene: 

-, 1,3-bis(trifluoromethy1)-: 

- , 1 -bromo-2-(methylthio)-, 16 : 169 
-, chloro-: 

macrocyclic ligands from, 18: 31 

chromium complex, 19: 157 

Cr complex, 19:70 

chromium complex, 19: 157 
molybdenum, 19:82 

-, Odimethyl-: 
chromium complex, 19:198 

-, fluoro-: 
chromium, 19:157 

-, (methoxymethy1)-: 
tungsten complex, 19: 165 

-, methylenebis-, see Methane, diphenyl- 
-, pentafluoro-: 

nickel complex, 19:72 
Benzenedl,, bromo-, 16:164 
1,2-Benzenedicarbonitrile: 

Benzoic acid: 

-, methyl ester: 

1,5,8,12-Benzotetraazacyclotetradecine, 
3,1O-dibromo-l,6,7,12-tetrahydro-: 

macrocyclic ligands from, 18:47 

molybdenum complex, 19:133 

chromium complex, 19: 157 

copper complex, 1 8 5 0  

tungsten, 19: 169 
Benzylamine, N,N-dimethyl-: 

Benzylideneacetone, 16:104; 17:135 
Bicyclo [ 2.2.1 ] heptane-7-methane- 

sulfonate, 3-bromo-1,7- 
dimethyl-2-oxo-, [ 1R- 
(endo,onfi)] (see Camphorq-sulfonate, 
a- bromo- 

2,2'-Bi-1,3-dithiolylidene : 
radical cation: 

bis( 2,3dimercapto-2-butenedinitril- 
ato(2-)] cuprate(2-) (2:1), 19: 31 

bis [ 2,3dimercapto-2-butenedinitril- 
ato(2-)] nickelate(2-) (2: l ) ,  19: 31 

bis [ 2,3dimer capto-2-bu tenedinitr il- 
ato(2-)] platinate(1-) ( l : l) ,  19:31 

bis[ 2,3-dimercapto-2-butenedinitril- 
ato(2-)] platinate(2-) (2: l ) ,  19:31 

iodide (8: 15),19:31 
iodide (11:8), 19:31 
iodide (24:63), 19:31 
salt with 2,2'4 2,s -cy clohexadiene- 

1,4diylidene)bis [propanedinitrile 1 
( l : l ) ,  19:32 

selenocyanate (14:8), 19:3 1 
tetracyanoplatinate(I1) (2: l ) ,  

tetrafluoroborate(1-) (3:2), 19: 30 
19:31 

thiocyanate (14:8), 19:31 
2,2'-Bi-1,3-dithiolylidene (TTF), 19: 28 
Bio-Rad AG 1-X8: 
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anion exchange resin, in resolution of 
cobalt edda complexes, 18:109 

2,2'-Bipyridine: 
molybdenum complex, 19:135 
nickel complex, 17: 121 
niobium complex, 17:78 

2,2'-Bipyridinium(2+) pentachlorooxo 

Bis(guanidinium) dibromotetracyanoplat- 
molybdatew), 19: 135 

inate(1V): 
hydrate, 19: 11 

Bis(guanidinium) tetracyanoplatinate(II), 

Bis( trimethylsily1)amine: 
transition metal complexes, 18: 1 12 

2-Boracycloalkanes, 1,3diaza, see Cyclo- 

Borane, bis(dimethy1amino)-, 17: 30 
-, chlorodiethyl-, 17: 195 
-, tri-sec-butyl-, 17:27 
-, tris(diethylamin0)-, 17:159 
-, tris(N-methy1anilino)-, 17: 162 
-, tris(1-methylpropy1)-, see Borane, 

-, tris[(l-methylpropyl)amino] -, 17:160 
Borane(6), di-, see Diborane(6) 
Boranes, 18: 145 
-, trisamino-, 17: 159-164 
Borate( 1-), heptahydrodi-: 

19 : l l  

alkanes 

tri-sec- but yl- 

methyltriphenylphosphonium, 17:24 
tetrabutylammonium: 17:25 

[ [tris[p-[(2,3-butanedione dioximato)]- 
-, tetrafluoro-: 

(2-)-0;0'] difluorodiborato(2-)] -N,N', 
N",N"',iV"",N'"''] cobalt(III), 17: 140 

-, tetrahydro-: 
calcium, 17:17 

purification of, 17:19 
copper complex, 19:96 
methyltriphenylphosphonium, 17: 22 
tetrabutylammonium, 17:23 

-, tri-sec-butylhydro-: 
potassium, 17:26 

Borato complexes: 
tetrahydro-: 

of hydridonickel and platinum com- 
plexes, 17:88-91 

of titanium, 17:91 
tris(dioximato)di-, of cobalt(II1) and 

iron(]]), 17:139-147 

8-Bornanesulfonic acid, 3-bromo-2-oxo- 

Boron, compd. with TaS, (1:2), 19:42 
-, dihydro(isocyano)(trimethylamine)-, 

Boron chloride (B, Cl,), see Diborane(4), 

Bpy, see 2,2'-Bipyridine 
(+)-brcamsul, see Camphor-r-sulfonate), 

a-bromo-(+) 
Bromide: 

(+)-, 1 6 ~ 9 3 ;  18:106 

19:233,234 

tetrachloro- 

guanidinium tetracyanoplatinate 
(0.25:2:1) 

monohydrate, 19: 19, 12 

trihydrate, 19: 1 ,4 ,  15 
potassium tetracyanoplatinate (0.3:2: 1) 

2-Bromophenyl methyl sulfide, 17: 169 
2,ZButanedione: 

2,3-Butanedione dioxime: 
macrocyclic ligands from, 18:23 

diborato complexes with cobalt (111) 
and iron(II), 17: 140-142, 144-145 

l lu t ano l ,  4-(ethylphenylphosphino)-, 
18: 189,190 

2-Butanone, l,l,l-trifluoro4-(2-thienyl)4- 
thioxo-, see 3-Buten-2-one, 1 J,l-tri- 
fluoro4-mercapto-4-(2-thienyl)-) 

2-Butene, 2,3dimethyl-: 

Butenedinitrile: 

2-Butenedinitrile, 2,3dimercapto-copper, 
nickel and platinum complexes, 
19:31 

3-Buten-2-one, 4-phenyl-, see Benzyl- 
ideneacetone 

-, 1 , l  ,l-trifluoro-4-mercapt04-(2-thienyl)-, 
16:206 

rhodium complex, 19:219 

nickel(0) complex, 17: 23 

metal derivs., 16:210 

boron deriv., 17:160 

molybdenum complex, 19: 133 

sec-Butylamine: 

Butyric acid: 

Cadmium: 

-, ethyliodo-, 19:78 
Calcium bis[tetrahydroborate(l-)] , 17: 17 
Camphora-sulfonate, a-bromd-(+)-, 

resolving agent, 16:93; 18: 106 

toluene slurry, 19:78 
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Carbene complexes: 
of chromium, platinum, and tungsten, 

of chromium and tungsten, 17:95-100 
of tungsten, 19: 182 

19: 164-180 

Carbodiimide, digermyl-, 18: 16 3 
Carbonyl complexes, 18:53 

of chromium, 19:155-157; 178, 179 
of chromium and tungsten, 19:164-171 
of chromium and tungsten carbene com- 

plexes, 17:95-100 
of cobalt(III), rhodium(III), and 

iridium(III), 17 : 15 2-155 
of Cr and Mn, 19:188-203 
of q s  -cyclopentadienyliron, chromium, 

molybdenum, and tungsten corn 
plexes, 17:lOO-109 

of Iridium, 19: 19-21 
of manganese, 19:158-163, 227, 228 
of rhodium, 17: 115 
of ruthenium, 17:126-127 
of tungsten, 19:172, 181-187 

Carboxylato complexes: 
of platinum metals, 17: 124-132 

Carbyne complexes: 
tungsten, 19:172 

Cesium tetracyanoplatinate (1.75: 1) 

Chloride: 
dihydrate, 19:6,7 

potassium tetracyanoplatinate (0.3: 2: 1) 
trihydrate, 19: 15 

Chloro complexes: 
iridium carbonyl one dimensional elec. 

conductors, 19: 19 

potassium, trihydrate, cis- and 
truns-, 16:81 

-, diaquabis(oxa1ato)-: 

Chromate(III), diaquabis(malonat0)- 

potassium : 
dihydrate, cis-, 17:148 
trihydrate, truns-, 17: 149 

potassium trihydrate, 16: 80 

tripotassium, trihydrate, 19: 127 

vaporization of, 19:64 

-, tris(ma1onato)-: 

-, tris(oxa1ato)-: 

Chromium: 

-, (r,6-ani~ole)tricarbonyl-, 19: 155 
-, ($ -benzene)tricarbonyl-, 

19: 157 

-, bis[ 1 ,3-bis(trifluoromethyl)-q6 -benzene]-, 
19:70 

-, his[($ -cyclopentadienyl)dinitrosyl-, 
19:211 

-, carbonyl(methy1 q'-m-methylbenzoate) 
(thiocarbonyl)(triphenyl phosphite)-, 
19:202 

-, chloro($ -cyclopentadienyl)dinitrosyl-, 
18:129 

-, ( q 5  -cyclopentadienyl)isbut yldinitrosyl-, 
19:209 

-, dicarbonyl(qs -cyclopentadienyl) 
nitrosyl-, 18: 127 

-, dicarbonyl (q6 -0-dimethylbenzene) 
(thiocarbony1)-, 19: 197,198 

-, dicarbonyl(methy1 q6 -benzoate)- 
(thiocarbony1)-, 19: 200 

-, dicarbonyl (methyl q6-m-methyk 
benzoate)(thiocarbonyl)-, 19: 20 1 

-, pentacarbonyl[ (diethy1amino)ethoxy- 
methylene] -, 19: 168 

-, tetranitrosyl-, 16:2 
-, tricarbonyl (q6 -chlorobenzene)-, 19: 157 
-, tricarbonyl(qs -cyclopentadienyl)- 

-, tricarbonyl (N,Ndimethyl-q6 aniline)-, 

-, tricarbonyl($ -fluorobenzene)-, 19: 157 
-, tricarbonyl(methy1 q6 -benzoate)-, 19: 157 
Chromium(O), pentacarbonyl(dihydro-2( 3H)- 

-, pentacarbonyl(methoxymethy1carbene)-, 

-, pentacarbonyl[ 1-(pheny1thio)- 

Chromium(III), aquabis(diocty1phosphin- 

Silyl-, 17:104. 109 

19:157 

furany1idene)-, 19:178, 179 

17:96 

ethylidene] -, 17:98 

ato)hydroxo-: 
poly-, 1 6 ~ 9 0  

-, aquabis(diphenylphosphinat0) 
hydroxo-: 

poly-, 1 6 ~ 9 0  
- , aquabis(ethy1enediamine)hydroxo- 

-, aquahydroxobis(methyIpheny1phos- 
dithionate, cis-, 18:84 

phinato)-: 
poly-, 1 6 9 0  

-, aquahydroxobis(phosphinato)-: 

-, bis(diocyt1phosphinato)hydroxo-: 
polymers, 16:91 

p l y - ,  16:91 
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-, bis(dipheny1phosphinato)hydroxo-: 

-, bis(phosphinat0)-: 

-, diaquabis(ethy1enediamine)-: 

-, di-p-hydroxo-bis[ bis(ethy1enediamine)-: 

poly-, 16:91 

complexes, polymers, 16: 89-92 

tribromide, 18:85 

bis(dithionate), 18:90 
tetrabromide, dihydrate, 18:90 
tetrachloride, dihydrate, 18:9 1 
tetraperchlorate, 18: 9 1 

-, di-p-hydroxo-bis[ tetraammine] -: 
tetrabromide, tetrahydrate, 18:86 
tetraperchlorate, dihydrate, 18:87 

tribromide, 19: 126 
-, hexakis(dimethy1 sulfoxide)-: 

-, hydroxobis(methylpheny1phosphinato)-: 

-, hydroxobis(phosphinato)-: 

-, malonato complexes, 16:80-82 
-, tetraammineaquachloro-: 

cis-, sulfate, 18:78 
-, tetraammineaquahydroxo-: 

cis-, dithionate, 18: 80 
-, tetraamminediaqua-: 

cis-, triperchlorate, 18: 82 
-, tris[bis(trimethylsilyl)amido] -, 18: 118 
-, tris(ethy1enediamine)-: 

Chromium ammine and ethylenediamine 
complexes, 18:75 

Chromium bromide (CrBr3): 
anhydrous, 19:123, 124 

Chromium nitrosyl, Cr(NO), , 16:2 
Clathrochelates from iron(I1) and 

poly-, 16:91 

polymers, 16:91 

tribromide, 19: 125 

cobalt(II1) dioxime complexes, 
17~139-147 

nomenclature and formulation of, 17: 140 

vaporization of, 19:64 
Cobalt: 

-, bis(dimethylcarbamodithioate3,S') 
nitrosyl, see Cobalt, bis(dimethy1dithio- 
carbamato-S,S)nitrosyl- 

nitrosyl, 16:7 

dinitrosyl-: 

-, bis(dimethy1dithiocarbamato-S,S')- 

-, [ 1,2-bis(diphenylphosphino)ethane]- 

tetraphenylborate, 16: 19 
-, [( 1,2,5,6-q)-1,5-~yclooctadiene] - 

[( 1,2,3~)-2-cycloocten-l-yl] -, 
17:112 

-, dichlorobis(methyldipheny1phoe 
phine)nitrosyl-, 16: 29 

-, dinitrosylbis(tripheny1phosphine)-: 
tetraphenylborate, 16: 18 

-, dinitrosyl(N,N,N'.N'tetramethyl- 
ethy1enediamine)-: 

tetraphenylborate, 16: 17 
-, [ ethylenebis(dipheny1phosphine)l- 

dinitrosyl-: 
tetraphenylborate, 16: 19 

-, nitrosyltris(tripheny1phosphine)-, 

Cobalt(II), bromo(2,12-dimethyl-3,7,11,- 
16: 33 

17-tetraazabicyclo[ 11.3.11 hepta- 
deca-l( 17),2,11,13,15-~entaene)-: 

bromide, monohydrate, 18: 19 
-, diaqua(ethylenediamineN,N'dk 

-, [5,14dihydrodibenzo[b,i] [ 1,4,8,11]- 
acetate)-, 1 8 : l O O  

tetraazacyclo tetradecinato(2-) ] -, 
18:46 

-, [N,N'ethylenebis(thioacetylaceto- 
niminato)], see Cobalt(II), 
{ {4,4'-(ethylenedinitrilo)bis[ 2- 
pentanethionato] }(2-)-S,N,N',- 
9)- 

-, { {4,4'-(ethylenedinitrilo)bis[ 2- 
pentanethionato ] }(2-)3,N,N', - 
9}-, 16:227 

-, tetrakis(se1enourea)-: 
diperchlorate, 16:84 

-, tris(se1enourea)sulfato-, 16: 85 
Cobalt(III), amminebromobis(ethy1ene- 

diamine)-: 

sulfonate, 16:93 
(+)cis-, (+)rY-bromocamphor-n- 

chloride: 
(+)cis-, 16:95 
( - )c i s ,  16:96 

dithionate, (-)-cis-, 16:94 
halides, (+) and (-)-, 16:93 
nitrate, (+) and (-)-, 16:93 

-, ammine(carbonato)bis(ethylenedi- 
amine)-: 

bromide, hemihydrate, cis-, 17:152-154 
perchlorate, trans-, 17: 152 

as cationic resolving agent, 18:96 
-, bis(ethy1enediamine)oxalato-: 
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nitrate, 18: 109 
(+)asym-cis- : 

18:106 
(+)-a-bromocamphor?r-sulfonate, 

chloride, trihydrate, 18: 106 

hydrogen tartrate, 18:109 
nitrate, 18:109 

triacetate, 18:68 
trichloride, 18:68 

(+)-sym-cis-: 

-, hexaammine-: 

-, pentaammine(carbonato)-: 
perchlorate, monohydrate, 

-, tetraammineaquahydroxo-: 
dithionate, cis-, 18:81 

-, tetraamminediaqua-: 
triperchlorate, cis-, 18:83 

-, tetraamminedinitrato-: 
nitrate, cis- and trans-, 18:70, 71 

-, [ [tris[p-[(2,2butanedione dioxim- 

17 : 15 2-154 

ato)(l-)-O:O] ]difluorodiborato] - 
17:140 

plexes, 18:67,75 

(2-)-N,N,N',lv',nr""""'] -, 

Cobalt ammine and ethplenediamine com- 

Cobalt complexes: 
amminebromobis(ethylenediamine), 

dinitrooyl-, 16: 16-21 
with selenourea, 16:83-85 

Cobalt(II1) clathrochelates with 
dioximes, ,17: 139-147 

Cobaltate( 1-), tetracarbonyl-: 
dipyridinemagnesium( 2+), 16 :5 8 

Cobaltate(III), (carbonato) [ethylene- 
diamine-N,N'diace tat0 (2-) ] -: 

16193-96 

sodium, 18:104 
-, (ethylenediamine-N,N'diacetato)- 

dinitro-: 
(-)-, (-)-[bis(ethylenediamine)- 

oxalatocobalt(III), 18: 101 
(-)-sym-cis-, potassium, 18:lOl 
sym-cis-, potassium, 18: 100 

-, (ethylenediaminetetraacetat0)-: 
(-I-: 

(-)-[ bis(ethy1enediamine)oxalato- 
cobalt(III), trihydrate, 18: 100 

potassium dihydrate, 18: 100 
(+I-, potassium, dihydrate, 18: 100 

chloride, monohydrate, 18:97 
(-)-: 

bromide, monohydrate, 18:99 
(-)- [ (ethylenediaminetetraacetato) 

cobaltate(III)] , trihydrate, 18:lOO 
(-)- [ (ethylenediamine-N,"-diacetato)- 
dinitrocobaltate(III), 18: 101 

hydrogen (+)-tartrate, 18:98 

hydrogen (+)-tartrate, 18:98 
iodide, 18: 99 

(+)-: 

-, (carbonate)( tetraethy1enepentamine)- 
perchlorate, trihydrate, cr,psym-, 

- , dibromo [ 2,12dimethyl-3,7,11,17- 
tetraazabicyclo[ 11.3.11 heptadeca- 
1( 17),2,11,13,15-pentaene)-: 

17: 153-154 

bromide, monohydrate, 18:21 
-, dibromo(2,3dimethyl-1,4,8,11- 

tetraazacyclotetradeca-l,3diene)-: 

-, dibromo(5,5,7,12,12,14-hexamethyl- 
1,4,8,1l-tetraazacyclotetradecane)-: 

perchlorate, 18:28 

meso-trans-, diperchlorate, 18: 14 

tetraazacyc1ohexadecine)-: 
-, dibromo(tetrabenzo[b,f;j,n] [ 1,5,9,12] - 

bromide, 18:34 
-, dibromo(2,3,9,10-tetramethyl- 

1,4,8,1 l-tetraazacyclotetradeca- 
1,3,8,1O-tetraene)-: 

bromide, 18:25 

trans-, nitrate, 18:73 

bis(dithionate), 18: 92 
tetrabromide, dihydrate, 18:92 
tetrachloride, pentahydrate, 18:93 
tetraperchlorate, 18:94 

tetrabromide, tetrahydrate, 18:88 
tetraperchlorate, dihydrate, 18:88 

-, (ethylenediamine) [ ethylenediamine- 

-, dichlorobis(ethy1enediamine)-: 

-, di-fi-hydroxc-bis[ bis(ethy1enediamine)-: 

-, di-fi-hydroxo-bis[ tetraammine-: 

N,N'diacetato(2-)] -: 
asym-cis-, chloride, 18: 105 
(-)usym-cis- : 

18: 106 

(- )-sym-cis- : 

(+)-a-bromocamphor?r-sulfonate, 

chloride, trihydrate, 18: 106 

hydrogen tartrate, 18: 109 
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potassium, dihydrate, resolution of, 
18:lOO 

Configuration: 
of meso- and racemic-(5,7,7,12,14; 

14-hexamethy1-1,4,8,1 l-tetraaza- 
cyclotetradeca4,lldiene)- 
nickel(II), 18:s 

vaporization of, 19:64 
Copper: 

-, chlorotris(tripheny1phosphine)-, 19: 88 
-, hydroxo(tris-p-toly1phosphine)-, 19: 89 
Copper(I), hydroxo(tripheny1phos- 

-, nitratobis(tripheny1phosphine)-, 19: 93 
-, nitratotris(triphenylarsine)-, 19: 95 
-, nitratotris(tripheny1stibine)-, 19: 94 
-, (tetrahydroborato)bis(triphenylphos- 

phine)-, 19: 96 
-, tetrakis(acet0nitrile)-: 

Copper(I), nitrate: 

Copper(II), [ 3,l 0-dibromo- 1,6,7,12- 

phine)-, 19:87,88 

hexafluorophosphate, 19:90 

complexes, 19:92-97 

tetrahydro-l,5,8,12-benzotetraaz;t 
cyclotetradecinato(2--I-, 18: 50 

tetraazacyclohexadecine] -: 
-, [ tetrabenzo[b,fj,n] [ 1,5,9,13]- 

dinitrate, 18:32 
-, [ 5,10,15,2O-tetraphenylporphyrinato- 

Copper complexes: 

15:214 

(2-)-p’ ,P ,Na’,P4 1 -, 16:214 

with 5,10,15,20-tetraphenylprophyrin, 

Crystal growth: 
of one dimensional elec. conductors, 19:4 
of TaS, 2H(a) phase single crystals, 19: 39 
of (TTF)(TCNQ) single crystals, 19: 33 

Cuprate(2-), bis[ 2,3dimercapto-2-butene- 

salt with 2,2-bi-l,3dithiolyldene(l: 2), 
dinitrilato(2-)] -: 

19:31 
Cyanate: 

ammonium, 16:136 
tetraethylammonium, 16: 132 
tetraphenylarsonium, 16:134 

tetraethylammonium, 16: 133 
tetraphenylarsonium, 16: 135 

Cyanide: 

-, iso-, see Isocyanide complexes of 
nickel 

Cyclam see 1,4,8,11-Tetraazacyclotetra- 

Cycloalkanes, 1,3diaza-2-bora-, 17: 164-167 
1,2-Cyclohexanedione dioxime: 

decane) 

diborato complexes with iron(II), 
17: 140,143-144 

Cyclohexasilane, dodecamethyl-, 19:265 
Cyclopentasilane, decamethyl-, 19: 267 
1 ,5Cyclooctadiene: 

platinum complexes, 19:213, 214 
rhodium complex, 19:218 

Cyclooctatetraene: 
uranium complex, 19: 149,150 

1,3,5,7Cyclooctatetraene: 
lithium complex, 19: 2 14 

Cycloolefin complexes, 16:117-119; 17:112 
Cyclopentadienide: 

lithium, 17:179 
potassium, 17:173, 176 

potassium, 17:175 
-, methyl-: 

Cyclopentadienyl complexes, 16:237; 
17~91 ,  100-109 

Cr, Mo, and W, 19:208 
manganese, 19: 188,196 
Pd, 19:221 

Cyclopentadienyl compounds of moup IV 

Cyclotriphosphazenes: 

Cyclotrithiazene, trichloro-, 17: 188 

Detonation: 

1,3-Diaza-2-boracyclohexane, 1,3di- 

1,3-Diaza-2-boracyclopentane, 1,3-di- 

1,3,2-Diazaborinane, 1,3dimethyl-, 17: 166 
1,3,2-Diazaborolane, 1,3dimethyl-, 17: 165 
Diazene complexes of nickel(0). 

Dibenzo[b,i] [ 1,4,8,11] tetraazacycle 
tetradecine, 5,14dihydro-: 

elements, 17: 172-1 78 

bromo fluoro, 18: 194 

of l-Br3 H, , 19:247,248 

methyl-, 17: 166 

methyl-, 17: 165 

17: 1 17-1 24 

cobalt complex, 18:45 
1,6-DiboracycIodecane (B, H, (C, Ha )2 ), 

Diborane(4), tetrachlorc ’, 19: 74 
Diborane(6), bis[ p(dimethy1amino)l -, 

19:239,241 

17:32 
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-, 1,2: 1,2-bis(tetramethylene)-.see 

-, bromo-, 18: 146 
-, p-(dimethylaminof-, 17:34 
-, iodo-, 18:147 
-, 1-methyl-, 19:237 
Diborane(6)dS, bromo-, 18: 146 
-, iodo-, 18:147 
Diborate(1-), p-hydro-bis(p-tetramethylene): 

D ieth ylamine: 

1,6-Diboracyclodecane 

tetrabutylammonium, 19: 243 

aluminum complexes, 17:40-41 
boron complexes, 17:30,32, 34, 159 

-, N-(ethoxymethy1)-: 
chromium complex, 19: 168 

Digermathiane, see Digermyl sulfide 
Digermylcarbodiimide, 18:6 3 
Digermyl sulfide, 18:164 
5,26:13,18-Diirnino-7,11:20,24dinitrila- 

dibenzo[c,n] [ 1,6,12,17] tetraaza- 
cyclodocosine, 18: 47 

0-Diketone, see 2,4-Pentanedione 
0-Diketonimine, thio-, see 2-Pentane- 

Dimethyl phosphite: 

Dimethyl sulfoxide: 

thione, 4,4'-(ethylenedinitrio)bis- 

platinum complex, 19:98, 100 

chromium complex, 19: 126 
indiun complexes, 19:259,260 

Diop, see Phosphine, [(2,2dimethyl- 
1,3dioxolane-4,5diylbis(methyl- 
ene)] bis(dipheny1- 

Dioximes: 
diborato clathrochelate complexes of 

iron(I1) and cobalt(III), 17:139-147 
1,3-Dioxolane, 4,5-bis [ (diphenylphos- 

phino)methyl] -2,2-dimethyl- 
(+)-, rhodium(1) complex, 17:81 

Dipropylamine, 3,3'diamino-macrocyclic 
ligands from, 18:18 

Disilathiane, 19:275 
-, 1,3dimethyl-, 19:276 
-, hexamethyl-, 19:276 
-, 1,1,3,3-tetramethyl-, 19:276 
Disilizane, 1,1,1,3,3,3-hexamethyl-, see 

Bis(trimethylsily1)amine 
Distannoxane, hexamethyl, 17: 181 
1,3-Dithiolylium tetrafluoroborate, 19:28 
DMSO, see Dimethyl sulfoxide 
2,6,1@Dodecatriene: 

nickel complex, 19:85 

edda see Ethylenediamine-N,N'diacetato 
Electric conductors: 

Electrochemical syntheses: 
nonmetal solid state, 19: 1-36 

of indium(II1) complexes, 19: 257 
of one dimensional platinum conductors, 

19:13 
EN, see Ethylenediamine 
Ethane, 1,2-bis(diphenylphosphino)-, 

-, 1,2-bis(methylthio)-: 

1,2-Ethanediamine, see Ethylenediamine 
1,2-Ethanedione, 1,2diphenyl-: 

see Phosphine, ethylenebis(dipheny1- 

molybdenum complex, 19:131 

dibutoxydiborato compbx with iron(II), 
17:140, 145 

dioxime, 17:145 
Ethanol, 2-methoxy-: 

aluminum complex, 18:147 
-, 2,2' ,2"-nitrilotri-: 

germanium and tin complexes, 

Ethene, 1,2diphenyl-, see Stilbene 
Ethenetetracarbonitrile: 

Ethylamine, 2-(diphenylphosphino)-N,- 

Ethylene: 

Eth ylenediamine: 

16: 229-234 

nickel complex, 17:123 

Ndiethyl-, 16:160 

platinum complex, 19:215,216 

chromium complexes. 19: 125 
ruthenium complexes, 19: 118,119 

-, N-(2-aminoethyl)-N'-[ 2- ((2-aminoethy1)- 
amino] ethyl-, see Tetraethylenepent- 
amine 

-, Nfl-bis(idiphenylphosphino)methyl] - 
N',N'-dimethyl-. 16: 199-200 

-, N,N'-bis[(diphenylphosphino) 
methyl] 4,N'dimethyl-, 16: 199-200 

-a- [(diphenylphosphino)methyl j - 
N,N',N'-trimethyl-, 16: 199-200 

- JV,N,N',N'-tetrakis [ (diphenylphos- 
phino)methyl] -, 16:198 

-, NN,N-tris [ (diphenylphosphinoh 
methyl] -N'-methyl-, 16: 199-200 

Ethylenediamine complexes: 
of (carbonato)cobalt(III) complexes, 

17: 152-154 
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chromium and cobalt complexes, 18:75 
of cobalt(III), 16:93-96 
macrocyclic ligands from, 18:37,51 

nickel complexes, 17: 119 
Ethyl phosphite: 

Ferrate( 1-), dicarbonylbis(q-cyclopenta 

bis[ tetrahydrofuran] magnesium(2+), 
dieny1)-: 

1 6 5 6  
-, tetrachloro-: 

Fluorides: 

Furan, tetrahydro-: 

pentathiazyl, 17:190 

penta-, of Mo, Os, Re, and U, 19: 137-139 

chromium complex, 19:178, 179 

Gallate( 1-), tetrahydro-: 
lithium, 17:45 
potassium, 17:48 
sodium, 17:48 

Gallium, trihydrido(trimethy1amine)-, 

Gallium trichloride, 17: 167 
Germane: 

-, bromodimethyl-, 18: 157 
-, bromotrimethyl-, 18: 153 
-, chlorodimethyl-, 18: 157 
-, cyclopentadienyl-, 17: 176 
-, dimethyl-, 18: 156 

mono halo derivs., 18: 154 
-, fluorodimethyl-, 18: 159 
-, iodo-, 18: 162 
-, iododimethyl-, 18: 158 
-, (methylthio); 18: 165 
-, (pheny1thio)-, 18: 165 
-, tetramethyl-: 

Germanium, ethyl { {2,2’,2”-nitrilotris- 

17:42 

derivs., 18:153 

in preparation of GeBr(CH,), , 18:153 

[ ethanolato] }( 3-)-N,O,O’,O’’}-, 
16:229 

Germanium hydride derivatives, 18: 15 3 
Germatrane, see Germanium, ethyl { {2,- 

2‘,2”-nitrilotris[ ethanolato] }( 3-)- 
N,O, 0 ‘,0 ”}- 

Glyoxime, dimethyl-, see 2,3-Butane- 

-, diphenyl-, see 1,2-Ethanedione, 
dione dioxime 

1,2-diphenyl dioxime 

Gold, methyl[ trimethyl(methy1ene)phos- 

Guanidinium bromide tetracyanoplatinate 
phoranel-, 18:141 

(2:0.25: 1): 
monohydrate, 19:10, 12 

Hematoprophyrin(IX), see 2,18-Porphine- 
dipropanoic acid, 7,12-bis( 1- 
hydroxyethyl)-3,8,13,17-tetra- 
methyl-, dimethyl ester 

Heptasulfurimide, see Heptathiazocine 
Heptathiazocine, 18:203,204 
Hexaborane(lO), 19:247,248 
1,5-Hexadiene: 

rhodium complex, 19:219 
Hydride complexes: 

summary of previous preparations, 17: 5 3 
of transition metals, 17:52-94 

of boron, 17:17-36 
of gallium, 17:42-51 
of magnesium, 17: 1-5 

Hydrides: 

of zinc, 17~6-16 
Hydridoaluminum complexes, 17: 3 6 4 2  
Hydridogallium complexes, 17:4243 
Hydridoiron complexes, 17:69-72 
Hydridomolybdenum complexes, 17:54-64 
Hydridonickel complexes, 17:83-91 
Hydridopalladium complexes, 17:83-91 
Hydridorhenium complexes, 17:64-68 
Hydridorhodium complexes, 17:8 1-83 
Hydridoruthenium complexes, 17:73-80 
Hydridomolybdenum complexes, 19: 129, 

Hydridotitanium complexes, 17:91-94 
Hydridozinc complexes, 17: 13-14 
Hydridozirconium complexes, 19 : 2 24-226 
Hydroboron complexes, 17: 26-36 

Indate(III), pentachloro-: 

Indium(III), tribromotris(dimethy1 

-,trichlorotris(dimethyl su1foxide)-, 19: 259 
-, tris( 2 ,4-pentanedionato)-, 19 : 26 1 
Indium bromide (InBr3), 19:259 
Indium chloride (MY3), 19:258 
Intercalation compounds, 19: 3 5 4 8  
Iridate, dicarbonyldichloro-: 

130 

bis( tetraethylammonium), 19 : 260 

su1foxide)-, 19:260 

potassium (1:0.6) hemihydrate, 19:20 

iranchembook.ir/edu

https://iranchembook.ir/edu


Subject Index 297 

Iridate(IV), hexachloro-: 
diammonium, in recovery of Ir from 

laboratory residues, 18: 132 
Iridium: 

recovery of, from laboratory residues, 
18:131 

phosphineb, 16:42 
-, bromo(dinitrogen)bis(triphenyl- 

- , bromonitrosylbis(tripheny1phosphine)-: 
tetrafluoroborate, trans-, 16:42 

-, chloro(dinitrogen)bis(triphenyl= 

-, chloronitrosylbis(tripheny1phosphine)-: 
tetrafluoroborate, trans-, 16:41 

Iridium, chloro(thiocarbonyl)bis(tri- 

phosphinel-, 16:42 

pheny1phosphine)- 
trans-, 19:206 

19: 19 

phosphine)-, 18:64 

-, tricarbonylchloro- [Ir(CO),Cl, .,,, J , 

Iridium(I), carbonylchlorobis(trimethy1- 

-, carbonyltetrakis(trimethy1phosphine)-: 

Iridium(III), (acetat0)dihydridotris- 
(tripheny1phosphine)-, 17: 129 

-, pentaammine(carbonato)-: 
perchlorate, 17: 153 

Iridium carbonyl halides: 
one dimensional elec. conductors, 19:19 

Iridium carbonyl trimethylphosphine 

Iron: 

-, (benzylideneacetone)tricarbonyl-, 

-, bis(diethy1dithiocarbamato)nitrosyl-, 

- , bis[ ethylenebis(dipheny1phosphine))- 

chloride, 18:63 

complexes, 18:62 

vaporization of, 19:64 

16:104 

1 6 3  

hydrido-: 
complexes, 17:69-72 

-, carbonyl qdiene complexes, 16: 103-105 
- , tetracaxbonyl(chlorodifluorophosphine)-, 

16:66 
-, tetracarbonyl[ (diethy1amino)difluoro- 

phosphine)] , see Iron, tetracarbonyl- 
(diethylphosphoramidous difluoride)- 

-, tetracarbonyl(diethy1phosphoramidous 
difluoride)-, 16:64 

- , tetracarbonyl(trifluorophosphine)-, 

Iron(I), bis[ethylenebis(diphenylphos- 

-, dicarbonyl(~~ -cyclopentadienyl)- 

Iron(II), bis(acetonitrile)(S ,7,7,12,14,14- 

phine)] hydrido-, 17:71 

[(methylthio)thiocarbonyl] -, 17: 102 

hexamethyl-l,4,8,1 l-tetraazacyclotetra- 
deca-4 ,-1 dieneb: 

bis(trifluoromethanesulfonate), 18:6 
-, bis(acetonitrile)(5 ,5,7,12,12,14-hexa- 

methyl-1,4,8,1 l-tetraazacyclotetra- 
decane)-: 

bis(trifluoromethanesulfonate), meso-, 
18: 15 

-, bis[ ethylenebis(dipheny1phosphine)l- 
hydrido-: 

tetraphenylborate, 17 : 70 
-, chlorobis[ethylenebis(diphenyl- 

-, [ [tris[p-[(2,3-butanedione dioximato) 
phosphine)] hydrido-, 17:69 

(2-)0:0] ] dibutoxydiborato] (2-)- 

-, [ [tris[p-(2,3-butanedione dioximat0)- 
N , ~ , N " , ~ " , ~ " ' , N " " ' ] - ,  17: 144 

(2-)-0:0'] ] difluorodiborato] (2-)- 
N,nr,K',N"',N"",N""']-, 17: 142 

-, [ [tris[p[ 1,2-cyclohexanedione 
dioximato)(2-)-O:O'] ] difluoro- 
diborato] (2-)-N,M,MfN''',M''',- 
N""']-, 17:143 

-, [ [trir[p-[(l,2-cyclohexanedione 
dioximato)(2-)-O:O'] dihydroxydi- 
borato] (2-)-N,N',K',~',nr'",- 

-, [ [tris[p-[(l,2-diphenyl-l,2ethanedione 
dioximato)(2-)-O:O'] dibu toxydi- 
borato ] (2-)-N,N',N",~",N"",K""l-, 
17:145 

hydroxyethy1)-3,8,13,17-tetramethyl- 
2,l 8-porphinedipropanoato(2-)-N2', - 

-, chloro [hematoprophyrin(IX) dimethyl 
ester] -, see Iron(lII), chloro[dimethyl 
7,12-bis(l-hydroxyethyl)-3,8,13,17- 
tetramethyl-2,l I-porphinedipro- 
panoato(2-)-M1 ,Ma ,N",M4- 

-, tris[bis(trimethylsilyl)amido] -, 18: 119 
Iron( l+), dicarbonyl(q* -cyclopentadienyl)- 

N'""]-, 17~144  

Iron(III), chloro[dimethyl7,12-bis(l- 

W2,N2',W4]-, 16~216  

(thiocarbony1)-: 
hexafluorophosphate, 

16:67 17:110 
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Iron carbonyl, Fe(CO), complexes with 
difluorophosphines, 1653-67 

Iron(II1) diborato clathrochleates of 
dioximes, 17:139-147 

Iron complexes: 

Isocyanide complexes of nickel(O), 

Isocyano complexes: 
boron, 19:233,234 

with hematoporphyrin(XI), 16:2 16 

17: 1 17-1 24 

Lithium, [bis(trimethlsilyl)amido] - in 
preparation of transition metal 
complexes, 18: 115 

-, (1,3,5,7-~yclooctatetraene)di-, 19:214 
-, [ 2-(methylthio)phenyl] -, 16: 170 
Lithium cyclopentadienide, 17: 179 
Lithium diphenylphosphide, 17:186 
Lithium tetrahydridogallate( 1-), 17 :45 
Lithium tetrahydridozincate(2-), 17:9, 12 
Lithium tetramethylzincate(2-), 17: 12 
Lithium trihydridozincate(1-), 17:9, 10 

Macrocyclic ligands, 16:220-225; 18:l 
conjugated, 18:44 
tetraazatetraenato complexes, 18: 36 

vaporization of, 19:64 
Magnesium: 

-, bis[(trimethylsilyl)methyl] -, 19:262 
Magnesium(2+), bidtetrahydrofuran)- 

bis[ dicarbonylq-cy clopentadienyl- 
ferrate(1-)], 1656 

-, diindenyl, 17: 137 
-,metal carbonyl salts, 16:56 
-, tetrakis(pyridine)-: 

-, tetrakis(tetrahydr0furan)-: 
bis( tetracarbonylcobaltate(1-)] , 16:58 

bis[dicarbonyl(q-cyclopentadieny1)- 
(tributylphosphine)molybdate( 1-)] , 
1 6 5 9  

cobaltate(1-)] , 16:58 
bis[ tricarbonyl(tributy1phosphine)- 

-, transition metal carbonyl salts, 16:56-60 
Magnesium dihydride, 17:2 
Maleonitriledithiol, see 2-Butenedinitrile, 

2,3dimercapto- 
Malonaldehyde, bromo-: 

Malonic acid: 
maaocyclic ligands from, 18:SO 

chromium complexes, 16:80-82 

Manganese, acetylpentacarbonyl-, 18:5 7 
-, [ 1,2-bis(diphenylphosphino)- 

ethane] (qs -cyclopentadienyl> 
(thiocarbonyl), 19: 191 

-, bromopentacearbonyl-, 19: 160 
-, carbonyl(qs -cyclopentadienyl)- 

(thiocarbony l)(tripheny lphos- 
phine)-, 19:189 

-, carbonyltrinitrosyl-, 16:4 
-, dicarbonyl(q5 -cyclopentadienyl)- 

(selenocarbony1)-, 19: 193, 195 
-, dicarbonyl($ -cyclopentadienyl)-: 

- , pentacarbonyl-: 

-, pentacarbonylchloro-, 19: 159 
-, pentacarbonyliodo-, 19:161, 162 
-, tetracarbonyl[octahydrotriborato(l-)] -, 

ManganesefII), [5,26: 13,18diimino-7,- 

(thiocarbony1)-, 16: 5 3 

thallium complex, 16:61 

19:221,228 

11: 20,24dinitrilodibenzo[c,n]- 
(1,6,12,17] tetraazacyclodocosinato- 
(2-)]-, 18:48 

Manganese diphosphate (Mn,P,O,), 19:121 
S,7,7,12,14,14-Me, [14]4,1 ldiene-1,4,- 

8,11-N,, see 1,4,8,11-Tetraaza- 
cyclotetradeca-rl, 1 ldiene, 5,7 ,- 
7,12,14,1 +hexamethyl- 

Mercury, bis[ trimethyl(methy1ene)phos- 
phorane] -: 

dichloride, 18: 140 

dihalides, 16:85 
Mercury(II), bis(se1enourea)-: 

-, dibromobis(se1enourea)-, 16: 86 
-, dichlorobis(se1enourea)-, 16:86 
-, di-g-chlorodichlorobis(se1enourea)di-, 

Mercury(I1) complexes: 
with selenourea, 16:85-86 

Mercury(I1) halides: 
complexes with selenourea, 16:85 

Mercury bis[ hexafluoroarsenate(v)] , 

Mercury [r-fluoro-bir(pentafluoroanti- 

Mercury hexafluoroantimonate, 

Mercury hexafluoroarsenate, 

Metal atom syntheses, 1959-69 

16:86 

Hg, IAsF, 1 , , 19:24 

monate(V))],Hg,[Sb,F,,],, 19:23 

Hg, .9i [SbF, 1,19:26 

Hg, [ASF, ] 9 1 9 ~ 2 5  
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Metallatranes, 16:229-234 
Metalloporphyrins, 16:213-220 
Methane, diphenyl-: 

tungsten complex, 19: 182 
Methanesulfonate, 3-bromo-l,7-dimethyl- 

2-oxobicyclo 12.2.11 heptan-7-yl-, 
[ lR(endo,anti)] - see (+)Camphor- 
n-sulfonate, a-bromo- 

chromium complex, 19:200 
Methyl benzoate: 

Methyl difluorophosphite, 16: 166 
Methyl diphenylphosphinite: 

nickel complexes, 17: 119 
Meth ylenediamine, N,N‘-diphenyl-, see 

Aniline, N,N‘-meth ylenedi- 
Methylidyne complexes, see Carbyne 

complexes 
Methyl rn-methylbenzoate: 

Methyl phosphite: 

Methyl phosphorodifluoridite, 16: 166 
Methylene complexes, see Carbene com- 

plexes 
MNT, see 2-Butenedinitrile, 2,3dimer- 

capto- 
Molybdate( 1-), dicarbonylbis(q’ iyclo-  

pentadienyl)(triphenylphosphine): 
te trakis(tetrahydr0furan)magnesium- 

(2+), 16:59 
Molybdate( 3-), di-p-bromo-hexabromo- 

p-hydridodi-: 

chromium complex, 19:201, 202 

nickel complexes, 17: 1 19 

tricesium, 19: 130 
-, di-p-chloro-hexachloro-p-hydrido- 

di-: 
tricesium, 19:129 

Molybdate(4-), octachloro-, see Molybdate 
(3-), di-p-chloro-hexachloro-phydrido 

Molybdate(5-), nonachlorodi-: 
pentaammonium, monohydrate, 19: 129 

Molybdate(V), pentachlorooxo-: 
2,2’-bipyridinium(2+), 19: 135 

Molybdenum: 
vaporization of, 19:64 

-, (qs -allyl)(q6 -benzene)chloro(triphenyl- 
phosphine)-, 17:57 

-, (q6 -benzene)dihydridobis(triphenyl- 
phosphine)-, 17:57 

- , (q6 -benzene)tris(dimethylphenylphos 
phine)-, 1 7 5 9  

- , ($ -benzene)tris(dimethylphenylphos- 
phinefdih ydro-: 

bis(hexafluorophosphate), 17: 60 
-, (q6 -benzene)tris(dimethylphenylphos- 

phine) hydrido-: 

-, bis(q6-benzene)-, 17:54 
-, bis-p-(benzoato)dibromobis( tributyl- 

phosphine)di-, 19: 133 
-, bis(q6-chlorobenzene)-, 19:81,82 
-, bis[tlS -cyclopentadienyldihalonitrosyl-: 

-, bis[ q S  iyclopentadienyldiiodonitrosyl-, 

-, b i s [ d i b r o m o ~ ~  -cyclopentadienyl- 

-, bis[dichloro-$ iyclopentadienyl- 

-, bis(diethy1dithiocarbamato)dinitrosyl-, 

-, bis(q6-N,N-dimethylaniline)-, 19:84 
-, chloro($ -cyclopentadienyl)dinitrosyl-, 

18:129 
-, (q’ -cyclopentadienyl)dinitrosylphenyl-, 

19:209 
-, (qS -cyclopentadienyl)eth yldinit rosyl-, 

19:210 
-, dicarbonyl(q5 -cyclopentadienyl)- 

nitrosyl-, 16:24; 18:127 
-, tetrakis-B-(butrato)di-, 19:133 
-, tricarbonyl($ -cyclopentadienyl)- 

Molybdenum(O), bis(tert-butyldifluoro- 

hexafluorophosphate, 1 7 3 8  

derivatives, 16:24 

16:28 

nitrosyl-, 16:27 

nitrosyl-, 16:26 

16:235 

silyl-, 17: 104 

phosphine) tetracarbonyl-: 
cis-, 18: 175 

Molybdenum(II), (acety1ene)carbonylbis- 
(diisopropy1phosphinodithioato)-, 

d i -  1 8 5 5  
-, bis(q’-allyl)bis(q‘ -benzene)di-p- 

-, bis[ 1,2-bis(methylthio)ethaneI - 
-, dicarbonylbis(diisopropy1phosphino- 

-, tetrabromotetrakis(pyridine)di-, 19: 131 
-, tetrabromotetrakis(tributy1phosphine)di-, 

Molybdenum(V), (2,2’-bipyridine)trichloro- 

chlorodi-, 1 7 5 7  

tetrachlorodi, 19:131 

dithioato)-, 1 8 5 3  

19:131 

0x0-: 
red and green forms, 19:135, 136 
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Molybdenum fluoride (MoF,), 19:137-139 

Nickel: 

-, bis(nitrogen trisu1fide)-, 18:124 
-, bis(pentafluorophenyl)(q6 -toluene)-, 

- , chlorohydridobis(tricyclohexy1phos- 

vaporization of, 19:64 

19:72 

phine)-: 
trans-, 17:84 

phine)-: 
trans-, 17:86 

-, chlorohydridobis(triisopropy1phos- 

-, (1-3: 6-7: 10-1 2-q-2,6,1 O-dodecatriene- 

-, hydrido [(tetrahydroborato(l-)] bis- 
1,2diyl)-, 19% 

(tricy clohexy1phosphine)-: 
trans-, 17:89 

-, (mercaptosulfur diimidato)(nitrogen 

Nickel(O), (azobenzene)bis(tert-butyl 

-, (azobenzene)bis(triethylphosphine)-, 

-, (azobenzene)bis(triphenylphosphine)-, 

-, bis(2,2’-bipyridine)-, 17: 121 
-, bis(tert-butyl isocyanide)(diphenyl- 

acetylene)-, 17:123 
-, bis(tert-butyl isocyanide)(ethene- 

tetracarbonitrile)-, 17: 123 
-, bis [ ethylenebis(dimethylphosphine)] -, 

17:119 
-, bis[ethylenebis(diphenylphosphine)] -, 

17:121 
-, bis(1,lO-phenanthro1ine)-, 17:121 
-, bis[ 1,2-phenylenebis(dimethylarsine)] -, 

-, (butenedinitrile)bis(fert-butyl 

-, stilbenebis(tripheny1phosphine)-, 17: 121 
-, tetrakis(terf-butyl isocyanide)-, 17: 118 
-, tetrakis(cyclohexy1 isocyanide)-, 17: 119 
-, tetrakis (diethylpheny1phosphine)-, 

-, tetrakis(methyldipheny1phosphine)-, 

-, tetrakis(methyldipheny1phosphinite)-, 

trisu1fide)-, 18: 124 

isocyanide)-, 17:122 

17:123 

17:121 

17:121 

isocyanide)-, 17: 123 

17:119 

17:119 

17:119 

-, tetrakis(tributy1phosphine)-, 17: 119 
-, tetrakis(triethy1phosphine)-, 17: 119 
-, tetrakis(triethy1 phosphite)-, 17: 119 
-, tetrakis(triisopropy1 phosphite)-, 17: 119 
-, tetrakis(trimethy1phosphine)-, 17: 119 
-, tetrakis(trimethy1 phosphite)-, 17: 119 
-, tetrakis(tripheny1arsine)-, 17: 12 1 
-, tetrakis(tripheny1phosphine)-, 17: 120 
-, tetrakisctriphenyl phosphite), 17:119 
-, tetrakis(tripheny1stibine)-, 17: 121 
Nickel(II), bis(isothiocyanato)(tetra- 

benzo[b,f,j,n] [1,5,9,13] tetraaza- 
cyc1ohexadecine)-, 18: 31 

methyl-1,4,8,1 l-tetraazacyclo- 
tetradeca-l,3,8,1&tetraene)-, 18:24 

-, bis(mercaptosu1fur diimidato)-, 18: 124 
-, [ 6,13diacetyl-5,14-dimethyl-l,4,- 

8,l l-tetraazacyclotetradeca-4,6,- 
11,13-tetraenato(2-)]-, 18:39 

- , dibromobis(di-tert- butylfluoro- 
phosphine): 

-, bis(isothiocyanato)(2,3,9,lO-tetra- 

trans-, 18:177 
-, (2,12dimethyl-3,7,11,17-tetraaza- 

bicyclo [ 1 1.3.1 ] heptadeca-l( 17),- 
2,11,13,15-pentaene)-: 

diperchlorate, 18: 18 
-, (2,3dimethyl-l,4,8,1 l-tetraazacyclo- 

tetradeca-l,3-diene)-: 
tetrachlorozincate, 18: 27 

-, [5,14dimethyl-1,4,8,1 l-tetraazacyclo- 
tetradeca-4,6,11,13-tetraenat0(2-)] -, 
18:42 

-, [ 3,3‘-[ [ethylenebis(iminomethylidyne)]- 
di-2P-pentanedionatoI (2-11 -, 18: 38 

-, (5,7,7,12,14,14-hexamethyl-1,4,8,11- 
tetraazacyclotetradeca4,1ldiene)-: 

diperchlorate, meso- and racemic-, 18: 5 
-, (5,5,7,12,12,14-hexamethyl-l,4,8,11- 

tetraazacyclo tetradecane)-: 
diperchlorate, meso-, 18: 12 

perchlorate, 16:221 
-, (1,4,8,11-tetraazacyclotetradecane)-: 

-, (tetrabenzo(b,f,j,n] [ 1,5,9,13]- 
tetraazacyc1ohexadecine)-: 

diperchlorate, 18:31 
-, (2,3,9,10-tetramethyl-l,4,8,1 l-tetraaza- 

cyclotetradeca-l,3,8,10-tetraene)-: 
diperchlorate, 18:23 
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Nickelate(2-), bis[ 2,3-dimercapto-2-butene- 

salt with 2,2‘-bi-1,3-dithiolylidene(l: 2), 
dinitrilato(2-)] -: 

19:31 
Nickel tetrafluorooxovanadate(1V): 

Nickelf01 acetylene complexes, 17: 117-1 24 
Nickel(0) diazene complexes, 17:117-124 
Nickel(0) isocyanide complexes, 17: 1 17-1 24 
Nickel(0) olefin complexes, 17:117-124 
Nickel(0) phosphine complexes, 17: 1 17-1 24 
NickelfO) phosphite complexes, 17: 117-1 24 
Niobate( 1-), hexacarbonyl-: 

heptahydrate, 16:87 

tetraphenylarsonium, 16: 72 
tris[bis(2-methoxyethyl)ether] potassium, 

16:69 
Niobium, his($ -cyclopentadienyl)-: 

Niobium(III), his($ -cyclopentadienyl)- 
complexes, 16:107-113 

(dimethy1phenylphosphine)hydrido-, 
16:llO 

borato)-, 16: 109 

methy1phenylphosphine)dihydrido-, 
16:112 

Niobium(IV), bis(2,2’-bipyridine)tetrakis- 
(isothiocyanat0)-, 16:78 

-, dichlorobi~(r)~ -cyclopentadienyl>, 16: 107 
Niobiumw), his($ -cyclopentadienyl> 

-, his($ -cyclopentadienyl)(tetrahydro- 

- , bromobis(r)’ -cyclopentadienyl)(di- 

(dimethy lpheny 1phosphine)dihydrido-: 
hexafluorophosphate, 16: 11 1 
tetrafluoroborate, 1 6 : l l l  

Nioxime, see 1 ,2Cyclohexanedione 
dioxime 

Nitrogen oxide, di-: 
as ligand, 16:75 

Nitrogen sulfide (NS, 1: 
nickel complex, 18:124 

Nitrogen sulfide (N, S, ): 
caution in handling and storing of, 17: 197 

Nitrosylchromium : 
tetra-, 16:2 

Nitrosyl complexes: 
of chromium, molybdenum and 

tungsten, 18: 126; 19:208 
of cobalt, 16:29,33 
of iridium, 16:41 
of molybdenum, 16:24,235 
of osmium, 16:ll-12,40 

of rhenium, 16: 35 
of rhodium, 16:33; 17:129 
of ruthenium, 16:13, 21,29 

Nitrous oxide: 
ligand, 16:75 

Olefin complexes: 
of nickel(O), 17: 11 7-1 24 
of platinum, 19:213 

Olefins, cyclo-, see Cycloolefin com- 

Organometallatranes, 16: 229-234 
Osmium, pentaamminenitrosyl-: 

trihalide, monohydrates, 16: l l  
- , tetraamminehalonitro syl-: 

dihalides, 16:12 
-, tetraamminehydroxonitrosyl-: 

dihalides, 16: 11 
Osmium floride (OsF,), 19:137-139 
Osmium(II), carbonylbis(trifluoroacetato)- 

bis(tripheny1phosphine)-, 17: 128 
-, carbonylchloro(trifluoroacetato)tris- 

(tripheny1phosphine)-, 17: 128 
-, pentaammine(dinitr0gen)-: 

diioide, 16:9 
Osmium(III), hexaammine-: 

triiodide, 16:lO 
-, pentaammineiodo-: 

diiodide, 16:lO 
Osmium complexes: 

ammines, 16:9-12 
Oxalic acid: 

chromium complex, 19:127 
platinum partially oxidized complex, 

plexes 

19:16 
Oxalic acid chromium complexes, 

Oxide, bis(trimethyltin), 17 : 18 1 

Palladium: 

-, chlorohydridobis(tricyclohexy1- 

17:147-151 

vaporization, 19:64 

phosphine)-: 
trans-,,17:87 

-, (vethylene)bis(tricyclohexylphos- 

-, (r)ethylene)bis(triphenylphosphine)-, 

-, (oethylene)bis(tri-o-tolyl phosphite)-, 

phine), 16:129 

16:127 

16:129 
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-, hydrido [tetrahydroborato(l-) J bis- 
(tricy clohexy1phosphine)-: 

trans-, 17:90 

17:135 

19:102 

Palladium(O), bis(dibenzy1ideneacetone)-, 

-, bis(di-tert-butyIpheny1phosphine)-, 

-, bis(tri-terf-buty1phosphine)-, 19: 103 
-, bis(tricy c1ohexylphosphine)-, 19: 103 
Palladium(I), tetrakis(rert-butyl iso- 

Palladium(II), (77’ -allyl)(q5 -cycle- 

-, bis(q3 -allyl)di-~-chlorodi-, 19:220 
Pentaammine type complexes of cobalt- 

cyanide)dichlorodi-, 17: 134 

pentadienyll-, 19:221 

(III), rhodium(III), and iridium(III), 
17: 15 2-154 

Pentaborane(9), 1-bromo-: 
preparation and detonation of, 19:247, 

24 8 

molybdenum, 17:61 

Indium complex, 19:261 
macrocyclic ligands from, 18:27 

2,4-Pentanedionato complexes of 

2,4-Pentanedione: 

-, 3-(ethoxymethylene)-, 18:37 
-, 3,3’-[ethylenebis(iminomethylidyne)] di-: 

-, 1,1,1 ,5 ,S,S-hexafluoro-: 

-, 1,1,1 -trifluoro-: 

2-Pentanethione, 4,4’-(alkylenedi- 

macrocyclic ligands from, 18: 37 

complexes, 16: 118 

complexes, 16: 1 18 

nitrilo)bis-: 
transition metal complexes, 16:227-228 

-, 4,4’-(ethylenedinitrilo)bis-, 16: 226 
Pentathiazyl hexachloroantimonate(1-), 

Penthathiazyl salts, 1 7 : 188- 192 
Penthathiazyl tetrachloroaluminate( 1-), 

Pentathiazyl tetrachloroferrate( I-), 1 7: 90 
1 ,lo-Phenanthroline: 

o-Phenylenediamine: 

Phenyl isocyanide: 

Phenylphosphinic acid, {ethylenebis- 
[(methylimino)rnethylene] }bis-: 

17:191 

17: 190 

nickel complexes, 17: 119 

macrocyclic ligands from, 18:s 1 

platinum complex, 19: 174 

dihydrochloride, 16:201-202 
-, [ ethylenebis(nitrilodimethylene)]- 

-, (nitrilotris(methylene)] tris-, 16:201-202 
Phenyl phosphite: 

nickel complexes, 17: 119 
Phosphate (PnO(3n+ l)H2 ): 

polyammonium, catena-poly-, 19:278 
Phosphide, diphenyl-: 

lithium, 17:186 
Phosphinates, chromium(II1) complexes: 

polymers, 16:89-92 
Phosphine, see Amine, tris{2-(diphenyl- 

phosphino)ethyl}-; Ethylenediamine, 
N,N,N’,N‘-tetrakis[ (diphenylphos- 
phino)methyl) - 

-, benzyldiphenyl-, 16: 159 
-, bis[ 2-(methylthio)phenyl] phenyl-, 

-, tert-butyldifluoro-: 

-, butyldiphenyl-, 16: 158 
-, cyclohexyldiphenyl-, 16: 159 
-, dibenzylphenyl-, 18: 122 
-, di-tert-butylfluoro-, 18: 176 
-, dibutylphenyl-, 18:171 
-, di-tert-butylpheny I-: 

19:102,104 

tetrakis-, 16: 199 

16: 172 

transition metal complexes, 18:173, 174 

palladium and platinum complexes, 

-, dicyclohexylphenyl-, 18: 171 
-, diethylphenyl-, 18: 170 

nickel(0) complex, 17: 11 9 
-, dimethyl-: 

titanium complex, 16: 100 
-, [(2,2dimethyl-l,3-dioxolane4,5- 

diylbis(methy1ene)l bis [ diphenyl-, 
17:81 

-, dimethyI(pentafluoropheny1)-, 16: 181 
-, dimethylphenyl-: 
’ molybdenum complexes, 17:58-60 
niobium complex, 16:llO-112 
rhenium complexes, 17:65, 1 11 
titanium complex, 16:239 

-, diphenyl-, 16:161 
-, [ 2-(diphenylarsino)ethyl] diphenyl-, 

-, [ 2-(diphenylarsino)vinyl] diphenyl-, 

-, diphenyl( 2-(phenylphosphino)- 

16:191 

16:189 

ethyl]-, 16:202 
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-, diphenyl(trimethylsily1)-, 17: 187 
-, ethyldiphenyl-, 16: 158 
-, ethylenebis (dimethyl-: 

nickel complexes, 17: 119 
-, ethylenebis(dipheny1-: 

cobalt complex, 16:19 
iron complexes, 17:69-71 
manganese complex, 19: 191 
nickel complexes, 17: 121 

-, [ 2-(isopropylphenylphosphino~ 
ethyl] diphenyl-, 16:192 

-, methyl-: 
titanium complex, 16:98 

-, methyldiphenyl-, 16:157 
cobalt, complex, 16:29 
nickel complexes, 17: 119 

-, [ 2-(methylthiophenyl] diphenyl-, 16: 17 I 
-, tributyl-: 

molybdenum complex, 19:131, 133 
molybdenum complexes, 16:58-59 
nickel complexes, 17: 119 
platinum complex, 19: 116 

palladium complex, 19: 103 

nickel complexes, 17:84, 89 
palladium complexes, 16: 129, 17:87,90 
palladium and platinum complexes, 

platinum complex, 19:216 

nickel complexes, 17: 119, 123 
platinum complex, 17:132; 19:108, 110, 

titanium complex, 16: 101 

nickel complexes, 17:86 
platinum complex, 19: 108 

iridium complex, 18:63,64 
nickel complexes, 17: 119 
titanium complex, 16: 101 

cobalt complexes, 16: 18, 33 
copper complex, 19:87,88,93,96 
iridium complexes, 16:41; 17:129 
iridium and rhodium complexes, 19:204, 

manganese complex, 19:187 
molybdenum complexes, 17:57 

-, tri-tert-butyl-: 

-, tricyclohexyl-: 

19: 103,105 

-, triethyl-: 

174-176 

-, triisopropyl-: 

-, trimethyl-, 16: 153 

-, tripheny I-: 

206 

nickel complexes, 17: 120-1 21 
osmium complex, 17: 128 
palladium complexes, 16: 127 
platinum complex, 19:98, 115 
platinum complexes, 17:130; 18:120 
rhenium complexes, 17:l lO 
rhodium complexes, 17: 129 
ruthenium complexes, 16:21; 17:73,75, 

77,79,126-127 
-, tri(phenyld,)-, 16:164 
-, tris[2-(methylthio)phenyl]-, 16: 173 
-, tris-p-tolyl-: 

Phosphine complexes with nickel(O), 

Phosphine oxide, dimethylphenyl-, 17: 185 
-, methyldiphenyl-, 17: 184 
Phosphines: 

copper complex, 19:89 

17: 11 7-1 24 

(alky1amino)difluoro-, as ligand, 16: 63-66 
difluorohalo, as ligand, 16:66-68 

-,tertiary, 18:169 
Phosphine sulfide: 
[(isopropylphenylphosphino)methyl] - 

diphenyl-, 16: 195 
Phosphinodithioic acid, diisopropyl-: 

molybdenum complex, 18:53,55 
Phosphinous acid, diphenyl-: 

methyl ester, nickel complex, 17: 119 
Phosphinous fluoride, di-tert-butyl-, 

see Phosphine, di-tert-butylfluoro- 
Phosphite, difluoro-: 

methyl, 16: 166 
Phospholanium, l-ethyl-I-phenyl-: 

perchlorate, 18:189, 191 
Phosphonium, methyltriphemyl-: 

heptahydrodiborate(1-), 1 7: 24 
tetrahydroborate(1-), 17:22 

bromide, 18: 138 

methylide, 18:137, 138 
(trimethylsilyl)methanide, 18: 137 

Phosphonium compounds, quaternary, 

Phosphonous difluoride, tert-butyl, see 
Phosphine, terf- butyldifluoro- 

Phosphoramidic acid (HO), PO(NH, ): 

Phosphorane, bis(diethy1amino)trifluoro-, 

- , te trame t hy I-: 

-, trimethyl-: 

17: 21 -26 

and salts, correction, 19:281 

18: 187 
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-, bis(dimethy1amino)trifluoro-, 18: 186 
-, (diethy1amino)tetrafluoro-, 18: 185 -. (dimethy1amino)tetrafluoro-, 18: 181 
-, trimethylmethylene-, see Phosphonium, 

-, trimethyl[ (trimethylsily1)methylene) -, 
trimethyl-, methylide 

see Phosphonium, trimethyl-, (tri- 
methylsily1)methanide 

dialkylamino fluoro, 18: 179 
Phosphoranes: 

Phosphorodifluoridous acid, methyl ester, 
16: 166 

Phosphorous acid: 
esters, nickel complexes, 17:119 
tri-o-tolyl ester, palladium complex, 

Phosphorus-sulfur ligands, 16: 168-173 
Phosphorus ylides, 18:135 
Platinate, bis(oxa1ato)-: 

16:129 

dipotassium, dihydrate, 19:16 
potassium (1:1.64), dihydrate, 19:16, 17 

cesium (1:1.75), dihydrate, 19:6, 7 
guanidinium bromide (1:2:0.25), mono- 

potassium (1: 1.75), sesquihydrate, 19:8, 

potassium bromide (1 :2:0.3), trihydrate, 

potassium chloride (1 : 2:0.3), trihydrate, 

rubidium (1: 1.6), dihydrate, 19:9 
Platinate(1-), bis[ 2,3-dimercapto-2- 

-, tetracyano-: 

hydrate, 19:10, 12 

14 

19:1,4,15 

19:15 

butenedinitrilato(2-)] -: 

19:31 

bu tenedinitrilato(2-)-: 

19:31 

salt with 2,2]-bi-l,3dithiolylidene (1: l), 

Platinate(2-), bis[ 2,3-dimercapto-2- 

salt with 2,2'-bi-l,3dithiolylidene (1:2), 

Platinate(II), tetrabromo-: 

-, tetracyano-: 
dipotassium, 19:2 

barium ( l : l ) ,  tetrahydrate, 19:112 
bis(guanidinium), 19: 1 1 
dipotassium, trihydrate, 19: 3 
salt with 2,2'-bi-1,3-dithiolylidene (1: 2), 

19: 31 
Platinate(IV), dibromotetracyano-: 

bis(guanidinium), hydrate, 19: 11 

dipotassium, dihydrate, 19:4 

dihydrogen, 19: 2 
dipotassium, 19:2 

dicesium, monohydrate, 19:6 

vaporization of, 19:64 

-, hexabromo-: 

-, tetracyano-: 

Platinum: 

-, (anilinoethoxymethy1ene)dichloro- 
(1riethylphosphine)-: 

cis-, 19: 175 
-, (aryltrimethy1ene)dichloro-, 16: 113-116 
-, (aryltrimethy1ene)dichlorobis- 

(pyridine)-, 16: 113-1 16 
-, (2-benzyltrimethylene)-, 16: 116 
-, (2-benzyltrimethy1ene)dichlorobis- 

-, (1-butyl-2-methyltrimethy1ene)di- 
(pyridinel-, 16: 116 

chloro-: 
trans-, 16:116 

-, (dianilinomethylene)dichloro(triethyl- 
phosphineh: 

cis-, 19:176 
-, dichlorobis(pyridine)(l-p-tolyltri- 

-, dichlorobis(pyridine)(trimethylene)-, 

-, dichlorobis( tricyclohexy1phosphine)-: 

-, dichlorobis(triisopropy1phosphine)-: 

- , dichloro( 1,2-diphenyltrimethylene)-: 

-, dichloro( 1,2diphenyltrimethylene)- 

-, dichloro(2-hexyltrimethylene>, 16: 116 
-, dichloro(2-hexyltrimethy1ene)bis- 

-, dichloro [ 2-(2-nitrophenyl)trimethylene] -, 

-, dichloro [ 2-(2-nitrophenyl)trimethylene]- 

-, dichloro(pheny1 isocyanide)(triethyl- 

methy1ene)-, 16: 116 

16:116 

trans-, 19: 105 

trans-, 19: 108 

trans-, 16:116 

bis(pyridine)-, 16: 116 

(pyridine)-, 16: 116 

16: 116 

bis(pyridine)-, 16: 116 

phosphine)-: 
cis-, 19: 174 

-, dichloro(2-phenyltrimethylene)-, 16: 116 
-, dichloro(2-phenyl1rimethylene)bis- 

-, dichloro [ 1-@-tolyl)trimethylmethylene] -, 
(pyridine)-, 16:115-116 

16:116 
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-, dichloro(trimethy1ene)-, 16: 114 
-, tris(triethy1phosphine)-, 19: 108 
-, tris(triisopropy1phosphine)-, 19: 108 
Platinum(O), bis( 1,5-~yclooctadiene)-, 

-, bis(di-tert-butylpheny1phosphine)-, 

-, bis(ethylene)(tricyclohexylphosphine)-, 

-, bis(tricyclohexy1phosphine)-, 19: 105 
-, (diphenylacetylene)bis(triphenyl- 

-, (ethylene)bis( tripheny1phosphine)-, 

-, tetrakis(tripheny1phosphine)-: 

19:213,214 

19:104 

19:216 

phosphine)-, 18: 122 

18:121 

in preparation of mix ligand complexes, 
18: 120 

-, tris(ethy1ene)-, 19: 2 15 
Platinum( l+), [anilino(ethylamino)- 

methylene] chlorobis(triethy1phos- 
phine)-: 

trans-, perchlorate, 19: 176 
Platinum(II), bis(acetato)bis(triphenyl- 

phosphine)-: 
cis-, 17:130 

-, bis(dimethy1 phosphito-P)[ o-phenylene- 
bis(dimethylarsine)] -, 19: 100 

-, carbonatobis(tripheny1phosphine)-, 
18:120 

-, chloro(dimethy1 hydrogen phosphite-P)- 
(dimethyl phosphito-P)(triphenylphos- 
phine)-, 19:98 

-, chloroethylbis(triethy1phosphine)-: 

-, dichlorobis(tributy1phosphine)-: 

-, dichlorobis(tripheny1phosphine)-: 

Platinum chloride (PtC1,): 

Platinum compounds: 

trans-, 17:132 

trans-, 19:116 

trans-, 19:115 

phosphine complexes, trans, 19: 114 

onedimensional elec. conductors, 
19~1-18 

Platinum sulfide (PtS,), 19:49 
Platinum telluride (PtTe,), 19:49 
Polymers: 

of chromium(III), bis(phosphinates), 

catena-Polyphosphate (Pn0(3,+ l )H,  ): 
16~89-92 

polyammonium, 19:278 

2,18-Porphinedipropanoic acid, 7,12-bis( 1 - 
hydroxyethyl)-3,8,13,17-tetramethyl-: 

plexes, 16:216 
Porphyrin(IX), hemato-: 

dimethyl ester, chloro iron(II1) com- 

dimethyl ester, chloro-, iron complex, 
16:216 

-, 5,10,15,20-tetraphenyl-: 
copper complex, 16:214 

Porphyrin complexes: 
with copper, 16:214 
with iron, 16:216 

hexacarbonylniobate(1-), 16: 69 
hexacarbonyltantalate( 1-1, 16 : 7 1 

dihydrate, 19:16,17 

Potassium, tris[bis(2-methoxyethyl)ether] -: 

Potassium bis(oxa1ato)platinate (1.64: 1): 

Potassium cyclopentadienide, 17: 105, 173, 

Potassium diaquabis(ma1onato)chromate- 
176 

(111): 
cis- and trans-, trihydrate, 16:81 

Potassium dicarbonyldichloroiridate 
(0.6: 1): 

hemihydrate, 19:20 
Potassium methylcyclopentadienide, 17: 175 
Potassium tetracyanoplatinate (1.75: 1): 

Potassium tetrahydridogallate( 1 -), 17: 50 
Potassium tris(malonato)chromate(III): 

trihydrate, 16:80 
Propanedial, bromo-: 

macrocyclic ligands from, 1 8 5 0  
1,3-Propanediamine: 

macrocyclic ligands from, 18:23 
-, N-(3-aminopropyl)-, see Dipropylamine, 

3,3’diamino- 
Propanedinitrile, 2,2’-(2,5-cyclohexa- 

diene-l,4diylidene)bis-: 
radical anion, salt with 2,2’-bi-1,3- 

dithiolylidene ( l : l ) ,  19:32 

palladium complexes, 19:220,221 

sesquihydrate, 19:8,14 

Propene: 

2-Propenyl, see Allyl, 19:220 
Pyridine: 

compd. with TaS, (1:2), 19:40 
molybdenum complex, 19: 131 

macrocyclic ligands from, 18: 18 
-, 2,6diacetyl-: 

-, 2,6diamino-: 
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macrocyclic ligands from, 18:47 

Resolution: 
of cis-, amrninebromobis(ethy1enedi- 

of cobalt ethylenediamine salts, 18:96 
of [Co(edta)]-, 18: 100 

plexes, 16:35-38 

amine)cobalt(IIl) ion, 16:93 

Rhenium, carbonylchloronitrosyl com- 

-, octacarbonyldi-p-chloro-di-, 16: 35 
- , pentacarbonyltri-p-chloro-nitrosyldi-, 

-, phosphine complexes of, 17:llO-112 
-, tetracarbonyldi-p-chloro-dichloro- 

dinitrosyldi-, 16: 37 
Rhenium(I), dodecacarbonyltetra-p- 

hydrido-tetrahedro-tetra-, 18: 60 
-, dodecacarbonyltri-p-hydrido- 

triangulo-tri-, 17:66 
Rhenium(lI1). pentahydridotris(dimethy1- 

pheny1phosphine)-, 17:64 
-, trichlorotris(dimethylpheny1phos- 

phine)-: 

16:36 

mer-, 17:65, 111 
Rhenium(V), trichlorooxobis(tripheny1- 

Rhenium fluoride (ReF, ), 19: 137-139 
Rhodium, chloro(thiocarbonyl)bis(triphenyl- 

phosphine)-, 17: 110 

phosphine)-: 
trans-, 19:204 

19:219 

butene)di-, 19:2 19 

-, di-p-chloro-bis(q4 -1,5-hexadiene)di-, 

-, di-p-chloro-tetrakis(q’ -2,3-dimethyl-2- 

-, dodecacarbonyltetra-, 17: 115 
-, hexadecacarboyylhexa-, 16:49 
-, nitrosyltris(tripheny1phosphine)-, 16: 33 
Rhodiurn(I), acetatotris(tripheny1phos- 

phine)., 17:129 
-, bis[(+)-[ (2,2-dimethyl-l,3dioxolane- 

4,5diyl)bis(rnethylene)] bis[diphenyl- 
phosphine] ] hydrido-, 17:81 

Rhodium(I), di-p-chloro-bis(q‘ -1 3- 
cyc1ooctadiene)di-, 19:218 

Rhodium(III), bis(acetato)nitrosylbis(tri- 
pheny1phosphine)-, 17: 129 

-, pentaammine(carbonat0)-: 
perchlorate, monohydrate, 17: 15 3 

Rhodium carbonyl: 

Rh,(CO),,, 17:115 
Rh,(CO),,, 16:49 

dihydrate, 19:9 

diperchlorate, 16: 14 

diperchlorate, 16: 14 

complexes, 16: 13-1 6 

tetrafluoroborate, 16:21 

Rubidium tetracyanoplatinate (1.6: 1): 

Ruthenium, acetatotetraamminenitrosyl-: 

-, acidotetraamminenitrosyl-: 

-, amminenitrosyl-: 

-, chlorodinitrosylbis(tripheny1uhosphine): 

-, decacarbonyldi-p-nitrosyl-tri-, 16: 39 
-, dihydridotetrakis(tripheny1phosphine)-, 

-, dodecacarbonyltri-, 16:45,47 
-, hexacarbonyldi-p-chloro-dichlorodi-, 

-, hydrido(q6 -phenyldiphenylphosphine)- 

17:75 

16:51 

bis( tripheny1phosphine)-: 
tetrafluoroborate( 1-), 17: 77 

-, tetraarnrninechloronitrosyl-: 
dichloride, 16: 13  

-, tetraamminecyanatonitrosyl-: 
diperchlorate, 16: 15 

-, tricarbonyl(1,5-cyclooctadiene)-, 16: 105 
-, tricarbonyl-q-diene complexes, 16: 103 
-, trichloronitrosyl-, 17: 73 
Ruthenium(I), hydridonitrosyltris- 

(tripheny1phosphine)-, 17: 7 3 
Ruthenium(II), acetatocarbonylchloro- 

bis(tripheny1phosphine)-, 17: 126 
-, acetatocarbonylhydridobis(tripheny1- 

phosphine)-, 17: 126 
-, acetatohydridotris(tripheny1phos- 

phine)-, 17:79 
-, bis(acetato)dicarbonylbis(triphenyl- 

phosphine)-, 17: 126 
-, carbmylbis(trifluoroacetato)bis(tri- 

pheny1phosphine)-, 17: 127 
-, nitrosyltris(trifluoroacetato)bis(tri- 

pheny1phosphine)-, 17: 127 
- , pentaammine(dinitr0gen oxide)-: 

-, tris(ethy1enediamine)-: 
dihalides, 16:75-77 

dichloride, 19: 118 
tetrachlorozincate, 19: 118 

trichloride, 19: 119 
Ruthenium(III), tris(ethy1enediamine)-: 

Ruthenium carbonyl, Ru,(CO),, , 16:45,47 
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Scandium(III), tris [bis(trimethylsilyl)- 
amidoj-, 18:115 

Selenides: 
Mo, Ta, and Ti, 19:46 

Selenocarbonyl complexes: 
Mn, 19:193, 195 

Selenourea: 
cobalt(I1) complexes, 16:83-85 
mercury halide complexes, 16:85-87 

Silane, cyclopentadienyl-, 17: 172 
-, difluorodimethyl-, 16: 141 
-, (dimethy1amino)trimethyl-, 18: 180 
-, fluoro(methy1)-: 

derivatives, 16: 139-142 
-, iodo-, 19:268, 270 
-, iododimethyl-, 19:271 
-, iodomethyl-, 19:271 
-, iodotrimethyl-, 19:272 
-, (methylcyclopentadienty1)-, 17: 174 
-, tetramethyl-: 

-, trifluoro(methy1)-, 16:139 
Silver, bis-p-[ [dimethyl(methylene)- 

Silver(I), o-cycloalkene(fluoro-0- 

magnesium complex, 19:262 

phosphoranyl] methyl] di-, 18: 142 

diketonato): 
complexes, 16:117-119 

-, cycloheptene( 1,1,1,5,5,5-hexafluoro-2,- 
4-pentanedionato)-, 16: 118 

-, ~-cyclohexene(l,1,1,5,5,5-hexafluoro- 
2,4-pentanedionato)-, 16: 117 

-, q-cyclooctadiene( l,l,l-trifluoro- 
2,4-pentanedionato)-, 16: 1 18 

-, q-cyclooctatetraene(l,1,1,5,5,5-hexa- 
fluoro-2,4-pentanedionato)-, 16: 118 

-, q-cyclooctatetraene(l,l,l-trifluoro- 
2,4-pentanedionato)-, 16: 118 

-, q-cyclooctene(l,1,1,5,5 ,5-hexafluoro-2,: 
4-pentanedionato)-, 16: 11 8 

Silver(1) sulfamate, 18:201 
Silylamine, pentamethyl-, see Silane, (di- 

Silyl complexes of chromium, molybdenum, 

Silyl sulfide, see Disilathiane 
Sodium: 

Sodium decavanadate(V1 Na, [V,,O,, ] : 

Sodium tetrah ydridogallate( 1-), 17 :SO 

methy1amino)trimethyl- 

and tungsten, 17:104-109 

compd. with TaS,, 19:42,44 

octadecahydrate, 19: 140, 142 

Sodium trihydridodimethyldizincate( 1 -), 

Sodium trihydridozincate(1-), 17: 15 
Stannane, cyclopentadienyltrimethyl-, 

17:178 
Stannatrane, see Tin, ethyl { {2,2',2"- 

nitrilo tris [ ethanolato] }( 3-)- 
N, 0, O',O"}- 

17: 14 

Stannoxane, di-, see Distannoxane 
Stibine, triphenyl-: 

copper complex, 19:94 
nickel complexes, 17: 121 

-, tris[ 2-(dimethylarsino)phenyl] -, 16: 187 
Stilbene: 

Sulfamate: 

Sulfide, see Amine, tris[ 2-(methylthio)- 
ethyl] -; Aniline, 2-(methylthio)-; 
Lithium, [ 2-(methylthio)phenyl] -; 
Phosphine, bis[ 2-(methylthio)- 
phenyl] phenyl-; Phosphine, [ 2- 
(methylthio)phenyl] diphenyl-; 
Phosphine, tris[ 2-(methylthio- 
phenyl] -; and Thioanisole, 2-bromo- 

-, 2-bromophenyl methyl, 16: 169 
-, 2-(diphenylphosphino)phenyl methyl, 

Sulfides: 

nickel complexes, 17: 121 

silver(I), 18: 20 1 

16:171 

Mo, Ta, and Ti, 19: 35-48 
Pt, 19:49 

Sulfur diimide, mercapto-: 
nickel complex, 18: 124 

Sulfur nitride, see Nitrogen sulfide 
Sulfur nitride (S, N, H,), see Sulfur 

diimide, mercapto- 

TADA-H,, see Dibenzo[b,i] [1,4,8,11]- 

Tantalate( 1-), hexacarbonyl-: 
tetraazacyclotetradecine, 5 J4dihydro- 

tetraphenylarsonium, 16: 7 1-72 
tris [ bis( 2-methoxyethyl) ether] - 

potassium, 16:71 
Tantalum sulfide (TaS,): 

compd. with B (2:1), 19:42 
compd. with NH, ( l : l ) ,  19:42 
compd. with pyridine (2:1), 19:40 
compd. with Sn (1: l ) ,  19:47 
compd. with sodium, 19:42,44 
2H(a)phase, 19: 35-37 
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TCNQ, see Propandinitrile 2,2’-(2,s- 

Technetium(VII1) oxide, 17: 155 
Tellurides: 

Pt, 19:49 
3,7,11,17-Tetraazabicyclo[l1.3.1]- 

heptadeca-l( 17) ,2,11,13,15- 
pentaene, 2,12-dimethyl-: 

cobalt and nickel complexes, 18: 17 
1,4,8,11-Tetraazacyclotetradeca-l,3- 

cobalt and nickel complexes, 18:27 

5,7,7,12,14,14-hexamethyl-: 
bis(trifluoromethanesulfonate), 18:3 
diperchlorate, 18:4 
iron I1 and nickel I1 complexes, 18: 2 

cyclohexadiene- 1,4-diylidene)bis- 

diene: 

1,4,8,ll-Tetraazacyclotetradeca-4,1 ldiene,  

1,4,8,11-Tetraazacyclotetradecane, 16: 233 
-, 5,5,7,12,12,14-hexamethyl-: 

cobalt(III), iron(I1) and nickel(I1) com- 

meso- and racemic-, hydrate, 18: 10 
plexes, 18:lO 

1,4,8,1l-Tetraazacyclotetradeca-l,3,8,10 
tetraene: 

cobalt and nickel complexes, 18:22 
1,4,8,1l-Tetraazacyclotetradeca-4,6,11,- 

13-tetraene: 
nickel complex, 18:42 

nickel complex, 18:39 

bis(hexafluorophosphate), 18:40 

-, 6,13-diacetyl-5,14-dimethyl-: 

-, 5,14-dimethyl-: 

Tetrabenzo [b,hj,n] [ 1,5,9,13] tetraaza- 

transition metal complexes, 18:30 
Tetrabutylammonium tetrathionitrate, 

18:203,205 
Tetracyanoquinodimethanide, see Propane- 

dinitrile 2,2‘-(2,5-~ycIohexadiene- 
1,4-diylidene)bis- 

cy clohexadecine: 

Tetraethylenepentamine: 

Tetrahydro furan: 

Tetrathiafulvalene (TTF), see 2,2‘- 

Tetrathionitrate, tetrabutylammonium, 

Thallium, tris(pentacarbony1manganese)-, 

cobalt(II1) complex, 17:153-154 

precautions in drying, 17:3 

Bi-l,3-ditholylidene 

18:203,205 

16:61 

Thioacetylacetonimine, N,N’-ethylenebis-, 
see 2-Pentanethione, 4,4’-(ethyl- 
enedinitri1o)bis- 

Thioacetylacetonimine: 
cobalt(I1) complex, 16:227 

Thioanisole, 2-bromo-, 16: 169 
Thiocarbamic acid, diethyl-: 

-, dimethyl-: 
molybdenum complex, 16:235 

cobalt complex, 16:7 
iron complex, 16:s 

Cr, Mn, Ir, Rh, 19:188,207 
tungsten, 19:181-187 

Thiocyanate: 
nickel macrocyclic complex, 18: 24 

(Thiothenoyl)acetone, 16:206 
Thorium(IV), chlorotris(q’ -cyclopenta- 

Tin: 
compd. with TaS, (1: l), 19:47 

-, ethyl {{2,2’,2”-nitrilotris[ethan- 
olato]}(3-)-N,0,0’,0”}-, 16:230 

-, {{2,2’-iminobis[ethanolato]}(2-)- 

-, { {2,2’-(methylimino)bis[ethanolato]}- 

-, oxobis(trimethy1-, see Oxide, bis- 

Titanium, dibromobis(2,4-pentanedionato)-: 

-, methyl-: 

-, tribromomethyl-, 16:124 
-, trichlorobis(dimethy1phosphine)-, 16: 100 
-, trichlorobis(methy1phosphine)-, 16: 98 
-, trichlorobis(triethy1phosphine)-, 16: 101 
-, trichlorobis(trimethy1phosphine)-, 16: 100 
-, trichloromethyl-, 16: 122 
Titanium(III), bis(alky1phosphine)tri- 

chloro-, 16:97 
-, dichloro(q5 -cy clopentadieny1)bis- 

(dimethylpheny1phosphhe)-, 16:233 
-, tris[ bis(trimethylsilyl)amido] -, 18: 116 
Titanium(lV), dichlorobis(2,4-pentadionato)-: 

-, difluorobis(2,4-pentanonato)-: 

Titanium bis(q5 -cyclopentadienyl) [ tetra- 

Thiocarbonyl complexes, 1 6 5 3 ;  17:lOO 

dieny1)-, 16: 149 

N,O,O’}- 

(2-)-N,O,O‘}-, 16: 234 

(trimethyltin) 

cis-, 19: 146 

trihalides, 16: 120-126 

cis-, 19:146 

cis-, 19:145 

hydroborato(1-)] -, 17:91 
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Toluene: 
cadmium slurry, 19:78 

-, chloro($ -cyclopentadienyl)dinitrosyl-, 

. ,.,- .-? ~ ~ “ * ~ ~ ~ , ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , l ~ y ~ ~ I l ~ ~ ~ I u s y l - ,  

18:129 

19:210 

nitrosyl-, 18: 127 

methylenel-, 19:169 

ene)-, 19:165 

187 

methylene] -, 19: 167 

17: 104 

methy1ene)-, 19: 182 

beneb, 17:97 

idene] -, 17: 98 

. .  

-, dicarbonyl(q5 -cyclopentadienyl)- 

-, pentacarbonyl[ dimethy1amino)phenyl- 

-, pentacarbonyl(methoxyphenylmethy1- 

-, pentacarbonyl(thiocarbony1)-, 19: 181, 

-, pentacarbonyl [p-tolyl(trimethy1siloxy)- 

-, tricarbonyl(q’ -cyclopentadienyl)silyl-, 

Tungsten(O), pentacarbonyltdiphenyl- 

-, pentacarbonyl(methoxymethy1car- 

-, pentacarbonyl[ 1-(pheny1thio)ethyl- 

Uranium, his($ -cyclooctatetraene)-, 

Uranium(IV), chlorotris($ -cyclopenta- 

Uranium fluoride (UF,), 19:137-139 
Uranium hexachloride, 16:143 
Uranocene, see Uranium, his($ -cyclo- 

19:149,150 

dieny1)-, 16:148 

octatetraene- 

aiskgl ~ o ~ : l e ~ .  18r;Jll 
tungsten complex, 19: 172 

o-Tolyl phosphite: 

1,3,5,2,4,6-Triazatriphosphorine, 2,4-bis- 
(dimethylamino)-2,4,6,6-tetrafluoro-2,- 
2,4,4,6,6-hexahydro-, 18: 197 

4,6,6-hexahydro-, 18: 197 

6-difluoro-2,2,4,4,6,6-hexahydro-, 
18: 195 

-, 2,4,6,6-tetrachloro-2,4-bis(dimethyl- 
amino)-2,2,4,4,6,6-hexahydro-, 
18: 194 

-, 2,4,6-tribromo-2,4,6-trifluoro-2,2,4,4,- 
6,6-hexahydro-, 18: 197 

-, 2,4,6-trichloro-2,4,6-tris(dimethyt 
amino)-2,2,4,4,6,6-hexahydro-, 
18:194 

fluoro-2,2,4,4,6,6-hexahydro-, 18: 195 

palladium complex, 16: 129 

-, 2,4-dibromo-2,4,6,6-tetrafluoro-2,2,4,- 

- , 2,2-dichloro4,6-bis(dimethylamino)4 ,- 

-, 2,4,6-tris(dimethylamino)-2,4,6-tri- 

Triborate(1-), octahydro-: 

Triethylamine: 
manganese complex, 19:227,228 

aluminum complex, 17:37 
gallium complex, 17:42 

-, 2-(dipheny1phosphino)-, 16: 160 
-, 2,2’ ,2“-tris(dipheny1arsino)-, 16 : 177 
-, 2,2’,2”-tris(dipheny1phosphino)-, 

Triethyl orthoformate: 

Trimethylamine: 

Triphenyl phosphite: 

Tripod ligands, 16:174 
1,3,5,2,4,6-Trithiatriazine, 17: 188 
TTF, see 2,2‘-Bi-1,3-dithiolyidene 
Tungstate( 1-), tetracarbonyliodo(thio- 

tetrabutylammonium, trans-. 19: 186 

vaporization of, 19:64 

16:176 

macrocyclic ligands from, 18:37 

boron complex, 19:233,234 

chromium complex, 19:202 

carbony1)-: 

Tungsten: 

-, bromotetracarbonyl(phenylmethy1- 
idyne)-: 

trans-, 19:172, 173 

Vanadate(2-), tetrafluorooxo-: 
nickel, heptahydrate, 16:87 

VanadateW) [V,, O,, ] -: 
hexaammonium, hexahydrate, 19: 140, 

hexasodium, octadecahydrate, 19: 140, 
143 

142 
Vanadium: 

vaporization of, 19:64 
Vanadium(III), tris[bis(trimethylsilyl)- 

amidol-, 18:117 
Vanadium(IV), [ 5,26: 13,18diimino-7,11: - 

20,24-dinitrilodibenzo[c.n] [ 1,6,- 
1 2,17 1 te traazacyclodocosinato(2-)] - 
0x0-, 18:48 

o-Xylene, see Benzene, o-dimethyl- 
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p-Xylene, a-(trimethylsiloxy )-: 
tungsten complex, 19: 167 

Zinc: 

-,dimethyl-, 17:7, 10; 19:253 
Zinc(II), (tetrabenzo[b,f,j,n] [ 1,5,9,13] - 

tetraazacyc1ohexadecine)-: 

vaporization of, 19:64 

tetrachlorozincate, 18: 33 
Zinc dihydride, 17:7 
Zincate, tetrachloro-: 
tris(ethylenediamine)ruthenium(II), 

19:118 
Zincate( 1-), trihydrido-: 

lithium, 17:lO 
sodium, 17:15 

-, trihydridodimethyldi-: 
sodium, 17: 14 

Zincate(2-), tetrahydrido-: 
lithium, 17: 12 

-, tetramethyl-: 
lithium, 17:12 

Zirconium, his($ -cyclopentadienyl)- 
dihydrido-, 19:224,225 

-, chlorobis($ -cyclopentadienyl)- 
hydrido-, 19:226 

-, p-0x0-bis (chlorobis(q -cyclopen ta- 
dieny1)-, 19: 224 
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The Formula Index, as well as the Subject Index, is a cumulative index for Volumes 
XVI, XVII, XVIII, and XIX. The chief aim of this index, like that of other formula indexes, 
is to help in locating specific compounds or ions, or even groups of compounds, that might 
not be easily found in the Subject Index, or in the case of many coordination complexes are 
to be found only as general entries in the Subject Index. All specific compounds, or in some 
cases ions, with definite formulas (or even a few less definite) are entered in this index or 
noted under a related compound, whether entered specifically in the Subject Index or not. 

Wherever it seemed best, formulas have been entered in their usual form (i.e., as used in 
the test) for easy recognition: Si, H,, XeO, , NOBr. However, for the less simple compounds, 
including coordination complexes, the significant or central atom has been placed first in 
the formula in order to throw together as many related compounds as possible. This pro- 
cedure often involves placing the cation last as being of relatively minor interest (e.g., 
Co(C,H,O,),Na$,,H,,O. Where they may be almost equal interest in two or more parts 
of a formula, two or more entries have been made: Fe,O,Ni and NiFe,O,; NH(SO,F)*- 
(SO,F),NH, and (FSO,),NH (halogens other than fluorine are entered only under the 
other elements or groups in most cases);(B,,C,,),Ni’ -and Ni(B,,CHIIZ~ -. 

Formulas for organic compounds are structural or semistructural so far as feasible: 
CH, COCH(NHCH,)CH, . Consideration has been given to probable interest for inorganic 
chemists, i.e., any element other than carbon, hydrogen, or oxygen in an organic molecule 
is given priority in the formula if only one entry is made, or equal rating is more than one 
entry: only Co(C, H, 0, ), , but AsO(+)€, H,O, Na and (+)€, H,O, AsONa. Names are 
given only where the formula for an organic compound, ligand, or radical may not be self- 
evident, but not for frequently occurring relatively simple ones like C, H, (cyclopenta- 
dienyl), C, H,O, (2,4-pentanedionato), C, HI,  (cyclohexyl), C,H, N (pyridine). A few 
abbreviations for ligands used in the test, including macrocyclic ligands, are retained here 
for simplicity and are alphabetized as such, “bipy” for bipyridine, “en” for ethylene- 
diamine or 1,2ethanediamine, “diphos” for ethylenebis(dipheny1phosphine) or 1.2-bis 
(dipheny1phosphino)ethane or 1.2ethanediylbis(diphenylphosphine), and “tmeda” for 
N,N,N‘,N’-tetramethylethylenediamine or N,N,N’,Nf-tetramethyl-l,2ethanediamine. 

Footnotes are indicated by n, following the page number. 
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BH[N(CH,),] ,, 17:30 
[(BH,)N(CH,),I,, 17:32 
BH, (NC)[N(CH,),], 19:233,234 
[BH,],,Ca, 17:17 
(BH,)Cu[P(C,H,),I,, 19:96 
[BH,] [N(n-C,H,),], 17:23 
(BH,)Nb(C, H,), , 16:109 

(BH, )[P(C, HI ,  ), 1, NiH, 17:89 
(BH,)Ti(q5C5Hs),, 17:91 
B[N(C, H5)z ]3 ,  17: 159 
B [ N(CH, )C, H, ] , , 17: 162 
B [ (NHCH)(CH,)C, H, I , ,  17: 160 
[ {(BOC,H,),(dmg),}Fe], 17:144 
[ {(BOC,H,),(dpg),)Fel, 17:145 
[ {(BOH), (nox),}Fe] , 17: 144 
B(TaS,),, 19:42 
B,Cl,, 19:74 
B,D,Br, 18:146 
B, D, I, 18: 147 
B, H, (C,H,), (1,6diboracyclodecane), 

19:239,241 
B,H,(C,H,), .N(n-C,H,), (tetrabutyl- 

ammonium p-hydro-bis(p-tetramethyl- 
ene)diborate(l-)), 19: 243 

[BH,] [P(C,HS)~CH,] ,  17:22 

B,H,Br, 18:146 
B,H,CH,, 19:237 
B,H,p-[(CH,),N], 17:34 
B,H, I, 18: 147 
[B,H,I[N(n-C,H,),l, 17:25 

(B,H, )Mn(CO), , 19:227,228 
B, H, Br (l-bromopentaborane(9)), 

B,H,,, 19:247,248 
[BpyH, 1 [MoOCl, ] , 19 :  135 
(bpy)MoCl,O (red and green forms), 

19:135, 136 
BrCH(CHO),, i8:50 
BrC, D, , 16 :  164 
BrC,H,(SCH,), 16:169 

[BzH,l[P(C,Hs)3CH3], 1 7 ~ 2 4  

19:247,248 

Bro.is [Pt(CN),l [C(NH,),I,.H,O, 19:10, 
12  

Br, , 3  [Pt(CN), 1 K,. 3H, 0 , 1 9 :  14 ,15  
Br,Cr, anhydrous, 19:123, 124 

trans-[(CC,H,)WBr(CO),], 19:172,173 
[C(C,H,), ]W(CO), , 19:180 
[CH, [Si(CH,),I,l Mg, 19:262 
[CH,(CH, ),CO, ],Mo,, 19: 133  

Ag(C,HF,O,)(C,H,,), 16:118 
Ag(C,HF,O,)(C,H,,), 16:118 
Ag(C,HF,O,)(C,H,), 16:118 
Ag(C, HF, 0, )(C, H,, ), 16: 1 17 
Ag(C,HF,O,)(C,H,, ),16:118 
Ag(C,H,F,O,)(C,Hg), 16: 118 
AdC, H, F,O, )(C, H,,), 16: 118 
Ag(O,SNH,), 18:201 

Al[(CH,CO),(CO),Mn] ,, 18:56,58 
AlH[N(C,H,),],, 17:41 
AIH, [N(C,H,),], 17:40 
[AIH, [OCzH,(2CH,0)J,]Na, 18:149 
AlH,.N(CH,),, 17:37 
All, GaO,, , 1 9 5 6  
All, KO,, , 19:55 

AgzP-IWCH,), (CH,)], , 18: 142 
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CH,CN, 18:6 
[(CH,CN),Cu] [PF, 1, 19:90 

[(CH,CO),C](CH,NHCH), , 18:37 
[V6-0-(CH3 1, c6 H, ] Cr(CO), (cs), 19: 197, 

[~6-m-(CH,)C,H,C0,CH, ]Cr(CO)(CS)[P- 

[ q6 -m-(CH 3 c6 H, co, CH , 1Cr (CO), (CS), 

[CNC(CH, ), I ,  (C, H, N=NC, H, )Ni, 17: 122 
[CNC(CH,), 1, Ni, 17: 1 18 
[C[N(CH,),]C,H,]W(CO),, 19:169 

cis- [ [C(NHC, H, )(C, H, O)] PtCl, [P- 

(CH 3 CO), C [CH(OC, H, ) ]  , 18: 37 

198 

(OC,H,),], 19:202 

19:201 

cis-[(CNC, H, )PtCI, [P(C,H,), ] 1, 19: 174 

(C,H,),]]-, 19:175 
trans-[[C(NHC,H,)(NHC,H,)]PtCI[P- 

cis-[[C(NHC,H,),]PtCI, [p(C,H,),] 1, 

[C(NH, )I1 BI, .,, [Pt(CN),]*H, 0, 19: 10, 

(C,H,),]]  ClO,, 19:176 

19:176 

12  
[C(H, ), ] [PtBr, (CN), 1-XH, 0, 19: 11 
[C(NH,),] [PtKN),] ,  1 9 : l l  
(CN)[N(C,H,),], 16:133 
(COCH,),, 18:23 
[C(OCH,)(C,H,)]W(CO), , 19: 165 
[C(OC,H,)[N(C,H,),] ]Cr(CO),, 19:168 
(CO)Cr[q6-rn-(CH,)C,H,C0,CH, ] (CS)- 

[P(OC,H,),], 19:202 
(CO)IrCI [ P(CH, ) 1, , 18: 64 
[(CO)Ir[P(CH,),],]Cl, 18:63 
(CO)Mn(v5C,H,)(CS)[P(C6H5)~] ,  19:189 
(CO)Mn(NO), , 16:4 
(CO)Mo(C,H,)[S,P(iC,H,), I , ,  1 8 5 5  
(CO)(OCOCH, )[P(C, H, 1, RuCl, 17: 126 
(CO)(OCOCH,) [P(C, H, ), 1, RuH, 17: 126 
(CO)(OCOCF, )[P(C, H, ), 1 , OsC1, 17: 128 
(CO)(OCOCF,), [P(C,H, ), 1, Os, 17: 128 
(cO)(OCOCF,), [P(C,H,), I, Ru, 17: 127 
[C[Osi(CH 3 )  3 1 c6 H, -P(CH , ) ]  W(CO), , 

(CO),Cr[q6-rn-(CH, )C, H,CO, CH, ] (CS), 

(COL Cr [v6 -o-(CH, ), C, H, ] (CS), 19: 197, 

19: 167 

19:201 

198 
(CO),Cr(q6C6Ha CO,CH,)(CS), 19:200 
(CO),Cr(q5C, H, )(NO), 18:127 
[(CO), Fe(C, H, 11 , Mg(C, H, 01, , 16:56 
(CO), Mn(C, H, )(CS), 1653 

(CO),Mn(v~€, H, )(CSe), 19: 193, 195 
(CO),Mo(vsC5H5)(NO), 18: 127 
(CO),Mo(NO)(C,H,), 16:24 
I(co)zMo P(C,H9)3 (C5 H5 )I 2 Mg(C, H,O), , 

1 6 5 9  
(CO), Mo[S, P(i-C,H, ), I , ,  1 8 5 3  

[(CO), ReCI, (NO)] , , 16:37 
(CO),W(r,5C5Hs)(NO), 18:127 
(CO), (71' C, H,)CrSiH, , 17 : 104 
(CO),(qsCsH,)MoSiH,, 17: 104 
(CO), (9, C, H , )WSiH, , 17: 104 
[(cO),cO {P(CH,)(c,H, ),}I2 Mg(tmeda), , 

(CO), (OCOCH 3 )2  [ P(C, H, ) 3  1, Ru, 17 : 126 

16:59 

16:58 
[(CO), CO[P(C, Hv ) 3  112 W C ,  Ha O),, 

(CO),Cr[r16C,H,(CH,0)], 19:155 
(CO),Cr(q6C, H, CO,CH,), 19:157 
(CO), Cr(q6 C, H, Cl), 19: 15 7 
(CO),Cr(q6C6HS F), 19:157 
(CO),Cr[q6C,H, [N(CH,), I ] ,  19:157 
(CO),Cr(q6C,H,), 19:157 
(CO), Fe  [C, H, CH=CHC(O)CH 1 ,  16: 104 
(CO),IrCl, 19: 19 
(CO), Ru(C, H ,, ), 16: 105 
[(CO), RuCl, I , ,  1 6 5  1 
[(CO), Co] , Mg(C, H, N), , 16:5 8 
(CO), Fe(PClF, 1, 16:66 
(CO),Fe[PF,N(C,H,),], 16:64 
(CO),Fe(PF,), 16:67 
(CO),Mn(B,H,), 19:227,228 
[(CO),Mn(CH,CO), I3A1, 18:56,58 

[(CO),ReCI], , 16:35 
trans- [ (CO), WBr(CC, H, ) 1 , 1 9 : 1 7 2, 1 7 3 

cis-(CO),Mo[P(t-C, H, )F, I , ,  18:175 

[(CO), {C(CH,)(OCH,)}Cr], 17:96 
[KO), {C(CH,)(SC,H,))Wl. 17:99 
(CO), Cr[C(OC, H, ) [N(C, H, ), ] ] , 1 9 :  168 
(CO), Cr(C, H, O)(pentacarbonyl(dihydro- 
2(3H)-furanylidene)chromium), 19: 178, 
179 

(CO), MnBr, 19: 160 
(CO),Mn(CH,CO), 18:57 
(CO),MnCI, 19:159 
(CO),MnI, 19:161, 162 
[(CO),Mn] ,T1,16:61 
(CO), ReCI, (NO), 16: 36 
(CO), W[C(C, H, ), ] ,19 :  180 
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(CO),W[C[N(CH,), ]C,H, ],19:169 
(CO), W[C(OCH,)(C,H,)] , 19: 165 
(CO),W [C[OSi(CH,), I C, H,-p-(CH3 11, 

(CO),W(CS), 19:183,187 
[(CO),Nb] [As(C,H,),I, 16:72 
[(CO),Nb] [K{(CH,~H,CH,) ,0)31,  

(CO), Ru, C1, , 16: 5 1 
[(CO),Ta] [As(C,H,),], 16:71 
[KO), Ta] [K {(CH, OCH,CH, ) , O } ,  1 I 

(CO),,Os,(NO), , 16:40 
(CO),,Ru,(NO), , 16:39 
(CO),,Re,H,, 17:66 
(CO),,Re,H,, 18:60 
(CO),, Rh, , 17: 115 
(CO),,Ru,, 16:45,47 
(CO),,Rh,, 16:49 
(CS)CR(CO)[q6-m-(CH,)C, H,CO,CH,] - 

(CS)Cr(CO), [q6-rn-(CH,)C, H,CO,CH, I ,  

(CS)Cr(CO),[q6-o-(CH3),C,H, 1, 19: 197, 

(CS)Cr(CO),(q6€,HsCO,CH3), 19:200 

(CS)Mn(CO)($ -C,H,)[P(C6H,),], 19: 189 
(CS)Mn(C, H,)(CO), , 16:53 
(CS)Mn(qs C, H, )(diphos), 19: 191 
trans- [ (CS)RhCI[P(C, H, ), 1, 1, 19: 204 
(CS)W(CO), , 19: 183,187 
rruns- [(CS)WI(CO), ] [ N(nC, H, ), 1, 19: 186 
[(CSH), (CN), ] (2,3-dimercapto-2-butene- 

(CSe)Mn(CO), (q5 C,  H, ),19: 193,195 

C, H,O, (oxalic acid), 19: 16 

C,H,OH(2CH,O), 18: 145 

(C,H,),Pt, 19:215 
(C,H,)CdI, 19:78 
(C,H,O)CH, 18:37 
C,H,N, (en), 18:37 
(C, H, O,),In, 19:26 1 
[(C,O,)Co(en), r, 18:96 
[(C, 0, ),Cr] K3.3H, 0, 19: 127 
C3 H, BrO, (bromomalonaldehyde), 18:50 
(C,H, S)C(SH)=CHC(O)CF,, 16:206 

19:167 

16:69 

16:71 

[P(OC,H,),], 19:202 

19:201 

198 

trans- [(CS)IrCI[P(C, H, ), 1, 1 ,  19:206 

dinitrile), 19: 31 

(C, H, )Mo(CO)[S, P(I'C3 H, ), I , ,  1 8 ~ 5 5  

( C Z H ~ O , ) ,  [Co(NH,),], 1 8 ~ 6 8  

(C, H, ), Pt [P(CJX~O-C, HI , ) , 1 , 19: 216 

(C,H,S,)[BF, 1 (1,3-dithiolylium 
tetrafluoroborate), 19:28 

(rl'C3 H, ), Pd, C1, , 19:220 
(C, H, O)Cr(CO), (pentacarbonyl(dihyd- 

(~ ' -C3H, )Pd(~sC ,H, ) ,  19:221 

ro-2(3H)-furanylidene)chromium), 
19:178, 179 

C, H, N-2,6-(CH3 CO), , 18: 18 
C,H,N-2,6-(NH2),, 18:47 
C,H,(CH,)(SiH,), 17:174 
C,H,(GeH,), 17:176 
(C, H, N)(TaS,), , 19:40 
C,H$(SiH,), 17:172 
(C, H, )Sn(CH,), , 17: 178 
C,H,O, (acac), 18:37 
(C, F, )* Ni[q6 C, H, (CH,)] , 19:72 
C, H, (Br)(SCH,), 16: 169 
[C,H,(CF,),]Cr, 19:70 
C,H,(CHO)(NH,), 18:31 
C,H,(NH,), 18:51 
C, H, S, (2,2'-bi-1,3-dithiolylidene)- 

(TTF), 19:28 
(C, H,S,)(C,,H,N,) (2,2'-bi-l,3dithio- 

lylidene salt with) 2,2'-(2,5-cyclohexa- 
diene-l,4diylidene)bis [ propane- 
dinitrile] ( l : l)) ,  19:32 

(c6Gs4)2 [Pt (CS), (CN), 1, ] (2,2'-bi-1,3- 
dithiolylidene radical cation bir[ 2,3- 
dimercapto-2-butenedinitrilato(2-)] - 
platinate(1-) ( l : l ) ) ,  19:31 

(2,2'-bi-1,3-dithiolylidene radical cation 
bir [ 2,3dimercapto-2-butenedini- 
trilato(2-)] cuprate(2-) (2: l)), 19: 31 

(C, H, S, 1, [Ni[(CS), (CN), I ,  I (2,2'-bi- 
1,3dithiolidene radical cation 
bio [ 2,3dimercapto-2-butenedini- 
trilato(2-)] nickelate(2-) (2: l)), 19:3 1 

(C, H, S,), [Pt(CN), ] (2,2'-bi-l,3dithio- 
lylidene radical cation tetracyano- 
platinate(I1) (2:1)), 19:31 

1,3dithiolylidene radical cation 
bis [ 2,3dimercapto-2-butenedini- 
trilato(2-)] platinate(2-) (2:1)), 19:31 

(C,H,S,), [BF,], (2,2'-bi-l,3dithioly- 
lidene radical cation tetrafluore 
borate(1-) (3:2)), 19:31 

ene radical cation iodide (8:15)), 19:31 

(C6H4S4)2 IC'[(CS),(CN), 1 2 1  

(C6H4 s , ) ~  [Pt[(CS), (CN), 12 1 (2,2'-bi- 

(C, H, S , ) ,  I,, (2,2'-bi-l,3dithiolylid- 
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(C, H,S,),, I, (2,2’-bi-l,3dithiolylid- 
ene radical cation iodide (11:8)), 19:31 

(C, H, S,),, (NCS), (2,2’-bi-l,3dithioly- 
lidene radical cation thiocyanate 
(14:8)), 19:31 

(C, H, S,),, (NCSe), (2,2’-bi-l,3di- 
thiolylidene radical cation releno- 
cyanate (14:8)), 19:31 

(C, H, S,),, I,, 2,2’-bi-l,3dithio- 
lylidene radical cation iodide 
(24:63)), 19:31 

[q6 C, H, (CH,)) Ni(C, F,) ,  , 19:72 
[q6C, H, (CH, O)] Cr(CO), , 19: 155 
(C,Hs)(CH,),PO, 17:185 
(C, H, ), (CH, )PO, 17: 184 
(q6C,H,C0,CH,)Cr(CO), (CS), 19:200 
(q6 C, H,CO, CH,)Cr(CO) , , 19: 157 
(C, H,CO, )Mo, Br, [P(n-C, H9), I,, 19: 133 
(q6C6HsCl)Cr(CO), , 19:157 
(q6C6H5Cl),Mo, 19:81,82 
(q6C6 H, F)Cr(CO), , 19: 157 
[$€,HI [N(CH,), ]Cr(CO),, 19:157 

(C, H,), PLi, 17: 186 
(C, H,), PSi(CH,), , 17: 187 
(q6C6H6)Cr(C0),, 19: 157 
(q‘ C, HI,), Rh, C1, (di-p-chloro-bis- 

(q’ C, H,A, Rh, C1, (di-pchloro-tetra- 

[q6  C6H, “(CH,), IIiMo, 19:81 

(q‘-l,S-hexadiene)dirhodium), 19:219 

kis(q’ -2,3dimethyl-2-butene)- 
dirhodium), 19: 21 9 

C, H, N, (benzenedicarbonitrile), 18:47 
(cycio-C,H,)Li,, 19:214 

(C, H,,),Pt ((1,s-cyc1ooctadiene)plat- 
(q’-Cyclo-C,H,),U, 19:149, 150 

inum), 19:213, 214 
(q4 -cycl@C, HI, ), Rh, C1, , 19: 2 18 
(C1o H,N4)(C6H,S,) (2,2’-(2,5-~~~10- 
hexadiene-l,4diylidene)bis- 
[propanedinitrile] salt with 
2,2‘-b i- 1,3dithiolylidene 
(l:l)), 19:32 

C,,H,,N,, 16:223 
(1-3:6-7:lb12qC1, H,,)Ni ((q’de 
decatriene-l,12diyl)nickel), 
19: 85 

(C,, HI, P)(ClO,) (l-ethyl-l-phenphos- 
pholanium perchlorate), 18: 189, 19 1 

C,, Ha, N, (5, 14-Me, [ 141 -4,6,11,13- 
tetraeneN. ), 18 : 42 

C,, H,, N, (H, 5,14-Mel [ 141 -4,6,11,13- 
tetraene-1,4,8,1 l-N,)(PF,),, 18:40 

C,, H,,N, (2,3-Me1 [ 141 -1,3-diene-1,4,- 

C,,H,,Br, N, (6,13-Br1-2,3-Bzo[ 141 -1,4,- 
6,11,13-pentene-l,4,8,1 I-N, ), 18:s 0 

C,, H,, N, (Me, [ 141 -1,3,8,1@tetraene- 

C,, H,, N, (Me, Pyro [ 14) trieneN, ), 18: 17 
C,,H,,N,O, (6, 13-Acl-5,14-Me, [14]- 

C,,H,,N, (Me, [14]-4,11diene-1,4,8,11- 

C,,H,,N,-XH,O (Me, [ 14]ane-1,4,8,11- 

8,11-N,), 18:27 

1,4,8,11-N, ), 18 : 22 

tetraeneN,), 18: 39 

N,), 18:2 

N, -XH, 0), 18: 10 

11,13-hexaenel,4,8,1 l-N,)- 
C,8H,,N, (2,3$,10-B~0, [14]-2,4,6,9,- 

(TADA-H,), 18:45 
C,,H,,N, (5,26: 13,18diimino-7,11- 

20,24dinitrilodibenzo [c,n] - 
[ 1,6,12,17] tetraazacyc1odocosine)- 
(Hp-H,), 1 8 ~ 4 7  

Ca8HION4 (2,3;6,7;10,11;14,15-B~0, [16]- 
octaenel ,S,9,13-N,), 18: 30 

Ca[BH, I , ,  17: 17 
Cd(C,H,)I, 19:78 
Cl,., [Pt(CN),]Kl.3H,0, 19:15 
C1, .,,Ir(CO),, 19:19 
trans-[Cl,Co(en), ](NO,), 18:73 
Cl,[Co(NH,),], 18:68 
[CoBr(C,, H, ,N,)]Br.H,O, 18:19 
[CoBr(en), (NH,)]Br,, 16:93 
[CoBr(en),(NH,)]Cl,, 16:93,95,96 
[CoBr(en),(NH,)](NO,),, 16:93 
[CoBr(en), (NH,)1 (O,SOC,,H,,Br), , 

[CoBr(en), (NH,)](S,O,), 16:94 
[CoBr, (C, , H,,N,)] C10, , 18:28 
[CoBr, (C,,H,,N,)] Br, 18:25 
[GOBI, (C, I H,,N,)] Br*H,O, 18:21 
meso-trans- [CoBr, (C, , H,, N, ) ]  C10, , 

[CoBr, (C,, H,, N, )] Br, 18: 34 
meso-trans-[CoBr,(Me, [ 141 aneN,)]ClO,, 

16:93 

18:14 

18:73 

hexaeneato(Z)N,) (Co(TADA)), 18:46 
[Co(Bzo, [16]octeneN,)Br,]Br, 18:34 
[Co(CO), {P(CH3)(C,H,),)1,Mg(tmeda), 

C0(2,3:9,10-BZO, [14]-2,4,6,9,11,13- 

1 6 5 9  
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[co(CO), tP(C,H,)3})2M~(C,HgO), , 

[Co(CO), I , Mg(C, H, N), , 16: 5 8 
[Co(CO,)(edda)] Na, 18: 104 

16:58 

Co(C, Hz Nz 1 [C(CH, )CH,C(S)CH, 1 2  3 

16:227 
Co(C, H,,)(C, H,,), 17: 112 
Co(C, , H,, N, ), 18:46 
trans-[CoCl, (en),](NO,), 18:73 
CoCl,(NO)[P(CH,)C,H,), I , ,  16:29 
[Co{(dmg),(BF),}], 17:140 
(+)asym-cis- [Co(edda)(en)] C1-3H2 0, 

(-)-sym-cis- [Co(edda)(NO, ) ]  K, 18: 101 
(-)-[Co(edda)(NO,),I (-)-[Co(en), (C, O,)] , 

sym-cis- [Co(edda)(NO,), ] K, 18: 100 
(-)-[Co(edta)] (-)-[Co(en), (C, 0,)].3H, 0, 

[Co(edta)] K-2H10, 18: 100 
(-)-[Co(edta)]K.2H20, 18: 100 
(+I-[Co(ed ta) 1 K.2HZ 0, 18: 100 
[Co(en), (C,O,)]+, 18:96 
(-)-[Co(en), (C, O,)] Br.H, 0, 18:99 
[Co(en), (C, 0, I ]  CbH, 0 ,18 :97  
(-)-[Co(en), (C, 0, )] (-)-[Co(edda> 

(-)-[Co(en), (C,O,)] (-)-[Co(edta)]- 

(-)-[Co(en),(C,O,)l [(+)-HC,H,O, I ,  

(+)-[Co(en), (C, 0, ) I  [(+)-HC, H.0, ] , 

(+)-[Co(en),(C,O,)] I, 18:99 
(-)asym-cis- [ Co(en)(edda)] (+)-brcamsul, 

(+)asym-cis-[Co(en)(edda)] (+)-brcamsul, 

asym-cis- [Co(en)(edda)] C1, 18: 105 
(-)asym-cis- [Co(en)(edda)] C1.3H2 0, 

(-)-sym-cis- [Co(en)(edda)] (HC, H, 0, ), 

(+)-sym-cis- [Co(en)(edda)] (HC, H, 0, ), 

(-)-sym-cis- [Co(en)(edda) ] (NO , ), 18: 109 
(+)-sym-cis- [Co(en)(edda)] (NO,), 18: 109 
[Co(en), (NH,)(CO,)]Br.0.5 5H,O, 17:152 
[Co(en), (NH,)(CO,)]ClO,, 17: 152 
Co(H,O), (edda), 18:lOO 

18: 106 

18: 101 

18: 100 

(NO,), ] ,18 :101  

.3H,O, 18:lOO 

18: 98 

18:98 

18:106 

18:106 

18:106 

18:109 

18: 109 

[Co(Me, [14]-1,3diene)Br, IClO,, 18:28 
[Co(Me, -Pyo[ 141 trieneN,)Br] Br.H,O, 

[Co(Me,-Pyo[ 141 trieneN,)Br, 1 Br.H20,18:21 
[Co(Me, [ 14]-1,3,8,10-tetraeneN,)Br, ]Br, 

18:19 

18:25 
[Co {(NH, ),CSe), 1 (ClO,), , 16:48 
[Co{(NH,),CSe},](SO,), 16:85 

cis-[Co(NH,),(H,O),](ClO,), , 18:83 
cis- and, trans-[Co(NH,),(NO,),](NO,), 

cis-[Co(NH,),(H,O)(OH)](S,O,), 18:81 

18:70,71 
[CNNH,), (CO, ) ]  C10, 'H, 0, 17: 152 

[Co(NH,), ] C1, , 18:68 
Co(N0) [ P(C, H, ) , ] ,, 16 : 33 
Co(NO)[S,CN(CH,), 1,. 16:7 
[Co(NO),(diphos)] [B(C,H,),], 16:19 
ICo(NO1, {P(C,H,),), 1 [B(C,H,),I, 16:18 
[Co(NO),(tmeda)] [B(C,H,),], 16:17 
Co(N,C, H, )[C(CH, )CH,C(S)CH, I , ,  16:227 
[Co(tetren)(CO,)]ClO,, 17:152 
[Co, (en),-p-(OH), ]Br,.2H,O, 18:92 
[Co,(en),-ct(OHX]CI,.SH,O, 18:93 
ICo, (en), -p-(OH), 1 (C10, ), , 18:94 
[Co,(en),-w-(OH), I (S,O,) ,  18:92 
[Co, (NH3)8-ct-(OH)2 ]Br,.4H20, 18:88 

CrBr,, anhydrous, 19: 123, 124 
Cr[ [ (CH, ), Si] , N] , , 18: 1 18 
Cr(CO)[$ -m-(CH,)C, H,CO,CH, ] (CS> 

Cr(C0),[q6-rn-(CH,)C, H,CO,CH,](CS), 

Cr(CO),[ q6-o-(CH,),C6H4](CS), 19:197, 

Cr(CO), (a6 C, H, CO, CH, )(CS), 19:200 
Cr(CO),(qSC,H,)(NO), 18:127 
Cr(C0),(q5C,H,)SiH,, 17:104 
Cr(VO),(q6C,H, CO,CH,), 19: 157 
Cr(CO), (q6 C, H, Cl), 19 : 15 7 
Cr(CO),(q6C,H,F), 19:157 
Cr(CO),(q6C,H,[N(CH,), ] ],19:157 
Cr(CO),[{C(CH,j(OCH,)}], 17:96 
Cr(CO),[{ C(CH,)(SC,H,))I, 17:98 
Cr(CO), [C(OC,H,)[N(C,H,),]], 19:168 
Cr(CO), (C, H, 0) (pentacarbonyl(dihydr0- 

[Co(NH,),](C,H,O,),, 18:68 

[CO, (NH3)8-p-(OH)z ] (C10,),.2H20, 18:88 

[P(OC, H, ), 1, 19:202 

19:201 

198 

2(3H)-furanylidene)chromium), 
19:178, 179 

[Cr(C, O,), ]K,.3H, 0, 19: 127 
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[Cr(C,H,O,), (H,O), ] K.3H2O, 16:81 
[Cr(C,H, O , ) ,  ] K, .3H, 0 ,16:80 
Cr(q’€,H,)(i-C,H,)(NO), , 19:209 
[Cr(o’C,H,)(NO),],, 19:211 
Cr[C,H,(CF,),], , 19:70 
Cr[o6C6Hs(CH,0)](CO),, 19:155 
Cr(q6C6H5)(CO),, 19:157 
CrCl(s’ C, H, )(NO), , 18: 129 
cis-[Cr(en),(H,O)(OH)] (S ,O , ) ,  18:84 
[Cr(en),]Br,, 19:125 
ICr(H,O)(OH {OP(CH,)(C, Hs )(O)},)lx 

16:90 
[Cr(H,O)(OH){OP(C,H,), (0)},lx, 16:90 
[ C r W  O)(OH) {OP(C,H,,), (O)} ,  Ix, 16:9Q 
[Cr(H,O),(C2O,)K.2H,0, 17:148 

cis-[Cr(H,O),(en),]Br,, 18:85 
cis- [Cr(NH,),(H,O)Cl] (SO,), 18:78 
cis-[Cr(NH,),(H,O)(OH))(S,O,), 18:80 
cis-[Cr(NH,),(H,O), ] (CIO,), 18:82 
Cr(NO),, 16:2 
[Cr(OH) {OP(CH,)(C,H,)(O)}, Ix, 16:91 
[Cr(OH) {OP(C, H, )* (O)}, I X .  16: 9 1 
[Cr(OH){OP(C, Hl7),(O)}, Ix, 16:91 
[Cr[OS(CH,),]Br,, 19:126 
[Cr, (en),-~~OH),]Br,.2H,O, 18:90 
[Cr, (en),-p-(OH),]C14.2H,0, 18:91 
[Cr, (en),-p-(OH),) (ClO,), , 18:91 
[Cr, (en),-p-tOH), ](S,O,), , 18:90 
[Cr, (NH, -M-(OH)~ ] Br, .4H, 0, 18: 86 
[Cr, (NH,),-p-(OH), ](C10,),.2H,O, 18:87 

[WH, 01, (C, O,) ,  ] K-3H, 0,17:  149 

Cs, . 7 5  [Pt(CN),].2H,O, 19:6, 7 
Cu(BH, )[P(C, H, )3 12,19:96 
Cu [ 6,13-Br , -2,3-Bzo [ 14) -2,4,6,11,13- 

pentaenato(2-)-1,4,8,1 I-N,], 18:50 
[Cu(Bzo),[ 161 octaeneN, ](NO,), , 18: 32 
[Cu(CH,CN),)[PF,], 19:90 
[Cu[(CS),(CN),I, ](C,H,S,), (bis[2,3- 

dimercapto-2-butenedinitril= 
ato(2-)] cuprate(2-) salt with 2,2’-bi- 
1,3dithiolylidene (1:2)), 19:31 

Cu(C,,H,, Br, N,), 1 8 5 0  

CuC,,H,,N,, 16:214 
CuCl[(C,H,),P] ,, 19:88 
CuH [ @CH,C, H, ), PI, 19:89 
CuH[(C,H,),P], 19:87,88 

CuWO, )[P(C,H, )3 I , ,  19:93 
Cu(N0, )[ Sb(C, H, ), I , ,  19:94 

[CU(C,,H~ON,)J(NO,),, 1 8 ~ 3 2  

Cu(NO, )[ As(C6 H, ) 3  ]3,19: 95 

[diop(+)],RhH, 17:81 
(diphos)Mn(oS €,H,)(CS), 19:191 

[(edda)Co(CO,)J Na, 18:104 
(-)-asym-cis- [ (edda)Co(en)] (+)- 

(+)usym-cis- [ (edda)Co(en)] (+)- 

osym-cis-[(edda)Co(en)]Cl, 18: 105 
(-)-asym-cis- [ (edda)Co(en)] C1.3H2 0, 

(+)asym-cis- [(edda)Co(en)] C1.3H2 0, 

(-)-sym-cis- [(edda)Co(en)] (HC, H, 0, ), 

(+>ff~m-cis-[(edda)Co(en)] (HC, H, 0, ), 

(-)-sym-cis-[(edda)Co(en)] (NO,), 18: 109 
(+)-sym-cis-[(edda)Co(en)] (NO,), 18: 109 
(edda)Co(H,O), , 18: 100 
(-)-sym-cis-[(edda)Co(NO,) J ,  18: 101 
(-)-[(edda)Co(NO,), I (-1 [Co(en), - 

sym-cis-[(edda)Co(NO,),]K, 18:lOO 
[(en),Co(C,O,)]+, 18:96 
truns-[(en),CoCl, 1 (NO,), 18:73 
cis-[(en),Cr(H,O)(OH)] (S, O , ) ,  18:84 
cis- [(en), Cr(H, O ) ,  ] Br , , 18:85 
[(en),Co,-p-(OH), ]Br,.2H20, 18:92 
[(en),Co, - ~ 4 0 H ) ,  ] C1, .4H, 0, 18:93 
[(en),Co,-p-(OH),] (ClO,),, 18:94 
[(en),Co,-p-(OH), I (S ,O , ) ,  18:92 
[(en),Cr,-p-(OH), ] Br,.2H,O, 18:90 
[(en),Cr,;u-(OH),]C1,~2H,O, 18:91 
[(en),Cr,-p-(OH), ](CIO,),, 18:91 
[(en),Cr,-fi-(OH), ] ( S , O , ) ,  , 18:90 

F,PO(CH,), 16:166 
Fe[[(CH,),Si],N],, 18:18 
[Fe(CO),(qSC,HS)(CS)] [PF,], 17: 100 
Fe(CO), (C, H, CH=CHCOCH,), 16: 104 
Fe(C0) , (PCIF , 1, 16: 66 
Fe(CO), [PF, N(C,H,), ],16:64 
Fe(CO), (PF, 1, 16:67 
meso-lFe(C,H,N), (c16 Hs, N, 11 - 

(CF,O,S),, 18:15 

brcamsul, 18:106 

Brcamsul, 18:106 

18:106 

18:106 

18:109 

18:109 

(C,O,)], 18:lOl 

[Fe(C,H,)(CO),l,Mg(C,H,O),, 16:56 
[ Fe(C,, H,, N,)(C, H,N)l (CF,O,S), , 

FeCl(C, ,H,, N,O,), 16:216 
18:6 
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GaAl,,O,,, 19:56 
GaCl,, 17:167 
GaH,N(CH,),, 17:42 
[GaH,]K, 17:SOn 
[GaH,]Li, I7:45 
[GaH,] Na, 1 7 5 0  
GeBr(CH,),, 18: 153 
Ge(CH,),, 18:153 
Ge(C, H, )(OCH, CH,), N, 16:229 
GeC,H,,O,N, 16:229 
GeHBr(CH,), , 18:157 
GeHCI(CH,), , 18:157 
GeHF(CH,), , 18: 159 
GeHI(CH,), , 18:158 
GeH, (CH,), , 18: 154,156 
(GeH,)C, H,, 17: 176 
GeH,I, 18:162 
[(GeH,)N],C, 18:163 
GeH, (SCH,), 18: 165 
GeH,(SC,H,), 18:165 
(GeH,), S, 18: 164 

[(+)-HC,H,O, 1 (-)-[Co(en),(C,0,)], 
18:98 

18:98 
[(+)-HC, H, 061 (+)-[Co(en), (C, 0, )I , 

HZrCI(q5C, H,), , 19:226 
H, Zr($ C, I-& h , 19:224,225 
H, Re(CO),, , 18:60 
Hg[(NH,),CSe], Br,, 18:86 
HG [ (NH, l2 CSe] , Cl, , 16: 85 
[Hg(NH,),CSe CI,], , 16236 
[Hg[P(CH,),(CH,)I, ICl,, 18: 140 

HgZ.8, [AsF, 1,19:25 
Hg, .91 [SbF, 1,19:26 
Hg, [AsF, I,, 19: 24 
Hg, [Sb,F,, I,, 19:23 . 
HpH,, see 5,26:13,18diimino-7,11:- 

20,24dinitrilobenzo[c,n] [ 1,6,- 
12,17 J tetraazacyclodocosine 

ICd(C,H,), 19:78 
ISi(CH,),, 19:272 
ISiH(CH,), , 19:271 
ISM,(CH,), 19:271 
ISiH, , 19: 268, 270 
InBr,, 19:259 
InBr, [OS(CH,),],, 19:260 
In(C, H, O % ) , ,  19: 261 
InCl,, 19:258 
InCl, [OS(CH,),],, 19:259 
[InCl, 1 [(C,H,),N],, 19:260 
11, 18:131 
[IrBr(NO) tP(c6H5),), ](BF,), 16:42 
IrBr(N,) [(C,H,),],, 16:42 

[Ir(CO),Cl,]K, .,%H,O, 19:20 
Ir(CO),Cl, 19: 19 
IrCKCO)[P(CH,),], , 18:64 
truns- [IrClCCS) [P(C, H, ), 1, 1 ,  19: 206 
[IrCKNO) {P(C,H,),}, ] (BF,), 1 6 9 1  
IrCl(N,)[P(C,H,),], , 16:42 
[IrCI, J (NH,), , 18: 132 
IrH, (OCOCH, )[P(C, H,),], , 17: 129 
[IrtNH,), (CO,)] C10, , 17: 152 

rrr(co)p(cH,), i ,  JCI, 18:63 

KA1,,0,,, 19:55 
[K{(CH,OCH,CH,),O),] Nb(CO), , 16:69 
[K {(CH,OCH,CH,), 0}, ] Ta(CO), , 16:71 
K[sec-(C,H,),BH], 17:26 
K[Cr(C,H,O,),(H,O), 1-3H,O, 16:81 
K[Cr(H,O)(C,O,), ]*3H,O, 17:149 
K[CK(H,O),(C,O,),].~H,O, 17:148 
K[GaH, ],17:50n 

[Ir(CO),C1,].?4H,O, 19:20 
K,.,,[Pt(ClO4)].2H,O, 19:16,17 
K, .,, [Pt(CN),].l.SH,O, 19:8, 14 
K, [Cr(C,H,O,), ]-3H,0, 16:80 

LiAI,, 0,, , 19:54 
Li[ [ (CH, ), Si] , N ] , 18: 1 15 
LiC, H, S(CH,), 16:170 
Li[GaH,], 17:45 
LiP(C,H,),, 17:186 

FeHCl[(C~H~~)lPCHzCH,P(C6H,) ,I , ,  

meso- [Fe(Me6 [ 141 aneN, )(C, H,N), I- 

[Fe(Me, [ 14]-4,11dieneN,)(CH,CN)24- 

Fe(NO)[S,CN(C, H, ), 1 1 ,  16:5 
[Fe {(nox), (BF), ) I ,  17: 143 
[Fe {(nox), (BOH),)] , 17: 144 

17:69 

(CF,O,S),, 18:15 

(CF,O,S),, 18:6 
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Li[ZnH,], 17:lO 
Li, (cyclo-C,H,), 19:214 
Li,[ZnH,],17:12 

Mg[Co(CO),I,(C5H, N),, 1 6 ~ 5 8  
Mg[Fe(C, H,)(CO), I, (C,H, O) ,  , 1 6 5 6  
MgH,, 17:2 
MnBr(CO), , 19:160 
Mn(CH,CO)(CO),, 18:57 
[ Mn(CH,CO), (CO), ],A 1,18:56,58 
Mn(CO)(q’C, H,)(CS)[P(C,H,),], 19:189 
Mn(CO)(NO), , 16:64 
Mn(CO),(CS)(C, & 1, 16:s 3 
Mn(CO),(rl’€,H,)(CSe), 19:193, 195 
Mn(CO),(B,H,), 19:227,228 
Mn(CO),CI, 19: 159 
Mn(CO),I, 19:161,162 
[Mn(CO),],Tl, 16:61 
MnC,  H, )(CO), (CS), 16:53 
Mn(C,,H,,N, )(MnHp), 18:48 
Mn(diphos)($ C, H, )(CS), 19: 191 
MnHp, 18:48 
Mn,P,O,, 19:121 
[MoBr,(NO)(C,H,)], , 16:27 
Mo(CO),(~~€,H,)(NO), 18:127 
Mo(Co), (NO)(C, H, ), 16:24 
[MoKO), {P(C,H9)3I(CsHs)lz Mg(C,Ha O) ,  > 

16:59 
Mo(CO), [S, P(iC,H,), I,,  18:53 
Mo(CO),($ C, H,)SiH, , 17: 104 
Mo(C, H, )(CO)[S, P( iC ,  H, ), I , ,  18: 55 
[Mo(C, H, )Br, (NO)] ,, 16:27 
Mo(C,H,)(CO),(NO), 16:24 
Mo(tlsC,H,)(C,H,)(NO), , 19:210 
[Mo(C,H,)CI,(NO)] ,, 16:26 
[Mo(C, H, )I, (NO)] ,, 16:28 
Mo(~~~-C,H,)(NO),(C,H,), 19:209 
Mo(TI~-C,H,CI),, 19:81,82 

Mo[$ C, H, [N(CH, ), I],, 19: 81 
Mo(t16C6H6),, 17:54 
MOCKTI’ C,  H, )(NO), , 18: 129 
[MoCI,(NO)(C,H,)],, 16:26 

MoH(acac)I(C6 H, ), PCH,CH, P(C, H, ), I,, 
MoF,, 19~137-139 

17:61 

17:58 
[MOH{p(c6H5)(cH3),}(t16C6H,)]  [PF, 1 ,  

MoH, [P’(C,H,), l , ( v6C6H6) ,  17:57 
[MoI,(NO)(C,H,)],, 16:28 
Mo(NO), [S,CN(C,H,),],, 16:235 
MoOCI, (bpy) (red and green forms), 

[MoOCl,] [BpyH,], 19:135 

Mo,Br,(C,H,N),, 19:131 
Mo,Br, [P(n-C,H,),],, 19:131 
[Mo,Br,H]Cs,, 19: 130 
[Mo,CI, [C, H, (SCH,), 1, 1, 19: 131 
[Mo,CI,] ‘-see [Mo,CI,H]’- 
[Mo,Cl,H] Cs,, 19: 129 

Mo, [O,C(CH,),CH,],, 19:133 
Mo,(O,CC,H,),Br, [P(n-C,H9),],, 19:133 

NAIH,(CH,), , 17:37 
(NC)BH, “(CH,),], 19:233,234 
[N {CH, P(C, H,),}(CH, )CH, I,, 16: 199 

19:135, 136 

cis-Mo[P(r-C, H9)Fa 1, (CO), , 18:125 

[Mo,Cl,] (NH,), .H, 0, 19:129 

N[CH,P(C,H,), 1 (CH,)C,H,N(CH,),, 
16:199 

[N{CH,P(C,H,),},CH,I,, 16:198 
“CH, P(c6 Hs 1 2  IzC, H4 “CH, P(C, Hs)2 I-  

(CH,), 16:199 
N[CH,P(C,H,),],C,H,N(CH,), , 16: 199 
[N{CH,P(O)(OH)(C,H,)~,CH,I,, 16:199 
N[CH,P(O)(OH)(C,H,)] ,, 16:202 
[ N(CH, )C, H, 1, B, 17: 162 
[N(CH,), ],BH, 17:30 
[N(CH,), BH, I , ,  17:32 

[N(CH,),]PF,, 18:181 
[N(CH,),]Si(CHS),, 18:180 
[N(CH,),],PF,, 18:186 
[N(CH,),]BH,(NC), 19:233,234 
(NCN)(GeH,), , 17: 163 
(NCS), Ni(Bzo, [ 161 octaeneN,), 

r-[N(CH,), ]B,H,,  17:34 

18:31 
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(NCS), Ni(Me, [14]-1,3,8,10-tetraeneN4), 

N [C,H,As(C,H,), I,, 16:177 
N [ C, H, P(C, H , ), I,, 16: 176 

[N(C,H,), JPF,,  18:85 
[N(C,H,), IAlH,, 17:40 
[ N(C, H, ), 1, AIH, 17:4 1 
[N(C,H,),],PF,, 18:187 
[N(C,H,),],B, 17:159 
[N(C,H,), ](CN), 16: 133  
[N(C,H,),](OCN), 16:131 
[N(n-C,H,),],[BH,], 17:23 
[N(nC, H, ), I [B, H, 1 ,17 :  25 

(NC, H, ),MoBr,, 19: 131 
NGaH,(CH,),, 17:42 
NGe(C, H, )(OCH, CH, ) , , 16: 229 
[ (NHCH)(CH, )C, H, ],B, 17: 160 

NH[(CH,), Si] ,, 18: 12  
(NH)S[N(SH)], 18: 124 
[(NH)S(NS)] Ni(NS,), 18:124 
[(NH)S(NS)] , Ni, 18: 124 
NHS,, 18:203,204 
NH,(C,H,)(CHO), 18:31 
(NH, )C, H, (SCH, ) ,16 :  169 

(NH, )PO(OH), (correction), 19:281 
(NH , )(TaS, ), 19: 42 
(NH,)Al,, 0,, , 19:56 
(NH, )(OCN), 16: 136 
(NH,), [V,,0, ,]~6H,O, 19:140, 143 
(NH, )n(P,0(3n+ 1)Hz ) ,19 :  278 
(NO)Al,,O,,, 19:56 
(NO)CoCl, [P(CH,)(C,H,), I,,  16:29 
(N0)Co [ P(C, H, ) 3  I , ,  16: 33 
(NO)Co[S,CN(CH,),], , 16:7 
(NO)Cr(CO), (qsC, H, 1, 18: 127 
(NO)Fe [S,lCN(C, H, ), I , ,  16:s 
[(NO)IrBr{P(C,H,),}, ](BF,), 16:42 
[ (N0)IrCI {P(C, H, ), }* ] (BF, ), 16:41 
[(NO)MoBr,(C,H,)],, 16:27 
(NO)Mo(CO),(q’C,H,), 15:24; 18:127 
((N0)MoC1,(C,Hs)j,, 16:26 
[(NO)MoI,(C,H,)], , 16:28 
(NO)(OCOCH,), [P(C,H,),], Rh, 17: 129 
(NO)(OCOCF,), [ P(C, H, ), 1, Ru, 17: 127 
[(NO)OsBr(NH,), ]Br,, 16: 12 
[(NO)OsCl(NH,), ]Cl,, 16:12 

18:24 

N(CzHs), [CzH,P(C,Hs), 1 9  1 6 ~ 1 6 0  

NCsH,-2,6-(CH,CO), , 18:18 

NH{(cH,),NH),, m i 8  

1 ,3-(NH, ), (CH, ), , 18: 23  

[(NO)OsI(NH,), ] I,, 16: 12 
[(NO)Os(NH,),]Br,, 16:ll 
[(NO)Os(NH,),]Cl,, 16:ll 
[(NO)Os(NH,),] I,, 16: 11 
[(NO)OS(NH,),]B~,-H,O, 16:ll 
[ (NO)Os(NH,), ] C1, -H, 0 , 1 6 :  11 
[(NO)Os(NH,),] I,*H,O, 16:11 
(NO)[P(C, H, ),I ,  RuH, 17: 73  
[(NO)Re(CO),C1,], , 16:37 
(NOIRe, (CO),Cl,, 16:36 
(NO)Rh[P(C, H5),],,  16: 33 
[(NO)Ru(C,H,O,)(NH,),] (ClO,), 16:14 
[(NO)RuCl(NH,),]Cl,, 16:13 
[(NO)Ru(NCO)(NH,), ] (CIO,), 16:15 
(NO)W(CO),(r7s-CC,H,), 18:127 
[(NO), Co(diphos)] [B(C, H, )4 1, 16: 19 
[(NO)zCo{P(C,Hs),} 2 1  [B(C,Hs),], 

16: 18 
[(NO),Co(tmeda)] [B(C,H,),], 16:17 
(NO),Cr(tl’C,H, )(i€,H,), 19:209 
[(NO), Cr(qs-Ca H, ) ]  , , 19: 21 1 
(NO),CrCl(q5-CC,H,), 18:129 

( N O ) , M O ( ~ ~ ~ C ,  H, )(C, H,), 19:209 
(NO),MoCl(qsC,H,), 18: 129 
(NO), Mo[S,CN(C, H,), I,, 16:235 
(NO),Os,(CO),, , 16:40 
[(NO),RUC~{P(C,H,),), ] (BF,), 16:21 
(NO), Ru, (CO),, , 16: 39 
(NO),W(sSC, H,)(CH,), 19:210 
(NO),WCl(q5€,H,), 18:129 
(NO),Mn(CO), 16:4 
(NO),Cr, 16:2 

(NO), MO(TI’ €5 H, )(C, H, ), 19:210 

cis- and trans- [(NO, ), Co(NH, ) ] (NO, ), 
18:70,71 

NS, , 18: 124 
(NS,)Ni[(NH)S(NS)], 18:124 
(NS,), Ni, 18: 124 
(NS,)[(n-C,H,),N], 18:203,205 
[N [ Si(CH, ), 1, 1 , Cr, 18: 1 18 
[ NI[ Si(CH, ) 3  1 ,] , Fe, 18: 18 
[N[ Si(CH, ), 1, 1, Sc, 18: 115 
[N [ SKCH, ) , 1, 1 , Ti, 18: 1 16 
[N[Si(CH,),l, l,V, 18: 117 
NSn(C, H, )(OCH, CH, ) , , 16: 2 30 

N,P,Br, F,, 18: 197 
N, P, Br, F, , 18: 197 
N,P,Cl,F, [N(CH,),J,, 18:195 
N,P,Cl, [N(CH,),],, 18:194 

(Nz Cz H, 1 [C(CH, )CH, C(S)CH,], , 16:226 
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N,P,F, [NCH,),],, 18:195 

N,C,,H,,, 16:223 
N,C,,H,, (5,14-Me1 [14]4,6,11,13- 

tetraene), 18:42 
N,C,,H,, (H, 5,14-MeI [14]-4,6,11,13- 

tetraene-1,4,8,1 1-N4)(PF6),, 18:40 
N,C,,H,, (2,3-Me, [ 141 -1,3diene-1,4,- 

N,C,,H,,Br, (6,13-Br1-2,3-Bzo[ 141 -2; 
4,6,11,13-pentene-l,4,8,11-N,), 18:50 

N,C,,H,, (Me, 1141 -1,3,8,10-tetraene- 

N,C,,H,, (Me2Pyro[l4]trieneN,), 18:17 
N,C,,H,, (Me, [14]-4,11-diene-1,4,8,11- 

N,), 18:2 
N, C,, H,, .2CHF, 0, S (Me, [ 141 -4, l l -  

diene-l,4,8,ll-N, .2CF , SO, HJ, 18: 3 
N,C,,H,, -2HC10, (Me, [ 141-4,lldiene- 

N,C ,, H,, .XH, 0 (Me, [ 14 ] ane-1,4,8,11- 

N,P 3F4 [N(CH3)1],, 1 8 ~ 1 9 7  

8,11-N,), 18:27 

1,4,8,11-N, ), 18: 22 

1,4,8,1l-N, .2HC104 ), 18: 4 

N,*XH,O), 18:lO 
N,C,,H,, (2,3;9,10-BZoZ [ 14]-2,4,6,9,- 
11,13-hexaene-l,4,8,1l-N,)(TADA-H,), 
18:45 

octaene-1,5,9,13-N,), 18: 30 

eneN,), 18:39 

N, C, 8 H, 0 (2,3;6,7 ;lo, 1 1 ;14,1 S-BZO, [ 161 - 

N, 0, C,, HI, (6, 13-Ac, -5,15-Me [ 141 tetra- 

N,S,, 17:197 
N,C,, HI, (5,26: 13,18-diimino-7,11:- 

20,24dinitrilodibenzo [c ,n]  - 
[ 1,6,12,17] tetraazacyclodocosine) 
(Hp-H,), 18:47 

Na[GaH, 1 ,  17:50 
Na, [Vl,O,,]~18H,O, 19:140, 142 
Na,(TaS,), 19:42,44 
Na[ZnH,], 17:15 
Na[Zn, (CH,), H, 1, 17: 13  
Nb(BH,)(C,H,), , 16:109 
Nb(bipy), (NCS), , 16:78 
NbBr(C,H,), [P(CH,),(C,H,)], 16:112 
[Nb(CO),] [As(C,H,),], 1 6 3 2  
[Nb(CO), 1 [K {(CH,OCH,CH,),O}, 1 ,  

Nb(C,H,),(BH,), 16:109 
Nb(C,H,),Cl,, 16:107 

16:69 

Nb(Cs H, 
"b(CsHs)iHsN,P,C1, [N(CH,),I,, 1 8 ~ 1 9 4  

H[P(CH,), (C, Hs ) I ,  16:110 

16:111 

NbCI, (C, H, ), , 16: 107 
Nb(NCS), (bipy), , 16:78 
[Ni[6,13-Ac,-5,14-MeI 1141 tetraenator 

Ni[As(C, H, ), I , ,  17: 121 
Ni( 2,2'-bipyridine] , , 17: 121 
trans-NiBr, [P(f-C,H,), F] ,, 18:177 
Ni[t-BuNC], [C,H,C=CC,H, ] ,17:122 
Ni[f-BuNC], [C,H,N=NC,H,], 17:122 
Ni[t-BuNC], [(NC),C=C(CN), 1 ,  17:122 
Ni[t-BuNC], [(NC)HC=CH(CN)], 17: 122 
[Ni(Bzo, Il6]octaeneN,)](ClO,),, 18:31 
Ni(Bzo, [16]octaeneN,)(NCS), , 18:31 
Ni[ [(CH,CO),C] [(CH, NCH), 1 ,  18:38 
Ni[(CH,),AsC,H,As(CH,), I,, 17:121 
Ni[(CH,), PC, H, P(CH,), I , ,  17: 119 
Ni[(CH,),CNC] , (C,H, N=NC, H,) ,  

Ni[ (CH, )3 CNC] , ,17: 1 18 

(2-)-1,4,8,11-N4], 18:39 

17:122 

[Ni[(CS), (CN), 1 1  ](C,H,S,), (bis[2,3- 
dimer capto-2-butenedinitrilato(2-)] - 
nickelate(2-) salt with 2,2'-bi-1,3-dithioI- 
ylidene (1:2))% 19:31 

Ni(C,F,),[$-C,H, (CH,)], 19:72 
Ni[ (C, H, ) , PC, H, P(C, H, ), 1, , 17 : 12 1 
Ni(C,H,, NC), , 17: 119 
Ni(C,,N,H,,)(CIO,), , 16:221 
Ni(C,,H,,N,), 18:42 
[Ni(C,,H,,N,)] [ZnCI, 1 ,  18:27 
[Ni(C,,H2,N,)l (CIO,), , 18:23 
Ni(C,, H,, N, )(NCS), , 18: 24 
[Ni(C,, H,, N, 11 (ClO,), , 18: 18 
Ni(C,,H,, N,O,), 18:39 
[NXC,, H,, N, 11 (ClO,), , 1 8 5  
meso- [ Ni(C,, H,, N, ) ]  (CIO,), , 18: 12 
[Ni(C,, HI, N, 11 (ClO,), , 18: 3 1 
[Ni(C,,H,,N,)(NCS),], 18:31 
NiH(BH, [P(C, HI, ) , I , ,  17: 89 
NiHCl[P(i€,H,),], , 17:86 
NiHCl[P(C,H,,),],, 17:84 
Ni(l-3:6-7: 10-12-q€,, HI, )- (($-do- 
decatriene-1,12-diyl)nickel), 19:85 

[Ni(Me, [14]-1,3-dieneN4)] [ZnCl,], 
18: 27 

[Ni(Me,Pyro[ 141 trieneN,)](ClO,), , 
18:18 

Ni(Me, [ 141 -4,6,11,13-tetraenato(2-)- 
N,), 18:42 

[ Ni(Me, [ 141 - l,3,8,1O-tetraeneN4 ) ] - 
(CIO,), 18:23 
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Ni(Me, [ 141-1 ,3,8,10-tetraeneN,)(NCS), , 

meso-[Ni(Me, [ 14]aneN,)] (CIO,), , 18:12 
meso-, and racemic-[Ni(Me, [ 141 4 ,11-  

dieneN,)] (ClO,), , 18:s 
Ni[ (NH)S(NS)] (NS,), 18: 124 
Ni[(NH)S(NS)] , , 18: 124 
Ni(NS,),, 18:124 
Ni[P(CH,)(C,H,),], , 17:119 
Ni[P(CH,), I , ,  17:119 
Ni[ P(C, H, ), (C, H5 ) 1, , 17: 119 
Ni[P(C, H, ), I,, 17: 1 19 
Ni[ PC, H, ) , 1 , [ C , H, N=NC, H, ] , 17 : 123 
Ni[ P(n-C, H, ), I,, 17: 11 9 

18:24 

Ni[P(C, H, ) , I ,  [(C,H, )N=N(C, H, ) ]  , 17: 121 
Ni[P(C,H,),]., 17:120 
Ni[ 1,lO-phenanthroline] , , 17: 121 
Ni[P(OCH,)(C,H,), I,, 17:119 
Ni[P(OCH,), I,, 17: 119 
Ni[P(OC2H,),],, 17: 119 
Ni[P(Oi-C,H,), I,,  17:119 
Ni[ P(OC, H, ), j 4 ,  17: 11 9 
NI[VOF,]-7H20, 16:87 

(OCN)[N(C, H, ), ] , 16 :  131 
(OCN)(NH,), 16: 136 
(1aH*-C,H, )-4-[P( C, H, )(C, H, ) I ,  

[OS(CH,), ],InBr,, 19:260 
[OS(CH,), ],InCl,, 19:259 
[OsBr(NH,),(NO)] Br,, 16: 12 
(OsCl(NH,),(NO)Cl,, 16: 12  
OsCWCOCF, )(CO)[P(C, H,), I , ,  17: 128 

[OsI(NH,),(NO)]I,, 16:12 
[OsI(NH,), ] I , ,  16:lO 
[WNH,) ,  (NO)(OH)] Br, ,  16: 11 
[Os(NH,),(NO)(OH)]Cl,, 16:ll 
[OsWH,), (NO)(OH)] I , ,  16: 11 
[Os(NH,), (NO)] Br,.H,O, 16:11 
[OdNH,), (NO)]Cl,-H,O, 16: 11 
[Os(NH,),(NO)]I,.H,O, 1 6 : l l  
[Os(NH,),(N,)]I,, 16:9 
[WNH,) ,  ] I , ,  16: 10 
Os(OCOCF,),(CO)[P(C,H,),), , 17:128 
OS,  (CO),, (NO), , 16:40 

18:189, 190 

OSF,, 19~137-139 

[P(t-Bu),], Pd, 19:103 

P[CH=CHAs(C, H, ), ] (C, H I ) ? ,  16: 189 
[(P(CH,)(CH,)] , HglCI,, 18:140 
[P@CH,C, H,), ]CuH, 19:89 
[ {P(CH,)(C,H, )(O)O)Cr(H, O)(OH)Ix, 

[ {P(CH,)(C,H,)(O)O)Cr(OH)]., 16:91 
P(CH,)(C,H,), , 16:157 
[ {P(CH,)(C,H,),}Co(CO),]Mg(tmeda), , 

[P(CH,)(C,H,), JCoCl, (NO), 16:29 
[P(CH,)H, ],TiCI,, 16:98 
fi-P(CH,),(CH,), ],Ag,, 18:142 
WCH, (C, F, 1, 16: 181 
[P(CH,), (C,H,)] NbBdC, H,),, 16: 112 
[P(CH,),(C,H,)]Nb(C, H,),H, 16 : l lO 
[ IP(CH3)2 (C6H3)}Nb(C5H5)1H2 ] (BF,), 

[ {P(CH3),(c,H5)}Nb(C,H,),H,](PF,), 

[P(CH,), (C,H,)],Ti(C, H,)Cl,, 16:239 
[P(CH,),C,H, ),ReH,, 17:64 
[P(CH,),H] ,TiCl,, 16: 100 
[WCH,), N]  F,, 18: 181 
[P(CH,),N] ,F , ,  18: 186 
P(CH,),, 16:153 
P(CH,), [CH[ SKCH,), ] 1 ,  18: 137 
P(CH,),(CH,), 18:137 
[P(CH,),(CH, )]  Au(CH,), 18: 141 
[ P(CH, ) , 1, IrCI(CO), 18: 64 
[P(CH,),],TiCI,, 16:lOO 
[P(CH,), 1, Ir(CO)]Cl, 18:63 
P(CH,), Br, 18: 138 
p(c, H, AdC, H, ), ] (C, H,), , 16: 191 
PIC, H, N(C,H,), ] (C,H,), ,16:160 
P(C, H,P(C,H, )(C,H,)] (C,H,), , 16: 192 
P[c ,  H,P(C,H,)H](C,H,), , 16:202 
P(C,H,)(C,H,),, 16:158 
P(C,H,),(C,H,), 18:170 
P[(C,H,), N] F,, 18:185 
P[ (C,H,), N] I F, , 18: 187 
trans-[ [P(C,H, )3 ] PtCI[C(NHC, H,)(NH- 

C,H,)]]ClO,, 19:176 

16:90 

16:59 

16:111 

16:111 

Cis- [ [P(C, H, ), ] PtCI, (CNC, H, )]  , 19: 174 
cis- [ [P(C, H,), ] PtCl, [C(NHC, H,)- 

Cis-  1 [p(c, H5 ) 3  1 PtCIi [C(NHC, H, 11 1 ] 9 

(C,H,O)]], 19:175 

19:176 
[ @(C2 H,),),Cl(C,H, )Pt] , 17: 132 
[P(C, H, ), ],TiCl,, 16: 101 
[ P(C, H, ), 1, Pt, 19: 108 
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Pd[P(t-Bu),],, 19:103 
Pd[P(C,H,)(t-Bu)Z] ,, 19:102 
Pd [ p ( ~ ~ c l 0 - C ~  H ,, ) , I,:, 19: 103 
[Pd,Cl,(t-C,H~NC),], 17:134 
Pd,(q'C,H,),CI,, 19:220 
Pr[C,H, (CH, )(C, H, )] Cl, , 16: 114 
[PtBr,(CN),] [C(NH,),].XH,O, 19:11 
[PtBr, (CN),]K1*2H,0, 19:4 
[P tBr , ]K, ,  19:2 
[PtBr,]Ha, 19:2 
[PtBr,]K,, 19:2 
cis-[Pt[C(NHC,H,)(C,H,O)]CI, [P- 

trans-[Pt[C(NHC, H, )(NHC,H, )]CI[P- 
(CZHs), ,  19:175 

(C,H,),]] CIO,, 19:176 

19: 176 
cis-[Pt[C(NHC6H~), IC1, [P(CzHs)3] J ,  

[Pt(CN),] Ba.3H, 0, 19:112 
[Pt(CN),l Br, .25 [C(NH, ), I, .H,O, 19: 10, 

12 
[Pt(CN),]B~,.,K2.3H,0, 19:1,4,  15 
[WCN), I [CWH, ), I,, 19: 11 
[Pt(CN,)] (C,H, S,), (tetracyanoplatin- 

ate(I1) salt with 2,2'-bi-I,3dithiolylidene 
(1:2)), 19:31 

[Pt(CN),C1,.,K2.3H,0, 19:15 
[Pt(CN),]Cs, .,,.2H,0, 16:6,7 
[ Pt(CN), ] CS, 'H, 0, 19: 6 
[Pt(CN),]K, .,,.1.5H20, 19:8, 14  
[Pt(CN), I K, .H,O, 19:3 
[Pt(CN),] Rb, ., .2H, 0, 19:9 
[Pt[(CS),(CN), 1, I (C,H,S,)(bis[2,3- 

dimercapto-2-bu tenedinitrilato- 
(2-) J platinate(1-) salt with 2,2'-bi-1,3- 
dithiolylidene(1: I)), 19:31 

[Pt[(CS),(CN)a 1, l(C,H4S4), (bis[2,3- 
*dimercapto-2-butenedinitrilato(2-)] - 
platinate(2-) salt with 2,2'-bi-1,3- 
dithiolylidene(1: 2)), 19: 3 1 

Pt(C,H,)[P(C,H,), I , ,  18: 121 

Pt(C,H,),, 19:215 
[Pt(C,H, )Cl{P(C,H,),], 1 ,  1.7: 132 

P t [ cz (C ,Hs)~  I [P(C,H,)312, 18:122 

Pt(CZH4)z [P(cYcZO-C,H,,),], 19:216 

[Pt(C, O , ) ,  ]K,  .,,.2H, 0 , 1 9 :  16, 17 
[Pt(C,O,), ]K2 .2Hz0 ,  19:16 
Pt[C,H,(c,H, ), ] (C,H,N),CI,, 16:115 
Pt[C,H,(C,H,), ]C1,, 16:114 
Pt [C3 Hs (CHa C6 Hs ) I  (Cs Hs N)Clz , 

16: 115 

(PCIF, )Fe(CO),, 16:66 
[PF,N(C,H,), IFe(CO),, 16:64 
PF,(OCH,), 16:166 
(PF, )Fe(CO), , 16:67 
iPF6 1 [MoH {P(C6H5 )(CH,),}(V~ -C,H,)], 

(PF,)Nb(C,H,), (H),P(CH,), (C,H,), 

lpF6 1, [MoH, {P(C6H5 )(CH3), } ( q 6 € ,  Hs)l, 

[P(isopropyl), I,NiHCI, 17:86 
PLi(C, H, ), , 17: 186 
PWH, )O(OH), (correction), 19:281 
P(O)(CH=CH, )(O-i-C,H,)(C,H, ), 16: 203 
POCH,(C,H,), , 17: 184 
PO(CH,),(C,H,), 17:185 
[P(OC, H,CH,),], (C,H,)Pd, 16: 129 
[p(oC, H,), ]Cr(C0)[06-m-(CH,)C,H,CO; 

17:58 

16:111 

17:60 

CH,] (CS), 19:202 
P(4-OH-n-C,H9)(C, H, )(C, H, ), 18: 189, 

190 
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Pt [C,H, (CH,C, H, )]Cl,, 16: 114 
Pt [c3  H, (c6 H, CH, 11 (C, H5 N)C1, I 

16: 115 
Pt[C,H, (C,H,CH,)] C1, , 16:114 
Pt[C,H, (C,H,NO,)] (C, H, N)Cl,, 16: 115 
Pt[C,H, (C, H, NO,)]Cl,, 16: 1 14 
Pt[C,H,(C,H,)] (C,H,N)CI,, 16:115 
Pt[C,H,(C,H,)]CI,, 16: 114 
Pt[C,H, (C,H,,)] (C, H, N)C1,, 16:115 
Pt[C,H,(C,H,,)]Cl,, 16:114 
Pt(C,H,)(C,HjN)Cla, 16:115 
Pt(C,H,)Cl,, 16:114 
Pt(C, HI,), ((1,s-cyc1ooctadiene)- 

platinum), 19:213, 214 

(C,H,),I ,  19:98 
PtCI[P(O)(OCH,), ] [P(OH)(OCH,), ] [P- 

cis- [PtCl, (C, H, NC)[P(C,H,), ] 1, 19: 174 
trans-[PtCI, [P(i-C,H,),],], 19:108 
truns-[PtCl, [P(n-C,H,),],], 19:116 
trans- [PtCI, [P(C, H, ) , I ,  1 ,  19: 115 
trans- [ PtCI, [P(cyclo-C, HI ,  ) , I, ] , 19: 105 
Pt[P(C, H,),],, 19: 108 
Pt[P(C,H, ),I, ,  19: 110 
Pt[P(i-C,H,),],, 19: 108 

Pt(OCOCH,), [P(C,H,),], , 17:130 
Pt [P(C, H,),], (CO, ), 18: 120 
Pt [P(C, H, ),I, , 18: 120 

Pt[P(C,H,)(t-Bu),], , 19:104 

Pt [P(CYC~O-C, HI,  ), 1, , 19: 105 
Pt[P(O)(OCH,), 11 [ [AdCH,), ]i-O-C6H, 1 ,  

19:lOO 
PtS,, 19:49 
PtTe,, 19:49 

RbAI,, 0,, , 19:55 

[Re(CO),C1,(NO)] ,, 16:37 
[Re(CO),Cl], ,16:35 
ReCl, [P(CH,),C,H, I , ,  17: 11 1 
ReF,,  19:137-139 
ReH, [P(CH,),C,H, I , ,  17:64 
ReOC1, [P(C,H,),],, 17 : l lO  
Re,(CO),Cl,(NO), 16:36 
Re,H,(CO),,, 17:66 
Re,H,(CO),,, 18:60 
trans- [ RhCl(CS) [ P(C, H, ), ] , ] , 19 : 204 
RhH[(+)diop] ,, 17:81 
[ Rh(NH,), (CO, ) I  CIO,.H, 0, 17: 152 
Rh(NO)(OCOCH,), [P(C,H,), I,, 17:129 
Rh(NO)[P(C,H,),], , 16:33 

Rb, ., [Pt(CN), ].2H,O, 19:9 

Rh(OCOCH,)[P(C,H,),1,, 17:129 
Rh, C1, ( q 4 € ,  H,,), (di-p-chloro-bis- 
(q'-i,S-hexadiene)dirhodium), 19:219 

Rh, C1, ($ C, H,,), (di-p-chloro-tetrakis- 
(qa -2,3dimethyl-2-butene)dirhodium), 
19:219 

Rh, C1, (q4 -CYC~O€, H ), , 19: 2 18 
Rh,(CO),, ,17:115 
Rh, (CO),, , 16:49 
Ru(CO), (C, HI, ), 16: 105 
[Ru(CO),CI, I,. 16:s 
[Ru(C,H,O,)(NH,),(NO)](ClO,),, 16:14 
RuCI(CO)(OCOCH, ) [P(C, H, ), I,, 17: 126 
[RuCI(NH,), (NO)]CI,, 16: 13 
[RuCWO), {P(c6H5),}, 1 @Fa) ,  16:21 
[Ru(en), ] C1, , 19: 11 8 
[Ru(en), ] C1, , 19: 119 
[Ru(en),] [ZnCI,], 19:118 
RuH(CH,CO, )[P(C, H, ), I , ,  17:79 
RuH(N0) [P(C, H, ), ] , , 17: 7 3 
RuH(OCOCH, )(CO) [ P(C, H, ), I,, 17: 126 
lRuH {p(c6 Hs)3}1 { ( 9 6 C 6  H, )P(c6 Hs ),}I- 

RuH, [P(C,H,),],, 17:75 
[Ru(NCO)(NH,),(NO)](CIO,), , 16: 15 
[Ru(NH,),(N,O)] Br,, 16:75 
[Ru(NH,), (N,O)]CI,, 16:75 
[Ru(NH,),(N,O)]l,,  16:75 
Ru(OCOCF,), (CO) [P(C, H, ), I , ,  17: 127 
Ru(OCOCH,),(CO), [P(C6 H,),],, 17:126 
Ru(OCOCF,), (NO) [ P(C, H, 1, I,,  17: 127 
Ru,(CO),CI,, 16:51 
Ru,(CO),,(NO),, 16:39 
Ru, (CO),, , 16:45,47 

[Bf,], 17:77 

[(S)C(CH, )CH,C(CH,)I, (C, N, H, )Co, 

[(S)C(CH, )CH,C(CH,)], (C, N, H,), 16:226 
[S(CH,)C,H,]Li, 16:170 
[S(CH,)C,H,](NH,), 16:169 
[S(CH,)C, H, ] P(C, H5), ,  16: 171 
[S(CH,)C, H,], P(C,H,), 16:172 
[ S(CH, )C, H, ],P, 16: 173 
(SCH,)GeH,, 18:185 
[ [(SCH,),C,H,],Mo,Cl,], 19: 131 
[ {(SC, H, )C(CH, ))W(CO), 1 ,  17:99 
(SC,,H, )GeH,, 18:165 
S(GeH,), , 18: 164 

16:227 
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(SH)C(C,H,S)=CHC(O)CF,, 16:206 
S(NH)[N(SH)], 18:124 
[ [S(O)(CH,), ] Cr] Br,, 19: 126 
[S(O,)NH, ] Ag, 18:201 

S[Si(CH,),],, 19:276 
S[SiH(CH,),], , 19:276 
S[SiH,(CH,)],, 19:276 
S(SiH,),, 19:275 
[ S, CN(CH,), ],Co(NO), 16:7 
[S,CN(C, H,), ] Mo(NO), , 16:235 
[S,CN(C,H,),], Fe(NO), 16:s 
cis-(S,O, )[Co(NH,),(H,O)(OH)], 18:81 
cis-(S,O,)[Cr(en), (H,O)(OH)], 18:84 
(S ,O , ) ,  [Cr,(en),-p-(OH), I ,  18:90 
cis-(S,O,)[Cr(NH,), (H, O)(OH)], 18:80 
(S,O,)[(en),Co,-~-(OH),], 18:92 
[ S ,  P(i-C,H,), ] Mo(CO), , 18:53 
[ S ,  P(i-C,H,), I,Mo(C,H,)(CO), 1 8 5 5  
S,N, 18:124 
(S,N)[n-C,H,),N], 18:203,205 
S,N, ,  17:197 
[S,N,][AICI,], 17:190 
[S,N,] [FeCI,], 17:190 
[S, N, 1 [SbCl, 1 ,  17: 189 
S,NH, 18:203,204 
Sb[C,H,As(CH,),],, 16:187 
[ W C ,  H, ), I, Cu(NO,), 19: 94 
[SbF,IHg,.,,, 19:26 

Sc[ [(CH,),Si] ,N]  ,, 18:115 
[ {SeC(NH, ),}Co] (CIO,), , 16: 84 
[ {SeC(NH,),)Co] (SO,), 16:85 
[ {SeC(NH,),)Hg]Br,, 16:86 
[tSeC(NH,),)HglCl,, 16:85 
[([(SeC(NH,),lHg)C1,lz, 16:86 
Si(CH,)F,, 16:139 
Si(CH,),F,, 16:141 
[Si(CH,),],NH, 18:12 
[Si(CH,),],S, 19:276 
SiCr(CO),($C,H,)H,, 17:104 
[SiH(CH,),],S, 19:276 
SiHI(CH,),, 19:271 
[SiH,(CH,)],S, 19:276 
SiH, I(CH,), 19:271 
(SiH, )(CH,)C, H, , 17: 174 
(SiH,)C,H,, 17:172 
SiH,I, 19:268, 270 
(SiH,),S, 19:275 
SiI(CH,),, 19:272 

(S)P[CH,P(C,H,)(C,H,)I (C,H,),, 16:195 

[SbzF,iI,Hg,, 19:23 

SiMo(CO), (v5  C,  H, )H ,, 17: 104 
SiIN(CH,),](CH,),, 18:180 
SiP(CH,),(C,H,),, 17: 187 
SiW(CO),($C,H,)H,, 17: 104 
cyclo-Si, (CH,),, , 19:267 
cydo-Si,(CH,),, , 19:265 
Sn(CH,),(C, H, ), 17:178 
[Sn(CH,), I,O, 17: 181 
Sn(C,H, )(OCH,CH,),N, 16:230 
SnC, H,,O,N, 16:230 
Sn(TaS,), 19:47 
SO,PNa,, 17:193 

[Ta(CO), 1 [As(C,H,),I, 16:71 
[Ta(CO), 1 K ((CH, OCH, CH, ), 01, 1,16:71 
TaS, (2H(a)phase), 19: 35 
(TaS,)(NH,), 19:42 
(TaS,)Na,, 19:42,44 
(TaS,)Sn, 19:47 
(TaS,),B, 19:42 
(TaS,), (C, H, N), 19:40 
Te, 0, , 17: 155 
Th(C, H,),CI, 16: 149 
cis-[TiBr(C,H,O,),], 19:142 
Ti(CH,)Br,, 16:124 
Ti(CH,)CI,, 16:122 
Ti[ [ (CH,), Si] , N] , , 18: 116 
Ti(r)SC,Hr),(BH,), 17:91 
[Ti(C,H,)Cl, Ix, 16:238 
Ti(C, H, )C1, [ P(CH, ), (C, H, )] , , 16: 2 39 
cis- [TiCI, (C, H, 0, ), 1, 19: 146 
TiCI,[P(CH,)H,], , 16:98 
TiCI, [P(CH,),H],, 16:lOO 
TiCI, [P(CH,),], , 16:lOO 
TiCI, [P(C, H, ), I , ,  16: 101 
cis- [TiF, (C, H, 0, ), 1, 19: 145 
Ti[Mn(CO),],, 16:61 
TIAI,, 0,, , 19:53 

U(C,H,),CI, 16:148 

UCI, , 16: 143 
U(qs -c~CZO-C, Ha),, 19: 149, 150 

UF,, 191137-139 

V[ [ (CH,), Si] , N ]  , , 18: 117 
V(C,,Hl,N8)0 (VOHp), 18:48 
(VF4O)Ni.7H,0, 16:87 
VOHp, 18:48 
[Vl ,0 , s ] (NH,) ,~6H,0 ,  19:140,143 
[V, ,0 ,8]Na,~18H,0 ,  19:140, 142 
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trans-[WBr(CO),(CC,H,)], 19:172, 173 
W(CO),(rl’€,H,)(NO), 18:127 
W(CO), (71’ €, H, )SiH, , 17: 104 
trans-[W(CO), I(CS)] [N(n€,H,), 1, 19: 186 
[WCO), {C(CH,)(OCH,)}], 17:97 
[WCO), {C(CH,)(SC,H,)}], 17:99 
W(CO), [C(C6H,),], 19:180 
WCO), [C[N(CH,), ]C, H, 1,  19: 169 
W(CO), [C(OCH,)(C,H,)], 19:165 
W(CO), IClOSi(CH,),] C,H,-p-(CH,)] ,19: 167 
w(CO), (CS), 19:183, 187 
W(r15CSH,)(CHS)(N0),, 19:210 
WC~(rl’€C,Hs)(NO), , 18:129 

[Zn(Bzo, [ 161 octaeneN,)] [ZnCI, ] , 

ZnCH,), ,  19:253 
[ Z W , ,  H,,N, )[ZnCI, ] , 18 :  33 
[ZnCI,] [Ru(en),], 19:118 
ZnH, , 17:6 
[ZnH,]Li, 17:lO 
[ZnH, ] Na, 17: 15 
[ZnH,]Li,, 17:12 
[Zn, (CH,),H, ] Na, 17: 13  
Zr(rl*€,H,),H,, 19:224, 225 
ZrCKrl5€,HS),H, 19:226 
Zr,0C1,(rl~€,H5),, 19:224 

18:33 
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