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PREFACE 

I welcome this opportunity to contribute to Inorganic Synrheses by editing this 
volume, because this series has been of considerable help to me and my col- 
leagues for more than thirty years. It is appropriate, I believe, to express my 
appreciation and the appreciation of Inorganic Syntheses to all those who were 
involved in producing this volume. Special thanks must go to the contributors 
and checkers, who provided and checked the substantive material of the volume. 
However, additional thanks must go to the members of Inorganic Syntheses who 
contributed their time and expertise to help with the editing, because, without 
this assistance, this volume would not be nearly so complete as it is. 

I would like especially to thank John Bailar, Therald Moeller, and Thomas 
Sloan, who were particularly helpful during the editing process. Further, I would 
also like to express my appreciation to Duward Shriver, for his help in providing 
guidance and for his editorial assistance, as well. I must extend my sincere 
appreciation to my secretary, Elena Drob, whose patience and efforts beyond 
the call of duty helped to make this volume possible. 

1 wish to call special attention to the Special Hazard Notice Appendix at the 
back of this volume. 

Finally, I wish to mention the dedication of this volume to Earl Muetterties, 
whose untimely passing has saddened us all. He was the Editor of Volume 10 
of this series and continued to contribute to the success of later volumes. 

STANLEY KIRSCHNER 

Derroir. Michigan 
December 1984 

~ 

Revious volumes of Inorganic Synrhescs are available. Volumes I-XVI can be ordered from R.  E. 
Krieger Publishing Co., Inc., P.O. Box 9542, Melbourne, Florida 32901; Volume XVII is available 
from McGraw-Hill, Inc.; ind Volumes XVIII-XXII can be obtained from John Wiley & Sons, Inc. 
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NOTICE TO CONTRIBUTORS 
AND CHECKERS 

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

There is no rigid definition of what constitutes a suitable synthesis. The major 
criterion by which syntheses are judged is the potential value to the scientific 
community. An ideal synthesis is one that presents a new or revised experimental 
procedure applicable to a variety of related compounds, at least one of which is 
critically important in current research. However, syntheses of individual com- 
pounds that are of interest or importance are also acceptable. Syntheses of 
compounds that are readily available commercially at reasonable prices are not 
acceptable. Corrections and improvements of syntheses already appearing in 
Inorganic Syntheses are suitable for inclusion. 

The Editorial Board lists the following criteria of content for submitted man- 
uscripts. Style should conform with that of pv ious  volumes of Inorganic Syntheses. 
The introductory section should include a concise and critical summary of the 
available procedures for synthesis of the product in question. It should also 
include an estimate of the time required for the synthesis, an indication of the 
importance and utility of the product, and an admonition if any potential hazards 
are associated with the procedure. The Procedure should present detailed and 
unambiguous laboratory directions and be written so that it anticipates possible 
mistakes and misunderstandings on the part of the person who attempts to du- 
plicate the procedure. Any unusual equipment or procedure should be clearly 
described. Line drawings should be included when they can be helpful. All safety 
measures should be stated clearly. Sources of unusual starting materials must 
be given, and, if possible, minimal standards of purity of reagents and solvents 
should be stated. The scale should be reasonable for normal laboratory operation, 
and any problems involved in scaling the procedure either up or down should 
be discussed. The criteria for judging the purity of the final product should be 
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xii Notice to Contributors and Checkers 

delineated clearly. The section on Properties should supply and discuss those 
physical and chemical characteristics that are relevant to judging the purity of 
the product and to permitting its handling and use in an intelligent manner. Under 
References, all pertinent literature citations should be listed in order. A style 
sheet is available from the Secretary of the Editorial Board. 

The Editorial Board determines whether submitted syntheses meet the general 
specifications outlined above. Every procedure will be checked in an independent 
laboratory, and publication is contingent upon satisfactory duplication of the 
syntheses. 

Each manuscript should be submitted in duplicate to the Secretary of the 
Editorial Board, Professor Jay H. Worrell, Department of Chemistry, University 
of South Florida, Tampa, FL 33620. The manuscript should be typewritten in 
English. Nomenclature should be consistent and should follow the recommen- 
dations presented in Nomenclature of Inorganic Chemistry, 2nd Ed., Butter- 
worths & 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 Chemisrry. 

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



TOXIC SUBSTANCES AND 
LABORATORY HAZARDS 

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

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

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

The drying of impure ethers can produce a violent explosion. Further infor- 
mation about this hazard may be found in Inorganic Syntheses, Vol. 12. p. 3 17. 

See Special Hazard Notice Appendix at the back of this volume. 
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Chapter One 

ORGANOMETALLIC COMPOUNDS 

1. (SUBSTITUTED 
THIOUREA)PENTACARBONYLCHROMIUM(O) COMPLEXES 

Submitted by J. A. COSTAMAGNA* and J. GRANIFOt 
Checked by MARCETTA Y. DARENSBOURGS and PATRICIA A. TOOLEYS 

There are several conventional methods for synthesizing mixed ligand complexes 
of the type [Cr(CO),-,L,], where L is a phosphine or arsine-type ligand.' In 
these cases, when S-donor ligands are used, sulfur-bridged compounds are gen- 
erally formed. It has been possible to isolate compounds of formula [Cr(CO),L] 
where L is a two-electron-pair S-donor ligand.2*3 The method consists of the 
irradiation of solutions of metal carbonyls in tetrahydrofuran (THF) followed by 
addition of the l i g a ~ ~ d . ~  It is possible to apply the same procedure to molybdenum 
and tungsten carbonyls with various substituted thioureas. 

Procedure 

Cr(CO), + THFhY- [Cr(CO)S(THF)] + CO 

All the reactions are performed under an atmosphere of dry nitrogen, free of 
oxygen; Pyrex glass and standard ground joints are used. The equipment in 

*Departamento de Quimica, Universidad Tecnica del Estado, Santiago, Chile. 
?Facultad de Ciencias, Universidad de Chile, Santiago, Chile. 
#Department of Chemistry, Texas A & M University, College Station, TX 77843. 
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2 Organometallic Compounds 

which this reaction is carried out consists of a Pyrex glass cylinder with three 
exits, two lateral and one superior. Inside the cylinder there is an ultraviolet 
immersion lamp (original Hanau, medium pressure), protected by a quartz double 
wall. 

Hexacarbonylchromium(0) (660.0 mg, 3 mmoles) is placed in the reaction 
vessel* and dissolved in 60 mL of dry peroxide-free tetrahydrofuran (THF);’-’ 
this is irradiated for one hour and an orange solution is obtained, which is placed 
(avoid air contact) in a 100-mL round-bottomed flask with standard connections 
for work under an inert atmosphere. 

An equal volume of this solution is used as the starting material for all of the 
syntheses. The yield is 30-40%. 

A. PENTACARJSONYL(THIOUREA)CHROMIUM(O) 

[ c r ( c o ) , m  + (NH2)zCS - [Cr(COs{(NHz)zCSII + THF 

To the orange solution of [Cr(CO),(THF)] 228.4 mg of thiourea* (3 moles) are 
added and the system is stirred magnetically for 10 minutes to complete the 
reaction. The solution changes to a yellowish color. Tetrahydrofuran is eliminated 
by evaporation at room temperature and reduced pressure; at the same time, 
under these conditions, the excess hexacarbonylchromium sublimes in approx- 
imately one hour and is collected on a cold finger. The resulting crude product 
is dissolved in 50 mL of benzene and filtered through a 5-cm Kieselguhr column 
supported by a glass filtration frit. The yellow filtrate is received in a 150 mL 
flask. The volume is then reduced under vacuum until a yellow precipitate starts 
to appear. An abundant crop of crystals is obtained after the addition of petroleum 
ether (60-80” fraction). These are collected by filtration on a frit and are washed 
twice with petroleum ether (60-80” fraction). The crystals are vacuum-dried at 
room temperature. The yellow crystals are needle shaped. Anal. Calcd. for 
C,H4N20,SCr: C. 26.86; H, 1.50 N, 10.45. Found: C, 26.98; H, 1.51; N, 
10.63. 

B. PENTACARBONYL(N,N,N’,N’- 
TETRAMETHYLTHIOUREA)CHROMIUM(O) 

[Cr(CO)s(THF)I + (CH3).&CS - [C~(CO)S{(CH~~NZCS)] + THF 

To the orange solution of [Cr(CO),(THF)], 317.4 mg of tetramethyl thiourea* 
(2.4 mmoles) is added and the resulting solution is stirred for 10 minutes. The 

*Benzene and thiourea and its methyl-substituted analogs have been identified as carcinogens 
and must be handled with gloves and with care. Also, metal carbonyls are toxic and must be handled 
with care in a hood. 
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excess THF and hexacarbonylchromium are eliminated as above. The crude solid 
is dissolved in 15 mL of a 2: 1 volume mixture of benzene: heptane and the 
solution is filtered through a Kieselguhr column. The resulting yellowish solution 
is concentrated to 2 mL. Then 5 mL of petroleum ether, 40-60" fraction, are 
added and the precipitate is separated by decantation. The yellow-orange crystals 
are filtered and treated as before. Anal. Calcd. for Cl,-,HIZNZOSSCr: C, 37.01; 
H, 3.73; N, 8.64. Found: C, 37.34; H, 3.89; N, 8.63. 

C. PENTACARBONYL(N,N'-DI-P- 
TOLYLTHIOUREA)CHROMIUM(O) 

[Cr(CO),(THF)I + (p-CH3C6&NH)2CS - 
[Cr(CO)s{(p-CH3C6H4NH)2CS}] + THF 

To the solution of [Cr(CO),(THF)] 609.3 mg of N,N'-di-p-tolylthiourea (2.4 
mmoles) is added and the resulting solution is treated as in the previous cases. 
The crude product is dissolved in 75 mL of benzene and is filtered through a 
Kieselguhr column. The solution is vacuum-concentrated in vacuo to 10 mL; 
then 20 mL of petroleum ether, 40-60" fraction, is added and the yellow pre- 
cipitate is separated by decantation, filtered, washed, and dried as before. Anal. 
Calcd. for C2,,I-I,,&OSSCr; C, 53.55; H, 3.60; N, 6.25. Found: C, 53.61; H, 
3.37, N, 6.17. 

D. PENTACARBONYL(N,N'-DI-TERT- 
BUTYLTHIOUREA)CHROMIUM(O) 

[Cr(CO),(THF)] + (t-C,HJVH),CS - [Cr(CO),{( t-C,H~H),CS}I + THF 

To the solution of [Cr(CO),(THF)] 452 mg of N,N'-di-tert-butylthiourea is added 
and the resulting solution is treated as before. The crude product is dissolved in 
40 mL of benzene and then 40 mL of petroleum ether, 40-60" fraction, is added. 
The solution is filtered through a Kieselguhr column, and the solvent is removed 
completely under vacuum. Then 5 mL of petroleum ether, 40-60" fraction, is 
added and the suspension is filtered through a frit. The yellow crystals are treated 
as before. Anal. Calcd. for C,4H&Jz0sSCr: C, 44.18; H, 5.30; N, 7.37. Found: 
C, 44.32; H, 5.39; N, 7.45. 

Properties 

The complexes are yellow crystalline solids (needles) and they decompose before 
melting. They are moderately stable in air but relatively unstable in benzene, 
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chloroform, and diethyl ether solutions. They are insoluble in petroleum ether. 
The molecular weights of the complexes, obtained by cryoscopy in benzene 
under a nitrogen atmosphere, are consistent with a monomeric character in 
solution. Similar techniques for the preparation of other group VI metal carbonyls 
have been reported by Tripathi and co-workers8 and Lindner and Nagel.9 
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2. DIC ARBONY LNITROSY L{TRIS(3,5- 
DIMETHY LPY RAZOLY L)HYDROBORATO}- 

AND IODO-, ALKOXY-, AND ALKYLAMIDO- 
MOLYBDENUM(II1) 

MOLYBDENUM(II1) DERIVATIVES 

Submitted by S. J. REYNOLDS, C. F. SMITH, C. J. JONES, and J. A. McCLEVERTY* 
Checked by D. C. BROWER and J. L. TEMPLETON? 

Tris(3,5-dimethylpyrazolyl)hydroborate, [HB(C,H(CH,),N,),] - , is a uninega- 
tive, tridentate, six-electron, donor ligand formally isoelectronic with q5-C5H,- 
in its bonding to metals. However, it is also a sterically bulky ligand, and it 
usually confers greater stability on its complexes than does q5-C5H5-. An in- 
teresting demonstration of these steric effects is provided by the molybdenum(II1) 
complexes:' Mo[HB{C,H(CH,),N2},](NO)XY, X = C1, Br, I, OR; Y = C1, Br, 
I, OR, NHR', and R = alkyl; R' = H, alkyl, aryl, NH2, or NR2. These com- 
plexes are unusual examples of stable, formally 16-electron, six-coordinate 
molybdenum(II1) compounds. In contrast, the cyclopentadienyl  analog^^.^ are 
isolated as dimers or ligand adducts which are 18-electron compounds of seven- 

*Department of Chemistry, University of Birmingham, Birmingham B 15 2lT, United Kingdom. 
?Department of Chemistry, University of North Carolina at Chapel Hill, Chapel Hill, NC 27514. 
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coordinate molybdenum(III) (counting qs-C5H5 as occupying three coordination 
sites). 

The Mo[HB{C,H(CH~)~N~}~](NO)(CO)~ is a convenient starting material for 
preparing these stable, 16-electron compounds, and it may be obtained from 
Mo(CO), in good yield by the reaction sequence described below. It reacts with 
iodine to give MO[HB{C~H(CH~)~N~}~](NO)I~, the preparation of which has been 
reported earlier, but an improved synthesis is now described.' The preparation 
of the ethoxy-' and eth~lamido-~ derivatives of this diiodide are also described 
to provide examples of its substitution reactions. Related derivatives may be 
prepared by similar methods. 

A. DICARBONYLNITROSYL{TRIS(3,5- 
DIMETHY LPY RAZOLY L)BOR AT0)MOLY BDENUM( 111) 

Procedure 

Caution. Although the final reaction product is air stable, the inter- 
mediates are very oxygen-sensitive. This reaction must be pegormed under 
nitrogen using nitrogen-saturated tetrahydrofuran (THF). Prior to use, THF is 
distilled from sodium1 benzophenone under nitrogen. Safe procedures for pu- 
ribing THF have been describedpreviousty: Inorganic Syntheses, 12,317 (1970).* 

A solution of K[HB{C3H(CH3)2N2)3] (15.5 g)5 and [Mo(CO),] (12 g) in freshly 
distilled THF (200 mL) is prepared in a 500-mL nitrogen-filled, conical flask 
fitted with a reflux condenser and magnetic stirrer. The mixture is refluxed 
overnight (-18 hours) under nitrogen and stirred on a stirrer hotplate. The 
resulting yellow suspension is then allowed to cool before adding glacial acetic 
acid (5 mL) and stirring for 1.5 hours more.? A solution of N-methyl-N-nitroso- 

*The yields in this reaction appear to be somewhat dependent on the quality of THF used. Low 
yields can be obtained using one batch of THF despite careful purification. The only way to overcome 
this is to use a different batch of solvent. 

tThe reaction also works if the addition of acetic acid is omitted. However, a reduced yield 
(-a%) is obtained. 



6 Organomerallic Compounds 

p-toluene sulfonami'de* (9.8 g) in freshly distilled THF (50 mL) is then added 
and the mixture is stirred at room temperature overnight (-20 hours). (The 
subsequent procedures for extracting the product from the resulting orange sus- 
pension may be carried out in air.) The solvent is then evaporated under reduced 
pressure (using a rotary evaporator) to give an orange solid. This solid is re- 
dissolved in chloroform (-200 mL) and the solution is filtered through Kiesel- 
guhr to remove undissolved toluene sulfonamide. All the chloroform is then 
removed using a rotary evaporator, and the crude, solid product is washed with 
ethanol (-three X 100 mL), recrystallized from chloroform/ethanol, and dried 
under vacuum. Yield 15-17 g (71-78%). Anal. Calcd. for MoC1,Ht2N7O3B: C, 
42.62; H, 4.60; N, 20.47. Found: C, 42.20; H, 4.85; N, 20.00. 

Properties 

Dicarbonyl-nitrosyl{ tris( 3,5-dimethylpyrazolyl)hydroborato}molybdenum(111) is 
an orange, crystalline solid, soluble in chloroform and dichloromethane, but 
insoluble in ethanol, methanol, and hexane. It is air stable, but is best stored 
for prolonged periods under dry nitrogen. The infared spectrum (KBr disc) shows 
the following characteristic bands: vNO 1655 cm-I; vm 1906, 2006 cm-I; ugH 
2546 cm-I. The 220 MHz 'H nmr spectrum in CDC13 shows two signals at 
hs = 5.81 (area 2) and 5.72 (area l ) ,  attributable to the pyrazolyl protons; 
along with signals at tjms = 2.46 (area 6), 2.35, and 2.32 (area 12), attributable 
to the methyl protons. 

B. DIIODONITROSYL{TRIS(3,5- 
DIMETHYLPY RAZ0LYL)HY DROBORATO}MOLY BDENUM(II1) 

Procedure 

Iodine (6.0 g) is placed in a Soxhlet thimble and extracted into a refluxing 
solution of MO[HB{C,H(CH~),N,)~ J(NO)(CO), (12.0 g) in methylcyclohexane 
(-250 mL). After 72 hours the mixture is allowed to cool, and the product is 
isolated by filtration. It is then recrystallized from boiling toluene to give black 
crystals of the mono-toluene solvate. Yield: 11.5-12.5 g (60-65%). Anal. Calcd. 

*Obtained from Fisons Ltd.. U.K. 
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for MoCUH30N70BIz: C, 34.34; H, 3.90; N, 12.75. Found: C, 34.53; H, 3.92; 
N, 12.94. 

Properties 

Diiodo(tris(3,5-dimethylpyrazolyl)hydrobo~to}moly~enum(~I) is an air-sta- 
ble, black, crystalline solid that dissolves in chloroform, dichloromethane, and 
toluene, but is only slightly soluble in hexane. It reacts with alcohols (see below), 
and is best stored for prolonged periods under dry nitrogen. The infrared spectrum 
(KBr disc) shows vN0 1700 cm-' and uBH 2555 cm-', and the 220 MHz 'H nmr 
spectrum in CDCl, shows signals attributable to the pyrazolyl protons at hS = 6.09 
(area 1) and 5.86 (area 2), the phenyl protons at hS = 7.13, 7.27 (area 5) ,  
and the pyrazolyl methyl protons at hs = 2.77 (area 3), 2.58 (area 3), 2.29 
(area 6), and 2.19 (area 6). 

C. ETHOXYIODoNITROSYL{TRIS(3,5- 
DIMETHY LPYRAZOLYL)HYDROBORATO}MOLYBDENUM(III) 

Procedure 

A sample of Mo[HB{C3H(CH3)zN,}3](NO)Iz~C~~H3 (1 .O g) is refluxed in ethanol 
(40 mL) for one hour, during which time the solution turns dark green. The 
mixture is allowed to cool and the crude product is collected by filtration. It 
may be recrystallized from dichloromethanetethanol. Yield: 0.7 g (90%). Anal. 
Calcd. for MoC,~H~~N~BOJ: C, 34.30; H, 4.54; N, 16.48. Found: C, 34.6; H, 
4.7; N, 16.4. 

Properties 

Ethoxy - iodo-nitrosyl{tris (3,5 -dimethylpyrazolyl) hydroborato}molybdenum (111) 
is an air-stable, green, crystalline solid, soluble in chloroform and dichloro- 
methane. It is insoluble in hexane and slightly soluble in cold alcohols, with 
which it undergoes exchange reactions. The infrared spectrum (KBr disc) exhibits 
uN0 1678 cm-' and uBH 2552 cm-I. The 220 MHz 'H nmr spectrum in CDCl, 
contains signals attributable to pyrazolyl protons at hs = 5.86,5.83, and 5.79 
(all area l), and pyrazolyl methyl protons at hS = 2.51, 2.43, 2.39, and 2.35 
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(overall area 18). Signals due to the ethyl group appear at bs = 5.68 (area 2, 
AB pair) and 1.57 (area 3, triplet). 

D. ETHYLAMIDOIODONITROSYL{TRIS(3,5- 
DIMETHYLPY RAZ0LYL)HY DROBORATO}MOLYBDENUM(III) 

MO[HB{C~H(CH~)~N~}~](NO)I~ + 2C2HSNH2 - 
Mo[HB{C~H(CH~)~N~}~](NO)I(NHC~H~) + CZHSNHJ 

Procedure 

Caution. Diisopropyl ether forms a solid, explosive peroxide on pro- 
longed contact with the air. Only fresh material known to be peroxide-free should 
be used. 

A solution of MO[HB{C~H(CH~)~N~}~](NO)I~C~H~CH~ (0.5 g) and an excess 
of ethylamine (0.1 mL) in dichloromethane (40 mL) is stirred at room temperature 
for 0.5 hour during which time the solution becomes deep red. The volume of 
the solution is then reduced by evaporation (to -20 mL), and diisopropyl ether 
is added dropwise to produce a white precipitate of ethylammonium iodide. The 
mixture is then filtered and the dichloromethane is removed from the filtrate by 
evaporation, causing the crude, red product to precipitate from the diisopropyl 
ether. This is collected by filtration and recrystallized from dichloromethane/ 
diisopropyl ether. Yield: 0.3 g (78%). Anal. Calcd. for MOC~,H~~N,BOI: C, 
34.36; H, 4.72; N, 18.86. Found: C, 34.61; H, 4.72; N, 18.61. 

Analogous complexes derived from other primary amines or unsymmetrical 
hydrazines may be prepared by similar means, but, for steric reasons, secondary 
amines, other than (CH3)2NH, do not form stable complexes. The Mo-N bond 
can be cleaved by HCl to give Mo[HB{C~H(CH~)~N~}~](NO)ICI. Mixed alkoxy- 
amido compounds of the form MO[HB{C~H(CH~)~N~}~](NO)(OC~H~)(NHR) can 
be prepared in a similar manner if MO[HB{C~H(CH~)~N~}~](NO)I(OC~H~) is 
substituted for the diiodide in the above reaction. 

Properties 

Ethylamido-iodo-nitrosyl{tris( 3,5-dimethylpyrazolyl)hydroborato}molybdenum- 
(111) is an air-stable, red, crystalline solid, soluble in dichloromethane and chlo- 
roform. It reacts with alcohols to give alkoxy species with loss of the ethylamido 
ligand. The infrared spectrum (KBr disc) exhibits vNO 1660 cm-I, vgH 2555 
cm-I, and uNH 3290 cm-I. The 220 MHz 'H nmr spectrum contains signals 
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attributable to the pyrazolyl protons at amS = 5.90, 5.82, and 5.80 (all area 
l) ,  the pyrazolyl methyl protons at hS = 2.61, 2.59, 2.44, 2.36, and 2.33 
(total area 18), and the amide ethyl group at aTMS = 4.50 (area 2, AB pair) and 
1.40 (triplet, area 3). The amide NH proton signal is observed at amS = 12.49 
(area 1, four lines), and is not collapsed by addition of D20. 
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3. DIISOCYANIDE COMPLEXES OF MOLYBDENUM(0) 
AND TUNGSTEN(0) AND DERIVED 

AMINOCARBYNE COMPLEXES 

Submitted by A. J. L. POMBEIRO* and R. L. RlCHARDSt 
Checked by 8. L. HAYMORE$ 

Displacement of ligating dinitrogen by isocyanides constitutes a convenient route 
for the preparation of isocyanide complexes. The first isocyanide complexes 
prepared by this route' involve a molybdenum(0) or tungsten(0) electron-rich 
metal site, which activates the ligating isocyanide towards electrophilic attack. 
Aminocarbyne-type species are formed by reactions with acids2s3 or alkylating 
 agent^.^ The general methods for the preparation of the first isocyanide and 
derived terminal carbyne complexes obtained by this technique are given below. 
The nucleophilicity of the isocyanide ligand in those electron-rich complexes5 
is in contrast to its usual electrophilic charactef-" reported for this ligand when 
it binds a metal ion in its normal or higher oxidation states. 

+Centre de Qufmica Estrutural, Complex0 I, Instituto Superior Tkcnico, Lisboa 1O00, Portugal. 
Wnit of Nitrogen Fixation, The University of Sussex, Brighton, United Kingdom. 
$Corporate Research Laboratories, Monsanto Co., St. Louis, MO 63167. 
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A. TRQNS-BIS[ 1,2-ETHANEDIYLBIS(DIPHENYL- 
PHOSPHINE)]BIs(ISoCYANOMETHANE)TUNGSTEN(O) 

tran~-iW(N~)~(dppe)~l + 2 CNMe - tran~-[W(CNMe)~(dppe),l + 2 N2 
( d p p  = PhJ'CHZCH2PPh2) 

Procedure 

H Caution. lsocyanides (in particular, isocyanomethane) are extremely 
toxic and malodorous, and their manipulation should be pegormed in a well- 
ventilated hood with great care. 

The isocyanides can be prepared by the phosgene method of Ugi and co- 
except for CNMe'O and CNBu','' and the dinitrogen rran~-[M(N~)~(dppe)~I 

(M = Mo or W)" complexes can also be prepared by published methods. 
The trans-[W(N2)2(dppe)z] (2.08 g, 2.0 mmoles) is dissolved in dry tetra- 

hydrofuran (THE 100 mL), under dinitrogen, in a 250-mL single-necked Schlenk 
flask. The solution is filtered under nitrogen to remove any insoluble impurities. 
Isocyanomethane (0.28 mL, 5.9 mmoles) is added under nitrogen to the filtered 
solution, which is then refluxed, with stirring, under nitrogen (or argon) for 
-six hours. Concentration of the solution almost to dryness, under vacuum and 
with constant heating at -50-60", leads to the precipitation of trans- 
[W(CNMe),(dppe)2], as red prisms. The small volume of residual hot solution 
may be removed by decantation, and the red solid is then thoroughly washed, 
in air with several (5-10) portions (of -10-15 mL each) of acetone, to remove 
a small amount of a yellow, powdery impurity. The pure, red crystals are then 
dried under vacuum. The yield is about 2.0 g (1.9 mmoles, 95%). Anal. Calcd. 
for [W(CNMe)2(dppe)2]: C, 63.3; H, 5.1; N, 2.6. Found: C, 63.5; H, 5.3; N, 
2.7. 

Properties 

The product is a red, air-stable, crystalline solid. Its infared spectrum' has a 
strong, broad band at 1834 cm-' (in a KBr disc), which is assigned to CN 
stretching. In the mass spectrum the parent ion is observed with a principal peak 
at m/e = 1062, as required for the predominant lMW isotope of 

A series of analogous complexes of Mo(0) or W(0) with a variety of isocyanide 
ligands may be synthesized similarly:' frans-[M(CNR),(dppe),] (M = Mo or 
W; R = Me, Bu', Ph, 4-MeC,H4, 4-MeOC6H4, 4-ClC6H4, 2,6-ClzC&. The 
dinitrogen ligand is more labile when ligating Mo(0) than W(O), and the quan- 

iW(CNMe)Adppe)21+ * 
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titative formation of the diisocyanide complexes is generally faster for Mo(0) 
than for W(0) and, in the former, may even occur without heating if it is in the 
presence of sufficient excess of the appropriate isocyanide. 

All the diisocyanide complexes are red (or deep red) in color, and they exhibit 
a strong, broad u(CN) band in the 1788-1915 cm-’ region (in a KBr pellet).’ 
Their electronic spectra have been recorded,13 and their redox properties studied 
by cyclic voltammetry’ and by chemical 0xidati0n.l~ The molecular structure 
has been determined by X-ray diffra~tion’~ studies for the trans- 
[Mo(CNMe)z(dppe)21, with the isocyanides showing a CNC bond angle of 156(1)O. 
The cause of this bending is believed to be electronic in origin, and the electron- 
rich bent isocyanomethane in the Mo(0) and W(0) complexes is susceptible to 
attack by alkylating4 or protonating’.’ agents, the latter reactions being described 
below. 

B. TRANS-BIS[1,2-ETHANEDIYLBIS(DIPHENYL- 
PHOSPHINE)](ISOCYANOMETHANE)[(METHYLAMINO)- 
METHYLIDYNElTUNGSTEN(1V) TETRAFLUOROBORATE 

trans-[W(CNMe),(dppe),] + [Et,OH][BF,I - 
trans-[ W(CNHMe)(CNMe)(dppe),] [BF,] + EtzO 

Procedure 

Caution. Tetrafluoroboric acid is corrosive and toxic and concentrated 
solutions should be handled in a hood. Also see caution in Section 3-A. 

A solution of trans-[W(CNMe),(dppe),] (1.69 g, 1.59 mmoles) in benzene 
(180 mL) is prepared under nitrogen in a 250-mL single-necked Schlenk flask. 
The solution is filtered, under nitrogen, into a similar Schlenk flask, and tetra- 
fluoroboric acid (1.50 mmoles; 4.40 mL in a diethyl ether solution prepared by 
1 : 20 dilution of commercial [Et,OH][BF,]) is added dropwise, under nitrogen, 
to the vigorously stirred, filtered solution. The product precipitates as shiny, 
green needles, which are filtered under nitrogen, washed with benzene, and dried 
under vacuum. The yield is about 1.6 g (1.4 m o l e s ,  87% based on the parent 
tungsten complex). Anal. Calcd. for [W(CNHMe)(CNMe)(dppe),IBF4: C, 58.5; 
H, 4.8; N, 2.4. Found: C, 58.5; H, 4.8; N, 2.4. 

The use of an excess of acid must be avoided in this preparation, because a 
different species (possibly with a bridging carbyne-type ligand) can be fomed” 
upon further acid attack on the precipitated carbyne complex. 
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Properties 

The product is a green, crystalline, solid, unstable in air and in solution at 
ambient temperature under nitrogen (see below). Its infrared spectrum' (in Nujol 
mull) has bands at 3315 cm-' (weak and broad), 2168 (strong), and 1524 cm-' 
(strong), which are assigned to u(NH), v(C=N) of the unreacted isocyanide, 
and v(C=N) of the carbyne-type ligand, respectively. In the I3C nmr spectrum 
in CD2C12, the carbyne-carbon, CNHMe, resonance appears at 6 242.4 ppm 
(weak and broad multiplet), downfield relative to SiMe,. A singlet 31P nmr 
resonance is observed' at 86.8 ppm, upfield from P(OMe)3, in CD2C12, at - 42", 
whereas in the 'H nmr spectrum' (in CD2CI2, at -40"), the CNHMe resonance 
is a broad quartet at 6 3.50 ppm (relative to SiMe,), and the CNHMe resonance 
is a doublet at 2.57 ppm ['J(HNCH) = 4.7 Hz]. 

The following series of analogous carbyne complexes of tungsten and mo- 
lybdenum may be synthesized similarly by reactions of tran~-[M(CNR)~(dppe)~] 
(M = W; R = Me or Bu'; M = Mo, R = Me) with various acids:, trans- 
[M(CNHR)(CNR)(dppe),]A [M = W; A = BF4, HSO,, SF03 or H2PO4 (for 
R = Me); A = BF,, HSO, or SF03 (for R = Bu'); M = Mo; A = BF,, HSO, 
or FS03 (for R = Me)]. All of these products are green in color and exhibit 
bands assigned to u(NH) (Nujol mull) in the 3318-3200 cm-' region, to v(C=N) 
of the carbyne-type ligand in the 1533-1515 cm-' region (except for M = W, 
R = But, for which such a band is not observed), and to v ( C r N )  of the 
unreacted isocyanide in the 2180-2132 cm-' region.' They always are contam- 
inated with variable amounts of the corresponding hydride [MH(CNR),(dppe),]A 
complexes, which exhibit a strong, broad band, assigned to v(C=N), in the 
2038-2000 cm- ' r e g i ~ n . ~  

These monocarbyne-type complexes are deprotonated by base (carbonate), 
thus generating the parent diisocyanide complexes, and, in solution (e.g., in 
CH'Cl,), they undergo decomposition at ambient temperature with formation of 
the corresponding hydride complexes. l6  They are susceptible to further pro- 
tonation, generating, in the solid state,I5 possible dimeric species with bridging 
carbyne-type ligands, and, in solution,'6 the dicarbyne-type rrans- 
[M(CNHR)2(dppe)2]A2 complexes (M = Mo or W, R = Me, see below). 

C. TRANS-BIS[ 1,2-ETHANEDIYLBIS(DIPHENYLPHOSPHINE)]-BIS- 
[(METHY LAMIN0)METHY LIDYNElTUNGSTEN(1V) 
BIS(TETRAFLUOROBORATE)* 

trans-[W(CNMe)2(dppe)21 + 2 [Et,OHI[BF.,I - 
mans-[W(CNHMe)2(dppe)21[BF412 + 2 Et20 

*This complex may be considered a dicarbyne species if the carbyne-type ligands are regarded 
as having a formal (1-) charge, i.e., MeHNC =i W F CNHMe2+. Alternatively, it may be con- 
sidered as a dicarbene complex. 
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Procedure 

A solution of trans-[W(CNMe),(dppe),] (1.55 g, 1.47 mmoles) in CH2Cl2 (270 
mL) is placed, under nitrogen, into a 500-mL single-necked Schlenk flask. The 
solution is filtered under nitrogen into a similar Schlenk flask, and tetrafluoro- 
boric acid (3.20 mmoles, 0.443 mL of commercial [Et,OH][BF,]) is rapidly 
(- 15-30 sec) added dropwise, under nitrogen, to the vigorously stirred solution. 

After -0.5 hour, the solution is concentrated under vacuum to approximately 
one-third volume and diethyl ether is then added slowly and dropwise, under 
nitrogen, to the stimd solution to give a brownish suspension,* which is filtered, 
under nitrogen, into another Schlenk flask. Diethyl ether is again added slowly 
to the filtered and stirred solution, under nitrogen, until the dicarbyne product 
appears as a pink crystalline solid.? (Before this happens it may be necessary 
to extract additional portions of the brownish suspension, by the process outlined 
above, until precipitation is complete.) Cooling (e.g., to - 20") of the ethereal 
solution may also result in precipitation of the crystalline dicarbyne product. 
This complex is then filtered off, under nitrogen, washed with a (3: 1 )  mixture 
of diethyl ether/dichloromethane, and dried under vacuum. The yield is 1.3 g 
(- 1 .O mmole, -68%). Anal. Calcd. for [W(CNHMe)2(dppe)zl[BF4],~fEt20 (red 
isomer): C, 54.6; H, 4.8; N, 2.2. Found: C, 54.9; H, 4.8; N, 2.5. Calcd. for 
[W(CNHMe),(dppe)2[BF4]z*Et20 (yellow isomer): C, 54.9; H, 4.9; N, 2.1. Found: 
C, 55.3; H, 5.2; N, 2.4. 

A slow addition of acid should be avoided in this preparation, since a different 
complex (a hydrido-carbon  specie^)^ may then be the main product. Too great 
an excess of acid should also be avoided, due to the possible formation of a 
triprotonated product.16 The method is general for the preparation of other anal- 
ogous dicarbyne-type complexes of molybdenum and tungsten, using a variety 
of acids (see below). 

Properties 

The product is fairly air-stable in the solid state (for at least two weeks), but 
should be stored under nitrogen, especially if it is in solution. It is isolated as 
a mixture of two isomers, one red and the other yellow,$ both with a strong 
band at 1630 cm-l in their infrared spectra' (Nujol mull), which is assigned to 
v(CN) of the carbyne-type ligands; sharp bands are also observed for v(NH) at 
3407 cm-' or at 3422 cm-' (yellow isomer). In solution, the yellow isomer 
appears to convert rapidly to the red one, which exhibits, in the I3C nmr spectrum' 

*This suspension appears to contain a heterogeneous mixture of other carbyne complexes. 
tIt  is a mixture of two isomers (see below), one red and the other, yellow, which eventually 

$These isomers may correspond to a planar MeHNCWCNHMe system, with the NR and NH 
may be separated by hand when distinct crystats are formed. 

groups either cis or trans to each other. 
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(CD2C12 solution at -36"), a carbyne carbon (CNHMe) resonance (which is a 
broad multiplet) at 6 194.5 ppm downfield from SiMe,. In the 31P nmr spectrum,2 
two equal, intense resonances [at 6 103.1 and 104.3 ppm in CD2C12 at - 55". 
upfield from P(OMe),] are observed. In the 'H nmr spectrum2 (in CD2C12, at 
-35"), the CNHMe resonance is observed as a broad quartet at 6 4.25 ppm 
(relative to SiMe,), whereas the CNHMe resonance is a doublet at 6 2.38 ppm 
['J(HNCH) = 4.2 Hz]. In the 19F nmr spectrum2 (in CD2Cl, at 25"), only one 
resonance (at 6 15 1.4 ppm, upfield from CFC13) is observed in the - 289 to 
+ 339 ppm region. 

A series of analogous dicarbyne-type complexes of tungsten and molybdenum 
may be synthesized similarly,2 from the reactions of the parent diisocyanide 
complexes with various acids: trun~-[M(CNHR)~(dppe),]A, [For M = W; 
R = Me; A = BF, (red and yellow isomers), HSO, (pink), SFO, (brownish), 
SC103 (brown). For M = W; R = C6H4Me-4; A = BF, (red). For M = Mo; 
R = Me; A = BF, (red and yellow isomers)]. They exhibit, in the infrared 
spectra2 (in Nujol mull), bands assigned to v(NH) in the 3422-3360 cm-' region 
and to v(CN) (of the carbyne-type ligands) in the 1645-1606 cm-l region. 

The parent diisocyanide complexes are regenerated upon deprotonation (by 
MeLi or NaOMe) of the dicarbyne-type complexes (R = Me). The ligating 
CNHMe group in the latter appears to be susceptible to electrophilic attack 
by acid (HBF,) at the nitrogen, and to nucleophilic attack by hydride at the 
binding carbon, ~~U~S-[W(CNH,M~)(CNHM~)(~~~~)~][BF,I, and truns- 
[Mo(CHNHMe)(CNHMe)(dppe),][BF,] appearing to be formed, respectively.I6 
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4. ($-PENTAMETHYLCYCLOPENTAD1ENYL)COBALT 
COMPLEXES 

Submitted by STEVEN A. FRITH and JOHN L. SPENCER* 
Checked by W. E. GEIGER, JR. and J. EDWINt 

Pentamethylcyclopentadienyl complexes exhibit a chemistry complementary to 
that of the unsubstituted cyclopentadienyl analogs, with differences in behavior 
that may be ascribed to the greater bulk or the greater electron-releasing ability 
of the pentamethylcyclopentadienyl ligand. I The following syntheses lead to a 
group of complexes which have given access to rich areas of organo-cobalt 
chemistry. The syntheses have been designed such that later members of the 
group may be prepared without lengthy purification of the intermediates. 

A. DICARBONYL- 
($-PENTAMETHY LCYCLOPENTADIENYL)COBALT(I) 

Originally [Co(C,Me,)(CO),] was prepared2 by the photolysis of Cq(CO)8 and 
C5Me,H and subsequently3 by the reaction of CO,(CO)~ and CsMeSC(0)Me in 
refluxing cyclohexane. The method described here is a substantial modification 
of that used by Byers and Dah14 and gives excellent yields from both precursors. 

Procedure 

Caution. Both dicobalt octacarbonyl and carbon monoxide are poi- 
sonous and therefore the reaction should be carried out in a well-ventilated 
hood. 

A 100-mL, two-necked, round-bottomed flask is fitted with a reflux condenser 
and a magnetic stirring bar. A T-junction, placed on top of the condenser, is 
connected to a supply of dry nitrogen and a mineral oil bubbler, and the flask 
is flushed for several minutes. Dry, deoxygenated dichloromethane (50 mL), 
octacarbonyldicobalt(0) (6.0 g, 17.5 mmoles), pentamethylcyclopentadiene$ 3 
g, 22.1 mmoles) and 1,3-~yclohexadiene (2.5 mL) are added through the second 
neck, which is then closed with a stopper. The mixture is stirred and heated to 

*Department of Inorganic Chemistry, University of Bristol, Bristol BS8 ITS, United Kingdom. 
tDepartment of Chemistry, University of Vermont, Burlington, VT 05405. 
?.Available from Strem. Chem., P.O. Box 212, Danvers, MA 01923 or Aldrich Chemical Co., 

940 W. St. Paul Aye., Milwaukee, WI 53233. 
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maintain a very gentle reflux. After 45 minutes, a further 2.3 g (16.9 mmoles) 
of pentamethylcyclopentadiene is added and heating is continued for another 
1.75 hours. The reaction may be conveniently monitored, using IR spectroscopy, 
by the appearance of vc0 bands at 1999 and 1935 cm-l (CH,Cl,). When reaction 
is complete, there may also be weak absorptions due to traces of CO.+(CO)~~ 
(2065,2055, and 1858 cm-I) or [Co(q3-C,H9)(CO),] (2047 and 1983 (sh) cm-I). 

The condenser is replaced with a stopcock adaptor and the volatile components 
are evaporated at reduced pressure and ambient temperature. If the temperature 
is kept at or below 20°, the oily residue will crystallize spontaneously. This 
crude material may be used in the synthesis of [CoIz(qS-C5MeS)(CO)], or it may 
be purified as follows. Nitrogen is readmitted to the flask, the crude crystalline 
mass is dissolved in dry deoxygenated hexane (30 mL), and the solution is 
applied to a column of alumina (Brockman, activity 11) (20 cm X 2.5 cm), 
previously prepared under nitrogen and washed with deoxygenated hexane (200 
mL). The product is eluted as an orange-brown band with hexane and collected 
under nitrogen. Evaporation of the solvent under reduced pressure yields deep- 
red crystals of [Co(qS-C5Me5)(CO),l, 7.9-8.3 g (90-95% based on Co,(CO),). 
Further purification may be effected by crystallization from hexane solution at 
low temperatures or by sublimation (40°, 0.01 torr). Anal. Calcd. for C12H,,02Co: 
C, 57.61; H, 6.04. Found: C, 57.51; H, 6.26 (mp 58", sealed tube). 

Properties 

Dicarbonyl(qs-pentamethylcyclopentadienyl)cobalt(I) is a deep red-brown crys- 
talline solid that may be handled briefly in air but should be stored in an inert 
atmosphere. It dissolves readily in dry, deoxygenated organic solvents to give 
stable solutions but, in the presence of air or water, it slowly decomposes. The 
'H nmr spectrum (CDCl,) shows a sharp singlet at 6 1.98 ppm. 

B. CARBONYLDIIODO- 
(I$-PENTAMETHYLCYCLOPENTADIENY L)COB ALT(II1) 

[Co(q-CSMe5)(CO),I + 1, - [CoI,(q-C5Mes)(CO)1 + CO 

The method described here is based on that of King and co-~orkers .~  Roe and 
Maitlis6 followed a similar procedure but used an alkane solvent. 

Procedure 

time. The reaction should be carried out in a well-vented hood. 
H Caution. A large volume of carbon monoxide is released in a short 

A 250-mL two-necked flask is fitted with a magnetic stirrer bar and a T-piece 
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connected to a nitrogen supply and a mineral oil bubbler. The flask is purged 
with nitrogen, and sodium-dry diethyl ether (150 mL) is added, followed by 8.9 
g of iodine (35.0 mmoles). The second neck is then closed with a rubber septum 
and a solution of [Co(qS-C,Me,)(CO),] (8.75 g, 35.0 mmoles, or all of the crude 
material from the previous synthesis) in deoxygenated diethyl ether (20 mL) is 
added dropwise from a syringe to the rapidly stirred reaction mixture. Addition 
may be completed in 5-10 minutes. A black, crystalline precipitate forms rapidly 
with the evolution of carbon monoxide gas. Stimng is continued for another 
hour. The mixture is filtered in the air using a sintered-glass funnel and the crude 
product is washed with diethyl ether (three X 20 mL portions) and dried in an 
oven at 80”. The material so-formed is sufficiently pure for the preparation of 
[ { C O I ~ ( ~ ~ - C ~ M ~ ~ ) ) ~ ] .  However, it may be purified by dissolution in a large volume 
of dichloromethane to give a deep purple solution, which is filtered through a 
glass sinter (porosity 3) and evaporated to small volume using a rotary evaporator. 
Lustrous black crystals of [CoIz(q5-C&Ie,)(CO)] are filtered off and dried under 
vacuum. Yield: 15.0-15.8 g (90-95%). Anal. Calcd. for CIIHISO12Co: C, 27.76; 
H, 3.18. Found: C, 27.70; H, 3.45. 

Properties 

Carbonyldiiodo(q5-pentamethylcyclopentadienyl)cobalt(III) is a black, crystal- 
line, air-stable solid. It dissolves readily in polar solvents forming deep purple 
solutions but is virtually insoluble in diethyl ether, alkanes, and aromatic sol- 
vents. The ‘H spectrum (CDC13) shows a singlet at 6 2.20 ppm. The IR spectrum 
exhibits a single metal-carbonyl stretching band at 2053 cm-’ (CH,Cl,). Removal 
of the iodide ligands by Ag+ provides a facile route to cationic organometallic 
derivatives of Co(III).’ 

C. DI-~-IODO-BISIIODO(~S- 
PENTAMETHYLCY CLOPENTADIENYL)COBALT(III)] 

2[Co12(qS-CsMe5)(CO)] 5 [ { C O I ~ ( ~ ~ - C , M ~ ~ ) } ~ ]  + 2 CO + CoI, 

The method described here is based on that of Roe and Maitlis.6 An analogous 
dichloro(q-ethyltetramethylcyclopentadieny1) derivative, [{CoClZ(q’-C,Me4Et)}~] 
has been prepared’ by the extraction of CoCl, from [Co~Clb(q5-CSMe4Et),] in 
turn made from [Sn(n-Bu),(a-C5Me4Et)] and CoC12. 

Procedure 

W Caution. The reaction releases toxic carbon monoxide and should be 
carried out in a well-ventilated hood. 
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A 250-mL, two-necked, round-bottomed flask is charged with 150 mL of dry 
n-octane and 15.5 g of powdered [CoIz(qS-CSMeS)(CO)] and equipped with a 
magnetic stirring bar, a nitrogen inlet, and a reflux condenser. The top of the 
condenser is connected to a mineral oil bubbler venting into the hood. The 
rapidly stirred mixture is heated at reflux for 5 hours under a slow Nz purge. 
During the reaction, the microcrystalline suspension is converted to a suspension 
of lustrous, black crystals. After cooling to room temperature, the crude [{C0IZ(qs- 
CsMe5)}2] is collected in a sintered-glass filtration funnel, washed with pentane, 
and dried in an oven at 80". The product may be purified by dissolving it in a 
large volume of dichloromethane, filtering, and removing most of the solvent 
at reduced pressure on a rotary evaporator, or by using the continuous extraction 
apparatus shown in the figure. The crude material is transferred to the paper 

Mineral oil 
bubbler 

bar 

Continuous Extraction Apparatus 
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thimble, a loose plug of glass wool is packed above it, and dry dichloromethane 
(120 mL), contained in the flask, is boiled at a sufficient rate that condensate 
drips into the thimble. This process may be run conveniently overnight. The 
flask is then detached and cooled to 0" for three hours. The product, as lustrous, 
black crystals, is recovered by filtration and dried under vacuum (0.05 tom, 1 
hr). Yield: 11.5 g. A further crop (-1.3 g) may be obtained by reducing the 
volume of the filtrate to 30 mL, but this material should be checked by IR to 
ensure that it contains no [Co12(qs-CsMeS)(CO)]. Total yield of [ { C O I ~ ( ~ ~ - C ~ M ~ ~ ) } ~ ]  
is 12.8 g (88%). Anal. Calcd. for CZ0H&Co2: C, 26.81; H, 3.38. Found: C, 
26.71; H, 3.50. 

Properties 

Di-~-iodo-bis[iodo(qs-pentamethylcyclo~ntadienyl)cobalt(III)] is a black, crys- 
talline, air-stable solid. It dissolves in polar solvents, forming dark green so- 
lutions, but is virtually insoluble in diethyl ether, alkanes, and aromatic solvents. 
The 'H nmr spectrum (CDCl,) exhibits a singlet at 6 1.80 ppm. 

D. BIS(q'-ETHENE)- 
($-PENTAMETHYLCY CLOPENTADIENY L)COBALT(I) 

Green and Pardy' prepared [ C O ( ~ ~ - C ~ M ~ ~ E ~ ) ( ~ ~ - C ~ H ~ ) ~ ]  by the sodium-amalgam 
reduction of [{CoC12(qs-C5Me4Et)}] under ethylene (toluene, 1 10"). The penta- 
methylcyclopentadienyl complex described here offers several advantages: it is 
a crystalline solid rather than an oil; compounds derived from [Co(qS-CSMes)(q2- 
C2H4)J by displacement of ethylene are frequently solids also; and the 'H nmr 
is simpler. 

Procedure 

W Caution. Mercury vapor is a cumulative poison and the large volumes 
of ethylene used in this synthesis are a fire hazard. The preparation should be 
carried out in a well-ventilated hood in the absence of naked flames. Drying 
tetrahydrofuran is hazardous and should be carried out with due caution.' 

A 250-mL amalgam reaction vesse1,'O fitted with a powerful electrically driven 
paddle stirrer, is flushed with nitrogen and charged with 20 mL of clean mercury. 
Sodium (2.8 g) is cleaned and finely cut under hexane, and is added piece by 
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piece to the reaction flask. The nitrogen source is replaced by a source of ethylene, 
and 150 mL of dry, deoxygenated tetrahydrofuran is added through the third 
neck. Stirring is continued as the flask is flushed with ethylene. Pure* solid 
[ { C O I ~ ( ~ ~ - C ~ M ~ ~ ) } ~ ]  (10.0 g, 11.15 m o l e s )  is added through the third neck, 
which is then closed, and the mixture is beaten very rapidly. As soon as the 
dark green color changes to mid-brown (-3-5 min), stirring is halted and the 
amalgam is drained from the reactor. A syringe is used to transfer the solution 
to a N2-filled 250-mL, three-necked flask connected by stopcock adaptors to 
nitrogen and vacuum. Solvent is evaporated at reduced pressure and nitrogen is 
admitted to the flask. The residue is dissolved in 40 mL of dry, deoxygenated 
hexane and the solution is filtered under nitrogen through a l-cm pad of Kie- 
selguhr. The red-brown filtrate is reduced in volume to 20 mL by evaporation 
at reduced pressure, and the product is crystallized at - 78" under nitrogen. The 
supernatant liquid is decanted with a syringe and the orange-brown crystals are 
dried at 20" and 0.05 torr for 1 hour. Anal. Calcd. for C,,H2,Co: C, 67.20; H, 
9.80. Found: C, 67.70; H, 10.04 (mp 77-78"; sealed tube). 

A second crop of crystals may be obtained from the mother liquor by filtering, 
evaporating, and cooling as before. Combined yield: 3.9-4.5 g (7045%). 

Properties 

Bis(q2-ethylene)(~s-pentamethylcyclopentadienyl)cobalt(I) is an orange-brown, 
volatile, crystalline solid. It may be handled briefly in air but if it is to be kept 
for long periods, it should be under an inert atmosphere at -20". It is soluble 
in organic solvents but decomposes in the presence of air and water. In coor- 
dinating solvents, decomposition occurs slowly; therefore, it is best to allow it 
to react in alkane, diethyl ether, or aromatic solvents. The 'H nmr spectrum 
(C,D,) consists of a singlet at 6 1.43 [15 H, CsMe5] and an (ABI2 pattern for the 
C2H, protons, 6, 1.60,6,0.86 ppm (IJ(AB) + J(AB')( 13 Hz). The IR spectrum 
(Nujol) has strong bands at 1197 and 1180 cm-'. 
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5. DIBROMODIPHENYLTIN(1V) 

Submitted by R. K. CHANDRASEKARAN and JOHNSON D. KOOLA* 
Checked by D. W. GOEBEL, JR. and J. P. OLIVER? 

(acac),SnX, + 2 RMgX __* R2SnX2 + 2 acacMgX 

The laboratory procedure for' the synthesis of dibromodiphenyltin and other 
dihalodiorganotin compounds involves first the preparation of tetraorganotin 
compounds, R4Sn, and then disproportionation with tin(1V) halides, SnX4, at 
higher temperatures.' Although well established, this method is very time-con- 
suming. The dihalodiorganotin compounds can be obtained by a simple and 
convenient one-step process2 involving the reaction of a Grignard reagent with 
(acac),SnX, (acacH = 2,4-pentanedione; X = C1, Br). 

The reaction is mildly exothermic and is about 75% complete at room tem- 
perature. However, refluxing is carried out to ensure complete reaction. 

Experiments designed to prepare 8-10 g of the end product can be finished 
in 8-9 hours. To prepare 40-50 g of the end product requires two days, since 
the removal of precipitated acacMgX by filtration is slow. Employing (acac),SnX, 
as the starting material, any R2SnX2 compound can be synthesized by treatment 
with the appropriate Grignard reagent. 

Dihalodiorganotin compounds are useful as polyvinyl chloride stabili~ers,~ 
fungicides,  insecticide^,^ and key intermediates for the syntheses of other or- 
ganotin compounds. 

Procedure 

Caution. Organorin compounds are very toxic and should be handled 
accordingly. 

All operations are performed in a nitrogen atmosphere, and syringes are used 
for the transfer of solvents and solutions. Bromophenylmagnesium is prepared 
from 6 g (0.25 mole) of magnesium and 35 g (0.223 mole) of bromobenzene 

*Department of Inorganic Chemistry, University of Madras, Guindy, Madras-600 025, India. 
?Department of Chemistry, Wayne State University, Detroit, MI 48202. 
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in 200 mL of dry diethyl ether. To the Grignard solution, dry benzene (75 mL) 
is added to slow the easy evaporation of diethyl ether. The Grignard content per 
rnL is determined by titration. The (acac),SnBr2 is prepared by a reported method.5 

The (acac),SnBr, (47.6 g, 0.1 mole) is placed in a 1-L round-bottomed flask 
fitted with a dropping funnel and a reflux condenser, and is dissolved in 400 
mL of dry benzene. Bromophenylmagnesium (37.5 g, 0.207 mole) is added 
dropwise from the dropping funnel. After the addition is complete, the reaction 
contents are refluxed in an oil bath for three hours. The precipitated acacMgBr 
is filtered off using sintered-glass filter, in a nitrogen atmosphere, and the solvents 
are removed from the filtrate by distillation. If a solid residue is observed in the 
distillation flask, the product is filtered again and washed with the minimum 
quantity of dry benzene. The filtrate is again distilled to remove benzene. The 
product is finally obtained by vacuum distillation (bp 160"-165" at 5 x lo-' 
torr). Yield: 26.5 g: 61%. Very pure dibrornodiphenyltin is obtained by redis- 
tillation. The product is characterized by nmr and mass spectrometry and by the 
formation of the bipyridyl adduct.6 

Properties 

The colorless solid is reported by the checkers to melt at 41-42' (Lit. 42"). 
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6. CARBONYLPENTAFLUOROPHENYL COBALT(1) AND 
(11) COMPLEXES 

Submitted by PASCUAL ROYO,* NATIVIDAD ESPdA,*  and AMELIO V k Q U E Z  

Checked by T. J. GROSHENS and K. J. KLABUNDEt 
DE MIGUEL* 

Both organocobalt(1) and (11) carbonyl complexes can be synthesized from te- 
trahydrofuran (THF) solutions of bis(pentafluorophenyl)cobalt(II), and this is an 

*Universidad de Alcali de Henares, Spain. 
tDepartment of Chemistry, Kansas State University, Manhattan, KS 66506 
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excellent way to isolate different types of phosphine carbonyl cobalt complexes. 
Tetrahydrofuran solutions of bis(pentafluorophenyl)cobalt(II) have been 

prepared' from anhydrous cobalt halides anh the Grignard reagent. These so- 
lutions react with different phosphines'*2 to give bis(pentafluoropheny1)bis- 
(phosphine)cobalt(II) derivatives. The reaction of these complexes with CO at 
atmospheric pressure gives pentacoordinate carbonyl cobalt(I1) compounds. Re- 
action of the organocobalt(II) THF solution with CO can also cause reduction 
of tetracarbonyl-pentafluorophenylcobalt(1) ,3 which is obtained in a higher yield 
than by previous  method^.^ This compound reacts with different amounts of 
various phosphines (L) to give Co(C,&)(C0),L3 and CO(C$,)(CO)~~.' 

A. CARBONYL COBALT(1) COMPLEXES 

1. Tetracarbonylpentafluorophenylcobalt(1) 
CoBrl + 2 Mg(Cp5)Br - Co(C&), + 2 MgBr, 

CO(cp5)~ + 4CO cO(c6F,)(co)4 redox products 

Procedure 

W Caution. This synthesis should be petjormed in a very eficient hood 
and the pressure bottle should be adequately shielded. Carbon monoxide is a 
highly toxic, colorless, odorless gas, and precautions must be taken to avoid 
exposure to this gas. 

Anhydrous cobalt(II) bromide (21.9 g, 100.0 mmoles), freshly distilled THF 
(150 mL), and a magnetic, Teflon-coated stirring bar are placed in a I-L round- 
bottomed, two-necked flask, fitted with a rubber stopper and a condenser topped 
with a stopcock that is connected to nitrogen and to a vacuum line. The flask 
is alternatively evacuated and filled with dry nitrogen three times. 

A THF solution (250 mL) of bromo-pentafluorophenylmagnesium, obtained' 
from magnesium (5.50 g, 230.0 m o l e s )  and bromopentafluorobenzene (25 mL, 
200.0 mmoles) is transferred to the flask with stirring under nitrogen pressure. 
After addition, the dark blue solution is refluxed, with stirring, for two hours, 
and is then cooled to room temperature. Dioxane (60 mL) is slowly added by 
means of a syringe (with stirring). The flask is then closed with rubber stoppers, 
and is allowed to stand overnight at - 10". The decanted solution is filtered 
under nitrogen through a Celite filter-aid to a 2-L two-necked, round-bottomed 
flask equipped with a stopcock connected to the nitrogen and vacuum lines. 
After replacing the filter by a rubber stopper, the solution is evaporated to dryness 
under reduced pressure. The dark blue residue is washed four times with 50 mL 
of hexane, added with a syringe. 

One liter of distilled dry hexane is added (with stirring) to obtain a blue 
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suspension, and the rubber stopper is replaced by a gas inlet tube connected to 
the CO pressure bottle. Carbon monoxide is passed slowly through the solution 
by way of the gas inlet tube (with stirring) for six hours, and stirring is continued 
for an additional two hours, to give a green-yellow solution and a small amount 
of a blue solid. The solution is filtered under nitrogen pressure into a two-necked 
flask equipped with a rubber stopper and connected to nitrogen and vacuum lines 
through a stopcock. 

The yellow solution (cooled to - 10") is evaporated to dryness to give crude 
Co(C6F5)(CO), (18.2 g, 53.8 mmoles. Yield: 82%.* This compound can be 
purified by sublimation at 20-25" under reduced pressure. Anal. Calcd. for 
Co(C6F5)(C0),: C, 35.53; Co, 17.43. Found: C, 35.89; Co, 17.06. 

Properties 

The complex is a yellow, crystalline solid soluble in organic solvents, including 
hexane. The solid is unstable and decomposes slowly at room temperature and 
rapidly in solution. It can be stored indefinitely at - 20" under nitrogen. Melting 
point: 36". The infI;ued spectrum shows u(C0) at 2125(s), 2060(vs), and 2040(vs) 
(hexane). The complex serves as a useful reagent for the preparation of carbonyl 
phosphine cobalt(1) complexes, as one or two CO groups can be readily displaced 
at room temperature by different ligands. 

2. Tricarbonylpentafluorophenyltriphenylphosphinecobalt(1) 

A two-necked 250-mL round-bottomed flask equipped with a magnetic stirring 
bar, a stopcock connected to nitrogen and vacuum lines, and a rubber stopper 
is charged with solid Co(C6F5)(C0), (1.50 g, 4.4 mmoles) while flushing with 
nitrogen. The crude compound can be used in this reaction, although is better 
to use the complex previously purified by sublimation. This is especially true 
when reactions with other phosphines are carried out, since the higher solubility 
of complexes makes their final purification difficult if an excess of phosphine 
is present. After the flask is evacuated and filled with nitrogen, freshly distilled, 
dry hexane (50 mL) is transferred into it under nitrogen. The rubber stopper is 
replaced by a pressure-equalizing dropping funnel topped with a stopcock that 
is connected to the nitrogen-vacuum lines. The funnel is charged with a solution 
of PPh3 (1.164 g, 4.4 mmoles) in hexane (20 mL). 

The addition of this solution immediately produces a precipitate of a yellow 
solid. The progress of the reaction may be monitored by following the changes 
in the u(C0)  region of the infrared spectrum of the solution. When the reaction 
is complete, the absorption bands at 2125 and 2040 cm-' disappear completely. 

*The checkers report 21%. 
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The reaction is complete after 40 minutes of stirring at room temperature. The 
solvent is eliminated by filtration through a filter under nitrogen. The solid is 
dried under vacuum. The compounds can be recrystallized by evaporation of a 
benzene-hexane solution to give yellow-orange crystals, which are filtered and 
dried under vacuum. (1.55 g, 2.7 mmoles. Yield: 62%). Anal. Calcd. for 
CO(C&)(CO)3(PPh3): C, 56.66; H, 2.64; Co, 10.29. Found: C, 56.43; H, 2.56; 
co ,  10.00. 

Properties 

The complex is a yellow, crystalline solid soluble in most organic solvents, such 
as benzene and chloroform, but insoluble in hexane. It is stable indefinitely in 
the solid state under nitrogen at room temperature. The IR spectrum shows 
v(C0) absorptions at 1980(vs) and 2060(m) cm-' in Nujol, as well as charac- 
teristic C6F5 absorptions at 1490-1500(s), 1050-1035(s) and 955(vs). 

Similar reactions can also be carried out with triethylphosphine and tributyl- 
phosphine, and their complexes are much more soluble in hexane. It is important 
to use pure Co(C6F5)(C0), and to monitor the progress of the reaction by the 
infrared spectrum of samples of the resulting solution (taken by syringe). The 
hexane solutions obtained after filtration are crystallized by evaporating and 
cooling to -78". 

3. Dicarbonylpentafluorophenylbis(triphenylphosphine)cobalt(I) 

A two-necked, 250-mL flask equipped with a magnetic stirring bar, a stopcock 
connected to nitrogen and vacuum lines, and a rubber stopper is charged with 
Co(C,&)(CO), (1.0 g, 2.95 mmoles) under a continuous flow of nitrogen, and 
is then evacuated and filled with nitrogen several times. Freshly distilled dry 
benzene (50 mL) is transferred into the flask under nitrogen. The rubber stopper 
is replaced by a pressure-equalizing dropping funnel topped with a rubber stopper. 
The funnel is charged with a solution of PPhS (1.552 g, 5.9 mmoles) in benzene 
(20 mL). This solution is added slowly to the flask with continuous stirring, 
producing a reddish solution. 

The progress of the reaction can be monitored by following changes in the 
v(C0) region. The characteristic absorptions of the starting compound change 
to give those of the monophosphine complex described above, and finally a new 
absorption at 1900 cm-' appears while the 2060 cm-' band disappears at the 
same time. The reaction is complete after 3.5 hours of stirring at room temper- 
ature. This time can be reduced by mild warming in a water bath at 40". The 
resulting red solution is evaporated to dryness under vacuum to give a pale 
orange solid. This solid can be recrystallized from benzene-hexane by evapo- 
ration of the solvent and cooling the solution to give 1.5 g of product. Yield: 
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63%. Anal. Calcd. for Co(C$,)(CO),(PPh,),: C, 66.01; H, 3.90; Co, 7.31. 
Found: C, 65.52; H, 3.75; Co, 7.25. 

Properties 

The complex is an orange, crystalline solid soluble in most organic solvents, 
such as benzene and chloroform, but insoluble in hexane. It is stable at room 
temperature in the solid state under nitrogen. The IR spectrum shows v(C0) 
absorptions at 1980 and 1900 cm-I in Nujol (1960 and 1915 cm-I in hexane 
solution), and characteristic C&7, bands are present at 1490-1500(s), 1050- 
1035(s), and 955(vs). 

Complexes with triethylphosphine and trin-butylphosphine can be isolated by 
following a similar procedure, using hexane as solvent, since these complexes 
are much more soluble. 

B. CARBONYL COBALT(II) COMPLEXES 

1. CarbonyLbis(pentafluoropheny1)- 

A two-necked, 250-mL flask equipped with a stopcock connected to nitrogen 
and vacuum lines and a rubber stopper is charged under flowing nitrogen with 
9.7 g (15.4 mmoles) of the dark blue solid obtained in Section A-1, after it is 
washed with hexane and dried under vacuum. The flask is then evacuated and 
filled with dry nitrogen several times. Freshly distilled dry benzene (150 mL) 
is transferred into the flask under nitrogen. Triethylphosphine (4.5 mL, 30.5 
mmoles) is added by syringe and the rubber stopper is replaced by a gas inlet 
tube connected to the CO pressure bottle. Carbon monoxide is bubbled slowly 
through the solution with stirring for 0.5 hour. The resulting dark green solution 
is evaporated under vacuum to give dark green crystals of the carbonyl complex. 
The solid is filtered, washed with hexane, and dried under reduced pressure. 
Yield: 6 g (60%). Anal. Calcd. for CO(C$~)~(CO)(PE~~),: C, 45.68; H, 4.60; 
Co, 8.96. Found: C, 45.63; H, 4.47; Co, 8.73. 

Similar reactions can be carried out with tributylphosphine and ethyldiphen- 
ylphosphine. The reaction with triphenylphosphine must be carried out with 
hexane instead of benzene. In this case, the unreacted solid is separated by 
filtration, and the solution is treated as described above. 

bis(triethylphosphine)cobalt(II) 

Properties 

These carbonyl complexes are stable indefinitely under nitrogen, but evolve CO 
in air at room temperature, this decomposition being complete for all complexes 
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except Co(C,&)(CO)(PEt,),, which decomposes partially after several weeks. 
The same decomposition is more rapid with heating, and is complete at 110- 
120" for all complexes. All the complexes are paramagnetic with a p(eff) of 
2.2-2.4 BM at mom temperature. The IR spectrum shows v(C0) absorptions 
at 1990(vs) (PEt,); 1995(vs) (Pn-But3); 2020(vs) (PPh,); 2019(vs) (dPPe) in 
benzene. 
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7. POTASSIUM wHYDRIDO- 

p H Y  DRIDO-BIS[PENTAC ARBONYLTUNGSTATE(0)I 
BIS[PENTACARBONYLCHROMATE(O)] AND POTASSIUM 

2 M(CO), + 40H- + [M2(CO)10(p-H)]- + C0:- + HzO + HC02- 

Submitted by M. D. GRILLONE* 
Checked by C. OVALLESt and D. J. DARENSBOURCt 

The [Mz(CO)lo(p-H)]- species (M = Cr, Mo, or W) were first isolated as 
tetramethylammonium salts by water treatment of the [M2(CO),o]2- anions, pro- 
duced by the reaction of M(CO)6 with NaBH4 in liquid ammonia.' Later, they 
were obtained as tetraethylammonium salts by the reaction of M(CO)6 with 
tetraethylammonium tetrahydroborate( 1 - ) in diglyme, 1,l '-oxybis(2-methoxy- 
ethane),* and by the more convenient reaction of M(CO), with NaBH, in te- 
trahydrofuran, followed by treatment with Et,NBr.3 

The title compound, K[Cr,H(CO),,], has been prepared in about 80% yield 
by the reaction of Cr(CO)6 with KOH in a methanol-tetrahydrofuran (THF) 
mixture containing some water.4 From this compound, the tetrabutylammonium 
<n-Bu4N+) and p-nitrido-bis(triphenylphosphine)( 1 + ) (Ph3P)zN+, (PPN') salts 
have been prepared by metathesi~.~.' 

*Institute of Inorganic Chemistry, University of Palermo, Palermo. 90128 Italy. 
?Department of Chemistry, Texas ALM University, College Station, TX 77843. 
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The synthesis reported here is a modification of the original method. It utilizes 
different conditions ([Cr(CO)6]:KOH molar ratios, solvent ratios (v/v), etc.), 
which make it possible to obtain the [CrZ(CO)IO(p-H)]- species directly. The 
procedure requires 9-10 hours with 85-90% yields. 

The compound K[W,H(CO),,] can also be prepared by the reaction of W(CO)6 
with KOH, using a MeOH-THF mixture containing a minimum of water. Its 
synthesis is described here in detail. The procedure requires 25-27 hours with 
45-55% yields. 

The [M,(CO),,(p-H)]- derivatives have been the subject of several recent 
structural studies.6 X-ray and infrared studies on its tetraethylammonium salt, 
[Cr2(CO)10(p-H)]-, first indicated this to be the first example of a species con- 
taining a linear electron-deficient M-H-M system. This was later found to be 
nonlinear by neutron diffraction ~ tudies .~  The chemical reactivity of these com- 
plex species is currently being studied, because they are of interest both for their 
applications in catalysis' and for the preparation of other metal carbonyls. The 
[Crz(CO)lo(p-H)]- complex, for example, is easily converted into [Cr,(CO),,(p- 
X)]- or into [Cr(CO)5X]-, thus providing a simple and rapid method for a high- 
yield synthesis of these  specie^.^ 

A. POTASSIUM pHYDRID0- 
BIS[PENTAC ARBONYLCHROMIUM(0)I 

Procedure 

All the operations must be carried out under a very pure nitrogen atmosphere 
(0, 5 2 ppm V), using a high vacuum/nitrogen apparatus. Distilled water and 
solvents are carefully deaerated under vacuum and saturated with nitrogen before 
use. These latter and KOH may be laboratory grade. The Cr(C0)6 is obtained 
commercially (Fluka or Merck), and is purified by sublimation in static vacuum 
at 60-70" before use. 

All metal carbonyls are very toxic compounds. They should 
be handled with extreme care in well-ventilated fume hoods. 

A solution of KOH (2.24 g,  40 mmoles) in water (1.8 mL) is prepared in a 
250-mL, two-necked, round-bottomed Pyrex flask, equipped with a stopcock in 
the narrow neck (for nitrogen inlet and evacuation of the system), a magnetic 
stirring bar, and a rubber stopper. This solution is degassed with stirring under 
vacuum and saturated with nitrogen three times. Then, while a good nitrogen 
stream is passed through it, MeOH (18 mL) and then THF (36 mL), degassed 
and under nitrogen, are added. The solution is again degassed and saturated with 
nitrogen; then Cr(C0)6 (2.2 g ,  10 mmoles) is added to it. The resulting mixture 
is warmed under nitrogen with stimng in a water bath that is rapidly heated to 

Caution. 
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52-54', and maintained at this temperature for three hours. During this time, a 
pale-yellow solid separates, and the solution becomes yellow-orange, and any 
Cr(CO), and/or mction intermediate is completely converted into the [Cr,(CO)&- 
H)]- species. The reaction mixture is left to stir under nitrogen for about four 
hours in the water bath, and is allowed to cool to room temperature. It is then 
stirred for about 30 minutes in a water-ice bath. Under a good nitrogen stream, 
water (50 mL), well-deaerated and under nitrogen, is gradually added by means 
of a syringe to this stirred mixture. The resulting cloudy solution is evaporated 
under vacuum, with stirring, in a water bath at 35-40' to remove the nonaqueous 
solvents (about 54 mL, collected in the usual trap in an acetone-dry-ice bath). 
The yellow, crystalline product separates almost quantitatively. 

The resulting aqueous mixture is allowed to stir under nitrogen in a water- 
ice bath for about 30 minutes. Then the solid is collected by filtration into a 
cylindrical filter with a sintered-glass disk of G2 porosity and with a side-arm 
with stopcock (for nitrogen inlet and vacuum drying of the product), washed 
rapidly with water (three x 3 mL), precooled in a water-ice bath, and dried 
under high vacuum torr) for several hours. Yield 1.92 g, 90.5%. The 
product is sufficiently pure for most purposes. The infrared vm region of its 
Nujol mull confms the absence of any Cr(CO), resulting from decomposition 
(sharp band at about 1880 cm-'1. 

It can be recrystallized from water. A sample (1 g) is dissolved in about 20 
mL of water that is deaerated and under nitrogen, and is warmed (2-3 min.) 
with stirring in a water bath preheated to 54-55". After rapid filtration under a 
slightly positive pressure of nitrogen, using a filter vessel with a sintered-glass 
disk of G4 porosity, the solution is allowed to sit for about five hours at room 
temperature, and then for about two hours in a water-ice bath. (Prolonged 
standing of this solution, even if under the usual slow nitrogen stream, may 
cause decomposition to some extent.) The crystals are collected in a cylindrical 
filter, like the one described before (G2 frit), washed rapidly with precooled 
water (two x 1 mL), and well-dried under high vacuum. Usual yield, 70-758. 
The synthesis can be carried out on a larger scale (4-5 g of Cr(CO),) or on 
smaller scale (1-1.2 g of Cr(CO),) without appreciable differences. 

B. POTASSIUM p-HYDRIDO- 
BIS[ PENTAC ARBONY LTUNGSTEN( O)] 

Procedure 

As in the previously-described procedure, all the operations must be carried out 
under nitrogen (0, I 2 ppm by volume), using a high-vacuum nitrogen appa- 
ratus. Distilled water and solvents are carefully deaerated under vacuum and 
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saturated with nitrogen before use. These solvents and KOH are reagent grade. 
Commercial W(CO)6 (Fluka or Merck) is purified by sublimation in static vacuum 
at about 70' before use. 

A solution of KOH (3.94 g, 70 mmoles) in water (1.8 mL) is prepared in a 
two-necked, 250-mL round-bottomed Pyrex flask, equipped with a stopcock on 
the side narrow neck (inlet for nitrogen or vacuum), a magnetic stirring bar, and 
a rubber stopper. This solution is deaerated under vacuum with stirring, and is 
saturated with nitrogen three times. Then, while a good nitrogen stream is passed 
through it, MeOH (25 mL) and THF (50 mL), degassed and under nitrogen, are 
added. The solution is again degassed and saturated with nitrogen. Then W(CO)6 
(2.46 g, 7 mmole) is added to it. The resulting mixture is warmed under nitrogen, 
with stirring, in a water bath that is rapidly heated to 52-55', and maintained 
at this temperature for 19 hours. During this time a yellow solid separates from 
the pale-yellow solution. The reaction mixture is left to stir under nitrogen for 
about five hours in the water bath, and is allowed to cool to room temperature. 
Then, it is allowed to cool for about 30 minutes in a water-ice bath. To this 
stirred, cool mixture, water (70 mL), degassed and under nitrogen, precooled in 
a water-ice bath, is gradually added by means of a syringe. (Rapid addition can 
induce gas evolution with concomitant W(CO)6 formation, which leads to sig- 
nificant losses due to decomposition. Care should be taken to avoid warming.) 
The resulting cloudy solution is partly evaporated under vacuum, with stirring, 
in a water bath at 25-27', to remove the nonaqueous solvents (about 70 mL in 
the trap consisting of dry ice and acetone), which permits an almost quantitative 
separation of the pale-yellow reaction product. (Some decomposition can occur 
during evaporation because of warming andtor prolonged reaction times. A 
water-bath temperature between 35-40' can be used only to remove the last 
traces of the solvents more rapidly.) The aqueous mixture is saturated with 
nitrogen, and allowed to stir under nitrogen for about 15 minutes in a water-ice 
bath. Then, the crystalline solid is collected by filtration into a cylindrical filter 
with a sintered-glass disk of G3 porosity and with a side stopcock for nitrogen 
inlet and vacuum drying of the product, rapidly washed with precooled water 
deaerated and under nitrogen (three x 1 mL), and dried under high vacuum 

ton) at room temperature for several hours.* Yield: 1.16-1.3 g, 48-55%. 
The product can be recrystallized from water. A sample (1 g) is dissolved 

under nitrogen in 18 mL of water with brief warming (3 min.) in a water bath 
preheated to 52-55'. After rapid filtration under a slight positive pressure of 
nitrogen, through a vessel with a sintered-glass disk of G4 porosity, the solution 
is allowed to sit under nitrogen for three hours at room temperature, and then 

*The absence of any W(CO)&, due to decomposition, should be checked by infrared control in 
the carbonyl region of Nujol mull (sharp band at about 1875 cm-I). It can be removed by prolonged 
vacuum treatment. 
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for about two hours in a water-ice bath. The crystals are collected under nitrogen 
onto a G2 frit like that described before, washed with precooled water (two X 1 
mL), and well-dried under high vacuum. Usual yield, 68-73%. Anal. Calcd. 
for CIJ4WzKOIO: C, 17.46; H, 0.15; W, 53.45; K, 5.68. Found: C, 17.53; H, 
0.21; W, 53.5; K, 5.52. 

The PPN* or Bu4N* salts are prepared by allowing a sample of the potassium 
salt (1 mmole) and of PPNCl* (1.2 mmoles) or Bu,NBr, to react under nitrogen 
in anhydrous acetone (-30 mL) at room temperature for about one hour. After 
filtration of KCl or KBr (G4 frit), the filtrate is evaporated to dryness under 
vacuum in a water bath at 35-37". The resulting yellow, sticky residue is dis- 
solved in 96% ethanol (about 50 mL or 15 mL [for KBr]) with brief warming 
(three min.) in a pre-heated water bath at 52-54". After filtration through a G4 
frit, water, deaerated and under nitrogen, is added almost dropwise to the filtrate, 
and the mixture is manually stirred, until a persistent turbidity appears, which 
is removed after further very short warming in a pre-heated water bath at 55- 
57". The solution is left to sit under nitrogen at room temperature for about three 
hours, and then in a water-ice bath for about two hours. The crystals are collected 
under nitrogen onto a G2 frit, washed with an ethanol-water solution (1 : 3), and 
then well-dried under high vacuum. By concentration under vacuum of the filtrate 
and washing, additional crops of crystals are obtained. Usual yield, 75-85%. 

Properties 

The compounds K[Cr,H(CO),,] and K[W,H(CO),,] are yellow-orange and pale- 
yellow crystalline solids, respectively, and are moderately air-stable but sensitive 
to moisture. Well-dried samples of both of them, stored at room temperature 
and in the dark, are oxidized slowly. Their solutions are very air sensitive, and 
the aqueous ones decon:pose (even under a nitrogen atmosphere) on prolonged 
standing. The KICr,H(CO),o] is readily soluble in methanol, ethanol, acetone, 
and THF, and is less soluble in water. The K[W,H(CO),,] is moderately soluble 
in these solvents, and is somewhat more soluble in water. The salts of other 
cations can be obtained by metathesis in anhydrous acetone, e.g., those of PPN+ 
and Bu4N+ (see Procedure). These latter are more stable in the solid state than 
the potassium ones, and are soluble in acetone, THF, CH2C12, CHC13, and diethyl 
ether, moderately soluble in ethanol, and insoluble in water. The PPNICr,H(CO),o] 
melts at 139-140", and the PPN[W,H(CO),,] at 119-120"; the Bu4N[Cr2H(CO),,] 
melts at 70-71", and the Bu4N[W2H(CO),,] at 62-63O.t 

The solutions of the compounds K[Cr,H(CO),,I and K[W2H(CO),oI, as well 
as of the PPN+ and Bu,N+ salts in THF, exhibit three characteristic v, infrared 

*Repared as described in the l iteratu~.~ 
?Melting points are determined in sealed, evacuated capillaries. 
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bands: those for the former are at 2029(w), 1940(vs), and 1879(m) cm-I, and 
those for the latter are at 2042(w), 1938(vs), and 1879(m) cm-I. The 'H nmr 
in (CD&CO against tetramethylsilane, shows 8-19.10 ppm and 8-12.42 ppm, 
respectively. The [Crz(CO)lo(p-H)]- anion can interact with donor molecules to 
give adducts through its electron-deficient Cr-H-Cr ~ y s t e m , ~  and with HCl in 
methanol to give derivatives of the [Cr(CO),Cl]- species.'O On reaction with 
HgXz (X = C1, Br, I, or NCS) or Iz, it is rapidly converted into the [Crz(CO),o(p- 
X)]- or [Cr(CO),X)- species; but if allowed to react in the presence of L or L- 
L ligands, it yields LCr(CO),, or (L-L)Cr(CO), complexe~.~ 
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8. BIS[HALOTETRACARBONYLMANGANESE(I)] 

Submitted by FAUSTO CALDERAZZO,* RINALDO POLI,* and DARIO VITALI* 
Checked by C.-N. CHAU and A. WOJCICKIt 

These compounds were originally prepared by Abel and Wilkinson' by way of 
thermal dissociation of coordinated carbon monoxide from the monomeric halo 
pentacarbonyl derivatives of manganese(I), according to the following stoichi- 
ometry: 

2 [MnX(CO)5] -+ [Mn2X,(CO),] + 2 CO (1) 
(X = Cl.Br.1) 

*Institute of General Chemistry, University of Pisa, 56100 Pisa, Italy. 
tDepartment of Chemistry, The Ohio State University, Columbus, OH 43210. 
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For reaction (l) ,  the authors used an inert solvent, namely a mixture of saturated 
hydrocarbons boiling in the 100-120" range. The reported yields are about 40% 
due to partial decompositon. 

The bromo- and iodo-derivatives, which are more frequently used due to their 
higher thermal stability with respect to the chloro analog, can be conveniently 
prepared in a poorly coordinating solvent such as diisopropyl ether, which boils 
at 68-69'. Presumably, the ether solvent stabilizes the tetracarbonyl intermediate 
arising from CO dissociation before it dimerizes to the final product. The sta- 
bilizing effect of the ether solvent, the low temperature, and the low partial 
pressure of carbon monoxide during the experiment (due to the elevated vapor 
pressure of the solvent) all contribute favorably to minimizing the formation of 
the undesired decomposition products Mn,(CO),,, and MnX,, and to give excellent 
yields of the dimeric halo-carbonyl complexes. 

[MnX(CO),J + RzO L [MnX(CO),(R,O)] + CO (2) 

2 [MnX(CO),(R,O)] [Mn,X,(CO)81 + 2 R,O (3) 

Procedure 

Caution. Carbon monoxide and carbonyl compounds are extremely 
toxic and all reactions must be carried out in an eficientfume hood. Diisopropyl 
ether is very peroxidizable and must be handled with extreme care. Excess solvent 
should be discarded as soon as possible. 

A 100-mL reaction flask equipped with an inert gas inlet and connected to 
another flask of the same volume through a fine, sintered-glass filter is used.* 
Under an atmosphere of purified dinitrogen, 2.91 g of [MnBr(CO)J (10.59 
m o l e s )  and 50 mL of i-PrzO freshly distilled over Li[Al&J are introduced into 
the reaction flask. The suspension is reftuxed (the walls of the filter (or condenser) 
are used as a refluxing chamber) under an initially slightly reduced pressure, 
and the reaction flask is then connected periodically and briefly to a vacuum 
line, while the temperature of the external bath is at about 80'. The reaction is 
monitored by infrared spectroscopy in the carbonyl stretching region, and, after 
two to three hours, no [M~BI-(CO)~] is observed in solution, while the slightly- 
soluble, brick-red [Mn,Br,(CO),] is present as a precipitate. The dimeric bromo- 
derivative is filtered at room temperature, washed with water (to remove MnBr,), 
and then with i-Pr20, and finally dried under vacuum at mom temperature for 
several hours (yield: 2.2 g; 84.1%), 

The product obtained by this procedure is analytically and spectroscopically 
pure according to the published spectrumZ and does not require further purification 

*The checkers report that a water-cooled condenser may be used in place of the sintered-glass 
filter. 
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for most chemical purposes. Operating under similar conditions, except for the 
longer reaction time (about 6 hr), a 90% yield of [Mnz12(CO),] is similarly 
obtained. The longer reaction time required is in agreement with the observed' 
slower kinetics for CO substitution from [MnI(CO),] compared to [MnBr(CO),]. 

It was found that for both the bromo- and the iodo-derivatives, prolonged 
refluxing in i-Pr,O leads to decomposition to [Mn2(CO),,] and MnX2. 
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9. SODIUM HEXACARBONYLNIOBATE(-I) 

Submitted by FAUSTO CALDERAZZO* and GUIDO PAMPALONI* 
Checked by J. E. ELLIS? 

The literature covering the preparative methods of the hexacarbonylniobate(4) 
anion has been reviewed.' All the known methods require the reduction of NbCl, 
by sodiumZ or by Na-K alloy' under a high pressure of carbon monoxide, but 
only a 13.9% yield of [K(CH30CHzCHz)20)3][Nb(CO)6] has been achieved. 

By using pyridine as the solvent and magnesium/zinc as a reducing agent, 
NbCIS can be carbonylated to the [Nb(CO),]- anion at room temperature and at 
atmospheric pressure of carbon monoxide. The method does not require the use 
of the hazardous alkali metals and gives better yields than the ones reported 
earlier. 

Procedure 

Caution. All operations must be carried out in an eficient fume hood, 
due to the poisonous nature of carbon monoxide. Use care when handling CaH2 
and avoid flame. 

*Institute of General Chemistry, University of Pisa, 56100 Pisa, Italy. 
TDepartment of Chemistry, University of Minnesota, Minneapolis, MN 55455. 
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Sodium Hexacarbonylniobate(4) Tetrahydrofuran 

Purification of the pyridine solvent is critical, and must be carried out with great 
care, to eliminate water. It is first dried over KOH pellets, refluxed over CaH2 
under prepurified nitrogen for about 36 hours and then distilled from it. The 
distillation heads must be tested for the presence of water by addition of sodium 
and naphthalene, and are discarded until a persistent violet color is observed. 
The solvent to be used in the reaction ( I  100 mL) is then directly distilled into 
the reaction flask containing the magnetically stirred mixture of magnesium (12 
g, 0.49 mole) and zinc (20 g, 0.31 mole) powders.* At the end of the distillation, 
the flask is evacuated and is then filled with carbon monoxide.? In a stream of 
carbon monoxide, freshly sublimed$ niobium pentachloride (18.26 g, 67.6 mmoles) 
is added. The reaction flask is then connected to a gas buret containing carbon 
monoxide over mercury, and the reaction mixture is vigorously stirred magnet- 
ically. The temperature is maintained at 16" by an external water bath operated 
by a thermostat. 

Reduction of NbCIS occurs rapidly, as denoted by the change in color of the 
reaction mixture from yellow-orange to violet and then blue. When the reaction 
mixture is greenish, a fast carbon monoxide absorption starts, and continues at 
an approximate rate of 2 Lfhr up to a molar COlNb ratio of about three.§ After 
that, a considerable decrease in the gas absorption rate is noted. The reaction 
mixture is vigorously stirred for about 30 hours when the molar CO/Nb ratio 
reaches approximately six. The red-brown suspension is decanted after about 12 
hours, and then filtered under an atmosphere of carbon monoxide.** 

The filtered solution is evaporated under vacuum to dryness?? at room tem- 

*Magnesium and zinc powders are reagent grade and are used without further purification. 
Activation of magnesium by iodine can be used, but is unnecessary. 

?The submitters used either pure, dry carbon monoxide, free from molecular hydrogen, or 
commercially available carbon monoxide containing 1-3% of molecular hydrogen, with equally 
satisfactory results. 

$Commercially available MI, must be purified by double sublimation at 100-1 10°/-lO-z tom. 
In the case of particularly impure samples, the chloride must be treated with refluxing sulfinyl 
chloride,' followed by evaporation of the solvent and double sublimation of the resulting solid 
residue. 

$The checker did not measure CO absorption and maintained the CO pressure at approximately 
800 tom throughout the reaction period (-30 hr). C.P. grade CO was purified of C02 by passing 
through a column of Ascarite, molecular sieves, and activated copper. 

**Gasvolumetric measurements of the filtered solution by decomposition with iodine showed 
that the carbonylation yields vary 44-6096, depending on the operating conditions. Atomic absorption 
analyses of the cationic metals contained in the solution give magnesiumlzinc molar ratios ranging 
from 9 to 24, showing that magnesium is mainly responsible for the reduction. However, the 
simultaneous presence of both metals gives the best results. The checker used a medium porosity 
filtration unit and filtered under an atmosphere of nitrogen. 

ttFrom now on, the operations are canied out under reduced pressure, as indicated, or under 
an atmosphere of prepurified argon. 
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perature (17'/ lo-' torr), and the resulting deep brown residue is treated rapidly 
with 500 mL of a 1.2 M aqueous solution of NaOH while the temperature is 
controlled with an external ice bath. The resulting orange mixture is transferred 
into a separatory funnel equipped with an upper stopcock for operating under 
an inert atmosphere, and extracted several times with diethyl ether free of per- 
oxides (distilled over Li[AlH4]). The nature of the suspension is such that the 
precipitate of Mg(OH)* can easily be eliminated by way of the lower exit of the 
separatory funnel, together with the aqueous layer. 

The combined diethyl ether extracts are evaporated to dryness initially by a 
water pump and finally by a mechanical pump. The oily yellow residue becomes 
a microcrystalline powder by addition of 50 mL of prepurified tetrahydrofuran. 
After cooling the resulting suspension to dry-ice temperature, the crude hexa- 
carbonylniobate(4) is collected by filtration and then recrystallized by dissolution 
in 300 mL of tetrahydrofuran at 40', filtration, and cooling to room temperature. 
Completion of the crystallization is achieved by cooling the mother liquor to 
dry-ice temperature overnight. The sodium derivative is collected by filtration 
and dried under vacuum for about five hours. Yield: 9.4 g, corresponding to 
39.1%.* Anal. Calcd. for [Na(C,H,O)][Nb(CO),]; C,,H8NaNb0,: CO, 47.2; 
Nb, 26.1. Found: CO, 48.0; Nb, 25.0 

Properties 

The sodium derivative, Na[Nb(CO),], stabilized by tetrahydrofuran, is a yellow- 
orange solid that is extremely sensitive to oxygen, and it can contain variable 
amounts of tetrahydrofuran. Some attempts to reduce the amount of tetrahydro- 
furan present in the solid (by evacuation at 20') have resulted in complete 
decomposition, When a product with a low content of tetrahydrofuran is desired, 
the treatment of the solid under vacuum should be done carefully. If the solid 
shows signs of blackening, the operation should be discontinued immediately. 
The sodium derivative is quite soluble in diethyl ether, sparingly soluble in 
tetrahydrofuran at room temperature, very slightly soluble in dichloromethane, 
and substantially insoluble in hydrocarbons. It is quite soluble in water, in which 
it forms stable, yellow-orange solutions under a carbon monoxide atmosphere, 
at a pH of 7-8 or higher. At pH values even slightly lower than 7, rapid. 
decomposition occurs with evolution of carbon monoxide and molecular hydro- 
gen. The aqueous solution is characterized by a single CO stretching vibration 
at 1875 cm-' (CaF2, 0.01 mm cell), which should be compared with the 1862 
cm- value for [V(CO),] - under similar conditions. The tetrahydrofuran solution 
has a main band at 1860 cm-' and a shoulder at 1887 cm-I, presumably caused 
by distortion of the octahedral structure by the countercation. 

*Yields as high as 47% of recrystallized product based on initial niobium have been obtained. 
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From the aqueous solution of [Nb(CO),] - , the nickel-phenanthroline deriv- 
ative [Ni(phen),][Nb(CO)& can be precipitated as a brick-red, microcrystalline 
solid. From a dichloromethane suspension of Na[Nb(CO),], the p-nitrido- 
bis(triphenylphosphorus[ 1 + 1) derivative [(PPh,),N][Nb(CO),], is obtained as a 
yellow solid, soluble in dichloromethane, after addition of (PPh3)2NCl and re- 
crystallization from dichloromethane-diethyl ether. The crystal and molecular 
structures of ionic [(PPh,),N][Nb(CO),], determined by X-ray diffraction meth- 
ods, show that [Nb(CO),]- has an almost perfect octahedral geometry. 
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10. DISUBSTITUTED DERIVATIVES OF 
HEXACARBONYLCHROMIUM(0) 

Submitted by M. J. WOVKULICH and J. D. ATWOOD* 
Checked by W. KRONE-SCHMIDT and H. D. KAESZt 

Cr(CO), + Et4NCl - [Et,N][Cr(CO),Cl] + CO 

I- co [Et,NI[Cr(CO),Cl] + L - [Et,N][LCr(CO),Cl] 
L = PBu3, P(OMe),, P(OPh), 

(A) [Et,N][LCr(CO),Cl] + L’ - trans-[Cr(CO),LL’ 
L’ = PPh3, P(OPh),, AsPh, 

+ Et,NCl 

(B) rrans-Cr(CO),(AsPh,)L + L‘ - trans-[Cr(CO),LL‘] + AsPh, 
L = PPh,, PBu,, P(OPh),, P(OMe), 

The repofled procedure for the preparation of nans-[Cr(CO),(PBu,)L] (L = PPh,, 
P(OPh),) involves heating a mixture of [Cr(CO),L] and PBu3 at 16OO.l This 
method can be applied to the synthesis of other disubstituted derivatives of 

*Department of Chemistry, State University of New York at Buffalo, Buffalo, NY 14214. 
?Department of Chemistry and Biochemistry, University of California, Los Angeles, Los An- 

geles, CA 90024. 
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hexacarbonylchromium; however, poor yields or complex product mixtures are 
obtained. A more attractive synthetic route involves the reaction between the 
substituted salt [E4N][LCr(CO),Cl] and the ligand L’ to give [Cr(CO),LL’]. An 
alternative route exploits the facile displacement of AsPh, by other ligands from 
the readily prepared trans-[Cr(CO),(AsPh,)L] . 

General Procedure 

Caution. All  preparations must be carried out in a fume hood due to 
the evolution of carbon monoxide in these reactions. 

All manipulations are conveniently accomplished using a standard Schlenk 
apparatus. Tetrahydrofuran (THF) is refluxed over sodium/benzophenone until 
dry, then distilled under nitrogen prior to use. Dichloromethane is stirred over 
KOH, then distilled from P4OI0. Ethanol is degassed using freeze-pump-thaw 
cycles, and is then stored over molecular sieves. 

The salt [Et4N][Cr(CO)5Cl] is prepared by modification of a procedure re- 
ported by Abel and co-workerx2 A mixture of 4.0 g of [Cr(CO)6] (1.8 X 

mole) and 3.4 g EbNCl.H20 (1.8 X lo-* mole) in l,l’-oxybis[2-methoxy- 
ethane]/THF (diglyme/THF) (20 mL/20mL) is refluxed under argon for four 
hours, giving an orange solution. The presence of THF is necessary to eliminate 
the problem of sublimation of unreacted Cr(CO),, and it also minimizes decom- 
position of the product. After the mixture has cooled to room temperature, 
removal of THF under vacuum is followed by addition of 100 mL of pentane, 
which causes precipitation of the product, [Etfi][Cr(CO),Cl]. This yellow solid 
is washed with pentane, then dried under vacuum overnight to remove umacted 

The substituted salts, [Et,N][LCr(CO),Cl], are prepared by applying an ad- 
aptation of the procedure reported by S ~ h e n k . ~  To a THF solution (20 mL) of 
1 .O g [E&N][Cr(CO),Cl] (2.8 x lo-, mole), an excess of the ligand L is added 
and allowed to react at room temperature under argon for a specified time. The 
amounts of L used, reaction times, and yields are 2 mL PBu, (8.0 x mole), 
10 minutes, and 59%; 1 mL P(OMe)3 (8.5 x loT3 mole), 30 minutes, and 
72%; and2 mLP(OPh), (7.6 x mole), 90 minutes, and%%. * ForL = PBu, 
and P(OMe), the reactions are accompanied by noticeable effervescence upon 
addition of the ligand to the solution. The reactions are stopped by the addition 
of 100 mL of pentane, which causes the formation of a yellow precipitate. This 
solid, [EbN][LCr(CO),Cl], is washed several times with 20-mL portions of 
pentane to remove all traces of excess ligand, then dried under vacuum. 

[cr(co)6l. 

*The reaction time is very important for obtaining the reported yield. 
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Procedure A 

The neutral complexes, tr~ns-[Cr(CO)~LL'l (L,L' = PPh,, PBu,, P(OPh),, 
P(OMe)3, AsPh,), are prepared by the addition of 10 mL of a CHzClz solution 
of L' to a Schlenk flask containing 1 .O g of [EhN][LCr(CO),Cl] (-1.9 x 
mole) and 10 mL of deoxygenated ethanol. The amounts of L' used are 0.5 g 
of PPh3 (1.9 x mole), 0.5 mL of P(OPh), (1.9 x mole), and 0.6 g 
of AsPh, (1.9 X lo-' mole). After being stirred for one hour under argon at 
room temperature, the originally orange solution turns green-yellow . Solvent 
removal gives a green-yellow solid which is extracted with hexane. This hexane 
solution, containing rrans-[Cr(CO),LL'], is filtered, and the solvent is pumped 
off, giving a yellow or white solid, which is recrystallized from C2H50H/CH2C12. 
The crystals are washed with pentane, then dried under vacuum. 

Procedure B 

An alternate method for the preparation of rrans-[Cr(CO),LL'] involves the facile 
displacement of AsPh, by L' from rr~ns-[Cr(CO)~(AsPh,)L] (L,L' = PPh,, PBu,, 
P(OPh),, P(OMe),). Typically, trans-[Cr(CO),(AsPh,)L] and a slight excess of 
L' are stirred in THF under argon for 18-24 hours at room temperature, although 
moderate heating (40°-500) may be applied to hasten the reaction. The orange 
solution turns green-yellow, and solvent removal gives a green-yellow solid. 
This solid is recrystallized from CzH50H/CH2C12 to give the pure product trans- 
[Cr(CO),LL']. It was found that this procedure is the best route to trans- 
[Cr(CO)4(PBu3)(P(OMe)3)], which is prepared from n~ns-[Cr(C0)~(PBu,)(AsPh~)] 
and P(OMe),. Analyses are given in Table I. 

TABLE I1 Physical Properties 

Compound Color Melting point Yield" 

trans~-[Cr(CO),(P(0Ph)~)(PPh,)] 
mans-[Cr(CO),(P(OPh),)(AsPh,)l 
rrans-[Cr(CO),(P(OMe),)(PPh,)] 
mans-[Cr(CO),(P(OMe),)(AsPhl)l 
rrans-[Cr(CO)4(P(OMe)1)(P(OPh)3)l 
mans- [Cr(CO),(PBu), (PPh, )] 
tr~ns-[Cr(CO)~(PBu~)(AsPh~)] 
rmns-[Cr(CO),(PBu,)(P(OPh),)l 
trans-[Cr(CO),(PB~,)(P(0Me)~)l 

Yellow 
Yellow 
Yellow 
Yellow 
White 
Yellow 
Yellow 
White 

Pale yellow oil 

149- 1 50" 
138- 139" 
132-133" 
119-120" 
65-66' 

141-1420b 
129- 130" 
47-480b 
- 

30% 
20% 
40% 
40% 
40% 
30% 
29% 
40% 
20% - 

"Reaction times must be observed strictly to achieve the quoted yields. The pewtages  quoted are 
the overall yields from Cr(CO),. Each compound except [Cr(CO),(PBu,)(P(OMe),)] was prepared 
by sequence A. 
bReference 1. 
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TABLE III Infrared Carbonyl Stretching Frequencies" 

2023(w) 
2020(w) 
201 7(w) 

2038(w) 
2004(w) 
2003(w) 
2018(w) 
20 12(w) 

1958(w) 
1958(w) 
1952(w) 

1970( w) 
193 l(w) 
1930(w) 
1943(w) 
1940(w) 

19 14(s) 
1914(s) 
I903(s) 
1903(s) 
1925(s) 
1882(s) 
1882(s) 
1903(s) 
1892( s) 

"The spectra were recorded on a Beckman 4240 spectrophotometer with hexane as solvent. 

Properties 

All of the disubstituted complexes listed in Table I1 are solids at room temperature 
(with the exception of the oil, fr~ns-[Cr(C0),(PBu,)(P(OMe)~)], are stable to 
air and light, and are soluble in most organic solvents. Solutions of these com- 
pounds are. stable in air but exhibit some decomposition when exposed to light. 
In addition to the physical properties given in Table 11, derivatives of 
[Cr(CO),(PPh,)L] (L = PBu3, P(OPh)3, P(OMe),) have been further character- 
ized by way of single-crystal X-ray diffraction studies. The infrared spectra in 
the carbonyl stretching region are given in Table 111. 

References 
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11. PENTACARBONYLRHENIUM HALIDES 

Submitted by STEVEN P. SCHMIDT,* WILLIAM C. TROGLER,t and FRED BASOLO* 
Checked by MICHAEL A. URBANCICS and JOHN R. SHAPLEYS 

The pentacarbonylrheniurn halides, first prepared by Hieber,',2 are starting ma- 
terials for the syntheses of many novel rhenium carbonyl Pho- 

*Department of Chemistry, Northwestern University, Evanston, I1 60201. 
?Present Address: Department of Chemistry, University of California, San Diego, La Jolla, CA 

$Chemistry Department, University of Illinois, Urbana, IL 61801. 
92093. 
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tocherni~al,~.~ vibrational ,",I ' and kinetic1"" properties of these molecules have 
been studied. A rhenium carbonyl halide-alkyl aluminum halide system polym- 
erizes acetylene and is a useful olefin-metathesis catalyst .I6-I8 

One member of the halo family, bromopentacarbonylrhenium, is conveniently 
prepared by direct reaction of an excess of bromine with dirhenium decacarbonyl. 
Existing literature methods report high yields and facile synthe~es .~ . '~ . '~  The 
chloro analog has been prepared in a similar manner by the action of chlorine 
on dirhenium decacarbonyl in carbon tetrachloride. Although no explicit mention 
has been made in the literature of this procedure for the synthesis of [ReCl(CO),], 
it is a straightforward modification of the preparation reported" for pentacar- 
bonylchlorotechnetium. This synthesis readily yields the product in acceptable 
purity and yield. 

An alternative procedure involves the photochemical cleavage of the rhenium- 
rhenium bond in dirhenium decacarbonyl in the presence of a chlorocarbon 
solvent.2' sZ2 This method suffers from contamination by the tetracarbonylchloro- 
rhenium dimer, which forms in large quantities during photolysis.2'*z2 To prevent 
formation of dimer, the photolysis is performed under an atmosphere of carbon 
monoxide. The yield of ReCl(CO), is essentially quantitative using this proce- 
dure. 

Existing preparations of the iodo analog involve high t empera t~ re" .~~ .~~  and 
high pressure.'.2*2' Photolysis in the presence of iodine under a carbon monoxide 
atmosphere provides an alternative method of synthesis. Advantages of the pho- 
tochemical reaction are speed, high yield, and the absence of product contam- 
ination by dimer. All reactions may be monitored conveniently by infrared 
spectroscopy. 

Procedure 

A. PENTACARBONYLCHLORORHENIUM, [ReCI(CO),] 

Caution. Carbon monoxide is a toxic gas and should be used in an 
efficient fume hood. Avoid looking directly at the ultraviolet light source. Pro- 
tective goggles should be worn. Carbon tetrachloride is a carcinogen and must 
be handled with care in a hood. 

Reagent grade CCI4 is stirred for two hours over P4O10 (50 mL/0.5 g P4OlO) 
and then distilled (25 mL) into a 50-mL Schlenk flask (Pyrex), equipped with 
a Teflon-coated stir bar under an N2 atmosphere. Dirhenium decacarbonyl (Strem 
Chemicals-used as received-4.97 g, 1.49 m o l e s )  is dissolved in the CCl,. 
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The solution is then saturated with CO (Matheson, Technical Grade) by bubbling 
with a syringe needle (through a rubber septum) for 10 minutes. 

The photolysis set-up employs a standard 450-W medium-pressure Hanovia 
mercury arc lamp surrounded by a water-cooled immersion well. The light is 
directed on the Pyrex Schlenk flask by partially wrapping the well with aluminum 
foil. The distance from lamp to flask is approximately 3.5 cm. A small magnetic 
stirrer placed below the flask provides stirring, which is very important to ensure 
complete reaction and to prevent a buildup of precipitate on the walls of the 
flask. During photolysis, white [ReCl(CO),] crystallizes from solution. Photo- 
lysis is terminated when the IR bands due to [Re2(CO),,] (2073,2016, and 1976 
cm-') disappear (about 140 min). Aliquots for spectroscopic analysis are with- 
drawn from the reaction mixture by syringe. A slight positive pressure may 
accumulate during the reaction. 

After solvent is removed under continuous vacuum (0.1 mm) at room tem- 
perature, the crude, slightly brownish residue is transferred to a sublimator and 
sublimed at 80-85" and 0.1 mm. Yield 1.10 g (94.1%, based on Re,(CO),,) 
[Checkers' yield 85%]. Anal. Calcd. for [ReC1(CO)5]: C, 16.60; C1, 9.80. 
Found: C, 16.63; C1, 9.84. 

B. PENTACARBONYLCHLORORHENIUM 
(ALTERNATIVE PROCEDURE) 

[Re,(CO)lo] + C12 3 2 [ReCl(CO),] 

Reagent-grade CC14 is stirred for two hours over P4O10 (50 mLI0.5 g P4O10), 
and then distilled (25 mL) into a 50-mL Schlenk flask equipped with a Teflon- 
coated stir bar under a Nz atmosphere. The [Re,(CO),o] (0.32 g, 0.49 mmole) 
is dissolved in the CC14, and the solution is saturated with a stream of chlorine 
from a syringe needle for one minute. The solution color changes from colorless 
to yellow-green, and, after two minutes of stimng, a white precipitate forms. 
The reaction is terminated when the IR bands due to [Re,(CO),,] disappear 
(about 140 min). 

The solvent and excess chlorine are removed under continuous vacuum (0.1 
mm) at room temperature. The white solid is transferred to a sublimator and 
sublimed at 80-85" and 0.1 mm.* Yield 0.30 g (84.4%, based on [Rez(CO),o] 
[Checkers' yield: 7581. 

Anal. Calcd. for [ReCl(CO),]: C, 16.60; C1,9.80. Found: C, 16.56; C1,9.57. 

*Alternatively, the checkers have found that the compound can be purified by dissolving the 
CN& solid in a minimum of warm acetone, adding two volumes of methanol, and recrystallizing 
at - 10". 
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C. PENTACARBONYLBROMORHENIUM, [ReBr(CO)J 

Hexane (30 mL freshly distilled from sodium benzophenone ketyl) is transferred 
to a 50-mL Schlenk flask equipped with a Teflon-coated stir bar. The [Re2(CO),,] 
(0.89 g, 1.36 mmoles) is added under a stream of N2, and bromine (0.24 g, 
1.50 mmoles) is added to the solution by means of a syringe.* Immediately 
upon stirring at room temperature, a precipitate forms in the flask. Stirring is 
continued for 30 minutes, and almost all of the orange bromine color disappears, 
along with the IR bands of [Re2(CO),,I. 

Volatiles are removed under continuous vacuum (0.1 mm) at room temper- 
ature. The white powder is transferred to a sublimator and sublimed at 85-90' 
and 0.2 mm. Yield: 1.04 g (91.396, based on [Re,(CO),,]). 

Anal. Calcd. for [ReBr(CO),]: C, 14.79; Br, 19.67. Found: C, 14.98; Br, 
17.72. 

D. PENTACARBONYLIODORHENIUM, [ReI(CO),I 

W Caution. See Section A. 
Hexane (30 mL freshly distilled from sodium benzophenone ketyl) is trans- 

ferred to a 50-mL Pyrex Schlenk flask containing a Teflon-coated stir bar. The 
[Re,(CO),,] (0.74 g, 1.13 mmoles) is added under a N2 stream and dissolved. 
An excess of iodine (0.435 g, 1.71 mmoles) is then added under a N2 stream, 
and the solution is purged with CO for 10 minutes. 

The photolysis procedure follows that given in the chloro derivative synthesis 
(Section 11-A). During irradiation, a white precipitate of [ReI(CO),] appears in 
the violet solution. The reaction is terminated when the IR bands due to [Re,(CO)lo] 
(2073, 2016, and 1976 cm-') disappear (about 140 min).t 

The solvent is removed under continuous vacuum (0.1 mm) at room ?em- 
peruture, and most of the excess I2 can be pumped off at this point. To remove 

*The checkers have found that in dichloromethane, [Re2(CO),,] reacts instantaneously with 
bromine. Hence, the carbonyl compound can be "titrated" with bromine until the slightest yellow 
color persists. This minimizes the amount of residual bromine that must be removed. After solvent 
removal, the crude solid can be recrystallized by dissolving it in a minimum of warm acetone, adding 
two volumes of methanol, and cooling to - 10". 

*The checkers have found that this reaction was considerably slower than that for the synthesis 
of the chloro derivative, and thus required a longer period of irradiation (320 min). 
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TABLE I Carbonyl Stretching Modes (cm-l) (Calibrated against polystyrene) 

Compound In CCl, 

[Re(CO),C11 n.0." 2049s 202ow 1985111 
[Re(CO),Brl 2154w 2048s 2018w 1987m 
[Re(CO),Il 2149w 2047s 2018w 1991s 

[Re(CO),Br],26 21 15w 2037s 2000111 1960m 
tRe(CO)J12zb 2111w 2032s 2004111 1968111 
[Rez(C0)d 2073 2016 1976 

[Re(CO),Cl],26 2125w 2040s 2005111 1990s 

"n.0. = not observed. 

residual amounts of Iz,* the crude solid is transferred to a sublimator and gently 
heated from 25" to 50" under continuous vacuum with no working coldfinger. 
When the solid appears nearly white, the temperature is raised to 85", and the 
pure [Re(CO),I] is sublimed at 0.1 mm. The compound sublimes to a rnilky- 
white crystalline solid. Yield: 0.82 g (80.2%) based on [Re,(CO),,J. Anal. Calcd. 
for [ReI(CO),]: C, 13.25; I, 28.00. Found: C, 13.37; I, 28.18. 

Properties 

Pentacarbonylrhenium halides are white, crystalline solids that exhibit moderate 
solubility in nonpolar organic solvents. The iodo derivative is most soluble, and 
the chloro analog least soluble. All the complexes are stable in air at room 
temperature; however, heating the solutions or solids results in formation of the 
tetracarbonylrhenium halide dimers. 

As mentioned previously, the infrared spectrum in the carbonyl stretching 
region of the reaction mixtures is very useful in determining the extent of reaction. 
The presence of dimeric halide impurities is also easily detected (Table I). 

Weak peaks at higher frequency may not appear in solution IR spectra 
due to limited solubility. 

Note. 
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Chapter Two 

COMPOUNDS OF BIOLOGICAL INTEREST 

12. METAL COMPLEXES OF SACCHARIN 

Submitted by S. Z. HAIDER,* K. M. A. MALIK,* and K. J. AHMED* 
Checked by GEORGE B. KAUFFMAN and MOHAMMAD KARBASSIt 

Saccharin (C7HSS03N), also called 2,3-dihydro-3-oxobenzisosulfonazole; 1,2- 
benzisothiazoline-3-(2H)one 1,l-dioxide; or o-benzosulfimide, is widely used as 
an artificial sweetener. In 1957 Allen and co-workers first produced evidence that 
saccharin, when implanted into the bladders of mice, might produce urinary 
bladder carcinomas. I Since then, vigorous research activity has been directed 
toward studying the effect of saccharin on human metaboli~m.~*~ Most of these 
studies were aimed at elucidating its physiological activity. Whether saccharin 
poses a serious danger to human consumption is still a matter of controver~y.~ 
Reports on the metal derivatives of saccharin are scanty, and the few that have 
been reported appear rather confusing.’-7 The present study is the first systematic 
attempt to synthesize and characterize the complexes of saccharin with iron(II), 
cobalt(II), nickel(II), copper(II), and zinc(II), which play interesting roles in 
human metabolism. 

*Department of Chemistry, University of Dacca, Dacca-2, Bangladesh. 
?Department of Chemistry, California State University, Fresno, CA 93740. 
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Bis(o-sulfobenzoimido)metal(II) hexahydrates* 

[metal(II) = iron(II), cobalt(II), nickel(II), copper(II), and zinc(II)] 

Since the nitrogen in the five-membered ring in the saccharin molecule is sp2 
hybridized, the lone pair of electrons on it is assumed to be in a pure p-orbital. 
Hence a substantial amount of conjugation of this p-orbital with the d-orbitals 
of sulfur is expected, and this is supported by evidence from crystal structure 
analysis. The lone pair of electrons is thus unavailable for donation to a metal 
ion. In the following preparative method, the saccharin anion in its sodium salt 
is introduced into the medium to facilitate the build-up of the metal-nitrogen 
linkage. 

A. TETRAAQUA-BIS(O-SULFOBENZOIMIDO)NICKEL(II) 
DIHYDRATE 

Ni(N03)2-6H20 + 2NaNS03H4C7 - 
[Ni(C7H4S03N)2(H20)4]-2H20 + 2NaN03 

Procedure 

Nickel nitrate hexahydrate (0.98 g, 0.0034 mole) and 1.6 g of the sodium salt 
of saccharin (0.0078 mole) are dissolved in 100 mL of water. The solution is 
heated gently on a water bath until the volume is reduced to 50 mL. It is then 
allowed to stand overnight, whereupon green crystals separate. The mixture is 
cooled in an ice bath, and the crystals are collected on a filter paper, washed 
with two 10-mL portions of cold water, and dried over silica gel. The yield of 
product obtained is 1.36 g (75.1%). Anal. Calcd. for NiS2C14N2HZo012: Ni, 11.1; 
S, 12.1; C, 31.6; N, 5.3; H, 3.7. Found: Ni, 11.0; S, 12.1; C, 32.1; N, 5.2; 
H, 3.8. 

This procedure can be used to prepare the following compounds. 

B. TETRAAQUA-BIS(O-SULFOBENZOIMIDO)COPPER(II) 
DIHYDRATE 

CuS04.5H20 + 2NaNS03H4C7 + H20- 

[CU(C~H~SO~N)~(H~O),].~H~O + Na2S04 

Copper sulfate pentahydrate: 0.88 g (0.0034 mole); sodium saccharinate: 1.60 
g (0.0078 mole). The yield of greenish-blue, crystalline product is 1.54 g (84.1%). 

*o-Sulfobenzoimido is the I ,2-benzisothiazoline-3-(2H)one I ,  I-dioxidate anion 
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Anal. Calcd. for C U C ~ ~ N ~ S ~ H ~ ~ O , ~ :  Cu, 1 1.8; C, 3 1.3; N, 5.2; S, 1 1.9; H, 3.7. 
Found: Cu, 11.7; C, 31.3; N, 5.2; S, 11.8; H, 3.5. 

C. TETRAAQUA-BIS(O-SULFOBENZOIMIDO)COBALT(II) 
DIHYDRATE 

CoC12-6H20 + 2NaNS03H4C7 - [CO(C~H,SO~N)~(H,O)~].~H~O + 2NaCl 

Cobalt chloride dihydrate: 0.82 g (0.0034 mole); sodium saccharinate: 1.6 g 
(0.0078 mole). The yield of rose-red, crystalline product is 1.49 g (81.7%). 

D. TETRAAQUA-BIS(O-SULFOBENZOIMIDO)IRON(II) 
DIHYDRATE 

FeS04.7H20 + 2NaNS03H4C7 - 
[Fe(C7H4S03N)2(H20)41*2H20 + Na2S04 + H20 

Iron(l1) sulfate heptahydrate: 0.95 g (0.0034 mole); sodium saccharinate: 1.6 g 
(0.0078 mole). The yield of greenish-yellow, crystalline product is 1.08 g (60.0%). 

E. TETRAAQUA-BIS(O-SULFOBENZOIMIDO)ZINC(II) 
DIHYDRATE 

Zn(N03)2.6H20 + 2NaNS03H4C, - 
[Zn(C7H4S03N)z(H20)41-2H20 + 2NaN03 

Zinc nitrate hexahydrate: 1.00 g (0.0034 mole); sodium saccharinate: 1.60 g 
(0.0078 mole). The yield of white, crystalline product is 0.95 g (51.6%). 

Properties 

All the metal-saccharin complexes described here exhibit similar properties. They 
are found to be non-hygroscopic, stable in air, very soluble in pyridine and N,N- 
dimethyl fonnamide, and slightly soluble in cold water. They give almost iden- 
tical solid state (Nujol) infrared spectra, characteristic peaks of which are 3500- 
3100 cm-I, s.b[u(O-H) of different types of water molecules present in the 
complex]; 3090cm-', s[u(C-H)]; 1610cm-I, s[v(C=O)]; 1570cm-', s[u(C-C), 
mixed with (H-0-H) deformation of lattice water]; 1280 cm-I, vs[asymmetric 
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stretch of SO,]; 1260 cm-', s[S(C=O)]; 1150 cm-', vs[symmetric stretch of 
SO,]; 11 15, 1050, lo00 cm-l [in-plane bending of aromatic C-HI; 755 cm-I, 
m[out-of-plane bending of aromatic C-H] . 

Single crystal X-ray analyses of the cobalt, nickel, and copper complexes 
reveal that they are isostructural and crystallize in the monoclinic space group 
P2,lc with a = 7.908 8, b = 16.136 8, c = 7.688 8, p = 99.60" (cobalt- 
saccharin complex); a = 7.918 8, b = 16.139 8, c = 7.651 8, p = 99.94" 
(nickel-saccharin complex); a = 8.384 8, b = 16.327 8, c = 7.328 8, 
p = 101.08" (copper-saccharin complex). All the metal ions have octahedral 
geometry with four water molecules and the two saccharin anions in the rruns 
position. The remaining two water molecules are present as lattice water. The 
octahedron in tetraaqua-bis(o-sulfobenzoimido)copper(II) dihydrate is subject to 
large tetragonal The metal-nitrogen bond distances in the com- 
piexes are: 2.200 8 (cobalt complex), 2.154 8, (nickel complex), and 2.061 8 
(copper complex). 

The complexes in a DMF medium show the following absorption maxima: 

Complexes Absorption maxima 

Fe(C7H4S03N)2-6H20 427 nm 285 nm 
[CO(C~H~SO~N)~(H~O)~]*~H~O 525 nm 280 nm 

[Ni(C7H4S0,N)z(H20)4]~2H20 
[Cu(C7H4S03N)2(Hz0),].2H20 784 nm 355 nm 

680 nm 400 nm 280 nm 

[ ~ ~ ( C ~ H ~ S O , N ) Z ( H , ~ ) ~ I  *2Hz0 - - 

Thermogravimetric analyses show that the cobalt, nickel, and zinc complexes 
lose all six water molecules within the temperature range 100-130". The copper 
and iron complexes lose four of the water molecules in this temperature range, 
and the remaining two coordinated water molecules are lost at 230". The zinc- 
saccharin complex shows the largest thermal stability. For this compound pyr- 
olysis of the carbonaceous material begins at -400". The iron complex decom- 
poses at -300", the cobalt complex at -350", the nickel complex at -370°, 
and the copper complex at -270"; the end product in each case is the corre- 
sponding metal oxide. 
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13. cis- AND trans-DICHLORO- 
BIS(NUCLEOSIDE)PALLADIUM(II), cis- AND trans- 
BIS(NUCLEOSIDATO)PALLADIUM(II), AND cis- AND 

DICHLORIDE OR TETRAKIS(NUCLEOSIDE)PALLADIUM(II) 
DICHLORIDE 

~~U~~-BIS(NUCLEOSIDE)BIS(NUCLEOSIDE’)PALLADIUM(II) 

Submitted by NICK HADJILIADIS* 
Checked by P. K. MASCHARAK and S. J. LIPPARDt 

PdC12 + 2 HCl- H,[PdCl,J 
0.5 N HCI 

Hz[PdC141 or KZ[PdCl4] + 2 nucl - cis-[Pd(nucl),Cl,J + 2 HCl or 2 KCI 

cis-[Pd(nucl),Cl,] cis-[Pd(nucl-H+)J + 2 HCl 

HZ0 cis-[Pd(nucl),Cl,] + 2 nucl’ - ~is-[Pd(nucl)~(nucl’)~]Cl~ 
and 

rr~ns-[Pd(nucl-H+)~] + 2 KC1 + 2 HCI 
pH-6.5 

KZ[PdCl4] + 2 nucl 
I N HCl 

trans-[Pd(nucl-H+),] c ~ ~ - ~ , ~ ~  rrans-[Pd(nucl),Cl,] 

rrans-[Pd(nu~l)~Cl~] + 2 nucl’ - trans-[Pd(nucl),(nucl’),JCl, 
cis- or rrans-[Pd(nucl),C12] + 2 nucl - [Pd(nucl),]Cl, 

Purine nucleosides react very rapidly with Pd(I1) in aqueous solutions, producing 
insoluble precipitates, in many cases in quantitative yields. Several such reactions 

*University of loannina, Inorganic Chemistry Laboratory, Domboli 3 1, Ioannina, Greece. 
?Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02 139 
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have been studied'-' and have served as models for better understanding the 
reactions of the antitumor Pt(II) drugs with DNA constituents. Both metals form 
square planar complexes with similar properties, but Pd(I1) aquates more easily 
and undergoes ligand exchange reactions 10s times more rapidly than Pt(II). 

Procedure 

A. c~s-[DICHLOROBIS(NUCLEOSIDE)PALLADIUM(II)] 

Two mmoles (0.3546 g) of palladium(I1) chloride and about 15 mL of 0.5 N 
HCl are placed in a 100-mL beaker equipped with a magnetic stimng bar. The 
suspension is stirred slowly and heated to boiling, until all of the palladium(I1) 
chloride dissolves. The heating is then stopped and the solution is allowed to 
cool to room temperature. After cooling, the solution may be filtered, if nec- 
essary. 

Four mmoles of the proper nucleoside (1.0728 g of inosine or 1.1332 g of 
guanosine) is dissolved by stirring in about 15 mL of 0.5 N HCI in a 50-mL 
beaker. The two solutions are mixed in a 100-mL beaker and stirred for about 
two hours at room temperature. The yellow precipitate formed during this time 
is removed by suction on a medium glass filter (60 mL), and washed with small 
quantities (10-20 mL) of acetone to remove water. By washing the precipitate 
with small quantities of diethyl ether (20-30 mL) in small portions using suction 
on a glass filter, a first drying is achieved. The drying is continued by placing 
the glass filter containing the product in a desiccator under vacuum at room 
temperature, in the presence of a drying agent (e.g., KOH, NaOH, or P4Ol0) 
for two to three hours. The drying is completed by keeping the product at about 
110" under vacuum, in the presence of P4Ol0, until constant weight is achieved. 
The yield is on the order of 80%. 

B. c~~-[BIS(NUCLEOSIDATO)PALLADIUM(II)] 

Two mmoles of the corresponding cis-[dichlorobis(nucleoside)palladium(I1)] 
(1.4274 g for the inosine and 1.4882 g for the guanosine complex) are placed 
in a 100-mL beaker containing a magnetic stirring bar. Upon addition of about 
50 mL of distilled water (with stirring) the initial complex dissolves, and, almost 
instantaneously (after 10-15 min for inosine), a new, yellow precipitate is formed. 
The pH of this water suspension becomes acidic, due to the liberation of HCl. 
The stirring is continued for about two hours to attain completion of the reaction, 
while the pH is kept between 6.0 and 6.5 by the dropwise addition of a solution 
of 0.1 N KOH. The final pH value of the suspension should be 6.0-6.5. 

The precipitate is then removed by filtration through a medium glass filter 
(60 mL) by suction and washed with small quantities (10-20 mL) of ethanol to 
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remove water. The washing is completed with small quantities of diethyl ether 
(20-30 mL), and the precipitate is dried on the glass filter by stirring it with a 
small spatula. The glass filter containing the product is then placed in a desiccator 
and dried over potassium hydroxide (under vacuum) at room temperature for 
two to three hours. The precipitate is transferred to a small bottle and dried at 
110" under vacuum, in the presence of P40,0, until the weight is constant. The 
yields are quantitative. 

C. ~~~~s-[BIS(NUCLEOSIDATO)PALLADIUM(II)] 

Two mmoles of potassium tetrachloropalladate(I1) in a 50-mL beaker is dissolved 
by stirring in 20 mL of distilled water. Four mmoles of the proper nucleoside 
(1.0728 g of inosine and 1.1332 g of guanosine) is placed in a 200-mL beaker 
with 80 mL of distilled water and stirred at room temperature. Inosine dissolves 
after stimng for a few minutes, whereas guanosine forms a suspension. The two 
solutions [or the solution of potassium tetrachloropalladate(I1) and the guanosine 
suspension] are mixed in a 200-mL beaker and stirred. A yellow precipitate is 
formed almost immediately, while the pH of the supernate drops to acidic values. 
The stirring is continued for about two hours at room temperature while increasing 
the pH to about 6. This is also the final pH value of the suspension. The precipitate 
is then removed by suction through a medium glass filter (60 mL) and washed 
with small portions of ethanol (10-20 mL) (two or three times) to remove water. 
This is followed by diethyl ether washings (20-30 mL) (in small portions) 
followed by drying of the precipitate on the glass filter. The drying is continued 
in a desiccator at room temperature and then at 110" under vacuum, as described 
above. The yields are quantitative. 

D. ~~~~s-[DICHLOROBIS(NUCLEOSIDE)PALLADIUM(II)] 

Two mmoles of the complex trans-[bis(nucleosidato)palladium(II)] (1.28 16 g 
for inosine and 1.3420 g for guanosine) and 10 mL of 1 N HCl are placed in a 
20-mL beaker equipped with a magnetic stirrer and stirred for a few minutes 
until complete dissolution is achieved. The solution is filtered through a filter 
paper into a 300-mL beaker, containing an excess (200 mL) of acetone and 
diethyl ether (1  : l) ,  and the mixture is stirred with a magnetic stirrer. A yellow 
precipitate forms immediately. The precipitate is allowed to settle slowly and is 
removed by filtration through a medium glass filter (60 mL) (by suction). The 
product is washed with small quantities of acetone and diethyl ether and dried 
first on the filter glass. The drying is continued in a desiccator, first at room 
temperature and then at 110" under vacuum, as described above. The yields are 
quantitative. 
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E. cis- OR trans-[BIS(NUCLEOSIDE)BIS(NUCLEOSIDE')- 
PALLADIUM(I1)I DICHLORIDE AND 
TETRAKIS(NUCLEOSIDE)PALLADIUM(II) DICHLORIDE 

One-half millimole of any of the complexes cis- or rrans-[dichloro- 
bis(nucleoside)palladium(II)] is mixed with 1 mmole of the same nucleoside for 
the preparation of the [tetrakis(nucleoside)palladium(II)] dichloride complexes, 
or a different nucleoside, (nucleoside'), for the preparation of the cis- or trans- 
[bis(nucleoside)bis(nucleoside')palladium(II)] dichloride complexes (in the solid 
state) in a test tube or in a 10-mL conical flask equipped with a small magnetic 
stirring bar. Then 4 mL of deuterium oxide is added to the mixture with con- 
tinuous stirring and the container is covered with a cork. When the added nu- 
cleosides or (nucleosides') are inosine or cytidine, the mixture is completely 
dissolved after stirring for about 5-10 minutes at room temperature. How- 
ever, in the case of guanosine or xanthosine, the dissolution is achieved only 
after heating with stirring for about the same time at 50" on a hot plate. The 
'H nmr spectrum of the solution, recorded after the complete dissolution of the 
mixture in D20, is used to indicate the quantitative formation of the corresponding 
complex as well as the end of the reaction. Distilled water instead of deuterium 
oxide can be used, if the 'H nmr spectrum of the final product will not be used 
prior to isolation. The complex can be isolated by transferring the solution to a 
150-mL beaker and adding excess (100 mL) acetone with continuous stirring. 
Better precipitation is achieved by adding the solution containing the complex 
dropwise and with stirring to the beaker containing the acetone. The complex 
then is removed by filtration through a medium glass filter (60 mL), and is 
washed and dried with small quantities of diethyl ether (20-30 mL), added in 
small portions. The final drying of the product is achieved as before. The yields 
are quantitative. 

Properties 

All of the complexes are yellow powders that decompose without melting. Their 
decomposition points, elemental analyses, and IR and 'H nmr spectra have been 
r e p ~ r t e d . ~ * ~  Kurnakoff tests show that the compounds are cis and trans- 
[Pd(nucl),Cl,], and that all the ligands are replaced by thiourea in the case of 
the cis, and only the two chlorides in the case of trans.' The free or palladium- 
coordinated nucleosides can be observed with 'H nmr, by mixing the corre- 
sponding complexes with excess thiourea in the solid state and dissolving them 
in D20. The geometries of the cis- and rrans-[Pd(nucl-H+),] complexes are 
assumed to be the same as the cis- and tr~ns-[Pd(nucl)~Cl~]. 

The cis- and trans-[Pd(nu~l-H+)~] complexes can be prepared only when a 
nucleoside containing an easily ionizable imino proton, such as inosine or guan- 
osine, is used. The pK values of the imino proton of these bases fall in the range 
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of 9-9.5 and are reduced by about two logarithmic units upon metal complex- 
ation, which usually occurs first at the N, position of the purine r i~~g.~-~ .~ . 'O 
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14. [[4,4'4",4" -PORPHYRIN-5,10,15,20- 
TETRAY LTETRAKIS( 1 -METHYLPY RIDINIUMATO] (2-)]- 

INDIUM(II1) PENTAPERCHLORATE 

Submitted by P. HAMBRIGHT,* A. ADEYEMO,* A. SHAMIM,* and S. LEMELLE* 
Checked by D. K. LAVALLEE, D. MILLER, and A. WHITEt 

H z - T P Y  P 

F"3 

X= 

H2-TMPYP 

*Department of Chemistry, Howard University, Washington, DC 20059. 
?Department of Chemistry, Hunter College of City University of New York, New York, NY 

10021. 
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Metal complexes of water-insoluble porphyrins, such as tetraphenylporphyrin,'.Z 
~taethylporphyrin,~ proto3 and hematoporphyrin dimethyl esters,' and the picket- 
fence porphyrin4 have been described in Inorganic Syntheses. For many studies, 
fully water-soluble porphyrins and metalloporphyrins are necessary.' The tetra- 
positive ligand in the title compound, H,tmpyp, and its metal derivatives have 
been used extensively where solubility over the full pH range and minimal 
porphyrin-porphyrin aggregation is desired.6 A faster, less dangerous, and more 
convenient synthesis of this ligand than those currently available is presented. 
The preparation of the indium(II1) complex shows the features that are typical 
for metal-incorporation reactions using water-soluble porphyrins. 

A. 5,10,15,20-TETRA(4PY RID1NYL)PORPHY RIN HZ-TPY P 

The earliest synthesis7 of H,-tpyp and later  modification^^.^ involve a 48-hour 
reaction time, and the use of glass pressure bombs, which can explode. A quicker 
and safer method uses the Adler" condensation conditions as described by Longo," 
with a simplified work-up method. 

Procedure 

On a hot plate under the hood, 2.5 L of propionic acid in a 6-L Erlenmeyer 
flask with boiling chips is heated to 90°, followed by the very slow addition of 
1 mole of 4-pyridinecarboxaldehyde (95.9 mL) and 1 mole of pyrrole (69.4 
mL) . 

The propionic acid should not be allowed to boil before the 
addition, because, if the reagents are added too quickly at the boiling point, the 
resulting exothermic reaction is violent enough to cause the pot to boil over. 

The mixture is heated, allowed to reflux for 45 minutes, and then cooled. 
The porphyrin is soluble, and instead of evaporating away the solvent," the 
mixture is poured into a large container, 4 L of water is added, and sufficient 
sodium acetate trihydrate (about 400 g dissolved in water) is stirred in to bring 
the pH to about 3.0. The pyridinyl groups are deprotonated at this pH, and, 
after allowing the porphyrin to settle, the resulting purple precipitate is collected 
by Buchner filtration (wear gloves), washed with hot N,N-dimethylformamide 
until the supernate is pale yellow, rinsed with hot water, and dried at 100" 
Fifteen to eighteen grams of crude H,-tpyp result. For analytical samples, the 
H,-tpyp is dissolved in chloroform and passed through a column of dry alumina 
(Fisher A-540), and the red porphyrin band is eluted from the slow-moving 
brown impurities with CHC13. The H2-tpyp is then recrystallized from CHC13/ 

Caution. 
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CH30H and dried under vacuum at 130". Anal. Calcd. for C40H2,&*HZO: C, 
75.46; H, 4.43; N, 17.60. Found: C, 75.55; H, 4.42; N, 17.54. 

Properties 

The solubility of H,-tpyp in 17 solvents and the extinction coefficients in CHCl,, 
pyridine, acetic acid, water (pH 2.3), and 1.0 M HCl [443 nm (E = 332,000), 
590 nm (E = 14,300) and 639 nm (E = 18,200)] have been tabulated.lZ Metal 
complexes have been prepared in acetic and formic acids.' This porphyrin is 
relatively insoluble in DMF. 

B. 4,4',4",4'''-P0RPHYR1N-5,10,15,20-TETRAYL- 
TETRAKIS( 1-METHYLPYRIDINIUM) 
TETRAKIS(4-METHYLBENZENESULFONATE), HZ-TMPYP 

For quantities of H2-tpyp in the milligram range, or for picket fence type pyridinyl 
porphyrins, which can undergo heat-induced rotational isomerization, N-meth- 
ylation is best accomplished using excess CH31 and the porphyrin in CHC13 at 
room temperature.6 For larger amounts of a stable porphyrin, the tosylate meth0dl4 
is convenient. 

Procedure 

Under the hood, in a 1-L three-necked, round-bottomed flask with overhead 
stirring, 15 g of H2-tpyp is added to 500 mL of N,N-dimethylformamide, fol- 
lowed by 50 mL of methyl (4-methylbenzenesulfonate). The mixture is refluxed 
for three hours, cooled to room temperature, filtered (wear gloves), washed with 
acetone, dried in air overnight, and finally dried at 130" in a vacuum oven. 
Yield, 33 g (92%). 

Water-soluble porphyrins should not be allowed to touch the 
skin. 

Anal. Calcd. for C7zH6$IJ8012-H20: C, 62.59; H, 4.96; N, 8.10. Found: C, 
62.48; H, 5.01; N, 8.13. 

Caution. 

Properties 

The 4-methylbenzenesulfonate salt of H,-tmpyp is fully water-soluble and mon- 
omeric in aqueous solution. The pK values for protonation of the central nitrogen 
atoms have been determined." The free-base porphyrin is red in solution at pH 
7, and in 1.0 M HCl, the green di-acid form has absorption bands at 446 nm, 
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592 nm, and 643 nm, with molar extinction coefficients of 391,000, 14,000, 
and 19,000, respectively. 

C. THE TITLE COMPOUND 

Procedure 

One gram of H,tmpyp 4-methylbenzenesulfonate (0.74 mM) and 1 g of InCl, 
hydrate (Aldnch, 45.2% In, 3.9 mM) are refluxed overnight in 100 mL of 
M HCl. The solution is then cooled, filtered, and the metalloporphyrin precip- 
itated by the addition of a saturated solution of sodium perchlorate. The complex 
is isolated by filtration, washed with dilute NaClO,, cold water, and dried under 
vacuum at room temperature. 

Caution. Perchlorate complexes are potentially explosive. 
This species can also be precipitated as the iodide or PF6- salt,* and the solid 

brought into solution with C1- or NO3- anion exchange resins. Yield, 0.8 g 
(80%). Anal. Calcd. for [In(C,H&,)](C10,)~-2H20: C, 39.89; H, 3.04; N, 
8.46. Found: C, 39.86; H, 2.98; N, 8.32. 

Properties 

In lo-’ M HCl, [In(tmpyp)]’+ has bands at 424 nm (E = 390,000), 518 nm 
(E = 3690), 558 nm (E = 23,200), and 597 nm (E = 4660). The spectrum is 
similar to that of indium(II1)-tetraphenylporphyrin. l 6  The [In(tmpyp)]’+ is fully 
water soluble, and rapid acid solvolysis occurs only above 3 M HCl levels. 
Refluxing a divalent metal chloride with H,tmpyp in water, and keeping the pH 
between 3 and 5 ,  is the general method used to prepare the Cu2+, Zn*+, Ni2+, 
Mn3+, Fe3+, and Co3+ compounds.6 The 642-nm free-base porphyrin band dis- 
appears when the incorporation reaction is complete. The high-pH conditions 
(a) reduce the concentration of unreactive centrally protonated” porphyrins, (b) 
minimize the extent of acid catalyzed metalloporphyrin solvolysis reactions,” 
and (c) increase the concentration of the often more reactive hydrolyzed metal 
ion forms.’8 

The tetrakis(3- and 2-pyridinyl)porphyrin~,’~ and corresponding N-alkylated 
 derivative^,'^ as well as mixed phenyll(4-pyndinyl) porphynnsm have also been 
reported. 

*This was done by the checkers. 
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Chapter Three 

STEREOISOMERS 

15. OPTICALLY ACTIVE cis-UNIDENTATE- 
DICARBONATO, cis-cis-DIUNIDENTATE-CARBONATO, 

AND UNIDENTATE GLYCINATO 
COBALT(II1) COMPLEXES 

Submitted by M. SHIBATA* 
Checked by €I. G. BRITTAINt 

I. cis-UNIDENTATE-DICARBONATO COMPLEXES 
OF COBALT(II1) 

The use of a green solution of tricarbonatocobaltate(II1) ion' enables one to 
substitute the carbonato ligands successively by other ligands: the first-step sub- 
stitution gives a dicarbonato complex; the second step, a monocarbonato com- 
plex; and the third step, a complex containing no carbonato ligand. Thus, a 
series of complexes can be synthesized systematically by using the green solution. 
In particular, the dicarbonato complexes are useful in preparing other complexes. 

In the following, preparations of cis-diamminedicarbonatocobdtate(III), di- 
carbonate( 1,2-ethanediarnine)cobaltate(III), and cis-dicarbonatodicyanocobal- 
tate(II1) compounds, all starting from the green solution, are given. Besides the 
preparations, optical resolutions of these compounds are described. 

*Faculty of Science, Department of Chemistry, Kanazawa University, Kanazawa 920. Japan. 
?Department of Chemistry, Seton Hall University, South Orange, NJ 07079. 
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A. PREPARATION OF POTASSIUM 
TRICARBONATOCOBALTATE(II1) IN SOLUTION 

2 C0(N03)’ + 10 KHC03 + H2O2 - 
2 K ~ [ C O ( C O ~ ) ~ ]  + 4 COZ + 4 KNO3 + 6 H2O 

Potassium tricarbonatocobaltate(II1) is the starting material. The solid potassium 
tricarbonatocobaltate(II1) trihydrate has been isolated,2 but it is very unstable. 
The complex is stable in water containing potassium hydrogen carbonate, and 
it is therefore used as a solution containing an excess of potassium hydrogen- 
carbonate. 

Procedure 

Thirty-five grams (0.35 mole) of potassium hydrogen carbonate is suspended in 
20 mL of water, and the slurry is kept in an ice-salt bath. Fifteen grams (0.05 
mole) of cobalt(I1) nitrate hexahydrate is dissolved in 10 mL of 30% hydrogen 
peroxide, and the solution is kept in an ice-salt bath. The solution is added 
dropwise to the ice-cold slurry with stirring. 

Caution. Add two or three drops at a time. When bubbling stops, 
again two or three drops are added. This procedure is repeated. Finish adding 
the whole in about one hour. 

The resulting solution is filtered by suction. The filtrate must be a clear solution 
and is used immediately as a starting material. 

B. POTASSIUM c~s-DIAMMINEDICARBONATOCOBALTATE(III) 

[Co(C03),13- + 2NH3 - C~S-[CO(CO~),(NH,)~]-  + C0:- 

Potassium cis-diamminedicarbonatocobaltate(II1) monohydrate was originally 
prepared by the reaction of the green solution of tricarbonatocobaltate(1II) with 
ammonium Carbonate.’ However, the present synthesis is a time-saving modi- 
fication in that concentrated aqueous ammonia is used in place of the ammonium 
salt. 

Procedure 

Seven mL (0.1 mole) of concentrated aqueous ammonia is added to a solution 
of tricarbonatocobaltate(1II) ion (made from 14.5 g of C O ( N O ~ ) ~ - ~ H ~ O ) .  
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Prepare the green solution of tricarbonatocobaltate(lI1) carefully. Ifthe green 
solution is turbid, it must be remade. 

The mixture is stirred at room temperature for a few minutes, whereupon the 
color of the solution becomes inky blue. The resulting solution is cooled rapidly 
with ice, 50 mL of methanol is added, and the whole is allowed to stand in an 
ice-bath for a while. The blue precipitate of potassium cis-diammine-dicarbon- 
atocobaltate(II1) separates out, is collected on a filter, washed with methanol 
and diethyl ether in turn, and dried at room temperature. The product is recrys- 
tallized from a minimum amount of warm water (-35"). The yield is 6 g. Anal. 
Calcd. for K[Co(CO,),(NH,),]: C, 9.52; H, 2.38; N, 11.1 1. Found: C, 9.51; H, 
2.36; N, 10.97. 

Properties 

This complex is unstable in aqueous solution, but stable in water containing 
potassium hydrogen carbonate. The visible spectrum in solution containing KHCO, 
shows (Gmw, log em=): (17,400 cm-I, 2.14) and (25,500 cm-I, 2.40). 

Isolation of the optically active lithium salt 

Attempts to resolve the racemic potassium salt by the usual method of the less 
soluble diastereomer formation were unsuccessful. In the following procedure, 
one enantiomer of the lithium salt of the complex is obtained in excess of 50% 
yield. 

Procedure 

A solution of 14 g (0.05 mole) of the potassium salt of cis-diammine- 
di(carbonato)cobaltate(III) in 150 mL of cold water is charged on a column 
containing Dowex SOW-XS resin in the Li+ form (100-200 mesh, 7 cm x 15 
cm). With the addition of cold water, a blue solution effuses from the column. 
To the effluent is added 3 g of ammonium carbonate and the solution is con- 
centrated to 50 mL under reduced pressure at 35". The concentrated solution is 
filtered and kept in a refrigerator until blue crystals of lithium cis-diammi- 
nedi(carbonato)cobaltate(III) deposit. This crude product is recrystallized from 
water, collected on a filter, washed with cold water, ethanol, and diethyl ether, 
and finally dried under vacuum. The yield is 3 g. Anal. Calcd. for 
L~[CO(CO~)~(NH~)~]:  C, 10.92; H, 2.75; N, 12.73. Found: C, 10.92; H, 3.04; 
N, 12.66. The solubility of this salt in water is considerably lower than that of 
the potassium salt. 

Four grams (0.01 mole) of ( -)ss9-bis( 1,2-ethanediamine)oxalatocobalt(III) 
iodide3 is ground in a mortar with 30 mL of water. To it 1.63 g (0.01 mole) of 
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silver acetate is added, and the mixture is stirred for 10 minutes. The mixture 
is filtered and the precipitated silver iodide is rinsed with 10 mL of water. A 
solution of 5 g (0.02 mole) of the lithium salt described above in 50 mL of water 
is added to the combined filtrate and washing. After 5 g of ammonium carbonate 
has been added to the mixture, the solution is concentrated to 30 mL under 
reduced pressure. The concentrated solution is filtered and placed in a refrigerator 
until blue, powdered crystals separate out. The first crop of crystals is collected 
by filtration. The filtrate is again concentrated in the presence of ammonium 
carbonate, and a second crop of crystals is obtained. The combined crystals are 
washed with 50% cold aqueous methanol, ethanol, and diethyl ether, and finally 
dried under vacuum. The yield is 3.5 g (-70%). Found: C, 10.83; H, 3.05; N, 
12.60. 

Properties 

This complex is lev0 rotatory at 589 nm. The CD spectrum in solution shows 
(G,,, AE): (17,800 cm-', -2.32), (23,600 cm-', -0.19) and (26,100 cm-', 
+ 0.26). The complex in solution loses its optical activity with a half-life of -3 
minutes. 

C. POTASSIUM DICARBONATO( 1,2- 
ETHANEDIAMINE)COBALTATE(III) MONOHYDRATE 

[Co(C03),13- + en - [CO(CO,)~(~~)]-  + C02-  

Potassium dicarbonato( 1,2-ethanediamine)cobaltate(III) was originally prepared 
by the reaction of the green solution with 1 ,2-ethanediammonium  arbo on ate.^ The 
method given here uses free 1,Zethanediamine instead of its carbonate. This 
modified method is superior in the time required for the synthesis and in yield. 

Procedure 

To a clear solution of the tricarbonatocobaltate(II1) ion (made from 14.5 g of 
C O ( N O ~ ) ~ - ~ H ~ O )  is added 4.1 mL (0.05 mole) of 98% 1,2-ethanediamine. The 
mixture is stirred at room temperature for a few minutes, whereupon the color 
of the solution becomes blue. The solution is cooled rapidly with ice, 50 mL of 
ethanol is added, and the whole is allowed to stand in an ice-salt bath for a 
while. An aqueous layer forms and is decanted, and 50 mL of ethanol is added 
to the residual blue oil. This procedure is repeated until the decanted solution 
becomes clear. To the final oily material is added 50 mL of ethanol, and the 
whole is allowed to stand in.an ice-salt bath for 30 minutes to crystallize the 
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desired potassium salt. The blue crystals are collected on a filter, washed with 
methanol and diethyl ether, and finally dried under vacuum at room temperature. 
The yield is 5 g. Anal. Calcd. for K[Co(CO,),(en)]-H,O: C, 16.22; H, 3.37; N, 
9.46. Found: C, 16.30; H, 3.43; N, 9.43. 

Properties 

The visible spectrum in an aqueous solution containing KHCO, shows (ij-, log 
E-): (17,500 cm-', 2.17) and (25,600 cm-I, 2.33). 

Resolution 

The cis-dicaxbonato( 1,2ethanediamine)cobaltate(III) ion was first resolved through 
the ( +)ss9-tris( 1,2-ethanediamine)cobalt(III) ion.' However, the results gave a 
poor AE value. A good resolution is accomplished by the use of ( - )ss9-bis( 1,2- 
ethanediamine)oxalatocobalt(III). 

Procedure 

Four grams (0.01 mole) of ( -)s89-bis( 1,2ethanediamine)oxalatocobalt(III) iodide' 
is suspended in 25 mL of water at 35". To it, 1.63 g (0.01 mole) of silver acetate 
is added, and the mixture is stirred for five minutes at 35". The mixture is 
filtered, and the precipitated silver iodide is washed with 5 mL of warm water. 
To the filtrate (combined with the washings) 6g (0.02 mole) of potassium di- 
carbonate( 1,2-ethanediamine)cobaltate(III) monohydrate is added, and the re- 
sulting solution is cooled in an ice bath, followed by addition of 5 mL of ethanol. 
.The whole is kept in a refrigerator, whereupon a diastereoisomeric salt of the 
( -)),89dicarbonato complex separates out as pink-purple crystals. The product is 
collected on a filter and washed with 10 mL of cold water. It is recrystallized 
from a minimum amount of water at 10" to increase the optical purity. The 
recrystallized salt is collected on a filter, washed with cold water, ethanol, and 
diethyl ether, and finally dried under vacuum. The yield is 2 g. Anal. Calcd. 
for (Co(C20,)(C,HsN2)2]~[Co(C0,),(en)]~2H20: C, 21 -44; H, 4.91; N, 18.19. 
Found: C, 21.33; H, 4.91; N, 18.08. 

Properties 

The CD spectrum of (-)589-[Co(C0,)2(en)]- in water shows (ijmw, A€): (17,600 
cm-I, + 1.91), (23,500 cm-', +0.22), (26,000 cm-I, -0.10) and (28,800 
cm-I, +0.09). (The CD spectrum is measured with a sample converted into the 
sodium salt by ion-exchange.) 
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D. TRIS( 1,2-ETHANEDIAMINE)COBALT(III) cis-DICARBON ATO- 
DICYANOCOBALTATE(II1) DIHYDRATE 

It is generally difficult to prepare a cobalt(II1) complex containing different kinds 
of ligands that are considerably separated in the spectrochemical series. The 
several complexes containing cyanide ion, which occupies the highest position 
in the series, and ammonia, which is ranked in a middle position, have been 
prepared by methods to prevent disproportionation reactions .5 The following 
procedure gives a mixed cyano complex with carbonate ion. 

Procedure 

To a freshly prepared green solution of the tricarbonatocobaltate(ILI), made from 
14.5 g of C O ( N O ~ ) ~ . ~ H ~ O ,  is added 7.7 g (0.12 mole) of potassium cyanide, in 
small portions. The mixture is stirred at room temperature until it becomes deep 
red. The red solution is carefully neutralized with a 30% perchloric acid solution 
and is then filtered. The filtrate is charged on a column of Dowex 1-X8 resin 
(100-200 mesh, C1- form, 5 cm X 10 cm). When the adsorbed band is eluted 
with a 1 M potassium chloride aqueous solution, a red band comes out of the 
column, followed by a green one. The red effluent is concentrated to a small 
volume below 30". After that a small amount of ethanol is added to the con- 
centrate, and the whole is kept in a refrigerator to precipitate the potassium 
chloride used for the elution. After the removal of this salt, a solution of 12 g 
(0.025 mole) of tris( 1,2-ethanediamine)cobalt(III) bromide6 in water is added as 
the precipitant. After the whole is kept in a refrigerator, needle-like, red-brown 
crystals deposit. These are collected on a filter, washed with cold water, ethanol, 
and diethyl ether, and finally dried under vacuum. The yield is 1.5 g. Anal. 
Calcd. for [Co(en),l-[Co(CN),(CO3)~.2H2O: C, 23.73; H, 5.58; N, 21.60. Found: 
C, 23.93; H, 5.68; N, 22.10. 

Properties 

The complex cannot be obtained as a usual salt, such as the potassium or sodium 
salt, because of its great solubility and because of the instability of the species 
in aqueous solution. The visible spectrum of the potassium salt, which is obtained 
by means of ion-exchange techniques, shows (C-, log emu): (18,300 cm-', 
1.96) and (22,500 cm-', 2.03). 
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This complex can be resolved by the ( + )589-tris( 1,2-ethanediamine)cobalt(III) 
ion, but the diastereoisomer loses its optical activity very quickly. 
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11. cis&-UNIDENTATE-CARBONATO COMPLEXES 
OF COBALT(II1) 

The preparation of a complex that derives its dissymmetry from the cis,& 
distribution of unidentate ligands is generally difficult to achieve. However, the 
use of a green solution of tricarbonatocobaltate(II1) makes such a synthesis of 
the complex possible. In the following, preparations of cis&-diammine- 
carbonatodic yanocobaltate( 111) , cis, cis-diamminedic y anooxalatocobaltate( 111) , 
cis&-diamminecarbonatodinitrocobaltate(III), cis,cis-diamminedinitrooxala- 
tocobaltate(III), and cis,cis-diamminecarbonatobis(pyridine)cobalt(III) are 
given. Optical resolutions of these complexes are also described. 

A. SODIUM c~s,c~s-DIAMMINECARBONATO- 
DICYANOCOBALTATE(1II) DIHYDRATE 

[CO(COJJ'- + 2CN- - [Co(CN)z(CO3)2l3- + CO2- 

[CO(CN),(CO,),]~- + 2NH3 - ~is,cis-[Co(CN)~(C0,)(NH,)~]- + CO2- 

Procedure 

To a clear green solution of the tricarbonatocobaltate(II1) ion (made from 15 g 
of Co(N03),.6H20), is added 7.5 g (0.12 mole) of potassium cyanide, and the 
mixture is stirred at room temperature. A deep red solution of the cisdicarbonato- 
dicyanocobaltate(II1) ion is obtained.' After the red solution has been neutralized 
with 30% perchloric acid in an ice bath, 15 g of ammonium perchlorate and 50 
mL of concentrated aqueous ammonia are added. The mixture is stirred at 40" 
for four hours. After filtration, the solution is concentrated to half of its original 
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volume. The concentrated solution is again neutralized and filtered. The filtrate 
is diluted to triple its initial volume with water and then charged on an ion- 
exchange column containing Dowex 1-X8 resin in the Cl- form (5 cm x 20 
cm). During elution with a 0.3 M sodium chloride solution, an orange band 
comes out before the others. The effluent containing the orange material is 
concentrated to 10 mL under reduced pressure. Upon keeping the solution in a 
refrigerator after the addition of ethanol, yellow-orange crystals of sodium cis,cis- 
diamminecarbonatodicyanocobaltate(II1) dihydrate separate. These are recrys- 
tallized from warm water (-40"). The crystals are collected on a filter, washed 
with cold water, ethanol, and diethyl ether, and finally dried under vacuum. The 
yield is 0.3 g. Anal. Calcd. for N~[CO(CN)~(CO~)(NH~)~].~H~O: C, 13.64; H, 
3.82; N, 21.22. Found: C, 13.89; H, 4.08; N, 20.84. 

Properties 

The visible spectrum in water shows (C,,, log ern=) (20,700 cm-I, 1.96) and 
(23,500 cm-I, 2.02). 

Resolution Procedure 

Two grams (0.005 mole) of ( - )5w-bis( 1,2ethanediamine)oxalatocobalt(IZI) iodide3 
is suspended in 30 mL of water at 35", 0.81 g (0.005 mole) of silver acetate is 
added, and the mixture is stirred for five minutes at 35". The mixture is then 
filtered and the precipitated silver halide is washed with 5 mL of warm water 
(50"). Separately, 2.4 g (0.01 mole) of sodium &,cis-diammine-carbonato- 
dicyanocobaltate(II1) dihydrate is dissolved in 10 mL of water. The solution is 
added to the filtrate and combined with the washings. After removal of the 
precipitated material, the mixed solution is kept in a refrigerator, whereupon an 
orange diastereoisomer of the ( +)5s9 form of the carbonato complex precipitates. 
The product is collected on a filter and washed with cold water. Recrystallization 
is repeated from water until the CD peak at 24,100 cm-l reaches a constant 
value. The crystals are collected on a filter, washed with 50% cold, aqueous 
methanol, ethanol, and diethyl ether, and finally dried under vacuum. The yield 
is 0.3 g. Anal. Calcd. for [Co(ox)(en)Z][Co(CN)Z(C03)(NH3)2J~2HZ0: C, 21.44; 
H, 5.16; N, 22.05. Found: C, 21.31; H, 5.25; N, 21.78. 

Properties 

This diastereoisomeric salt can be broken (cation removal) by passing its solution 
through a cation-exchange column (Dowex 50W-X8, Na-form). The resulting 
species retains its optical activity for a day at room temperature. The CD spectrum 
of ( +)5ss-[Co(CN)Z(C03)(NH,),1- shows (C,,, A€): (18,200 cm-*, -0.02), 
(20,900 cm-l, +0.98), (24,100 cm-I, - 1.11) and (29,700 cm-I, +0.25). 
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B. SODIUM &,c~s-DIAMMINEDICYANO- 
OXALATOCOBALTATE(II1) DIHYDRATE 

cis,~is-[Co(CN)~(C0,)(NH~)~]- + 2H+ + 2Hz0 - 
cis,cis,cis-[C~(CN)~(H~O)~(NH~)~] + + C02 + H20 

cis,cis,cis-[Co(CN)z(HzO)z(NH,)z] + + CzOz- - 
cis,~is-[Co(CN)~(ox)(NH~)*] - + 2H20 

Procedure 

To a solution of 13.2 g (0.05 mole) of sodium cis,cis-diamminecar~nato- 
dicyanocobaltate(II1) dihydrate in 100 mL of water is added 25 mL of 30% 
perchloric acid dropwise in an ice-bath until the evolution of carbon dioxide 
ceases. To the resulting solution is added 18 g (0.10 mole) of potassium oxalate 
dihydrate, and the mixture is then stirred at 40" for four hours. The solution is 
filtered after neutralization with a 6 mole/L potassium hydroxide solution, and 
the filtrate is charged on an ion-exchange column containing Dowex 1-X8 resin 
in the C1- form (100-200 mesh, 4 cm X 30 cm). After the column has been 
washed with water, the elution is started with a 0.1 mole/L sodium chloride 
solution. Only one yellow band descends. The effluent is collected and concen- 
trated to 10 mL, and then filtered to remove the deposited sodium chloride. After 
keeping the filtrate in a refrigerator, yellow crystals deposit. The crude product 
is recrystallized from the minimum amount of warm water (-50"). The crystals 
are collected on a filter, washed with cold water, ethanol, and diethyl ether, and 
finally dried under vacuum. The yield is about 3 g. Anal. Calcd. for 
N~~CO(CN)~(~X)(NH~)~]~~H~O: C, 16.45; H, 3.45; N, 19.18. Found: C, 16.61; 
H, 3.37; N, 19.13. 

Properties 

The visible spectrum in water shows (fi,,,=, log em): (21,300 cm-', 1.89) and 
(24,300 cm-I, 2.01). 

Resolution Procedure 

Three grams (0.0075 mole) of ( - )se9-bis( 1,2-ethanediarnine)oxalatocobalt(III) 
iodide1 is suspended in 20 mL of water at 50". To it 0.225 g (0.0075 mole) of 
silver acetate is added, and the mixture is stirred for five minutes at 50". The 
resulting solution is filtered and the precipitated silver halide is washed with 5 
mL of warm water at 50". To the hot filtrate (combined with the washings) is 
added 4.4 g (0.015 mole) of sodium cis,&-diammine-dicyano-oxalatocobal- 
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tate(II1) dihydrate. On scratching the sides of the vessel in an ice bath, the orange 
diastereoisomeric salt of (-),,,-diamminedicyanoxalatocobaltate(III) sepa- 
rates. The whole is allowed to stand for 0.5 hour in an ice bath. The crude 
product is collected on a filter and washed with cold water. It is recrystallized 
repeatedly from warm water (40"), until the Ar value of a main CD peak reaches 
a constant value (about eight times). The yield is 1 g. Anal. Calcd. for 
[Co(ox)(en)2][Co(CN)2(ox)(NH3)2]~2.5H20: C, 23.62; H, 5.23; N, 20.04. Found: 
C, 23.37; H, 4.83; N, 20.06. 

Properties 

The CD spectrum of ( - ),,,-diamminedicyanoxalatocobaltate(III) in water 
shows (t,,, Ar): (21,200 cm-I, - 1.44), (24,9oO cm-I, + 1.24), (27,800 cm-I, 
sh), (30,900 cm-I, -0.18), and (34,500 cm-', sh). (The CD spectrum is 
measured with a sample converted into the sodium salt by means of the ion- 
exchange technique mentioned earlier.) 

C. POTASSIUM cis,cis-DIAMMINECARBONATO- 
DINITROCOBALTATE(II1) HEMIHYDRATE 

Procedure 

To a solution of 10.1 g (0.04 mole) of potassium cis-diammine-dicarbona- 
tocobaltate(II1) in 60 mL of water is added 8.5 g (0.10 mole) of potassium nitrite. 
Then 6 mole/L acetic acid is added to the mixture dropwise with mechanical 
stirring at room temperature, so that the pH is maintained at 4.5-5.5. The solution 
is stirred for an additional half-hour. The insoluble, dark green precipitate is 
removed by filtration, and the filtrate is charged on an ion-exchange column 
containing 100-200 mesh Dowex 1-X8 resin in the C1- form (5 cm x 20 cm). 
The column is washed with a large amount of ice-cold water, and then the elution 
of an adsorbed band is carried out with a cold 0.1 mole/L potassium chloride 
solution. Two bands (colored orange-yellow and orange) descend in this order, 
and are collected separately. From the first fraction fruns(NH3), cis(N0J- 
K[CO(NO~)~(CO~)(NH~)~]-H~O can be obtained.2 

The second fraction is concentrated to 30 mL and filtered. To the filtrate is 
added 10 mL of ethanol, and the whole is kept in a refrigerator. Powdery, orange 
crystals of potassium cis,&-diamminecarbonatodinitrocobaltate(II1) hemi-hy- 
drate deposit. The material is quickly recrystallized from the minimum amount 
of warm water (-40"). The crystals are collected on a filter, washed with cold 
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water, ethanol, and diethyl ether, and finally dried under vacuum. The yield is 
2 g. Anal. Calcd. for cis,cis-K[Co(N02)z(C03)(NH3)z]~0.5H20: C, 4.10; H, 2.41; 
N, 19.11. Found: C, 4.32; H, 2.34; N, 19.28. 

Properties 

The cis,cis complex is unstable in solution at room temperature, and deposits a 
dark green precipitate. Therefore, it is necessary to perform the recrystallization 
as quickly as possible. The visible spectrum of the cis,cis-isomer in water shows 
(ij-, log em): (20,600 cm-l, 2.32). The maximum of the T* t ?r band for 
the &,cis-isomer is at 29,900 cm-l (log E = 3.58). 

Resolution Procedure 

Three grams (0.0075 mole) of ( -)sss-bis( 1,2-ethanediamine)oxalatocobalt(III) 
iodide' is converted into the acetate with 1.3 g (0.008 mole) of silver acetate. 
To a solution of this resolving agent in 25 mL of warm water, 4.4 g (0.015 
mole) of potassium cis, cis-diammine-carbonato-dinitrocobaltate(1II) hemi-hy- 
drate is added, little by little, with continuous stirring. A red-orange diastereo- 
isomeric salt of the ( -)s89carbonato complex crystallizes on standing in an ice 
bath. The product is collected on a filter, washed with cold water, and recrys- 
tallized three times from water below 35" to avoid decomposition of the car- 
bonato complex. The yield is 0.5 g. Anal. Calcd. for 
[Co(Cz04)(en),][Co(NOz)2(C03)(NH3)2]~2HzO: C, 15.34; H, 4.78; N, 20.44. Found: 
C, 15.45; H, 5.06; N, 20.84. The diastereomer is split as described earlier. 

Properties 

The CD spectrum of ( - )ss9[Co(NOz),(C03)(NH3)z] - in water shows 
(ij,,,=, A€): (18,800 cm-', +0.12), (21,700 cm-', -0.91), and (26,000 cm-', 
+ 0.16). 

D. POTASSIUM c~~,c~s-DIAMMINEDINITRO- 
OXALATOCOBALTATE(II1) HEMIHYDRATE 

[CO(C03)313- + (NHq)zOX __* 

cis-[Co(C03)(ox)(NH3)zl- + CO, + HzO + C0:- 

c~s-[CO(CO~)(OX)(NH&- f 2Hf + 2H20 __* 

c~s,c~s-[CO(OX)(H~O)~(NH~),] -t + COZ + HZ0 

cis,cis-[Co(~x)(H~O)~(NH~)~] + + 2N0,- - 
cis,cis-[C0(N0~)~(0~)(NH~)~1~ + 2Hz0 
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The reaction of potassium cis,&-diamminedinitrocarbonatocobaltate( 111) hemi- 
hydrate with oxalic acid gives a trans-diammine isomer of this complex. The 
cis, cis-isomer is obtained by the reaction of cis, cis-diamminediaquaoxalato- 
cobalt(1II) ion with nitrite ion. 

Procedure 

Twelve grams (0.085 mole) of ammonium oxalate is added to a green solution 
of tricarbonatocobaltate(II1) (made from 14.5 g of C O ( N O ~ ) ~ . ~ H ~ O ) .  The mixture 
is stirred in a water bath at 60' until the color of the solution becomes blue- 
violet. The blue-violet solution is filtered, and to the filtrate is added 40 mL of 
ethanol. The whole is kept in an ice bath for an hour, whereupon a crude product 
deposits. The crude product is dissolved in 1 0 0  mL of water at 50" and filtered. 
The filtrate is allowed to stand in a refrigerator, whereupon blue-violet crystals 
of potassium cis-diamminecarbnatooxalatocobaltate(II1) monohydrate3 de- 
posit. The crystals are collected on a filter, washed with cold water, ethanol, 
and diethyl ether, and dried under vacuum. The yield is 7 g. 

To a solution of 5.8 g (0.02 mole) of potassium diammine-carbonato-oxal- 
atocobaltate(m) monohydrate in 60 mL of water is added 3 mole/L of nitric 
acid until the evolution of carbon dioxide ceases. The solution is filtered and 
the filtrate is allowed to stand in a refrigerator €or three hours. Red-violet crystals 
of cis, cis-diamminediaquaoxalatocobalt(II1) nitrate4 deposit. The crystals are 
collected on a filter and recrystallized by dissolving in water at 40" and adding 
aqueous nitric acid in the cold. The recrystallized crystals are collected on a 
filter, washed with 50% cold aqueous methanol, ethanol, and ether, and finally 
dried in vacuo. The yield is 4 g. 

To a solution of 1 1.2 g (0.04 mole) of &,cis-diammine-diaqua-oxalatocob- 
alt(II1) nitrate in 150 mL of water is added 8.5 g (0.1 mole) of potassium nitrite, 
and then 10 mL of 6 mole/L acetic acid is added to the mixture to adjust the 
pH to 5 .  The acidic solution is stirred for an hour at room temperature and then 
filtered. The filtrate is charged on a column containing Dowex 1X-8 resin in the 
C1- form (100-200 mesh, 4 cm X 20 cm). After the column has been washed 
with water, the elution is carried out with a 0.1 mole/L potassium chloride 
solution. A minor orange band descends, followed by a major orange band, each 
being collected in separate fractions. The eluate of the major band is concentrated 
to a small volume and filtered. After keeping the filtrate in a refrigerator, crystals 
of potassium cis,cis-diammine-dinitro-oxalatocobaltate(W) hemi-hydrate de- 
posit. They are collected on a filter and recrystallized from warm water (at 40"). 
The yield is 2.5 g. Anal. Calcd. for K [ C ~ ( N ~ , ) , ( C , ~ , ) ( N H ~ ) , ~ . ~ . ~ H Z ~ :  C, 7.48; 
H, 2.20; N, 17.45. Found: C, 7.69; H, 2.29; N,  17.42. 

From the minor fraction, potassium trans-(NO,)-diammine-dinitro-oxalato- 
cobaltate(W) monohydrate is obtainable.' 
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Properties 

The cis, cis-isomer is rather more stable than the corresponding carbonato com- 
plex. The visible absorption spectrum of the cis,cis-isomer in water shows 
(ij,,, log em): (20,900 cm-', 2.20). The maximum of the m* t m band is at 
29,800 cm-' (log E = 3.63). 

Resolution Procedure 

To a solution of 3.2 g (0.008 mole) of ( - )ss9-bis( 1,2-ethanediamine)- 
dinitrocobalt(II1) iodide5 in 20 mL of water is added 1.3 g (0.008 mole) of silver 
acetate. The mixture is stirred for 10 minutes at 40", and the resulting solution 
is filtered. The precipitated silver halide is washed with 5 mL of warm water 
(at 50"). The filtrate (combined with the washings) is added with stirring to a 
solution of 5 g (0.016 mole) of potassium cis,cis-diammine-dinitro-oxalatocob- 
altate hemi-hydrate in 60 mL of warm water (at 35"). Immediately, the orange- 
yellow diastereoisomeric salt of the ( - )s890xalato complex begins to deposit. 
The whole is allowed to stand for half an hour at room temperature. The product 
is recrystallized twice from warm water in order to increase the optical purity. 
The recrystallized diastereoisomer is collected on a filter, washed with 50% cold 
aqueous methanol, ethanol, and diethyl ether, and then dried under vacuum. 
The yield is 2 g. Anal. Calcd. for [Co(NOz)2(en)21[Co(NOz)2(C204)(NH3)zl~HzO: 
C, 12.81; H, 4.30 N, 24.91. Found: C, 13.00; H, 4.48; N, 24.82. 

Properties 

The CD spectrum in water shows (C,,, he): (19,500 cm-I, -0.89), (22,300 
cm-', + 1.47) and (26,500 cm-', -0.31). (The CD spectrum is measured with 
a sample converted to the potassium salt by means of the ion-exchange technique 
described previously.) 

Note. The related compounds, cis-K[Co(NO,),(CO,)(en)] and cis- 
K[Co(NO,),(ox)(en)] can be prepared. The former carbonato complex is derived 
from cis-[Co(CO,),(en)] - and the latter oxalato complex from the catbonato 
complex.2 

E. c~~,c~~-DIAMMINECARBONATODI(PYRIDINE)COBALT(III) 
CHLORIDE MONOHYDRATE 

cis-[Co(CO,),(NH,),]- + 2H+ + 2py --+ 

ci~,cis-[Co(CO~)(NH~)~(py)~] + + CO, + H20 
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Procedure 

To a solution of 9.4 g (0.036 mole) of potassium cis-diamminedicarbonato- 
cobaltate(II1) in 20 mL of water is added 6 mL (0.072 mole) of pyridine. To 
the mixture, 60% perchloric acid is added dropwise in an ice bath to adjust the 
pH to 5.5. After filtration, the filtrate is stirred at room temperature for a while, 
whereupon pink crystals of cis,cis-diamminecarbonatodi(pyridine)cobalt(III) 
perchlorate deposit. The product is collected on a filter, washed with water, and 
dissolved in water. The solution is poured into a column of Dowex 50W-X8 
resin in the Na+ form in order to change the counter anion from perchlorate to 
chloride. The effluent obtained by elution with a 0.3 mole/L sodium chloride 
is concentrated to 10 mL under reduced pressure at 35". The concentrated solution 
is filtered and kept in a refrigerator. Red crystals of cis,&-diamminecarbonato- 
di(pyridine)cobalt(III) chloride monohydrate deposit. The crude product is re- 
crystallized from warm water at 35". The crystals are collected on a filter, washed 
with cold water, ethanol, and diethyl ether, and finally dried under vacuum. The 
yield is 1 .O g. Anal. Calcd. for [CO(CO~)(NH~)~(~~),]CI.H~O: C, 36.23; H, 4.98; 
N, 15.36. Found: C, 36.07; H, 4.93; N, 15.55. 

Properties 

The visible absorption spectrum in water shows (6-, log em=); (19,400 cm-', 
2.06) and (27,600 cm-', 2.07). 

Resolution Procedure 

Into a solution of 3.3 g (0.009 mole) of cis-diamminecarbonatodi- 
(pyridine)cobalt(III) chloride monohydrate in 10 mL of water is poured 1.2 g 
(0.0038 mole) of sodium ( - )w-l ,2-ethanediamine-bis(oxalato)cobaltate(III) 
monohydrate3 with stirring. The solution is cooled in an ice bath, and the sides 
of the vessel are scratched with a glass rod, whereupon the diastereoisomeric 
salt of the ( - )589 carbonato complex deposits. (If the diastereoisomer does not 
deposit, a small amount of ethanol is added.) The whole is kept in an ice bath 
for a while. The diastereoisomer is collected on a filter, washed with cold water, 
and recrystallized several times from water at 35" to increase the optical purity. 
The recrystallized salt is collected on a filter, washed with cold water, ethanol, 
and diethyl ether, and dried under vacuum. The yield is 0.3 g. Anal. Calcd. for 
[CO(CO~)(NH~)~(~~)~][CO(OX)~(~~)]-~.~H~O: C, 3 1.35; H, 4.49; N, 12.90. Found: 
C, 31.37; H, 4.67; N, 12.82. The diastereoisomer is separated as before. 
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Properties 

The CD spectrum of ( -)sss[Co(C03)(NH3)z(py)z]c in water shows ( i jmx,  BE): 
(18,100 cm-', -0.59), (20,300 cm-I, 0.92), and (27,800 cm-I, -0.28). (The 
CD spectrum is measured using a sample with the chloride anion prepared by 
ion-exchange techniques.) The ( -)589 isomer in water at 5" does not racemize 
for at least three days. 

Note. A related complex, ~is-[Co(CO,)(py)~(en)]Cl can be prepared from 
[co(co3)z(en)l - .6 
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III. MONODENTATE GLYCINATO-1,4,7- 
TRIAZACYCLONONANE COMPLEXES OF COBALT(II1) 

The chirality of a fuc(DDD)-[Co(a)(b)(c)(DDD)]-type complex is derived from 
the arrangement of the unidentates, a, b, and c about the central metal. (DDD 
refers to a terdentate chelating agent with 3 like donor atoms.) This type of 
complex has not been prepared previously. Since the ligand, 1,4,7-triazacy- 
clononane, (tacn),' is a cyclic terdentate ligand, the chilarity of a [Co(a)(gly)(tacn)]- 
type complex has the same origin as the fuc(DDD)-[Co(a)(b)(c)(DDD)]-type 
complex. In the following, the preparations and resolutions of aquaglycinato- 
(1,4,7-triazacyclononanne)cobalt(III), glycinatonitro( 1,4,7-triazacyclononane)- 
cobalt(II1) and ammineglycinato( 1,4,7-triazacyclononane)cobalt(III) complexes 
are described. The aqua complex is prepared from mer(N)-truns(NH3)-diam- 
minecarbonato(glycinato)cobalt(III) ,' and the other complexes are prepared from 
the aqua complex. 
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A. AQUAGLYCINATO( 194,7-TRIAZACY CLONONANE)COBALT(III) 
PERCHLORATE DIHYDRATE 

Procedure 

Five grams (0.022 mole) of rner(N)-trans(NH3)-diamminecarbonato(glycinato)- 
cobalt(II1)' is suspended in 20 mL of water, and then 5.0 g (0.022 mole) of 
tacn.3HCl' is added, little by little. The mixture is stirred for a while, whereupon 
the compound dissolves. To the solution, 60% perchloric acid is added in order 
to adjust the pH to 2. The corresponding diaqua complex, diamminediaqua- 
(glycinato)cobalt(III) is formed. The solution is made alkaline with 5 mole/L 
potassium hydroxide to pH 9, stirred for 15 minutes, and then neutralized with 
60% perchloric acid. The resulting solution is filtered and diluted to 2 L with 
water. This solution is poured into a column containing SP-Sephadex C-25 (4.5 
cm X 25 cm, Na+ form). The adsorbed band is eluted with 0.1 mole/L per- 
chloric acid, and a red band corresponding to the divalent cation is collected. The 
eluate is concentrated to a small volume under reduced pressure at 35". A small 
amount of ethanol and a large amount of diethyl ether are added to the concen- 
trated solution in turn, and then the whole is kept in a refrigerator until red 
crystals deposit. The crude product is recrystallized from warm water at 60". 
The recrystallized crystals are collected on a filter, washed with cold water, 
ethanol, and diethyl ether, and dried under vacuum. The yield is 2.0 g. Anal. 
Calcd. for [Co(gly)(HzO)(tacn)](C104)z~2HzO: C, 18.65; H, 4.90; N, 10.88. 
Found: C, 18.55; H, 4.95; N, 10.62. 

Properties 

The visible absorption spectrum in water shows (C-, log 
1.88) and (28,000 cm-', 1.82). 

(20,000 cm-', 

Resolution Procedure 

A solution of 20 mg of this complex in 10 mL of water is poured into a column 
containing Dowex 50W-X8 resin (200-400 mesh, 2.5 cm X 34.5 cm, Na+ 
form). The adsorbed band is eluted with a 0.3 mole/L potassium antimonyl- 
(+)-tartrate solution. When the adsorbed band descends to four fifths of the 
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column height, the band is washed with water and eluted with 0.3 mole/L sodium 
perchlorate. The specific rotation of the earlier-effluent is negative at 589 nm. 

Properties 

The CD spectrum of the ( -),8,-isomer in water shows (C,,, A+ (18,200 cm-', 
+0.10), (20,600 cm-', -0.14), (27,100 cm-I, + O M )  and (30,300 cm-', 
-0.01). 

B. GLYCINATONITRO( 1,4,7-TRIAZACYCLONONANE)COBALT(III) 
CHLORIDE MONOHYDRATE 

Procedure 

To a solution of 1.5 g (0.003 mole) of aquaglycinato( 1,4,7-triazacyclononane- 
cobalt(II1) perchlorate dihydrate (see Reparation A) in 20 mL of water, 1 g 
(0.014 mole) of sodium nitrite is added. The solution is adjusted to pH 4 with 
60% perchloric acid and stirred at 50-60" until its color changes from red to 
yellow. The yellow solution is filtered, diluted to 2 L with water, and poured 
into a column containing SP-Sephadex C-25 (4.5 cm X 25 cm, Na+ form). 
Upon elution with a 0.05 mole/L sodium chloride solution, only one band 
descends. The eluate is concentrated to a small volume under reduced pressure 
at 40", with the simultaneous removal of the deposited sodium chloride. A large 
amount of ethanol is then added to the concentrate, which is filtered, and kept 
in a refrigerator to obtain yellow crystals. The crude product is recrystallized 
from warm water at 50". The recrystallized crystals are collected on a filter, 
washed with cold water, ethanol and diethyl ether, and then dried under vacuum. 
The yield is 0.8 g. Anal. Calcd. [Co(N02)(gly)(tacn)]Cl-H20: C, 26.56; H, 5.89; 
N, 19.37. Found: C, 26.25; H, 5.69; N, 19.47. 

Properties 

The visible absorption spectrum in water shows (5,,log emu): (21,800, 2.12). 

Resolution Procedure 

A solution of 20 mg of this complex in 15 mL of water is poured into a column 
containing SP-Sephadex C-25 (2.5 cm X 110.0 cm, Na+ form). When the 
elution is carried out with a 0.05 mole/L potassium antimonyl-(+)-tartrate 
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solution, the band separates into two bands. When the bands have descended to 
four fifths of the column height, the column is washed with water. The two 
bands are eluted with 0.1 mole/L sodium chloride. The specific rotation of the 
first band is negative at 589 nm. 

Properties 

The CD spectrum of the ( -)s89 isomer in water shows (ij,,,, A€): (19,800 cm-', 
-0.32), (21,300 cm-', +0.15) and (23,600 cm-', -0.66). 

C. AMMINEGLYCINATO(1,4,7- 
TRIAZACYCLONONANE)COBALT(III) IODIDE 
MONOHYDRATE 

[C~(gly)(H~O)(tacn)]~+ + NH3 - [Co(gly)(NH3)(tacn)12+ + HzO 

Procedure 

One gram (0.003 mole) of aquaglycinato( 1,4,7-triazacyclononane)cobalt(III) 
perchlorate dihydrate is dissolved in 100 mL of 28% aqueous ammonia. The 
solution is allowed to stand in a closed flask at 60" until it turns orange. The 
resulting solution is charged on a column containing Dowex SOW-XS resin (4.5 
cm X 10 cm, 100-200 mesh, Na+ form). By elution with 0.3 mole/L sodium 
iodide, one orange band descends. The band is collected, concentrated to a small 
volume under reduced pressure at 40", and filtered. The filtrate is kept in a 
refrigerator until orange crystals deposit. They are recrystallized from warm 
water at 60". The recrystallized product is collected on a filter, washed with cold 
water, ethanol, and diethyl ether, and dried under vacuum. The yield is 1.0 g. 
Anal. Calcd. for [Co(gly)(NHs)(tacn)]12-H20: C, 17.31; H, 4.37; N, 12.62. 
Found: C, 17.37; H, 4.26; N, 12.52. 

Properties 

The visible absorption spectrum in water shows (C-, log em): (20,800 cm-I, 
1.96) and (29,100 cm-', 2.00). 

Resolution Procedure 

A solution of 20 mg of this complex in 20 mL of water is charged on a column 
containing SP-Sephadex C-25 (2.5 cm x 110 cm, Na+ form). When the elution 
is carried out with 0.05 mole/L sodium antimonyl-( +)-tartrate, two bands de- 
scend. When the earlier band has descended to four fifths of the column height, 
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the bands are washed with water and eluted with 0.1 mole/L sodium chloride. 
The specific rotation of the earlier band is negative at 589 nm. 

Properties 

The CD spectrum of the ( -)589 isomer in water shows (C,,,.,, A€): (18,600 cm-I, 
-0.02), (19,800 cm-I, +0.06) and (22,000 cm-', -0.42). 

Therelatedcomplexes, [Co(CN)(gly)(tacn)]+ , [Co(NCS)(gly)(tacn)]+ , 
[Co(OH)(gly)(tacn)] ', [Co(N,)(gly)(tacn)] +, and [Co(Cl)(gly)(tacn)] + have 
been prepared and re~olved.~ The absolute configuration of the 
( - )589[Co(gly)(NH3)(tacn)]12~Hz0 was determined by X-ray analysis4 and those 
of the other complexes by derivatives from the optically active complexes, 

Note. 

( - )589[Co(gl~)(H20)(~cn)lz+ and ( - ke9[Co(NCs)(gly)(tacn)l + . 3  

References 

1. 
2. 
3. 
4. 

J. E. Richman and T. J. Atkins, 1. Am. Chem. SOC., 96, 2268 (1974). 
S. Kanazawa and M. Shibata, Bull. Chem. SOC. Japan, 44, 2424 (1971). 
S. Shimba, S. Fujinami, and M. Shibata, Bull, Chem. SOC. Japan, 53, 2523 (1980). 
S. Sato, S. Ohba, S. Shimba, S. Fujinami, M. Shibata, and Y. Saito, Acra Cryst.. B36, 43 
( 1980). 

16. THREE ISOMERS OF THE 
&u~s-DIAMMINE-[N,N'-BIS(~-AMINOETHY L)- 

1,2-ETHANEDIAMINE]-COBALT(III) COMPLEX CATION 

Submitted by S. UTSUNO,* Y. S A W , *  Y. YOSHIKAWA,t and H. YAMATERAt 
Checked by B. WANG and Y. SASAKIS 

The title complex (as the chloride) was first reported by Kyuno and Bailar,' who 
obtained cis-a and cis+ isomers by the ligand displacement reaction of cis-a- 
dichloro(N ,N '-bis(2-aminoethyl)- 1,2-ethanediamine)cobalt(III) chloride in gas- 
eous and liquid ammonia.§ However, its trans isomers were not prepared until 
1980.* 

*Department of Chemistry, Faculty of Science, Shizuoka University, Oya, Shmoka 422, Japan. 
tkpartment of Chemistry, Faculty of Science, Nagoya University, Chikusa-ku, Nagoya 464, 

$Department of Chemistry, Faculty of Science, Tohoku University, Sendai 980, Japan. 
ON,N'-(2-aminoethyl)-l,2-ethanediamine = triethylenetetramine = trien. 

Japan. 
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The [CoXz(trien)]-type complexes have a marked tendency to prefer cis to a 
trans configuration, probably because of the ring strain in the latter isomer. Among 
the known rrans-[CoX,(trien)]-type complexes (X = Cl,3 CN,4 CH3C02,5 
C2H5COZrS CICHzCO:), the dicyano complex is the only one that was obtained 
in the meso form, and ( + )589-trans-[CoClz(tn)] is the only one that was isolated 
as an optical isomer. The present diammine complex is the frst  example of this 
type of complex, for which an entire set of the three rrans isomers of the (+)-, 
(-)-, and meso-types has been isolated. 

The tran~-[Co(NH,)~(trien)]~+ complex cannot be prepared by the ligand 
displacement of cis- or trans-[CoClz(trien)]+ with ammonia. The method pre- 
sented here includes the conversion6 of coordinated isothiocyanate ions of trans- 
[Co(NCS),(trien)] + ,' and the subsequent separation of the three isomers using 
columns of SP-Sephadex C-25. 

[Co(NCS),(trien)]+ + 8H2O2- [Co(NH,),(trien)l3+ + 2H+ + 2SO;- + 
2c02 4Hz0 

Procedure 

Caution. Danger! Perchlorate salts of these isomers may explode. The 
solid perchlorates should be dried at room temperature. The washings which 
contain perchlorates and organic solvents should not be heated. All reactions 
should be carried our in an appropriate hood. 

A solution of 210 mg (0.5 m o l e )  of trans-bis(thiocyanato-N)(trien)cobalt(ll) 
perchlorate7 in 40 mL of 0.1 M HCl is warmed to 40°, and 2.5 mL 
of 30% H2O2 is added to it. The mixture is allowed to stand for four days at 
40°.* The resulting orange-yellow solution is diluted with 100 mL of water and 
is passed through a column (20 mm X 70 mm long) of SP-Sephadex C-25 (H+ 
form). The column is washed with 500 mL of 0.03 M HCl, and then with 250 mL 
of 0.1 M HCl. At first, a trace amount of a reddish-orange species moves down, 
and then the adsorbed species separate into an orange-yellow band (faster) and 
a yellow band (slower). ** They are eluted with 0.5 it4 HCl, and the yellow eluate 
is concentrated by a rotatory vacuum evaporator almost to dryness.7 This liquid 
and its washings are transferred to a 30-mL beaker. To the combined solution, 
absolute ethanol, amounting to about 10 times the volume of the solution, is 

*When the pure racemic isomer is used as a starting material, the reaction i s  practically complete 

**The orange-yellow band may be composed of [c~(NCS)(NH,)(trien)]~+, but this has not been 

?Sometimes a red species is formed, which is soluble in 90% ethanol. The checkers report that 

in about 40 hours at 40". 

confirmed. The checkers report that a small amount of a pink band forms first. 

formation of this species can be avoided if the solution is kept acidic. 
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added in small portions.* This causes the separation of a yellow solid, which is 
collected on a sintered-glass filter and washed with ethanol and diethyl ether. 
The checkers report a yield of 55 rng from 210 mg of the starting material. 

A. SEPARATION OF THE MESO AND RACEMIC ISOMERS 

One hundred milligrams of the above product, dissolved in 0.5 mL of 0.03 M 
HC1, is placed on the top of a column (30 mm X 140 cm long) of SP-Sephadex 
C-25, and eluted with 0.15 M Na2S04 containing 5 mL of 1 M HzSO, per lo00 
mL of the solution. The two yellow bands are collected separately. The first 
band consists of the meso isomer, and the second, of the rucemic isomer. Each 
solution is diluted with about 8 L of 0.01 M HCI (about 20 times the eluate), 
and is allowed to pass through a column (30 mm X 70 mm long) of SP-Sephadex 
C-25. After the column is washed with lo00 mL of 0.03 M HC1, the complex 
is eluted with 1 M HCI, and the eluate is treated as described in the previous 
paragraph. The checkers report that A, is at 460 nm for the meso isomer, and 
at 468 for the rucemic form. Anal. Calcd. for [CO(NH,),(C&~,,N~)]C~,.H~O: C, 
19.82; H, 7.21; N, 23.11; Co, 16.21. Found for the meso isomer: C, 19.77; H, 
6.96; N, 23.08; Co, 16.03. The perchlorate of each isomer is easily obtained 
by the addition of 70% HClO, to a concentrated aqueous solution of the chloride. 

B. OPTICAL RESOLUTION OF THE RACEMIC ISOMER 

A solution of 100 mg of the rucemic-trans-diarnmine(trien)cobalt(lII) perchlorate 
in 0.5 mL of 0.03 M HCl is treated in a manner similar to that described above 
for the separation of the meso and rucemic isomers, except that the eluent used 
is 0.15 M sodium (+)-tartratoantimonate(I11) instead of NazS04. The first band 
consists of ( -)546-[Co(NH3)2(trien)]3+, and the second, the ( +)-isomer. Anal. 
Calcd. for [CO(NH~)~(CJ-I,~N~)](C~O~)~-H~O: C, 12.97; H, 4.72; N, 15.13; Co, 
10.61. Found for the (+)-isomer: C, 13.00; H, 4.47; N, 15.01; Co, 10.60. 
Found for the (-)-isomer: C, 12.89; H, 4.49; N, 15.01; Co, 10.46. [ ( Y ] ~  = + 360, 
and -358 (0.2% in 0.01 M HClO,). 

Properties 

All three isomers of trans-diammine(trien)cobalt(III) chloride (or perchlorate) 
are very soluble in water but sparingly soluble in ethanol. Although the solid 
complex salts are stable for over a year when stored in a refrigerator (5"), they 

*The complex chloride separates as a fine powder if ethanol is added all at once. 
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change from yellow to red when stored for months at room temperature (25- 
30"). They are stable in acidic solutions, but unstable in neutral solutions. In 
order to prevent the displacement of the coordinated ammonia and the isomer- 
ization to other trans isomers, the solution of each isomer must be acidified. 
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17. 1,4,8,11-TETRAAZACY CLOTETRADECANE-5,7-DIONE 
(dioxocyclam) COPPER(I1) AND AQUEOUS COPPER(II1) 

COMPLEXES 

Submitted by LUIGI FABBRIZZI,* ANTONIO POGGI,* and BARBARA SEGHI* 
Checked by D. B. MORSE and D. H. BUSCHt 

This 14-membered macrocycle is an intermediate' in the synthesis of the more 
celebrated tetramine analog cyclam, which is more easily prepared by a template 
route.2 Recently, it has been- discovered that dioxocyclam, in the presence of 
aqueous Cu(II), loses two protons (from the amido groups) and simultaneously 
incorporates the metal ion, to give a neutral dioxocyclamato complex, which is 
stable over a large pH range.3 Moreover, it has been found that the Cu(I1) 
dioxocyclamato complex can be oxidized in aqueous solution (chemically or 
anodically), to produce an authentic Cu(II1) complex, which persists in water 
for hours.4 It should be noticed that the corresponding copper(II1) complex with 
the tetramine analog, [Cu(cyclam)]'+ , cannot be generated anodically in water, 
whereas, in anhydrous acetonitrile, it has a lifetime of only a few  second^.^ The 
dioxocyclamato ligand represents the prototype of a unique class of macrocycles 

*Depatment of General Chemistry, University of Pavia, Pavia 27100, Italy. 
?Department of Chemistry, The Ohio State University, Columbus, OH 43210. 
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that allow preparation of aqueous solutions of complexes of the otherwise very 
unstable copper(II1). 

A. 1,4,8,11-TETRAAZACYCLOTETRADECANE-5,7-DIONE 
(dioxocy clam) 

OCzHs H2N n HN) - rn H y )  + + 2C2HsOH P 0 OCzHs H2NuHN O NHuHN 

Procedure 

Diethyl malonate, 15 g (0.093 mole), purified by distillation under reduced 
pressure, and 15 g (0.093 mole) of H2N(CH2)2NH(CH2)3NH(CH2)2NH2, con- 
veniently prepared according to the procedure described in reference 2, are 
dissolved in 1900 mL of absolute ethanol, contained in a 3-L round-bottomed 
flask, to give a 5 X 10-'M solution, which is refluxed for five days. The yellow 
solution is evaporated to about 100 mL on a rotary evaporator and is allowed 
to stand at room temperature in a corked bottle. In two to three days or less, 
white crystals form, which are removed by filtration, washed with small portions 
of cold ethanol and diethyl ether, and dried under vacuum. The yield is 5.5 g 
(24%). Anal. Calcd. for Cl,,H2,-,N,Oz: C, 52.61; H, 8.83; N, 24.55. Found: C, 
52.30; H, 8.87; N, 24.77. 

Properties 

Dioxocyclam is a white, crystalline material that can be recrystallized from ethanol. 
Melting point: 176-177'. It dissolves in water, in which it behaves as a diprotic 
base (log K, (B + H +  = BH+) = 9.57; log K2 (BH+ + H +  = BH:+) = 
5.97).3 The protonation processes involve the two amine nitrogen atoms. Diox- 
ocyclum is a weaker base than cyclam, especially as far as the second step is 
concerned (log KI = 11.50; log K2 = 10.30), due to the shorter distance be- 
tween the amine centers (which in cyclam are in trans positions) and to the 
consequently stronger electrostatic repulsions. 
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B. 1,4,8,11-TETRAAZACYCLOTETRADECANE-5,7-DIONATO(2-)- 
COPPER( 11) , [Cu( dioxocyelamato( 2 - ))] 

C10H2oN402 + Cu(OOCCHs)2 H20 - 

Procedure 

Dioxocyclum (1.00 g, 4.4 mmoles) is dissolved in 20 mL of 95% ethanol. To 
this solution 0.88 g of copper(I1) acetate monohydrate, dissolved in 60 mL of 
95% ethanol,* are added with stirring. A pink-violet, pearly precipitate forms 
immediately, which is removed by filtration, washed with diethyl ether, and 
dried under vacuum overnight. The yield is 1.30 g (91%). Anal. Calcd. for 
C,d-il,N402Cu~2H20: C, 36.86; H, 6.81; N, 17.20. Found: C, 37.50; H, 6.51; 
N, 17.48. 

Properties of the Copper(II) Complex and Formation of the Aqueous 
Copper(III) Complex Species 

The copper(I1) dioxocyclamato complex is moderately soluble in water, slightly 
soluble in methanol and ethanol, and insoluble in most organic solvents. The 
visible spectrum of the aqueous solution presents an absorption band centered 
at 19,850 cm-l (molar absorptivity: 101 L mole- Icm-I), typical of a tetragonally 
distorted octahedral complex, in which the macrocycle chelates in a coplanar 
fashion. The corresponding [Cu(cyclam)l2' complex in water presents a band 
at 19,900 cm-I. It has been demonstrated that, for tetragonal tetramine com- 
plexes, the energy of the absorption band is linearly related to the Cu"-N in- 
plane bond strength.6 consequently, the cyclam and dioxocyclarnato(2 - ) ligands 
appear to exert coordinative interactions of approximately the same intensity. 

The aqueous copper(II1) dioxocyclamato complex can be prepared by addition 

*The checkers report that the copper(I1) acetate must be placed into a 50:50 ethano1:water 
solution, and the filtrate of this solution is added to 20 mL of a 95% ethanol solution of the ligand; 
the undissolved copper(I1) acetate must be washed with a 50:50 ethano1:water solution several 
times. 
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of solid K2S208 to an aqueous solution of the copper(I1) complex; the pink-violet 
Cu(II) solution slowly turns yellow-brown due to the formation of the Cu(III) 
complex. The authenticity of the trivalent state can be demonstrated through 
EPR studies. On oxidation, the signal due to the Cu(I1) complex disappears, as 
is expected for the formation of a d8, esr-silent chromophore. The aqueous 
[Cu(dioxocyclamato(2 - ))] + complex is not stable indefinitely, but decomposes 
after few hours at room temperature. Upon addition of conventional reducing 
agents (e.g., Na2S203 or Na2S03) to the yellow-brown solution of the trivalent 
complex, the pink-violet color of the divalent species is immediately re- 
stored, demonstrating reversible redox behavior in this system. The aqueous 
[Cum(dioxocyclamato(2 - ))I+ complex can also be generated through controlled 
potential electrolysis, using a conventional three-electrode cell and imposing on 
the platinum gauze working electrode a potential of about +0.8 v with respect 
to the reference calomel electrode. The standard electrode potential for the elec- 
trochemically reversible [Cum(dioxocyclamato(2 - ))] + / [Cun(dioxocyclamato(2 - ))] 
redox couple is +0.88 v vs 
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18. CHIRAL ARENE-TRICARBONYLCHROMIUM 
COMPLEXES: RESOLUTION OF ALDEHYDES 

Submitted by A. SOLLADIE-CAVALLO, G. SOLLADIE pnd E. TSAMO* 
Cheeked by J. W. FALLER and K. H. CHAOt 

Functionalized chiral arene-tricarbonylchromium complexes are of great potential 
interest in asymmetric synthesis. Of these chiral complexes only the racemic 
acids 2 have been readily resolved previ~usly.'-~ Resolution of the racemates of 

*Labomtoire de Chimie Organique de 1'Ecole Nationale Superieure de Chimie, Universite Louis 

tDepartment of Chemistry, Yale University, New Haven, CT 06511. 
Pasteur, BP 2%/R8, Strasbourg, France. 
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aldehydes la ,  b, c, and d has been achieved5 in three straightforward steps by 
chromotography of the derivatives 4 ,  prepared by reaction of the aldehydes with 
(S)-( - )-5-(a-methylbenzyl)semioxamazide 3.6 

2 

1. Preparation of the semioxamazone 

Ph\ 8 

1 R 

l(a-d) + ,CH-NH-CO-CO-NH-NH2 
CH3 (S)( - )3 

(racemic) Ph, 8 

CH3 / CH-NH-CO-CO-NH-N+ ..@ 
4 ( a 4  

I:l SSII1:l RS (50/ 50) 
C~(CO)J 

2. Separation of diastereomeric mixtures by chromatography, 
e.g., 4uI from 4uII; and 

3. Hydrolysis of the diastereomers, for example: 

tolucne/bmzcm 
4al a pure enantiomer of la 
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Procedures 

Caution. Benzene, a reported carcinogen, is used in several steps in 
these syntheses. Appropriate precautions must be taken, and an eficient hood 
must be used. 

A. SYNTHESIS OF THE SEMIOXAMAZONES (4u-4 

The (S) - (  -)-5-(a-methylbenzyl)semioxamazide 3 (mp 168-169", [ale - 103", 
c = 1, CHC13) is prepared by sequential addition of ( S ) - (  - )-a-phenethylamine* 
and hydrazine to diethyl oxalate.6 

The substituted benzentricarbonylchromium derivatives were prepared by pro- 
tection of the aldehyde, heating in the presence of Cr(C0)6, and subsequent 
deprotection of the a1dehyde.Y 

The semioxamazone is prepared by refluxing a mixture of 0.04 mole of 3, 
0.04 mole of aldehyde 1,  and 0.5 g of p-toluenesulfonic acid in 400 mL of 
anhydrous benzene until no starting aldehyde can be detected by TLC (about 10 
minutes for 4b). he-coated TLC plates (silica gel 60 F-254, eluent: diethyl ether/ 
hexane 90/ 10). The benzene is removed on a rotary evaporator and a red-orange, 
solid crude product is obtained, which is a -50:50 mixture of the diastereomers. 

*The checkers used Aldrich gold label (R)-( +)-a-phenethylamine and obtained [aID + 110" for 
the (R) semioxamazide. 

tThe checkers found the published description of the preparation rather abbreviated, and expanded 
the procedure to provide more detail, for the example of (0-anisa1dehyde)txicarbonylchromium. 

Proteetion of the Aldehyde. A mixture of 0-anisaldehyde (13.6 g, 100 mmoles), ethylene glycol 
(7.45 g, 120 mmoles), and p-toluenesulfonic acid (0.5 g) is refluxed with benzene in a Dean-Stark 
apparatus until no starting aldehyde can be detected by TLC (-6 hr). After being cooled, the benzene 
solution is washed three times with 5% aqueous NaHCO,, then with saturated salt water until the 
washings are neutral, and then dried over Na2S0,. The solvent is removed under vacuum and the 
product collected in 96% yield by vacuum distillation @OD, 1 tom Hg). 

Preparation of the Complex. Following a published procedure,' 4 g (18 mmoles) Cr(CO),, 19 
mL (95 m o l )  of the protected aldehyde, 120 mL freshly distilled dibutyl ether, and 10 mL 
tetrahydrofuran are placed in a 250 mL round-bottomed flask fitted with a nitrogen inlet and a simple 
reflux condenser. The mixture is heated to reflux for 24 hours. The yellow solution is cooled and 
filtered, and the solvents are removed by vacuum distillation. The residue is chromatographed on 
a silica gel column (4 cm X 20 cm), and a yellow band collected upon elution with a mixture of 
ether and pentane (70: 30). The solvents are removed on a rotary evaporator and yellow crystals are 
collected (4.24 g, 80%). 

Deprotection. The complex (4.24 g, 14 mmoles) is dissolved in 20 mL of absolute ethanol and 
2 mL of 1 N HCI is added to the solution. The mixture is stirred until no starting complex can be 
detected by TLC (10 min), and the color of the solution changes from yellow to red-orange. The 
solution is extracted with dichloromethane. The methylene chloride layer is separated and washed 
three times with 5% aqueous Na2C0, and then with saturated NaCl solution, until the washings are 
neutral. After drying over Na,SO,, the solvent is removed on a rotary evaporator and the residue 
crystallized from a mixture of dichloromethane and pentane to yield 3.24 g of red crystals (90%). 
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B. SEPARATION OF DIASTEREOMERS 

The separations are performed by column chromatography using low pressure 
techniques.* The use of a 400 mm X 30 mm silica gel column along with elution 
with 80% ether and 20% pentane allows the separation of 1 g of the diastereomeric 
mixture. The purity of the fractions can be followed conveniently by TLC.* 

C. HYDROLYSIS OF THE PURE DIASTEREOMERIC 
SEMIOXAMAZONES 

The pure semioxamazone (0.07 mole) is refluxed in 100 mL of a 60/40 mixture 
of toluenelbenzene and 50 mL of 60% (by volume) H,SO,.t The progress of 
the reaction can be followed conveniently by TLC. After cooling the solution, 
the aqueous phase is decanted and the organic phase is washed three times with 
50 mL of 10% sodium carbonate and then with 20 mL of water until the washings 
are neutral. The organic layer is dried over sodium sulfate, the solvent evaporated, 
and the crude aldehyde product chromatographed on silica gel. 

Properties 
1. Semioxamazone 4a 

Yield: 80%. Chromatography solvent: diethyl ether/petroleum ether (EE/PE) 
90/ 10. 

Diastereomer I (4a I). mp 155-156"; RF 0.75 (EEIPE %/lo); IR(CHC13): 
vNH 3360, 3290, uc,o 1975, 1900, vmi& 1680 cm-'; 'H-nmr(CDCl,/TMS, 250 
MHz) 6: 1.54(d, 3H, J = 7Hz), 2.26(s, 3H), 4.98(d, lH), 5.12(t, lH), 5.43(t, 
lH),6.17(d, lHarom.),5.00(m, lH),7.17(5Harom.),7.57(d, lH,NH),8.02(~, 
1H imine), 10.12(s, lH, NH); Anal. Calcd. for C2,H,&rN305: C, 56.63; H, 

Diastereomer I1 (4a 11). mp 166-168"; RF 0.46, (EE/PE 90/10); IR(CHC13) 
and nmr(CDCl,/TMS) are identical to those of diastereomer 4a I; [(Y]D - 1195" 

4.30. Found: C, 56.80; H, 4.39. [CX]D + 1013" (C 0.76, CHCl3). 

(C 0.69, CHCl3). 

*The checkers found that a 300-mm gravity column effected adequate separation using Mal- 
linkrodt Silicar CC-7. 

?The checkers found improved yields when the hydrolyses are carried out at room temperature. 
For example, a pure diastereomer, 4b1, is hydrolyzed by dissolving in benzene (1 g/20 mL) and 
stimng with LO mL of 60% H2S04. After 20 minutes no more starting material can be detected by 
TLC. 
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2. Semioxamazone 4b 

Yield: 90%; chromatography solvent: diethyl ether. 
Diastereomer I (4b I). mp >190' (decomposes); RF 0.75 (ether); IR(CHC1,): 

urn 3380, 3300, vc=o 1975, 1905, upmi& 1680 cm-I; 'H-nmr(CDC1JTMS 250 
MHz) 6: 1.60(d, 3H, J = 7). 3.81(s, 3H), 4.98(t, 1H arom.), 5.09(d, 1H arom.), 
5.12(m, lH), 5.70(t, 1H arom.), 6.54(d, 1H arom.), 7.35(s, 5H arom.), 7.78(d 
broad, 1H NH), 8.28(s, IH), 10.4(s, 1H NH); Anal. Calcd. for C21H,,CrN306: 
C, 54.66 H, 4.12 N, 9.1 1. Found: C, 54.86; H, 4.35; N, 9.30. [&ID +986' (C 
0.07, CHC13).* 

Diastereomer II (4b II). mp 99-101'; RF 0.57 (diethyl ether); IR(CHC1,) 
and nmr (CDCl,/TMS) are identical to those of diastereomer 4bI; [&ID -959' 
(c 0.07, CHCl,).* 

3. Semioxamazone 4c 

Yield: 70%; chromatography solvent: diethyl ether. 
Diastereomer I (4c I). mp 96-98'; R F  0.72 (diethyl ether); IR(CHC1,): uNH 

3380,3310, uc=o 1970, 1900, udde 1680 cm-I; 'H nmr(CDC1,tTMS 250 MHz) 
u: 1.50(d, 3H), 3.75(s, 3H), 3.85(s, 3H), 5.20(m, 1H + 2H arorn.), 5.75(d, 
1H arom.), 7.25(s, 5H arom.), 7.65(d, 1H NH), 8.30(s, lH), 10.45(s broad, 
1H NH); Anal. Calcd. for C22H21CrN307: C, 53.77; H, 4.28; N, 8.55. Found: 

Diastereomer I1 (4c 11). mp 118-120'; RF 0.57 (diethyl ether); IR(CHC1,) 
and 'H nmr (CDCl,/TMS) are identical to those of diastereomer 4c I; [&ID - 415' 
(c 0.05 CHC1,). 

C, 53.67; H, 4.31; N, 8.55.  [&ID +556' (C 0.06, CHCl,). 

4. Semioxamazone 4d 

Yield: 70%; chromatography solvent: diethyl ether. 

VNH 3380, 3300, V C = O  1970, 1895, ~pmik 1680 cm-'; 'H nmr(CDC1JTMS 250 
Diastereomer I (4d I). mp 108-110"; R F  0.59 (diethyl ether); IR(CHC1,): 

MHz) 6: 1.60(d, 3H), 3.75(s, 6H), 5.00(m, lH), 5.15(s, 2H arom.), 5.90(s, 
lHarom.),7.20(~,5Harorn.),7.75(broad, 1HNH),7.80(s, lH), 10.!JO(sbroad, 
1H NH). Anal. Calcd. for C22H21CrN307: C, 53 .77; H, 4.28; N, 8.55. Found: 
C, 53.85; H. 4.38; N, 8.59. [&ID +450' (C 0.09, CHC13). 

*The checkers resolved the isomers of the opposite configuration and found the mp for 4bI to 
be 184-186' (dec) and [u10 - 1120". The mp for 4bII was 99-101" and [all, + 1080". At 500 MHz 
three resonances were sufficiently resolved to distinguish I and I1 respectively: S 8.287, 8.297; 
3.835, 3.833; and 1.604, 1.602. The checkers also observed that decomposition occurs slowly in 
chloroform. which leads to a slow decrease in rotation with time. 
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Diastereomer II (4d II). mp 105-107'; RF 0.39 (diethyl ether); IR(CHC1,) 
and 'H nmr (CDCl,/TMS) are identical to those of diastereomer 4d I; [ a ] D  - 479 
(c 0.10 CHCl,). 

5. Optically Active Complexes 

la: mp 99-100'; RF 0.95 (diethyl etherlhexane 9/1); IR(CHC1,): vCHo 2860, 
2720 (VW), vc=o 1970, 1895, uc0 1680 cm-I; 'H nmr(CDCl,/TMS) 6: 2.45(s, 
3H), 4.95(d, 1H arom.), 5.12(t, 1H arom.), 5.62(t, 1H arom.), 5.95(d, 1H 
arom.), 9.72(s, 1H). 

From 4a 1: [ a ] ~  +665', (C 0.22, CHCl3). From 4a 11: [a], -664', (C 0.26, 
CHC13); (lit? [a ]D -660"). 

Ib: mp 98-99'; RF 0.89 (diethyl ether); IR(CHC1,): v ~ M ~ ,  vcH0 2840, 2810 
(W), vc=o 1975, 1900, vco 1675 cm-'; 'H nmr(CDCl,/TMS) 6: 3.80(s, 3H), 
4.95(t, 1H arom.), 5.0(d, 1H arom.), 5.75(t, 1H arom.), 6.15(d, 1H arom.), 
lO.l(s, 1H). 

From 4b I: [ a ] D  + 1015', (c 0.06, CHC13). From 46 U: [ a ] D  - 1020', (c 
0.09, CHC13); (Lit.' [alD - lOOO').* 

Ic: mp 59-61'; RF 0.94 (diethyl ether); IR(CHC1,): vOMe, vcH0 2860, 2820 
(W), ucz0 1975, 1900, vco 1680 cm-'; 'H nmr(CDCl,/TMS) 6: 3.75(s, 3H), 
3.95(s, 3H), 5.10(t, 1H arom.) 5.45(d, 1H arom.), 5.60(d, 1H arom.), 10.05(s, 
1H). 

CHCI,). 
Id: mp 83-85'; RF 0.93 (diethyl ether); IR(CHC1,): voMe 2810, vCHO 2810, 

2720 (vw), vc=o 1970, 1885 urn 1675 cm-I; 'H nmr(CDCl,/TMS) 6: 3.75(s, 
3H), 3.80(s, 3H), 5.15(d,lH arom.), 5.55(d, 1H arom.), 5.85(s, 1H arom.), 
9.30(s, 1H). 

From 4 C  1: [ a ] ~  +360', (C 0.12, CHC13). From 4C 11: [01]~ -387', (C 0.19, 

From 4d I: [ a ] ~  +793', (C 0.60, CHC13). From 4d 11: [ a ] ~  -818', (C 0.77, 
CHC13). 
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19. A c~s(NO,),~~~~S(N)-BIS(S-ARGININE)- 
DINITROCOBALT(II1) ISOMER AND ITS USE AS A 

CATIONIC RESOLVING AGENT 

Submitted by M. B. CELAP, M. J. MALINAR, P. N. RADIVOJSA, and Lj. SOLUJIC* 
Checked by A. S. KOZLOWSKI,? S. J. ARCHER,$ and R. D. ARCHERO 

Several complex enantiomers have been used for resolving complex ions,'-3 but 
the procedures for their preparation are rather lengthy. The preparation of these 
enantiomers first requires synthesis of the corresponding racemic mixture, which 
is then tieated with an optically active resolving agent to produce two diaster- 
eomers. After the separation of diastereomers by fractional crystallization, the 
removal of the resolving agent affords the corresponding enantiomers, which 
can be used for the resolution of complex ions. Because of these complications, 
a new type of resolving agent for complex ions has been proposed, whose 
preparation is much simpler. This is achieved by using optically active ligands 
(instead of inactive ones) for the synthesis of the complex, which yields (in only 
one reaction) two optically active, internal diastereomers as resolving agents. 

This has been demonstrated by the synthesis of several diastereomers, in- 
cluding A- and A-~is(N0~),frans(N)-[Co(NO~)~(S-~gH)~] + as the nitrate salts.4 
The analogous A isomer as the chloride salt is synthesized herein. The applic- 
ability of this product to complex resolutions is shown by the resolution of 
cis(NOz),truns(N)-[Cogly2(N02),] - into diastereomers with the A- 
cis(N0,) ,trans(N)-[Co(NO,),(S-argH),] + ion and by the partial resolution of 
CCo(acac),] on a column of the optically active chloride salt.** The A isomer can 
also be obtained through fractional crystallization, but the temperature depend- 
ence precludes the routine synthesis of both isomers without repeated recrystal- 
lizations. 

A. A( - )&s(NO~),~~~~S(N)-BIS(S-ARGININE)- 
DINITROCOBALT(II1) CHLORIDE 

2 CoCl2.6H20 + 4 S-argH2C1 + 4 NaNO, + 2 NaOH + 1/2 O2 = 

2 [CO(NO,),(S-~~~H)~]C~ + 6 NaCl + 15 H20 

*Chemical Institute, Faculty of Science, University of Belgrade, 1 1001 Belgrade, Yugoslavia. 
?Department of Chemistry, Central Connecticut State College, New Britain, CT 06050. 
$Department of Chemistry, College of William and Mary, Williamsburg, VA 23185. 
QDepartment of Chemistry, University of Massachusetts, Amherst, MA 01003. 
**Abbreviations used for ligands: argH = arginine; glyH = glycine; acacH = acetylacetone or 

2,4-pentanedione. 
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Procedure 

To a solution of 25.28 g (0.120 mole) of S-arginine hydrochloride and 2.40 g 
(0.060 mole) of NaOH in 80.0 mL of water (in a 250-mL Erlenmeyer flask) the 
solutions of 14.36 g (0.060 mole) of Cd312-6H20 in 40 mL of water and 8.28 
g (0,120 mole) of NaN02 in 40 mL of water are added. Through the resulting 
solution air is bubbled vigorously for three hours. During this time -14 g of an 
orange-brown crystalline levo-rotatory (sodium D-line, 589 nm) mixture of dias- 
tereoisomers (I) is precipitated, which is filtered on a Buchner funnel and washed 
successively with ice-cold 48% ethanol, 96% ethanol, and diethyl ether. The 
filtrate is evaporated on a rotatory evaporator (40-50") to about a half of its 
original volume and left at room temperature for three hours, after which pre- 
cipitate (U) (-5 g) is obtained, filtered, and washed in the same way as in the 
previous case. * 

This operation is repeated once again, but the concentrated filtrate is left to 
stand overnight. In such a way -8 g of isomeric mixture (111) is obtained. The 
early levo-rotatory fractions with an [a] of at least - 400" are mixed and dissolved 
in hot (80") water.** The hot solution is filtered on a Buchner funnel and left at 
room temperature overnight. During this time -3.5 g of pure, red-brown crystals 
of the A( -)),-diastereomer with an [aIDz0 = -550"t are deposited4 

By stepwise evaporation of the filtrate, one obtains several additional frac- 

*The submitters suggest that (11) is dexrro-rotatory and that (111) is levo. The checkers have 
found that the composition of the precipitates varies considerably with both the temperature and the 
rate of bubbling. They recommend a moderate rate of bubbling through a capillary tube, rather than 
a sintered-glass gas dispersion stick, for a period of 12-18 hours (Overnight) at 25" or above. When 
room temperature is under 25". the initial precipitate is less levo-rotatory or even dextro-rotatory . 
Vigorous bubbling through a gas dispersion tube often results in the premature precipitation of a 
pasty, impure (low a) precipitate, which overflows the flask and is very difficult to filter. The 
checkers also recommend only isolation of the ( - ) D  or A isomer for use in further experiments. 
Early fractions with [aID = -400" (or more negative) are most suitable for purification. Sometimes 
this was the fmt, sometimes the second, and sometimes both the first and second fractions. The 
dextro-rotatory fractions tend to supersaturate and yield pastes rather than crystalline materials; and 
the overall yield, when of reasonable rotation, is small. Obviously, the checkers feel that the rotation 
of each fraction should be measured prior to recrystallization. 

**Although the submitters recommended 200 mL of hot water, the checkers used a saturated 
solution at 80" of -50 mL for 12 g of complex. About 7 g of pure, red-brown crystals with 

= - 550" were obtained. 
tIn aqueous solution (c = 0.1 g/ 100 mL). 
$The submitters note an ability to obtain appreciable quantities of a dextro isomer by its being 

kept further in a refrigerator. This does not occur if the lev0 fraction is -400" or so. Demo fractions 
can best be recrystallized using about 40 mL of hot water per 3 g of material. Less water provides 
pasty precipitates. For samples with [aJD of + 100" or less, the levo-rotatory isomer forms first (as 
orange crystals) when the solution is cooled to room temperature. These can be filtered and the 
demo-rotatory fraction obtained by cooling in the refrigerator. The dexrro-rotatory diastereomer 
appears as a silky yellow precipitate which the checkers found best separated by centrifugation. The 
submitters obtained sizeable quantities of dextro-rotatory material with [a] = + 220. The checkers 
obtained only small amounts ( - I  g) with [a] = + 250. 
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tions, which are to be recrystallized until their optical rotations reach the [a] 
values of the pure isomers. The total yield is -5 g of A-( -)D-cis(N02),rruns(N)- 
[CO(NO,)~(S-~~~H),]C~. 1 /2H20 with [a]D2' = - 550". For analysis the sub- 
stance is dried at 105" for two hours. During this time the mass of the ( -)D- 

diastereomer decreases by 1.4596, which corresponds to half of a water molecule 
per mole (1.65%). Anal. Calcd. for CoNloC12HzsOsCl (MW = 534.62): C, 26.%, 
N, 26.20; H, 5.28. Found for the A-( -)D-diastereomer: C, 26.87; N, 26.31; H, 
5.16.* 

Properties 

Both diastereomers are stable and inert substances, even in aqueous solution at 
higher temperatures (inversion half-life at 65" for the A-( + )D-diastereomer is 
356 & 20 hours, and for the A-(-),-diastereomer, it is 172 & 9  hour^).^ Be- 
cause of this stability, it is possible to use the same sample of a diastereomer 
for several resolutions of complex racemic mixtures, after its recovery by elution 
with 1 M NaCl from the ionic exchanger used in obtaining the enantiomers (see 
below). 

B. RESOLUTION OF SILVER cis(NO,),trans(N)-DIGLYCINATO- 
DINITROCOBALTATE(II1)t 

2 A( - )D-cis(N02),fruns(N)-[Co(N02)2(S-argH)2]C1.1 /2H20 + 
2 Ag{cis(NOz),rruns(N)-[Coglyz(N02)~l} + 6 H20 = 

{A( + )D-~is(N02),fruns(N)-[Coglyz(N02)2]}~2H20 + 
( - )D{A-( - )D-cis(NO)2),fruns(N)-[Co(NOz)2(S-argH)2]}- 

( - )D{A-( - )&S(N02) ,rrans(N)-[C~(NO,),(S-argH)~]}- 

{A( - )D-~i~(NOZ),rrans(N)-[Cogly2(N0z)z])~5Hz0 + 2 AgCl 

Procedure 

To a hot (70") solution of 5.35 g (0.01 mol) of A-( - )D-  

~is(NO~),fruns(N)[Co(NO~)~](S-argH)~]Cl* 1 /2Hz0 in 200 mL of water, a sus- 
pension of 4.06 g (0.01 mol) of cis(N02),rruns(N)-Ag[Cogly2(NOz)217 in 30 mL 
of water (70°), is added. The solution mixture is stirred at 70" for 20 minutes, 
and then it is left to cool at room temperature. The precipitated silver chloride 

*The levo-rotatory or delta diastereomer was dried by the checkers for two hours at 100" and 
analyzed as a monohydrate: Anal. Calcd. for CON,& Hm09C1 (MW = 552.6); C, 26.06; N, 25.33; 
H, 5.42. Found: C, 26.13; N, 25.27; H, 5.70. 

tThe resolution of the corresponding potassium salt by means of d-cinchonine has already been 
described by Celap and co-w0rkers.l 
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is separated by filtration and the filtrate is concentrated on a rotatory vacuum 
evaporator at 60°* until the appearance of crystals, and then it is left to stand 
at room temperature. After two hours, 3.2 g of pure (-)D-[A-(-)D- 

(N02)z].2H20 (I), is separated from the solution in the form of light-brown, 
crystalline plates with [c!t]Dzo = - 175" (c = 0.1 g/100 mL of water).? The 
filtrate obtained after the separation of diastereomer I is left to stand overnight 
in a refrigerator, whereupon 3.4 g of the second diastereomer pentahydrate (II) 
crystallizes in the form of yellow-orange needles. The substance is recrystallized 
from hot (70") water until a constant optical rotation [c!t]Dzo = - 515" (c = 0.1 
g/ 100 mL water) is obtained, yielding 3.1 g of pure diastereomer 11.4 

For analysis, the isolated substances I and I1 are dried at 105" for two hours, 
whereupon I loses 4.14% of its mass, which corresponds to a loss of two water 
molecules (3.93%), whereas diastereomer I1 loses 10.35%, which corresponds 
to a loss of five water molecules (10.13%). Anal. Calcd. for C02C1,&1&H36 
(MW = 798.07): C, 24.06; N,  24.56; H, 4.47. Found for diastereomer I: C, 
24.48; N, 24.78; H, 4.69; and for diastereomer 11: C, 23.86; N, 24.63; H, 4.91. 

A solution of 3 g of I or I1 in 50 mL of water is passed through a cationic 
Dowex 50W X4 column (25 cm long, 1.5 cm in diameter), in the potassium 
form, and the column is eluted with water.§ Each eluate obtained is concentrated 
on a rotatory vacuum evaporator at 70" to half of its original volume, to which 
0.1 M silver nitrate solution is added, until no additional precipitate is separated. 
The precipitates obtained are filtered on a Buchner funnel, successively washed 
with water, 96% ethanol, and diethyl ether, giving the cis(N02),rrans(N)- 
Ag[C0gly~(N0~)~] enantiomers in almost quantitative yield. The optical rotation 
of the isolated enantiomers is [cx]DZo = +-370° (c = 0.1 g/100 mL water.)** 
Anal. Calcd. for AgCoC4H8O8N4 (MW = 406.95): C, 11.80; N, 13.77; H, 1.98. 
Found for the A-( +),-enantiomer: C, 12.04; N, 13.88; H, 2.23; and for the A- 
(-),-enantiomer: C, 12.10; N,  14.05; H, 1.99. 

cis(NOZ), trans(N)-Co(NOZ),-(S-argH)2][A-( + )D-cI's(NOZ) ,@anS(N)-[Coglyy 

*The filtrate should be concentrated at 60" down to 100 mL and allowed to cool according to 
the checkers. The solution has a tendency to supersaturate and sometimes crystals don't form until 
the volume is much lower, in which case the crystals are a mixture of both diastereomers. 

?The checkers washed the crystals with 48% ethanol, 96% ethanol, and diethyl ether. In some 
cases the diastereomer needed to be recrystallized. [aID*" = - 185". 

$The checkers obtained [a]Dzo = -519". Any brown prisms of diastereomer I which are visible 
(as diastereomer I1 dissolves) must be removed by either filtration or decantation, in order to obtain 
pure diastereomer 11. The checkers washed the crystals with 48% ethanol, 96% ethanol, and diethyl 
either. A yield of 2 g (after recrystallization) was obtained. 

$The checkers used Jhwex 50W X8 and found that the sodium form can also be employed. 
However, with either form, the column is exhausted after one use. Only a small fraction of the 
complex cation can be removed from the more highly crosslinked resin, even with saturated NaCl 
solutions. 

**The checkers obtained optical rotations of - 360" and + 370". 
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C. PARTIAL RESOLUTION OF TRIS(2,CPENTANE- 
DIONATO)COBALT(III) BY COLUMN CHROMATOGRAPHY 
WITH A-(-),-cis(NO,),h.ans(N)-[Co(NO,),(S-argH)~]Cl~H~Os 

Procedure 

Approximately 25 g of finely ground A-( - )D-[Co(N02)2(S-argH)z]Cl is sieved 
with a 140-mesh screen, and the fines are discarded. The -20 g of complex 
which does not pass through the screen are slumed in toluene and packed into 
a chromatography column 1 cm x 50 cm. A 0.2-g sample of tris(2,4-pentane- 
dionato)cobalt(III)9 dissolved in 5 mL of toluene is applied to the top of the column. 
The column is eluted with toluene and 35 mL of eluate is collected prior to the 
emergence of the sample band. Sixteen fractions of 0.8 mL each (15 drops) are 
collected and each is diluted to 3.0 mL. From the absorbance of the solutions 
at 590 nm (E = 160 L mole-Icm-') and the optical rotations at 546 nm, molar 
rotations are obtained for the earliest and latest fractions collected. The middle 
fractions are almost inactive. There is a large error at the last two concentrations. 

Fraction Absorbance WI% 
1 0.61 - 250 
2 1.03 - 280 

... ... ... 
14 0.12 + 380 
15 0.04 + 700 
16 0.03 + 300 

An equal (or a little higher) degree of resolution by chromatography on D- 

lactose has been but this entails the use of much longer columns 
and much slower elution rates. The resolution obtained is about 1% of the molar 
rotation of ? 30,OOO estimated for complete resolution.l2 
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20. RACEMIC AND OPTICALLY ACTIVE COBALT(II1) 
COMPLEXES OF CDTA,* EDTA,* AND PDTA* IN 

NON-AQUEOUS SOLVENTS 

Submitted by L. H. O'CONNOR and K. H. PEARSONt 
Checked by H. HEASTER and P. HOGGARDS 

Dwyer and Garvan' prepared racemic K[Co(cdta)].3H20 and K[Co(pdta)]-H20, 
in water solution using racemic cdta2 and pdta.' They also prepared enantiomers 
of the complex anions by using the optical enantiomers of ~is-[Co(en),(NO,)~]Br 
as the resolving agents.' Zadnik and Pearson4 prepared Cs[Co(R,R( - )cdta)] 
using previously synthesized R,R( - );I,~dta.~ 

The syntheses of [Co(edta)] - complexes historically have involved aqueous 
systems requiring many hours of preparation, large volumes of solvent, and 
unwanted side reactions. Brintzinger, Thiele, and Miiller6 obtained the Na[Co(edta)] 
complex as a 4-hydrate and found that the compound could be dehydrated by 
drying at 150" with no change in its properties. Schwarzenbach' synthesized 
Ba[Co(edta)],*4H2O in a similar manner using bromine as the oxidizing agent. 
Kirschner* and Dwyer and co-workers9 also prepared this complex in aqueous 
solution. The racemic [Co(edta)]- complex was resolved by Busch and Bailar," 
Dwyer and Garvan," and Jordan and Froebel2 using various optically active 
resolving agents. 

An essentially nonaqueous procedure is described for preparing the racemic 
and optically active forms of the heavy alkali metal complexes (potassium, 
rubidium, and cesium) of the cobalt(LI1) complexes of cdta, edta, and pdta. The 

*cdta = rruns-[N,N'- 1,2-cyclohexanediylbis[N-(carboxymethyl)glycinate]] 4 -  

(trans- 1 ,2-cyclohexanediaminetetraacetate4-); 

(ethylenediaminetetraacetate' - ); 

(propylenediaminetetraacetate4-). 

edta = [N,N'- I ,2-ethanediylbis[N-(carboxymethyI)gly~inate]]~- 

pdta = [N,N'-( I-methyl- 1,2-ethanediyl)bis[N-(carboxymethyl)glycinate]]'- 

t Department of Chemistry, Cleveland State University, Cleveland, OH 441 15. 
$Department of Chemistry, North Dakota State University, Fargo, ND 58105. 
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compounds can be synthesized in two to three hours, with 81439% yields and 
high purity. 

A. CESIUM trans-[N,N'-192-CY CLOHEXANEDIY LBIS[N- 
(CARBOXYMETHYL)GLYCINATO]]COBALTATE(III) AND ITS 
ENANTIOMERS 

1. CS[CO(C~~~)].HZO 

Procedure 

A dry mixture of analytical reagent grade cobalt(I1) carbonate (0.595 g, 0.005 
mole) and racemic H4cdta (1.73 g, 0.005 mole) are placed into a 50-mL Erlen- 
meyer flask and 4.0 mL of deionized water is added. The slurry is heated 
gradually to 70" with constant stirring on a magnetic stimng hot plate. When 
the evolution of carbon dioxide ceases, 1.5 mL of fresh 30% hydrogen peroxide 
is added dropwise to oxidize the resulting Co(II) complex. The mixture is stirred 
at 70" for 15 minutes, the reaction flask is removed from the hot plate, and 
cesium hydroxide (0.750 g, 0.005 mole) is added slowly. The mixture is allowed 
to react for an additional 15 minutes and is then cooled. 

All weighing and subsequent steps are to be performed in a nitrogen- 
purged drybox. The warm mixture is filtered through a medium porosity glass- 
fritted crucible into a 400-mL beaker. The reaction flask is washed with three 
2-mL aliquots of ethanol and these are put through the filter. Cold absolute 
ethanol (300 mL) is added slowly and with continuous stimng. The ethanolic 
filtrate is kept cold (0") and stirred vigorously for 30 minutes. The Cs[Co(cdta)]-H20 
is removed by filtration, first by aspiration through a Biichner funnel ( S  + S 
filter #589 white) and then through a medium glass-fritted crucible. The pre- 
cipitates are washed with absolute ethanol and acetone, and then dried in a 
vacuum oven at 120" for 16 hours. The potassium complex, K[Co(cdta)]- 1H20, 
and the rubidium complex, Rb[Co(cdta)].lH,O, are synthesized in an analogous 
manner, except that 0.281 g (0.005 mole) of potassium hydroxide or 0.512 g 
(0.005 mole) of rubidium hydroxide is substituted for cesium hydroxide. 

Note. 

2.a. A( +),-Cs[Co(R,R( -)cdta)].lH,O 

The same procedure used for the preparation of racemic Cs[Co(cdta)].lH,O is 
followed, except that R,R( -)&cdta replaces racemic H4cdta. Anal. Calcd. for 
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Cs[Co(R,R(-)cdta)].lH,O: C, 30.45; H, 3.65; N, 5.07. Found: C, 30.21; H, 
3.92; N, 5.03. 

2.b. A(+),-Rb[Co(R,R(-)~dta)l.lHzO 
The same procedure as that given for the preparation of Cs[Co(cdta)]-lH,O is 
followed, except that R,R( - )H,cdta replaces racemic H,cdta, and rubidium hy- 
droxide (0.512 g, 0.005 mole) is substituted for cesium hydroxide. Anal. Calcd. 
for Rb[Co(R,R( -)cdta)].1H20: C, 33.32; H, 3.99; N, 5.55. Found: C, 33.33; 
H, 4.25; N, 5.51. 

2.c. A( +),-K[Co(R,R( -)cdta)]* 1HzO 

The same procedure as that given for the preparation of Cs[Co(cdta)].lH,O is 
followed, except that R,R( - )H,cdta replaces racemic H,cdta, and potassium 
hydroxide (0.281 g, 0.005 mole) is substituted for cesium hydroxide. Anal.  
Calcd. for K[Co(R,R(-)cdta)]-lH,O: C, 36.69; H, 4.40; N, 6.11. Found: C, 
37.05; H, 4.94; N, 6.41. 

Properties 

The absorption data and yields for the six complexes are reported in Table I. 
The specific and molar rotations at 546 nm and 365 nm are given in Table 11. 
The optical rotatory dispersion and circular dichroism properties determined in 
aqueous solutions are given in Tables III and IV. The racemic complexes were 
calculated as monohydrate compounds, since the elemental analyses for the 
optically active complexes correspond to monohydrate compounds, and both the 
optically active and racemic complexes give similar absorption data. The ORD 
and CD spectra were obtained on modified computerized Perkin Elmer Model 
241 and Cary Model 61 Spectropolarimeters, respectively. I 3 3 I 4  

B. CESIUM ~~~~.Y-[N,N'-~,~-ETHANEDIYLBIS[N- 
(CARBOXYMETHYL)GLYCINATO]]COBALTATE(III) AND ITS 
ENANTIOMERS 

1. Cs[ Co(edta)].2Hz0 

Procedure 

A dry mixture of reagent grade cobalt(II) carbonate (0.595 g, 0.005 mole) and 
previously recrystallized H,edta (1.46 g, 0.005 mole) are placed into a 50-mL 
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TABLE 11 Specific and Molar Rotations' 

A-( + )%-K[Co(R,R( - )cdta)] + 1090 + 5000 - 732 - 3360 
A-( +),-Rb[Co(R,R( - )cdta)] + 1000 + 5050 - 673 - 3400 
A-( + ),-Cs[Co(R,R( - )cdta)] + 903 + 4990 - 602 - 3320 

"[a] = deg*mL-g-'dm-'. [MI = deg-cm*dmole-' = [a] M1100. 

Erlenmeyer flask, and 4.0 mL of deionized water is added. The mixture is then 
treated exactly as the cdta complex in Section A-1 . 

Anal. Calcd. for Cs[Co(edta)].2HzO: C, 23.27; H, 3.12; N, 5.43. Found: C, 
23.55; H, 3.21; M, 5.50. 

2. K[ CO( edta)] -2HZO 

The procedure given for the preparation of Cs[Co(edta)].2H20 is followed, except 
that 0.281 g (0.005 mole) of potassium hydroxide is substituted for the cesium 
hydroxide. The filtration step for this complex is slow (35 minutes), in com- 
parison with the cesium and rubidium complexes. 

Anal. Calcd. for K[Co(edta)].2H20: C, 28.44; H, 3.82; N, 6.63. Found: C, 
28.23; H, 3.70; N, 6.56. 

3. Rb[ Co(edta)]-2Hz0 

The procedure given for the preparation of Cs[Co(edta)].2H20 is followed, except 
that 0.512 g (0.005 mole) of rubidium hydroxide is substituted for cesium hy- 
droxide. Based on analogous absorption values, the rubidium complex is cal- 
culated to contain two molecules of water of hydration. 

Properties 

The products, transparent platelets, are deep rose by transmitted light and violet 
by reflected light. The absorption data and yields for the three complexes are 
given in Table V. 

C. CESIUM [N,N'-(l-METHYL-l,2-ETHANEDIYL)BIS[N- 
(CARB0XYMETHYL)GLY CINATO]]COBALTATE(III) 
AND ITS ENANTIOMERS 
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Procedure 

A dry mixture of analytical reagent grade cobalt(I1) carbonate (0.595 g, 0.005 
mole) and previously recrystallized H,pdta (1.53 g, 0.005 mole) are placed into 
a 50-mL Erlenmeyer flask, and 6.0 mL of deionized H20 is added. The mixture 
is then treated exactly as the cdta complex in Section A-1. Anal. Calcd. for 
Cs[Co(pdta)]*lH,O: C, 25.80; H, 3.15; N, 5.47. Found: C, 25.90; H, 3.44; N, 
5.40. The potassium and rubidium complexes are synthesized in a similar man- 
ner, except that potassium hydroxide (0.281 g, 0.005 mole) and rubidium hy- 
droxide (0.512 g, 0.005 mole) are substituted for cesium hydroxide, respectively. 

2.a. A( +),-Cs[Co(R( -)pdta)].1H20 
The procedure for the preparation of racemic Cs[Co(pdta)]-H,O is followed, 
except that R( -)&pdta' replaces racemic H4pdta, and only 4.0 mL, instead of 
6.0 mL, of water is used in the synthesis. Anal. Calcd. for Cs[Co(R( -)pdta)].1H20: 
C, 25.80; H, 3.15; N, 5.47. Found: C, 25.62; H, 3.42; N,  5.47. 

2.b. A(+),-Rb[Co(R(-)pdta)]*lH20 
The procedure given for the preparation of Cs[Co(pdta)].1H20 is followed, 
except that R(-)H4pdta replaces hpdta,  only 4.0 mL, instead of 6.0 mL, of 
water is used, and rubidium hydroxide (0.512 g, 0.005 mole) is substituted for 
cesium hydroxide. Anal. Calcd. for Rb[Co(R( -)pdta)].lH,O: C, 28.43; H, 3.47; 
N, 6.03. Found: C, 28.70; H, 3.58; N, 5.87. 

2.c. A( +)%-K[C0(R(-)pdta)].lH20 
The procedure given for the preparation of Cs[Co(pdta)]. 1H20 is followed, 
except that R( -)H,pdta replaces H,pdta, only 4.0 mL of water is used, and 
potassium hydroxide (0.281 g, 0.005 mole) is substituted for cesium hydroxide. 

TABLE MI Smific and Molar Rotations" 

Compounds 
( .1HD)  [a], [MI, [alas [Mlm 

A 4  + ),-K[Co(R( - )pdta)l + 880 + 3680 - 586 - 2450 

A-( + ),-Rb[Co(R( - )pdta)] + 787 + 3660 -518 - 2410 

A-( + ),-Cs[Co(R( - )pdta)] +716 + 3670 - 494 - 2530 

A 4  - ),-K[Co(S( + )Pdta)l - 883 - 3690 + 587 + 24M) 

A-( - ),-Rb[Co(S( + )pdta)l - 795 - 3690 + 536 + 2490 

A 4  - )sM-Cs[Co(S( + )pdta)l -711 - 3640 + 495 + 2530 

"[a] = deg.mL g-'dm-'. [MI = [a] MllOO (deg.cm'dmole-'). 
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Anal. Calcd. for K[Co(R(-)pdta)l.lH,O: C, 31.59; H, 3.86; N, 6.70. Found: 
C, 31.90; H, 4.24; N, 6.80. 

3. A( -)546-Cs[Co(S( +)pdta)]-lHzO 

The procedure given for the preparation of Cs[Co(pdta)]. 1H20 is followed, 
except that S( +)H.,pdta,” replaces I&pdta and only 4.0 mL, instead of 6.0 mL, 
of water is used in the synthesis. The potassium complex h-(-),-K[Co- 
(S( + )pdta)]. 1H20, and the rubidium complex A-( - )%-Rb[Co(S( + )pdta)]. 
1H20 are synthesized in an analogous manner, except that 0.281 g (0.005 mole) 
of potassium hydroxide and 0.512 g (0.005 mole) of rubidium hydroxide, re- 
spectively, are substituted for cesium hydroxide. 

Properties 

The absorption data and yields for the nine complexes are reported in Table VI. 
The specific and molar rotations at 546 nm and 365 nm are given in Table VII. 
The optical rotatory dispersion and circular dichroism spectra (in aqueous so- 
lution) are given in Tables VIII and IX. The ORD and CD spectra were obtained 
on modified computerized Perkin Elmer Model 241 and Cary Model 61 Spec- 
tropolarimeters, respectively. I 3 * l 4  
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Chapter Four 

BRIDGE AND CLUSTER COMPOUNDS 

21. p-CARBOXYLATODI-p-HYDROXO- 
BIS[TRIAMMINECOBALT(III)] COMPLEXES 

Submitted by K. WIEGHARDT* and H. SIEBERTt 
Checked by E. S. COULD$ and V. S. SRINIVASAN$ 

The preparation in low yields of sulfate, chloride, bromide, nitrate, and dithionate 
salts of the binuclear cation tri-p-hydroxo-bis[triamminecobalt(III)] has been 
reported by A. Werner.' An X-ray analysis2 of the dithionate salt, 
[(NH3)3Co(OH)3Co(NH3)3]2(S,0,),, confirmed the structure of the cation to con- 
sist of two face-sharing octahedra around cobalt(II1) connected via three hydroxo- 
bridges. The Co-Co distance is relatively short (2.565 A). 

An improved synthesis yielding the perchlorate salt, [(NH,),Co- 
(OH)3Co(NH3)3](C104)3.2 H,O has been ~ p o r t e d . ~  We report here an improved 
synthesis4 for rruns-[Co(NH,),(NO,),], originally described by Jorgen~en.~ 

The chemistry of the tri-~-hydroxo-bis[triamminecobalt(III)]3+ cation has at- 
tracted much interest. The perchlorate salt is the starting material for many new 
complexes-mononuclear complexes of the type [Co(NH,),X,] and binuclear 

*Lehrstuhl fiir Anorganische Chemie I der Ruhr-Universitat Bochum, D-4630 Bochum 1, Federal 

t Anorganisch-Chemisches Institut der Universitat Heidelberg, D-6900 Heidelberg, Federal Re- 

$Department of Chemistry, Kent State University, Kent, OH 44242. 

Republic of Germany. 

public of Germany. 
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complexes of the type [(NH3)3LCo(OH)2CoL(NH3)3]2+ 
nuclear complexes of the types 

as well as bridged bi- 

and 

I H 

where 

n+ 

n+ 

L = F-,  NCS-, N3-, H20 = external anion 
X = CH2C1CO2-, CHC12C02-, CC13C02- 

= SO,‘-, SeO,Z-,9 and 
Y = CH3C02- ‘J’ or any other carboxylic acid’.’ 

= CO32-.lO 

The reaction of the tri-p-hydroxo-bis[triamminecobalt(III)] cation with car- 
boxylic acids has proven to be most versatile, yielding the p-carboxylatodi-p- 
hydroxo-bis[triamminecobalt(III)] cations.’ These binuclear complexes represent 
a useful class of compounds for studies of electron-transfer reactions through 
extended organic structural units. Inner-sphere reductions of these complexes 
by aquametal ions such as [Cr(OH2)6]2+ or, to a lesser extent [V(OH2)6]2+, occur 
exclusively by way of remote attack of the reductant if the organic ligand bears 
a suitable “lead in” function (e.g., a carboxyl or aldehyde group), and if the 
ligand is capable of “mediating” an electron.I2-l5 In all other cases, much slower 
outer-sphere reductions are observed. 16*17-19 Thus, in many instances, kinetic 
studies of the reductions of p-carboxylatodi-p-hydroxo-bis[triamminecobalt(IIl)] 
complexes complement those using mononuclear carboxylato-pentammineco- 
balt(1II) complexes. 

Furthermore, the kinetics of the OH-bridge cleavage and formation have been 
studied in detai1.3.20*2’ 



~Curboxyluro-Di-~-Hydroxo-Bis [Tr iu~inecobul~l~~]  Complexes 109 

A. mer-TRIAMMINETRINITROCOBALT(1II) 

4 CoC12.6HzO + 8 NH3 + 4 NH4Cl + 12 NaN02 + 0 2  + 

4 rner-[Co(NH3),(N02),] + 12 NaCl + 26 H20 

Concentrated aqueous ammonia (20-25%) (2000 mL) is added to a solution of 
400 g of ammonium chloride and 540 g of sodium nitrite in 3000 mL of water. 
Cobalt(I1) chloride hexahydrate, 360 g, dissolved in 1000 mL of water is added 
and a rapid current of air is sucked through this solution for a period of five 
hours. The dark brown solution is placed in four to five large porcelain evap- 
orating dishes (of the approximate diameter 250 mm) and is allowed to stand in 
a drafty fume cupboard for two days, during which time brown crystals grow 
slowly on the surface of the solution. From time to time the surface is disturbed 
by stimng with a glass rod, which causes the crystals to sink to the bottom of 
the dishes. It is important for good yields that the surface of the solution be 
relatively large (-2000 cm2) and that a steady stream of air passes over the 
surface (the temperature of the air should not exceed 20°*). The brown precipitate 
is collected on a filtering crucible, washed successively with 200 mL of ice 
water, ethanol, and diethyl ether, and air-dried. The yield of the brown precipitate 
(230-260 g) is found to vary from batch to batch. The crude product con- 
sists of different complexes of cobalt(III), all of which have a ratio 
Co: N&: NO2 = 1 : 3 : 3 ( h a n s - ~ a n s - [ C ~ 3 ) 4 ~ 0 2 ~ ~ [ C o 0 , ( N 0 2 ) 4 1  and mr- 
[Co(NH,),(NO,),] are the main products). It is the neutral complex, H mer 
[Co(NH,),(N02),], which is most soluble in water. The powdered, crude product 
is extracted with 1500 mL of water at 85", to which 15 mL of glacial acetic acid 
is added. This procedure is repeated four times. The remaining yellow powder 
is discarded. The combined filtrates are cooled to 0". Yellow crystals precipitate 
and are collected on a filtering crucible, washed successively with ice-cold water, 
ethanol, and diethyl ether, and then air-dried. The yields vary again (160- 
180 g). 

This yellow product is still contaminated with trans, trans- 
[Co(NH3)4(N02)2][Co(NH3)z(N0,),] (up to 13%). Even repeated recrystalliza- 
tions do not afford a pure sample of rner-[C0(NH,)~(N0~)~]. A procedure to 
obtain a pure sample of rner-[C0(NH~),(N0,)~] is reported el~ewhere.~ For the 
present purpose the crude sample suffices. 

*At lower temperatures, 15-17". better yields have been obtained. It should be noted that slow 
evaporation of NH3 appears to be the crucial factor, not the overall reduction of the volume of the 
solution. 
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B. mer-TRIAMMINEAQUADICHLOROCOBALT(III) CHLORIDE 

rner-[C0(NH~)~(N0,)~] + H20 + 3 HCI - 
[CO(NH~)~(H~O)C~~]CI + 3 HN02 

Procedure 

The crude H mer-[C0(NH,)~(N0,)~1 (160 g) is suspended in 1300 mL of concen- 
trated hydrochloric acid at 20" (Caution. Eflervescence!), whereupon fumes of 
nitrogen oxides are evolved. (Hood!) The yields are lower when the reaction is 
carried out at elevated temperatures. The solution is stirred occasionally. A gray- 
green precipitate is generated within 20 hours, which is then collected on a filtering 
crucible, washed successively with 20% hydrochloric acid, ethanol, and diethyl 
ether, and air-dried. The crude product is dissolved in 1500 mL of 1% aqueous 
hydrochloric acid and filtered. To the filtrate 1500 mL of ice-cold concentrated 
hydrochloric acid is added in portions of 150 mL at 0". After 12 hours at 0", 
black-violet crystals precipitate. They are filtered off, washed successively with 
20% hydrochloric acid, ethanol, and diethyl ether, and air-dried. The product 
is contaminated with [Co(NH,),(N02)Cl]C1 (-2-3%). The yield is 129 g. 

C. fa-TRI-pHYDROX0-BIS[TRIAMMINECOBALT(III)] 
PERCHLORATE DIHYDRATE 

2 H rner-[C0(NH~)~(H~0)Cl~]Cl + 3 OH- + 3 ClO,- - 
[CO~(NH~),&OH)J(C~O,), 2H20 + 6C1- 

Procedure 

Caution. Perchlorates may explode, especially when heated! 
To an ice-cold suspension of 100 g of the crude H rner-[C0(NH~)~(H~0)Cl~lCl 

in 100 mL of water, 600 mL of 1 M aqueous ammonia is added dropwise over 
a period of two hours with efficient stirring. The temperature must be kept at 
0". A turbid, deep red solution is obtained which is filtered.* To this solution 
250 mL of a saturated aqueous solution of sodium perchlorate is added. It is 
then cooled to 0" for one hour. The red precipitate is collected on a filtering 
crucible and recrystallized from 800 mL of water (weakly acidified with acetic 
acid) at 30" by adding 200 mL of a saturated aqueous solution of NaClO, and 
cooling to 0" for three hours. Red, hexagonal prismatic crystals are filtered off, 

*The red residue (-5 g) consists mainly of [Co(NH3),(N02)CIlCI and a little [CO(NH,)~CI]CI~. 
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washed with ethanol, and then with diethyl ether, and air-dried. The yield is 81 
g (63%). The product is slightly contaminated with chloride, which does not 
affect the following syntheses. Anal. Calcd. for [(NH,),Co- 
(OH),CO(NH,)~](C~~~)~~~H~O: CO, 19.47; NH,, 16.88; H20,5.95; C104, 49.28. 
Found: Co, 19.4; NH,, 16.9; H20, 6.1; C104, 47.7. 

Properties 

The product can be characterized by two absorption maxima in the visible region. 
A, = 526 nm (E = 134 1 mol-'cm-I), 296 nm (E = 1.78 x lo3 1 mole-'cm-I). 
The dithionate salt has been characterized by single crystal X-ray analysis, which 
shows the binuclear cation to consist of two face sharing octahedra.' The cation 
is only moderately stable in aqueous solution (pH 7), but at pH 5-6 aqueous 
solutions can be kept at ambient temperature for many hours without decom- 
position. 

D. DI-p-HYDROXO-DIAQUABIS[TRIAMMINECOBALT(III)] 
TETRAPERCHLORATE PENTAHYDRATE 

Tri-p-hydroxo-bis[hiamminaobalt(IU)] hiperchlorate dihydrate, 10 g (16.5 mmole) 
is dissolved with stirring in 100 mL of 1 M perchloric acid at 30". After 15 
minutes, 200 mL of 60% perchloric acid is added in small amounts to the filtered 
solution. The solution is kept at 0" for four hours, after which time red-violet 
crystals are collected on a filtering crucible. The product is washed with a 1 : 1 
mixture of ethanol and diethyl ether, and then pure diethyl ether, and air-dried. 
The yield is 9.0 g (70%). Anal. Calcd. for [CO~(NH~)~(H~~)~(~H)~I(C~~~)~.~- 
H20: Co, 15.15; NH3, 13.13; C104, 51.13. Found: Co, 15.0; NH3, 13.2; C104, 
50.9. 

Properties 

The perchlorate salt is very soluble in water and moderately so in 96% ethanol. 
The W-absorption spectrum has maxima at A = 544 nm (E = 170 1 mole- 'cm- I ) ,  

295 nm (E = 2.69 x 103 1 mole-'cm-'). A single-crystal X-ray analysis of the 
nitrate salt, [ (NH3)6~oz(O~)z(~Hz)z]  (N03)4.2 HzO, shows the cation to have 
two edge-sharing octahedra. The two coordinated aqua ligands are in trans 
positions with respect to each other.22 
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Prolonged reaction of tri-p-hydroxo-bis[triamminecobalt(III)] perchlorate di- 
hydrate with concentrated perchloric acid yields the monomeric complex, 
~ ~ ~ ~ ~ ~ 3 ~ 3 ~ ~ , ~ ~ 3 1 ~ ~ ~ ~ , ) ,  .3 

E. p-CARBOXYLATODI-p-HYDROXO- 
BIS[TRIAMMINECOBALT(III)] PERCHLORATE 

[CO~(NH~)~(OH)~](CIO~)~*~ H20 + R-COOH __* 

[CO,(NH~),(OH)~R-COO](C~OJ~ + 3 H20 

Procedure 

Caution. Perchlorates may explode, especially when heated! Perjorm 
this experiment behind a safety shield. 

A general procedure is given for the reaction of various water-soluble car- 
boxylic acids with tri-p-hydroxo-bis[triamminecobalt(III)] perchlorate. To a so- 
lution of 20 mmoles of the carboxylic acid in 40 mL of 0.5 M perchloric acid 
at 45", 6.1 g (10 mmoles) of tri-p-hydroxo-bis[triamminecobalt(III)] perchlorate 
dihydrate is added in small amounts with stirring. The temperature is raised to 
65" (Caution) and maintained for 15 minutes. To the cooled (15") and filtered 
solution, 10 mL of concentrated perchloric acid (70%) and 2 g of solid sodium 
perchlorate are added. The solution is kept at 0" for three hours. Red crystals 
are filtered off and recrystallized from 20 mL of water at 40" by adding 20 mL 
of concentrated perchloric acid. The temperature is maintained at 0" for three 
hours. The yields vary: 30-90%. The following p-carboxylato complexes can 
be prepared according to the above procedure: 

1. y-Acetatodi-p-hydroxo-bis[triamminecobalt(III)] 
Triperchlorate Dihydrate* 

*In the original papeP a double salt is obtained, [(NHI)~Co2(0H),(CH,CO*)] (C1O4),.O.9 NaCIO, 
using NaClO, to precipitate red crystals. 
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Anal. Calcd. for [(NH3)6Coz(OH)z(CH3COz)] (C104),.2 HzO: Co, 18.20; N, 12.97; 
C, 3.71; H, 4.20; C1, 16.42. Found: Co, 18.1; N, 12.8; C, 3.9; H, 4.3; C1, 
16.3. 

2. ~Hydrogenoxalatodi-~hydroxo-bis[triamminecobalt(II~)] 
Triperchlorate Hemihydrate' 

/OH\ 

o.+p 
F 

HI)~CO-OH-,CO( N H3)3 
\ 

(C104)3' 1/2 HtO. The yield is 4.1 g (63%). 

I 
C 

HO' \O 

Anal. Calcd. for [(~~3)6~oz(~H)z(Cz04H)](C104)3~0.5 HzO: Co, 18.12; NH,, 
15.71; C1, 16.35; C, 3.69; H, 3.41. Found: Co, 18.2; NH,, 15.6; C1, 16.1; C, 
3.9; H, 3.6. 

3. )1-(4-Pyridinecarboxylato)di-p-hydroxo- 
bis[triamminecobalt(III)] Tetraperchlorate' 

H 

( NH~)~CO,-OH-,CO( N H3)3 /O\ 

6 N 

I 
H 

(c104)4. The yield is 7.1 g (92%). 

Anal. Calcd. for [(NH3)6Coz(OH)z(C5H4NHCOO)](C104)4: Co, 15.2; NH,, 13.2; 
C, 9.3; H, 3.3; C1, 18.3. Found: Co, 15.1; NH,, 13.1; C, 9.5; H, 3.4; C1, 18.4. 
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4. y-Pyrazinecarboxylato-di-y-hydroxo-bis[triamminecoba~t(III)] 

Conc. HC104 (30 mL) was added to precipitate red crystals within 12 hours at 
0". The yield is 3.5 g (45%). 

Tetraperchlorate Hydrate' 

(NH3)s - 1 
(NH3)3 

H 

(N H~)~CO-OH-,CO( N H3)3 
/O\ 

(C104)6'4HzO. The yield is 4.1 g (65%) 
(based on oxalic acid). 

L 

I 

(C104)4. H2O. The yield is 3.5 g (45%). 

Anal. Calcd. for [(NH3)6Co,(OH)2(C4H4N,C00)1(C104)4~HzO: CO, 14.8; NH3, 
12.9; C, 7.6; H, 3.3; CI, 17.9. Found: Co, 14.7; NH3, 12.6; C, 7.8; H, 3.2; 
C1, 17.8. 

A slight modification of the above procedure, allowing 5 mmoles of a water 
soluble dicarboxylic acid and 12 mmoles of tri-phydroxo-bis-[triammineco- 
balt(III)]perchlorate dihydrate to react, affords the following tetranuclear com- 
plexes: 

5. Tetra-y-hydroxo-~,-oxalato-tetrakis[triamminecobalt(III)] 
Hexaperchlorate Tetrahydrate6 

Anal. Calcd. for [(NH3),2C04(OH)4(Cz04)] (C1o4),-4 HzO: Co, 18.64; NH3, 16.16; 
C, 1.90; H, 3.83; C1, 16.82. Found: Co, 18.6; NH3, 16.0; C, 2.2; H, 3.9; CI, 
16.8. 



6. pr-Acetylenedicarboxylato-tetra-phydroxo- 
tetrakis[triamminecobalt(III)] Hexaperchlorate PentahydrateI2 

(C104)6 ’ 5 HtO. 
The yield is 3.5 g (54%) 
(based on acetylene- 
dicarboxylic acid). 

Anal. Calcd. for [(NH3)12C04(OH)4(C404)] (C104)6*5 H,O: Co, 18.0; N, 12.9; 
C, 3.7; H, 3.8; C1, 16.3. Found: Co, 17.7; N, 12.6; C, 3.8; H, 4.0; C1, 16.2. 

Properties 

The binuclear and tetranuclear pxirboxylato complexes are remarkably substi- 
tution-inert in acidic aqueous solutions (pH 5-0). The dinuclear structure has 
been established by single-crystal X-ray analyses in two instan~es. l~*’~ In the 
case of the ppyrimidine-carboxylato complex, a symmetrical p-carboxylato 
bridged group is found.I9 

The p,-carboxylato complexes described here have very similar absorption 
spectra in the visible region. The [(NH3)6C02(OH),(R-COO)] structural unit ex- 
hibits an absorption maximum at A,, = 524 nm (E = 109 & 3 1 mole-’cm-I) 
regardless of different basicities of the various carboxylate ligands. A linear 
correlation between the ~ ~ ( c - 0 )  stretching frequency of the bridging carbox- 
ylate and pK, values for the dissociation constants of the free acids is observed.8 
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22. TETRABUTYLAMMONIUM 
OCTACHLORODIRHENATE(II1) 

2[ ( r~ -C~H~)~NlRe0~  + 8C6H5COC1 __* [(~z-C~H~)~N]~[R~,CI,]  + Org. Prod. 

Submitted by T. J. BARDER* and R. A. WALTON* 
Checked by F. A. COTTON? and G .  L. POWELL? 

The octachlorodirhenate(II1) anion is the key starting material for entry into the 
chemistry of multiply bonded complexes of dirhenium.' To date, the most con- 
venient synthetic route for the synthesis of this complex has been through the 
hypophosphorous acid reduction of KReO,. 2.3 However, the yield of the complex 
is low and variable, rarely exceeding 40%. Other synthetic  route^^-^ require 
either high pressure conditions or the use of starting materials that are best 
prepared from the [Re2Cl8I2- anion itself, and they offer no significant advantages 
over the hypophosphorous acid reduction of KRe04. We describe here a simple, 
quick, and high-yield synthesis of [(n-C4H,),N],[Re2Cl8], which has many ad- 
vantages over existing procedures.' 

*Department of Chemistry, Purdue University, West Lafayette, IN 47907. 
tDepartment of Chemistry, Texas A & M University, College Station, TX 77843. 
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Procedure 

The starting material [n-C,H,),N]ReO,* (3.0 g, 6.1 mmoles) is placed in a 250- 
mL round-bottomed flask fitted with a reflux condenser. The condenser is con- 
nected to a mercury bubbler system, which consists of a cylindrical glass reservoir 
(22 mm internal diameter) containing 40 mL of mercury and fitted with a 4-mm 
diameter gas inlet tube extending 95 mm into the mercury pool. The reaction 
vessel is purged with N2 and benzoyl chloride? (30 mL, 26 mmoles) is then 
syringed into the reaction flask. The resulting mixture is refluxed for 1.5 hours 
under a positive pressure of N2. Under these conditions, the boiling point of the 
benzoyl chloride should be very close to 209".$ The resulting dark green solution 
is allowed to cool and is then treated with a solution of [(n-C,H,),N]Br (5.0 g, 
16 mmoles) in ethanol (75 mL) which has been saturated with hydrogen chloride 
gas. This mixture is then refluxed for an additional hour, and the resulting solution 
is evaporated to approximately one half its original volume under a stream of 
NZ. The resulting blue crystals are filtered off, washed with three x 10 mL 
portions of ethanol, then with diethyl ether, and dried under vacuum. Yield: 
94% (3.28 g). Anal. Calcd. for C32H72C18N2Re2: C, 33.69; H, 6.36. Found: C, 
33.97; H, 6.12. 

Properties 

The complex [(n-C,H,),N],[Re,Cl,] is soluble in acetone, acetonitrile, methanol, 
and many other nonaqueous solvents. It can be recrystallized by dissolution of 
the complex in boiling methanol, followed by filtration into an equal volume of 
concentrated HCl. Subsequent evaporation of the solution to remove the methanol 
gives dark blue crystals. The complex is quite stable in air and can be stored 
indefinitely without special precautions. 

This complex possesses a metal-metal quadruple bond, and can be converted 
readily into other dirhenium species containing multiple bonds. Solutions of 
[Re2C18]*- react with concentrated HBr to form the analogous bromo-anion 
[Re2Br8]2-,2 and with acetic acid/acetic anhydride mixtures to produce the ace- 
tate-bridged dimenium(III) complex Re2(O2CCH3),CI2.' The [(n-C4H,).,N12[Re2C1,1 
complex reacts with phosphines ( PR3) to yield complexes of stoichiometry 
Re2C16(PR3)2, Re2C1S(PR3)3, and Re2CI4(PR3),., 

*This salt can be prepared in essentially quantitative yield by the slow addition of a hot, aqueous 
solution of [(n-C4H9),N]Br to one of KReO,. The resulting white precipitate is washed with water 
and dried in vacuum. 

tBenzoyl chloride can be used as received from a commercial source. 
$This is a critical factor in ensuring a high yield of the desired product. For example, with a 

mineral oil bubbler, the bp of benzoyl chloride was -198". and the yield of [(n-C4H9),N]zRezCI, 
fell from -90% to 60%. 
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23. MOLYBDENUM-SULFUR CLUSTER CHELATES 

Submitted by H. KECK,* W. KUCHEN,' and J. MATHOW* 
Checked by W. K. MILLER,t L. TANNER,? L. L. WRIGHT,t C. J. CASEWIT,? 
and M. RAKOWSKI DUBOISt 

The coordination chemistry of molybdenum is of great importance because of 
its involvement in a variety of biological processes.' For example, molybdenum 
is responsible for the activity of some enzymes (e.g., nitrogenase). Such enzymes 
catalyze redox reactions like the enzymatic dinitrogen reduction. It is known 
that sulfur-containing ligands play an important role in such processes, and all 
known molybdenum-containing enzymes have S-ligand functions. I Recently, the 
syntheses of the Mo-S-cluster-chelates [MO~(E~~PS~)~(S~)~S][E~~PS~I and 
[ M O ~ ( E ~ ~ P S ~ ) ~ S ~ ] ,  containing the cluster units MOSS: (Fig. 1) and Mo3S: (Fig. 
2), respectively, and dithiophosphinato-chelate ligands were reported, and some 
of their spectroscopic and chemical properties were de~cr ibed .~ .~  The methods 
given here provide a convenient access to [Mo3S7] and [Mo3S4] clusters mod- 
ified by phosphorus and organo groups. Thus, not only good solubility in organic 
solvents is achieved, but functionalization of these compounds by suitable choice 
of organo substituents seems also to be possible. The structures of both clusters 
have been determined by X-ray analysis. The [ M O ~ ( E ~ ~ P S ~ ) ~ S ~ ]  complex, con- 
taining sulfur in four different bonding states, is the first trinuclear Mo-S-cluster 

*Institut fir Anorganische Chemie und Strukturchemie I, University of Diisseldorf, 4ooo Dus- 

?Department of Chemistry, University of Colorado, Boulder, CO 80309. 
seldorf, Federal Republic of Germany. 
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containing a coordinatively unsaturated metal atom to be reported. It readily 
adds pyridine with maintenance of the Mo3 triangular configuration. Both clusters 
can easily be converted into each other by partial desulfuration with Ph3P or 
reaction with S8 or Et2P(S)S2P(S)Et2, the latter serving as sulfur transfer agent. 

The compounds described are useful materials for the study of the chemical and 
spectroscopic behavior of trinuclear Mo-S-clusters. 

A. TRIS(DIETHYLPHOSPHINODITHIOATO)TRIS-p.-DISULFIDO- 
~J-THIO-TRIANGULO-TRIMOLY BDENUM(1V) 
DIETHY LPHOSPHINODITHIOATE 

3 Mo(CO), + 9 Et2P(S)S2P(S)Et2 - 
[Mo~(E~ZPSZ)~(S~)$][E~~P~,~ + 7 EtZP(S)SP(S)Et, + 18 CO 

Procedure 

A 250-mL two-necked, round-bottomed flask fitted with an argon-inlet tube and 
a reflux condenser with a silicone oil bubbler is charged with Mo(CO), (5.3 g, 
0.02 mole), dithiobis(diethy1phosphine s~ l f ide )~  (18.4 g, 0.06 mole), 70 mL of 
toluene (dried by distillation from P4010), and a magnetic stirring bar coated 
with Teflon. 

Caution. Metal carbonyl compounds are toxic chemicals and should 
be handled with care in a hood. Carbon monoxide is evolved in the reaction, 
so that preparation, too, must be carried out in an eficient hood. 

The reaction mixture is slowly heated to reflux under a stream of argon and 
with magnetic stirring. After a few minutes, a colorless, clear solution forms, 
and the color of the solution changes gradually to dark brown, and evolution of 
carbon monoxide starts at about 80". After being heated for an additional hour, 
a yellow-orange solid begins to precipitate. After a reaction period of four hours, 
the evolution of CO ceases. The precipitate is then filtered off in air and washed 
three times with 20-mL portions of hot toluene and then three times with 20- 
mL portions of diethyl ether. It is further purified by dissolving it in a minimum 
volume of dichloromethane (about 300 mL) to which methanol is slowly added 
until the solution just begins to become turbid (about 200 mL). After filtration, 
the clear yellow solution is allowed to stand in an open Erlenmeyer flask for 
some hours, producing yellow-orange crystals, which are dried in vacuum (6.2 
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g, yield 85%). Anal. Calcd. for C1&40P4S15M03: C, 17.08; H, 3.58; P, 11.01; 
S, 42.74; Mo, 25.60. Found: C ,  17.04; H, 3.51; P, 11.04; S, 42.32; Mo, 25.91. 

Properties 

The compound forms yellow-orange, diamagnetic crystals, which begin to de- 
compose at about 260". They are stable in moist air and slightly soluble in 
chloroform and dichloromethane. The 31P(1H) nmr spectrum (saturated solution 
in CH2C12, 85% H3P04 as reference) shows singlets at 8p = 1 10.1 ppm (chelate 
ligands) and 73.5 ppm (anion). The FD mass spectrum shows signals for the 
cluster cation [MO~(E~~PS~)~S , ]+  (miz 977, ref. to 98Mo, %). The compound is 
a 1 : 1 electrolyte with a specific conductivity Ac = 2.5 X mole-'cm2 
(0.0015 M, CH2C12, 25"). A single crystal X-ray structure determination has 
been p~bl ished.~ 

B. ~(DIETHYLPHOSPHIN0DITHIOATO)- 
TRIS(D1ETHY LPHOSPHINODITHIOATO)~TRI-~-THIO-~~-THIO- 
TRZANGULO-TRIMOLYBDENUM(1V) 

[M03(Et2PS2)3(S2)3S][EtzPs,l + 3 Ph3P [M03(Et2PS2)$4] + 3 Ph3PS 

Procedure 

A 250-mL round-bottomed flask fitted with a reflux condenser is charged with 
[MO~(E~~PS,)~(S,)S][E~,PS~] (5.0 g, 0.0044'mole), Ph3P (3.5 g, 0.0132 mole), 
100 mL of dichloromethane (freshly distilled) and a magnetic stirring bar coated 
with Teflon. The reaction mixture is stirred at room temperature for one hour. 
Then the solvent is removed at room temperature in a rotatory evaporator under 
reduced pressure. The black residue is washed four times with 20-mL portions 
of hot methanol and then recrystallized from 100 mL toluene, affording bright 
black crystals, which are dried in vacuum (4.5 g, yield 98%). Anal. Calcd. for 
CI6H40P4SIZMo3: C, 18.67; H, 3.92; P, 12.04; S, 37.39; Mo, 27.97. Found: C, 
18.65; H, 3.89; P, 12.00; S, 37.00; Mo, 27.69. 

Properties 

The compound is stable toward air and moisture and is soluble in benzene, 
toluene, chloroform, and dichloromethane. On heating, the bright, black, dia- 
magnetic crystals begin to decompose at about 195". The structure of the complex 
has been established by a single-crystal X-ray detem~ination.~ Its FD mass spec- 
trum shows [MI+ at m/z 1034 (ref. to 98M032S). The "P('H) spectrum of the 
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substance (0.03 M in CH,Cl,) shows singlets at €ip = 123.2, 114.8, and 83.7 
ppm (intensity 1 : 2 : 1, 85% H3P04 as reference). One of the three molybdenum 
atoms in the cluster is coordinatively unsaturated and can add one molecule of 
~yr id ine .~  It should be noticed that, on treating the compound with S8 or 
Et2P(S)SzP(S)Et, (as a sulfur donor), the yellow-orange starting compound 
[MO~(E~,PS~)~(S~)~S][E~~PS~J can be regenerated.4 
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The addition of 1 or 2 moles of phosphite ligand to the complex [Rh2(p-t- 
C4H9S)(C0)2{P(OCH3)3}2] does not displace the CO groups. To prepare the first 
complex, the special ability of the phosphite ligand, which does not cleave the 
chloro bridges in [Rh2(p-C1)2(q4 - CBH12)2],1 but instead displaces the cyclo- 
octadiene ligand, is used. 

A. BIS-p-(2-METHYL-2- 
PROPANETHIOLAT0)-TETRAKIS(TR1METHY L 
PHOSPHITE)DIRHODIUM(I) 

Procedure' 

Caution. All the manipulations must be carried out under an eficient 
fume hood due to the toxicity of the volatile ligands, t-C4H9 SH,  P(OCH3)3 and 
1 ,5-C8H12. Moreover butyllithium is flammable upon contact with air. 

A solution of 2.00 g of [Rh2(p-C1)2(q4-C8H12)2]* (4.06 m o l e s )  dissolved 
in 30 mL of CH2Clz at room temperature is placed into a Schlenck tube of 50 
mL capacity. Then 1.82 mL of freshly distilled, dry trimethyl phosphite (16.23 
mmole) is slowly added at room temperature with vigorous stirring. If a precip- 
itate appears, the rate of addition must be reduced. Then the precipitate of 
[~UI{P(OCH~)~},]C~~.~ redissolves, giving a mixture of dinuclear complexes.' 
After addition of the ligand is complete, the solution is stirred for two hours. 
The solvent is slowly evapored under reduced pressure to remove the cyclooc- 
tadiene. The [Rh2( JL-C~)~(P(OCH~)~}~] complex should be obtained as a yellow 
powder. If an oil is observed, it is advisable either to recrystallize the complex 
from toluene/hexane solution, or to dissolve it in toluene or dichloromethane 
and evaporate the solution in order to remove the remaining cyclooctadiene. 

The yellow powder is dissolved in 20 mL of toluene and 8.9 mmole of ( t -  
C4H9S)Li (obtained by mixing 3.99 mL of 2.23 M butyllithiumt and 0.784 mL 
of 2-methyl-2-propanethiol) in 20 mL of toluene is added. The solution, which 
immediately turns to a luminescent brown-yellow color, is stirred for three hours. 
Instead of filtration, as has been described for the complex [Ir2(p-t-C4H9S)2(q4- 
CBH12)] ,6 centrifugation of the toluene solution allows the lithium chloride, which 
may contain a colloidal fraction, to be eliminated rapidly. Evaporation of toluene 
under reduced pressure gives a brown, viscous oil which is dissolved in the 
minimum volume of petroleum ether,$ about 20 mL. Crystallization at - 25", 

*Available from Alfa Products, Ventron Cop. ,  P.O. Box 299, Danvers, MA 01923. 
+Available from Aldrich Chemical Co., 940 W. St. Paul Ave., Milwaukee, WI 53233. 
$The checkers report that it is preferable to dissolve the complex in toluene and then add hexane 

to precipitate the complex. 
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after concentration of the mother liquor, gives 3.1 1 g of the first compound as 
light brown crystals. (Yield = 87%) Anal. Calcd. for C20H54S2012P4Rh2: C, 
27.28; H, 6.18; S, 7.28; P, 14.07. Found C, 27.31; H, 6.21; S, 7.23; P, 14.27. 

Preparation of Related Compounds 

All the complexes of general formula [Rh,(p-SR)2{P(OR’)~}41, where R and R’ 
represent an alkyl or aryl group, can be prepared by this method. However, very 
frequently oils or waxes are obtained, as is the case for the complexes we have 
checked (e.g., R = Et, Ph, CH,Ph, r-C,H,, R’ = Me, Ph, CIZH25). 

Properties 

Di-p-(2-methyl-2-propanethiolato)tetrakis(trirnethyl phosphite)dirhodium( I) is a 
light-brown, crystalline product, which is air-sensitive, even in the solid state. 
It gives a dark brown product upon contact with air, which is soluble in dich- 
loromethane. The compound is soluble in many organic solvents, some alkanes 
included. This complex and its analogs are good catalysts for the hydrogenation 
of alkenes’.’ and the hydroformylation of alkenes’ at low temperature (80”) and 
pressure (2-5 bars). 

B. DICARBONYL-BIS-P-(~-METHY L-2- 
PROPANETHIOLAT0)-BIS(TR1METHY L 
PHOSPHITE)DIRHODIUM( I) 

The preparations of the various complexes of the type [Rh2(p-SR)2(C0)2L21 
have been reported to result from the substitution of the chloro-bridges in [Rh,( p- 
Cl)2(CO)2L-J by Li-SR., When L is a phosphite ligand and R = r-C,H,, ad- 
vantage is gained by the direct addition of two moles of ligand to the tetracarbonyl 
thiolato-bridged starting material in petroleum ether solution. The CO substitution 
is quantitative in a few minutes at room temperature, and crystallization of the 
product leads directly to high yields of pure compound. 

Proced~re’.~ 

Caution. See Section A .  
A sample of 0.900 g of [Rh,(p-Cl)2(CO),]10 * (2.31 mmoles) is dissolved in 

25 mL of hexane in a 50-mL Schlenck tube with stirring. The solution is gently 
warmed until complete dissolution. A slight excess of 2-methyl-2-propanethiol* 

*Available from Aldrich Chemical Co., Milwaukee, WI 
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(0.550 mL; 4.85 mmoles) is introduced through the rubber septum, using a 
syringe. The mixture is warmed to about 60" for 30 minutes to achieve complete 
substitution of the chloro bridges.'' The solvent, the excess of thiol, and the 
hydrochloric acid formed during the substitution are evaporated under reduced 
pressure (-0.1 torr), whereupon a red-orange powder is obtained. After its 
dissolution in 20 mL of petroleum ether (45-65" fraction) two equivalents of 
trimethyl phosphite* are added under stimng at room temperature. The solution 
turns yellow and evolution of CO is observed. The stimng is maintained for 10 
minutes, after which some crystals appear at room temperature. The tube is 
cooled to -25" and yellow crystals are obtained. The supernatant solution is 
transferred to another tube, concentrated under reduced pressure, and maintained 
at - 25" for several days. The solid is dried under vacuum, and the overall yield 
is 90% (1.433 g). Anal. Calcd. for ClbH3608P2Rh2S2: C, 27.92; H. 5.27; P, 9.00; 
S, 9.31. Found: C, 28.11; H, 5.47; P, 9.12; S,  9.35. mp 99" (in air). 

Properties 

The [Rh,( p-r-C4H9S)2(C0)2{P(OCH3)3)21 complex obtained by this procedure 
is a yellow, crystalline material possessing high solubility in many organic 
solvents. The complex in the solid state is slightly sensitive to oxygen, and 
solutions of it are rapidly decomposed upon exposure to air. It is advisable to 
store the compound under nitrogen to maintain its purity. It is a good catalyst 
for hydrogenation reactions, especially for the hydrofonnylation of alkenes.' 
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1 I .  It is possible to check (by infrared techniques) that the reaction has occurred completely: 
[Rh,(~-Cl),(CO),]vCO(cm-'): 2105 m, 2089 vs, 2034 vs 
[Rh,(pCI)(p-t-C,H,S)(CO),]: 2088 m, 2072 vs, 2014 vs 
[Rh,(~-t-C4H9S),(CO),]: 2067 m, 2047 vs, 1998 vs 

25. DINUCLEAR METHOXY, CYCLOOCTADIENE, AND 
BARRELENE** COMPLEXES OF RHODIUM(1) AND 

IRIDIUM(1) 

Submitted by R. USON,* L. A. ORO,* and J. A. CABEZA* 
Checked by H. E. BRYNDZAt and M. P. STEPROt 

Bis(q4-cyclooctadiene)-di-~-methoxy dirhodium(I), [Rh(OMe)( 1 ,5-cod)],, has 
been prepared by the reaction of [RhCl(l,S-cod)], with sodium carbonate in 
refluxing methanol ,' or [Rh( 1 ,5-cod)(indole)]C104 with potassium hydroxide in 
methanol.2 The latter method has also been used for the synthesis of analogous 
derivatives containing tetrafluorobenzobarrelene,$ [Rh(OMe)(tfb)12, and 
trimethyltetrafluorobenzobarrelene [Rh(OMe)(MeStfb)]2.2 The dioxygen-bridged 
complex [Rh,(O,)( 1,5-cod),] reacts with methanol or water to give [Rh(OMe)( 1 3 -  
cod)], or the hydroxo-bridged complex [Rh(OH)( 1,5-~od)],.~ 

Bis(q4-cyclooctadiene)-di-~-methoxy diiridium(I), [Ir(OMe)( 1 ,5-c0d)l2, has 
been synthetized from three different starting materials, [IrCl( 1 ,5-cod)I2,4 
[IrHCI2( 1 , 5 - ~ o d ) ] ~ , ~  or [Ir( 1,5-~od),][BF~]~ by allowing them to react with so- 
dium carbonate in methanol. 

The methoxide ion is a strong base, capable of taking a proton from any acid 
stronger than methanol. The methoxy-bridged complexes have been used both 
for synthetic purposes' and as homogeneous catalyst precursors.8 

If potassium hydroxide is substituted for sodium carbonate in the preparation 
of methoxy-bridged derivatives from chloro-bridged complexes, the reactions 
take place readily under mild conditions, and lead to excellent yields. The use 
of water as a precipitating agent and as a washing fluid is of great importance, 
and its use in previously-described processes increases the yields. The syntheses 
of several methoxy-bridged complexes of rhodium(1) or iridium(I), along with 

*Department of Inorganic Chemistry, University of Saragossa, Saragossa, Spain. 
**Barrelene = bicyclo[2.2.2.]octa-2,5,7-tnene. 
+Central Research and Development Department, E. I .  du Pont de Nemours and Co., Wilmington, 

tTetrafluorobenzobar1ene = 5,6,7,8-tetrafluoro- 1,4-dihydro- 1,4-ethenonaphthaIene. 
DE 19898. 
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the preparation of bis(q4- 1,5-cyclooctadiene)-di-p-hydroxo-dirhodium(I) are de- 
scribed herein. 

A. BIS(~4-1,5-CYCLOOCTADIENE)-DI-~-METHOXY- 
DIRHODIUM(1) 

[RhC1(1,5-cod)l2 + 2 KOH + 2 MeOH - 
[Rh(OMe)(l,S-cod)], + 2 KCl + 2 H 2 0  

Procedure 

A 50-mL round-bottomed flask containing a magnetic stimng bar is charged 
with a solution of [RhCl( 1,5-cod)]? (175 mg, 0.355 mmole) in dichloromethane 
(15 mL). The addition of a solution of potassium hydroxide (40 mg, 0.713 
mmole) in methanol (5  mL) gives rise to the immediate precipitation of a yellow 
solid. After being stirred for 30 minutes at room temperature, the solvent is 
completely removed in a rotary evaporator. Then, 10 mL of methanol and 
subsequently 15 mL of water are added to the residue, after which the solid is 
collected by filtration using a fine sintered-glass filter, washed with water (ten 
5-mL portions) and vacuum-dried over phosphorus(V) oxide. Yield: 157 mg 
(92%). The crude product can be used without further purification. An analyt- 
ically pure sample can be obtained by recrystallization from a mixture of di- 
chloromethane and hexane. Anal. Calcd. for C18H3002Rh2: C, 44.65; H, 6.24. 
Found: C, 44.90; H, 6.20. 

Properties 

The yellow, air-stable compound is soluble in dichloromethane and chloroform, 
slightly soluble in benzene and acetone, less soluble in diethyl ether and hexane, 
and insoluble in water. On being heated, it decomposes between 120-175". Its 
'H nmr spectrum (CDC13, TMS) shows three, broad multiplets at 63.55 (8H, 
vinylic protons), 2.47 (8H, allylic protons) and 1.63 (8H, allylic protons), along 
with a sharp singlet at 62.67 (6H, methoxide). IR (Nujol, cm-'): 3328(m, br), 
1330(m), 1304(m), 1231(w), 1214(w), 1154(w), 1078(vs), 998(m), 953(s), 892(w), 
865(m), 815(m), 797(w), 775(m), 553(s), 500(m), 338(m). 

Analogous Complexes 

The tetrafluorobenzobmelene and trimethyltetrafluorobenzobmelene com- 
plexes, [Rh(OMe)(tfb)], or [Rh(OMe)(Me,tfb)],, can be prepared by the same 
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method using [RhCl(tfb)1210 and [RhC1(Me3tfb)], l o  respectively, as starting com- 
pounds. 

For [Rh(OMe)(tfb)l,: Yield: 94%. Anal. Calcd. for Cz6HI8FBO2Rh2: C, 43.36; 
H, 2.52. Found: C, 43.76; H, 2.37. The yellow, air-stable compound is slightly 
soluble in organic solvents and insoluble in water. It decomposes at 215-220". 
IR (Nujol, cm-'): 1649(w), 1489(vs), 1438(s), 1317(s), 1303(s), 1251(w), 1176(s), 
1098(s), 1073(m), 1055(vs), 1038(vs), 947(s), 931(w), 914(m), 897(s), 859(s), 
844(m), 685(m), 656(w), 489(s), 450(w), 430(s), 416(m), 382(m), 338(m), 
290( m) . 

For [Rh(OMe)(Me,tfb)lz: Yield 87%. Anal. Calcd. for C,zH3,F80zRh2: C, 
44.80; H, 3.76. Found: C, 45.02; H, 3.85. The yellow, air-stable compound 
is soluble in dichloromethane and chloroform, slightly soluble in methanol, 
acetone, hexane, and diethyl ether, and is insoluble in water. It decomposes at 
175-1 85". IH nmr, (CDCI,, TMS, 6): 4.91 (m, 2H,SCH), 2.97(m, 4H, =CH-), 
2.48(br, 12H,\S-Me, OMe), 1.47(s, br, 12H,SC-Me). IR (Nujol, cm-I): 
1639(w, br), 1499(s), 1492(s), 1368(m), 1309(m), 1290(m), 1251(m), 1216(w), 
1 159(m), 11 14(m), 1093(m), 1070(vs), 1056(vs), 1043(sh), 1032(sh), 1002(w), 
974(s), 929(s), 9 1 W ,  873(w), 852(s), 769(m), 685(m), 653(w), 579(m), 493(m), 
370( w) , 342( w) . 

B. BIS(~4-1,5-CYCLOOCTADIENE)-DI-~-METHOXY- 
DIIRIDIUM( I). 

[IrCI(1,5-cod)12 + 2 KOH + 2 MeOH - 
[Ir(OMe)(l,5-cod)J2 + 2 KCl + 2 H20 

Procedure 

Note. 
in an inert atmosphere. 

This preparation should be performed with deoxygenated solvents and 

A 100-ml Schlenk flask containing a magnetic stirring bar, and equipped with 
an argon inlet, is charged with a solution of potassium hydroxide (25 mg, 0.445 
mmole) in methanol (5 mL). Addition of a suspension of [IrCI( 1 ,5-cod)J2" (149 
mg, 0.222 mmole) in methanol (10 mL) turns the color of the initially orange- 
red suspension to yellow. After being stirred for 30 minutes at room temperature, 
40 mL of water are added. The yellow precipitate is collected by filtration, using 
a fine sintered-glass filter, washed with water (six 5-mL portions), and vacuum- 
dried over phosphorus(V) oxide. Yield: 124 mg (85%).* Anal. Calcd. for 
C18H301rZ02: C, 32.62; H, 4.56. Found: C, 32.54; H, 4.38. 

* A  yield of 75% was reported by the checkers. 
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Properties 

The yellow, air-stable compound is soluble in chlorinated solvents, and the 
resulting solutions are air-sensitive. The compound is slightly soluble in methanol, 
acetone, hexane, benzene, and diethyl ether, and is insoluble in water. It de- 
composes at 145-165". The 'H nmr spectrum (CDC13, TMS) shows three broad 
multiplets at 63.57 (8H, vinylic protons), 2.22 (8H, allylic protons) and 1.45 
(8H, allylic protons), and a sharp singlet at 63.28 (6H, methoxide). IR (Nujol, 
cm-I): 1325(m), 1300(m), 1232(w), 1208(m), 1172(w), 1158(w), 1060(vs), 
1005(m), 972(s), 913(m), 894(w), 827(m), 81 l(w), 783(w), 574(s), 560(sh), 
532(m), 512(w), 434(m), 337(m). An X-ray crystallographic study of this com- 
plex has been reported.12 

C. BIS(~4-1,5-CYCLOOCTADIENE)-DI-~-HYDROXO- 
DIRHODIUM(1) 

[RhCl(1,5-~od)]2 + 2 KOH [Rh(OH)(1,5-~0d)]2 + 2 KCI 

Procedure 

To a 50-mL round-bottomed flask containing a magnetic stirring bar and charged 
with a solution of potassium hydroxide (75 mg, 1.337 mmole) in water (4 mL), 
[RhCl( 1,5-cod)],9 (320.5 mg, 0.65 mmole) in acetone (35 mL) is added. After 
being stirred for two hours at room temperature, the yellow suspension is con- 
centrated to -10 mL in a rotary evaporator. Then 15 mL of water is added. The 
solid is collected by filtration, using a fine sintered-glass filter, washed with 
water (ten 5-mL portions), and vacuum-dried over phosphoms(V) oxide. Yield: 
280 mg (95%). It can be recrystallized from a mixture of dichloromethane and 
hexane. Anal. Calcd. for C16H2602RhZ: C, 42.13; H, 5.74. Found: C, 42.23; H, 
5.47. 

Properties 

The pale-yellow , air-stable solid is soluble in chlorinated solvents, slightly sol- 
uble in acetone, hexane, and diethyl ether, and is insoluble in water. It decom- 
poses at 138-145". MW: Calcd.: 456; Found: 484 (osmometrically in chloroform 
at 35"). The 'H nmr spectrum (CDC13, TMS) shows a broad singlet at 63.82 
(8H, vinylic protons) and two broad multiplets at 62.45 (lOH, allylic protons 
and hydroxide) ind 1.67 (8H, allylic protons). The IR (Nujol, cm-I): 3592(s), 
3390(m, br). 3300(m,br), 3190(m, br), 1327(m), 1300(w), 1230(w), 1212(m), 
1176(w), 1156(w), 1080(w), 998(m), 962(s), 873(sh), 868(m), 817(m), 771(w), 
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438(m, br), 456(w), 44O(w), 397(m), 359(w), 331(w). The v(0D) in a deuterated 
sample*: 2628(s), 2501 (m, br), 2416(m, br), 2357(m, br). 
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26. AQUA IONS OF MOLYBDENUM 

Submitted by D. T. RICHENSt and A. G. SYKESt 
Checked by Z. M)RI$ 

Molybdenum is at present unique in having aqua ions in five oxidation states. 
Whereas the complexities of Mo(V1) aqueous solution chemistry have been 
understood in general terms for some time, it is only in the last 15 years that 
the aqua ions of the lower oxidation states I1 through V have been identified, 
and their structures clearly established. Metal aqua ions are notoriously difficult 
to crystallize for X-ray diffraction studies, and structures of derivative complexes 

*Prepared by substituting deuterium oxide for water. 

?Department of Inorganic Chemistry, The University, Newcastle-upon-Tyne, NEl 7RU, United 

$Department of Chemistry, Technion-Israel Institute of Technology, Haifa, Israel. 
Kingdom. 
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have to be determined instead. The species [MO(H~O)~]~ '  is the only monomeric 
hexaaqua ion established. Multiple metal-metal bonds, mixed-valence com- 
pounds, triangular clusters and polymeric species (features which are often 
regarded as characteristic of other areas of chemistry) are all present. Table I 
summarizes known ions, the preparations of which are described herein, to which 
can be added the recently prepared trimeric Mo(II1) aqua ion. Syntheses of 
molybdenum in oxidation states (II) and (III) require rigorous 02-free techniques 
using N2 (or Ar) gas, rubber seals (i.e., serum caps from medical supplies), 
syringes, and Teflon tubing and/or stainless steel needles (2W, i.e., 0.6 mm 
diameter). The IV and V state ions must also be stored air-free, although oxidation 
is not extensive over -one-hour periods. Perchlorate cannot be used with the 
I1 and 111 ions, and also appears to oxidize the IV state, although in a somewhat 
random manner. Instead, non-complexing , redox-inactive, and strongly acidic 
trifluoromethanesulfonic acid, CF3S03H (abbreviated HTFMS) and p-toluene- 
sulfonic acid, C6H4(CH3)(S03H) (abbreviated HPTS), both of which can be 
obtained commercially, are used. The former is purified by redistillation and the 
latter by recrystallization. 

A. MOLYBDENUM(I1) AQUA DIMER: 

Commercially available hexacarbonyl molybdenum is used as the starting ma- 
terial. The procedure involves four stages, requiring the preparation of tetra-p,- 
acetato-dimolybdate(II), [ M O ~ ( O ~ C C H ~ ) ~ ] , ~  the octachlorodimolybdate(I1) com- 
plex, K,[Mo~CI,].~H~O,~ and the tetra-p-sulfato-dimolybdate(I1) complex, 
& [ M O ~ ( S O ~ ) ~ ] . ~ . ~ H ~ O .  The molybdenum(I1) aqua ion is generated in the final 
step by sulfate abstraction, using Ba2+ in trifluoromethanesulfonic acid solution.' 

Procedure 

The tetra-pacetato-dimolybdenum(I1) can be prepared from hexacarbonyl mo- 
lybdenum by a method already described.2 The yellow crystals obtained are used 
for the second stage without further purification. 

Conversion to the tetrapotassium octachlorodimolybdate(I1) dihydrate3 is 
achieved as follows. Concentrated hydrochloric acid (130 mL), in a 250-mL 
conical flask, is cooled to 0" in ice, and saturated with hydrogen chloride gas 
for seven minutes. Potassium chloride (3.6 g) is added with stimng, and the mix- 
ture warmed to room temperature. The tetra-pacetato-dimolybdate(I1) (2.6 g) 
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is added, and the mixture is stirred for one hour. The purple-red precipitate is 
filtered through a fine sintered-glass funnel, washed with absolute ethanol (20 
mL), and dried under a stream of N, gas. Final drying is in a vacuum desiccator 
(lo-, torr) over potassium hydroxide pellets for six hours. The yield of tetra- 
potassium octachlorodimolybdate(I1) dihydrate is 3.3 g (85%). The third stage 
is carried out in an 0,-free atmosphere. A solution of tetrapotassium octachlo- 
rodimolybdate(I1) dihydrate (3.3 g) in 02-free 0.1 M sulfuric acid (300 mL) is 
stirred for three hours at room temperature in a 500-mL conical flask. The flask 
is then transferred to a glove box or bag filled with N,, and potassium sulfate 
(15 g) is added. The mixture is stirred for an additional 10 minutes. The resulting 
pink precipitate is filtered through a fine sintered-glass funnel, washed with 
absolute ethanol (two x 30 mL) and diethyl ether (30 mL), and finally dried 
to constant weight in a vacuum desiccator (lo-’ torr) over silica gel. The yield 
is 3.6 g (95%) of tetrapotassium tetra-psulfato-dimolybdate(I1). The material, 
when stored at 0-4” in a refrigerator under N,, appears to be stable indefinitely. 

The final stage requires rigorous 02-free conditions. Tetrapotassium 
tetra-p-sulfato-dimolybdate(I1) is dissolved in an 0,-free solution of trifluoro- 
methane sulfonic acid (redistilled at - 15 torr) in a - 100 mL capacity cylindrical 
centrifuge tube fitted with a rubber seal, and barium trifluoromethane sulfonate, 
prepared by addition of barium hydroxide to the acid (Ba2+ S 20% of the excess 
required to produce the sulfate), is added. The total volume should be about 50 
mL, with the trifluoromethane sulfonic acid at -0.1 M. The solution is carefully 
heated to 40” for five minutes (to help coagulation), and then cooled to 0” in an 
ice-bath to complete the precipitation of barium sulfate. As a precaution, N, is 
passed through the tube by way of stainless steel or Teflon entry and exit leads 
during this procedure. The barium sulfate is finally removed by centrifugation, 
and the pink solution transferred using Teflon tubing and N2 gas pressure. So- 
lutions under N2 can be kept for three-hour periods. Stoichiometric quantities of 
BaZ+ can be used with more time and care for the precipitation. 

Properties 

The diamagnetic molybdenum(I1) aqua ion is characterized by an absorption 
maximum at 510 mm (e = 370 M - ’  cm-’) (6 -+ 6* transition), with a minimum 
at 420 mm (E = 120 M-’  cm-I) for the dimer. Pure samples do not have a 
peak at 370 nm. The oxidation state of the molybdenum may be verified as I1 
by addition of a 100-fold excess of Fe(III), to convert Mo(I1) to Mo(V1) (20 
minutes required), and titration of the generated Fe(I1) with standard Ce(IV), 
using ferroin as the indicator. 

A structure containing two quadruply bonded molybdenum(I1) atoms sur- 
rounded by eight water molecules in an “eclipsed” configuration can be as- 
signed, in view of the similarity in absorption spectrum of the aqua ion, the 
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tetra-p-sulfato-dimolybdate(I1) ion, (A,,,= 5 16 nm), and the octachlorodimolyb- 
date(I1) ion, (A,,, 515 nm). The crystal structure of these two complexes have 

been reported, and the Mo-Mo distances are -2.IA. Two additional weakly 
bonded, axial water molecules are likely. 

The molybdenum(I1) aqua dimer can be oxidized electrochemically in 1 M 
hydrochloric acid to yield the unstable triply-bonded tetrachlorodimolyb- 
denum(II1) cation, [Mo2Cl4I2' (A,,, 430 nm).6 A triply-bonded dimeric Mo(II1) 
complex is also obtained by allowing a solution of K4[Mo2C1,] * 2H20 in aqueous 
orthophosphoric acid (2 M )  to stand in air for 24 hours. The addition of Cs+ 
allows purple crystals of CS~[MO,(HPO~)~(H~O)~], with axial H20's, to be ob- 
tained.7 Oxidation of a saturated solution of K4[Mo2(SO4),]-3.5H,O in 2 M 
sulfuric acid by an air stream yields the blue Mo(I1,III) y-sulfato analogue, the 
crystal structure of which has been determined. Irradiation of Mo:+ in 1 M 
HTFMS at 254 nm gives the green molybdenum(II1) aqua dimer (see later) and 
H2 gas.' 

B. HEXAAQUAMOLYBDENUM(II1) 

The starting materials, ammonium hexachloromolybdate(III), (NH4)3[MoC16], 
K3[MoC16], or ammonium aquapentachloromolybdate(III), (NH4)2[MoC15(H20)], 
can be prepared as stable solids according to literature methods. lo The following 
procedure is then carried out under rigorous 02-free conditions with a brisk 
stream of N2 gas. 

Procedure 

Either (NH4)3[M&16], (NH4),[MoC15(H20)], or &[M&16], (1.2 g) is dissolved 
in 200 mL of O,-free 0.5 M HPTS, and kept at room temperature for 24 hours. 
Over longer periods, other Mo(II1) species can be formed." The solution is 
diluted to 0.3 M (in HPTS) and loaded onto a 16 cm x 1 cm column of Dowex 
5OW-X cation-exchange resin (H+ form), previously washed with 0,-free water 
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(250 mL). The column is jacketed with running ice-cold water, and the solution 
maintained 0,-free by a procedure such as that indicated in the diagram. A 

-Teflon tubing (N2) 

I 
Rubber seal 

-Ice-cooled column 
covered by 
aluminum foil 

deoxygenation of resin Oowex 5OW-X2 cation 
exchange resin 

Glass-wool plug 

greenish-yellow band is obtained on the column, with a smaller red-brown band 
at the top of the column. The column is washed with 0.2 M HPTS (100 mL), 
followed by 1.0 M HPTS (100 mL), which elutes small amounts of a yellow 
component, probably molybdenum(V). With 2.0 M HPTS (100-200 mL), a 
pale-yellow solution of [Mo(H20)J3 + is obtained. Solutions are best transferred 
using narrow gauge Teflon tubing and N2 gas pressure. Stock solutions of 
[Mo(H,0)J3+ (concentrations up to 0.060 M have been prepared) in 1 M HPTS 
can be stored at 0-4" in a refrigerator under a N2 atmosphere for at least one 
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week without serious deterioration. A convenient method of storage is to place 
a 60-mL sample container filled with N2 gas inside a larger 200-mL container, 
also filled with Nz, thus providing double protection against atmospheric oxi- 
dation. 

Properties 

Solutions of [Mo(H20),13+ in 1-2 M HPTS give d-d bands at 310 nm (E = 23.2 
M-' cm-I) and 380 nm (e = 13.8 M-' cm-'). The shift of bands into the UV 
as compared to those for [Cr(H20)6]3t at 408 nm and 587 nm is noted. The 
strong absorbance below 300 nm is due to HPTS. The concentration of Mo3+ 
can be determined by oxidation as described for the Mo(I1) aqua ion. 

Reactions with hexachloroiridate(1V) (fast), O2 (t,,* - 1 min), and aqua V02+ 
(t,,2 - 10 min in a typical experiment) yield the molybdenum(V) aqua dimer as 
the only identifiable product. At much slower rates, O2 and hexachloroiridate(1V) 
also oxidize Mo(V) to Mo(V1). 

C. MOLYBDENUM(II1) AQUA DIMER 

2[Mo0,I2- + 14 H+ + 3 Zn -+ [Mo~(OH),]~' + 3 Zn2+ + 6 H20. 

Procedure 

This ion is obtained by reduction of sodium molybdate, Na2[Mo0,].2H20 (0.01 
M, 100 mL), in 1.0 M HPTS using a Jones reductor (Zn/Hg) column under 
rigorously Orfree  condition^.'^*'^ The Zn/Hg is prepared by stirring zinc shot 
(8-30 mesh) in a 2% solution of mercury(I1) chloride for 10 minutes. After 
washing three times with 2 M hydrochloric acid, a column (25 cm X 1 cm) can 
be assembled. The column is initially washed with 02-free water (250 mL) to 
exclude all gas present. The Mo(V1) is then passed down the column and the 
solution obtained is transferred through Teflon tubing using N2 gas pressure. 
After dilution of the HPTS to 0.5 M, the blue-green solution obtained is loaded 
onto an ice-cold 30 cm x 1 cm column of Dowex 50W - X2 cation-exchange 
resin (H+ form). A sharp, blue-green band is held on the column, and lighter 
green material is less strongly held. On washing first with 0.5 M HPTS (100 
mL) and then 1 M HPTS (100 mL), a pale, yellow-brown solution containing 
Mo(V) is obtained. The blue-green molybdenum(II1) aqua dimer is finally eluted 
with 2 M HPTS (200 mL). 

Stock solutions of Mo(III), (typically lo-' M) can be stored at 0" in 2 M 
HPTS under N, for up to two weeks without serious deterioration (-3%). 
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Properties 

The absorption spectrum in 2 M HPTS gives peak positions Wnm (EIM-I  cm-I) 
at 360(910), 572(96), and 624(110) (E'S per dimer).13 Possible structures in- 
clude the di-p-hydroxo ion, [(H20)4Mo(OH)2Mo(H20)4]4+, which is an analog 
of the [Mo,(OH),(O,CCH,)(edta)]- complex, and the p o x 0  ion, 
[(H20)5Mo(0)Mo(H20)5]4+. Air-oxidation yields the molybdenum(V) aqua di- 
mer. Oxidations have been observed to be faster by -10, than corresponding 
reactions of Mo3+ 

D. MOLYBDENUM(1V) AQUA TRIMER 

Procedure 

A solution of Na2[MoO4].2H,O in 2 M hydrochloric acid (0.3 M, 25 ml) is 
added to a solution of (NH4)3[M~C16] or (NH,),[MoCl5(H2O)] in 2 M hydrochloric 
acid (0.3 M, 50 mL). Both solutions should be made 0,-free by bubbling N2 
gas through them for 30 minutes prior to mixing. The reaction mixture is kept 
for one hour at 80-90" under N,, and the resulting solution is stored at 0-4" in 
a refrigerator. A 10-20 mL sample of this stock solution is diluted to 50 times 
its volume with 0.5 M HPTS, and allowed to stand for at least one day, to allow 
aquation of the coordinated chloride. To isolate the aqua ion, the solution is 
transferred to a 16 cm X 1 cm Dowex 50W - X2 cation-exchange column 
(H+ form). A dark-red band is formed with a diffuse yellowish-brown band of 
molybdenum(V) aqua dimer below this. Elution of the Mo(V) is achieved with 
0.5 M HPTS (200 mL). The red band moves slowly under these conditions, and, 
in some cases, splits into two bands, the first of which is eluted with 1 M HPTS 
(100 mL) and contains chloride. The second band, the molybdenum(1V) aqua 
ion is eluted with 2 M HPTS (100 mL). Solutions that are 0.03 M in Mo(IV) 
are readily obtained. To obtain aqua Mo(1V) in a perchlorate medium, the 0.5 
M HPTS solution can be exchanged onto a short (1-2 cm) Dowex 50W-X2 
column and eluted with 2 M perchloric acid, after first moving the band to the 
bottom of the column with 1 M perchloric acid. 

Properties 

Aqua Mo(IV) in 2 M HPTS or HClO, has an absorption maximum at 505 nm 
(E = 63 M - l  cm-I) and a minimum at 437 nm (E = 54 M-' cm-I), E'S per 
Mo atom.I5 Crystal structures of oxalate,16 thi~cyanate,'~ and edta'' complexes 
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have indicated a triangular structure with an apical p3-oxo ligand. The complexes 
and aqua ion (solutions that are 0.1 M in the trimer have been obtained) are 
diamagnetic. Using l80 isotope labeling, it has been confirmed that this same 
Mo304 core structure is retained for the aqua ion in solution." One of the three 
coordinated water molecules on each Mo(IV) is more inert to substitution (t,,, - 
one hour at 0") than the other two. 

d b 
Solutions of aqua Mo(IV) in 2 M HPTS are stable to aerobic oxidation, and 

the loss of Mo(IV) is less than 10% per day. In the absence of 02, such solutions 
appear to be stable indefinitely. The stability of Mo(IV) in 0,-free perchlorate 
solutions is variable, since solutions are often stable for more than one day at 
room temperature, but at other times for only -one hour.'' 

Electrochemical reduction gives the pink-yellow Mo(II1, 111, IV) and green 
Mo(III), aqua ions.20 The latter can also be obtained by Zn/Hg reduction. 

Aqua Mo(IV) monomer and dimer species have only transient existence as 
intermediates in the oxidation of the aqua Mo(II1) and Mo(III), ions. Strong 
oxidants, such as IrClZ- (0.89 v) and Fe(phen);+ (1.06 v), oxidize Mo(IV), to 
Mo(V), (t,,, > 1 min), the slowness of the reaction reflecting the need for a 
structural change. 

E. MOLYBDENUM(V) AQUA DIMER 

4 MOO:- + N2H4 + 12 H +  2[Mo204J2' + N, + 8 H2O. 

This ion has been prepared by three different methods. These involve the re- 
duction of sodium molybdate(V1) in 10 M hydrochloric acid with hydrazine 
hydrochloride at 80",21 the aquation of dipyridinium pentachlorooxomolyb- 
date(V) in 0.05 M HC104,22 and the reduction of sodium molybdate(V1) with 
ammonium hexachloromolybdate(II1) . lo The first of these is described here. 
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Procedure 

The Mo(V) oxidation state is generated by reduction of Na2[Mo04] . 2H20 (8.2 
g) in 10 M hydrochloric acid (180 mL) with hydrazine hydrochloride, (6.6 g) 
at 80" for two to three hours. The solution is concentrated about four-fold using 
a rotary evaporator. Portions of this green-brown solution (as required) can then 
be diluted 100-fold by the addition of 0,-free water to give a final [H+] of -0.1 
M. Under these conditions, the coordinated chloride ions aquate and the mo- 
lybdenum(V) aqua dimer is formed. The solution is passed down a 12 ern X 1 
cm column of Dowex 5OW-X cation-exchange resin (H' form) under 0,- 
free conditions. The brown band of aqua Mo(V), remaining on the column is 
washed with 0.2 M perchloric acid (100 mL) and eluted with 0.5-2 M perchloric 
acid, as required. Stock solutions of aqua Mo(V), are typically 7 x M in 
0.5 M perchloric acid, but can be as high as 0.2 M when eluted with 2 M 
perchloric acid. 

Properties 

Solutions are standardized spectrophotometrically at 384 nm (E = 103 M - l  
cm-I), and 295 nm (E = 3,550 M-' cm-I), E'S per dimer.,' The ion has a di- 
p-0x0 structure, formula: [MO~O,(H~O),]~'. The crystal structure of tetrapyri- 
dinium di-p-0x0-bis{trithiocyanatooxomolybdate(V)}, (pyH),[Mo,O,(NCS),] - H,O, 

indicates non-equivalent thiocyanate ligands.23 Those Mo-NCS bonds trans to 
the terminal 0x0 ligand (2.30 A) are longer than others (2.15 A). The Mo-Mo 
distance is 2.58 A. Similar structural features are to be expected for the aqua 
ion. The ethylenediaminetetraacetato complex has the edta in a basket-like con- 
fig~ration.,~ All dimeric forms are diamagnetic. 

2- 
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Solutions that are M in 0.5 M perchloric acid can be kept under N2 
for periods of at least two weeks. Variations in HCIO, of 0.01-1 M have no 
measurable effect on the UV-visible spectrum, and a pK, of > 2 is indicated. 
A yellow-to-orange color change observed between pH 2 and pH 3 is followed 
by precipitation. A polymeric aqua Mo(V) species, which has been reported,*' 
yields [Mo~O,(H~O)~]~+ quantitatively on acidification. The monomeric aqua 
Mo(V) ion generated electrochemically from Mo(V1) at high dilution (- lo-' 
M) in 2 M trifluoromethanesulfonic acid has been identified,26 but undergoes 
rapid dimerization to [M0204(H20)6]2' (k - lo3 M-' SeC-'). 

F. MOLYBDENUM(V1) AQUA IONS 

Molybdenum(V1) is readily available commercially as sodium molybdate, 
Na2[Mo041 - 2H20, and ammonium heptamolybdate, (NH4)6[Mo7024] H20. At 
pH > 7 [MOO,]'- is retained in solution. On decreasing the pH to <7, proton- 
ation induces a change in the coordination number of molybdenum from four to 
six, and polymerization to octahedral MOT and Mo,, species, [MO~O~, ]~ -  and 
[Mo80z614-, occurs. More acidic solutions ([HClO,] = 0.5-3.0 M) containing 
monomeric and dimeric species, have also been in~est igated.~~ Relevant equi- 
libria can be expressed as follows, 

KI 
2 HMoO,' H2M020:' 

K2 
HMo206+ + H+ H2M020:+ 

H2M020:+ + H+ H3M02063' 

where the simplest possible formulae are indicated; HMo03+ can also be written 
as, for example, [Mo(OH),(H,O)I+. At 25", K, = 97 M-', K2 = 4.7 M-', 
and K, = 0.24 

K1 

Procedure 

Solutions containing monomer and dimer aqua ions can be prepared from sodium 
molybdate(V1) by addition of dilute perchloric acid. As indicated above, the 
composition of solutions (0.3-9.0) X lo-, M in Mo(VI), in 0.5 M HCIO, 
(I = 3.0 M NaClO,), has been specified.27 Equilibration processes are known 
to be rapid. 

Properties 

All Mo(V1) aqua ions are colorless. Peaks are observed for the dimeric species 
in the 240-250 nm region.27 



140 Bridge and Cluster Compounds 

TABLE I Summary of Single Oxidation State Aqua Ions of Molybdenum 

Description Formula Color 

Red 
Pale- yellow 
Green 
Red 
Yellow 
Colorless 
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Chapter Five 

UNUSUAL LIGANDS AND COMPOUNDS 

27. 1,2-BIS(DICHLOROPHOSPHINO)ETHANE* 

(Note: See SPECIAL HAZARD NOTICE in the Appendix of 
this volume.) 

Submitted by RICHARD A. HENDERSON,? WASIF HUSSAIN,? G .  JEFFERY LEIGH,? 
and FRED B. NORMANTON? 
Checked by DAVID R. BRITTELLI and J. BURIAK, JRS 

8 PC13 + P4 + 6 CpH, - 6 C12PCH2CHJ'Clp 

Introduction 

Although the well-known and important ligand 1 ,Zethanediylbis- 
(diphenylphosphine) (Ph2PCH2CH2PPh2) is conveniently prepared on a large 
scale in the laboratory,' the preparation of the analogous tetraalkyldiphosphines 
involves multi-step syntheses and toxic reagenk2 However, a convenient and 
general preparation of tetraalkyl- and tetraaryl-diphosphines is afforded using 
1,2-bis(dichlorophosphino)ethane* and the appropriate Grignard reagent . 3  The 
preparation of 1,2-bis(dichlorophosphino)ethane is based on the procedure pat- 
ented by Toy and Uhing.4 

* I ,2-Ethanediylbis(dichlorophosphine). 
?A.R.C. Unit of Nitrogen Fixation and School of Molecular Sciences, University of Sussex, 

$Central Research and Development Department, E.I. du Pont de Nemours & Co.. Wilmington, 
Brighton, BNI 9RQ, United Kingdom. 

DE 19898. 
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Procedure 

All reagents are used as supplied commercially. The autoclave and fittings (Bas- 
kerville and Lindsay 1-L heated rocking autoclave, constructed of Hastelloy) 
together with its glass liner are dried overnight, in an oven at 105", prior to the 
preparation. * 

The autoclave is loaded, in a well-ventilated fume-hood, with phosphorus 
mchloride (380 mL, 4.3 moles; Cambrian Chemicals). Yellow phosphorus (33.6 
g, 1.08 moles; BDH Ltd.) is cut into small pieces (-1 mL in volume), dried 
rapidly with a tissue, and immediately added to the autoclave. 

Caution. Dry yellow phosphorus is spontaneously flammable in air, 
scrupulous drying of the phosphorus is not necessary, and gloves should always 
be worn when handling this material. 

The autoclave is then assembled and, in order to reduce the oxygen and 
hydrogen chloride to acceptable levels, it is twice filled with dinitrogen to 50 
atm pressure and vented to a suitable fume-hood. 

During these, and all subsequent manipulations with the 
autoclave under pressure, ear protection should be worn in case the bursting 
disc blows. 

The autoclave is then charged once with ethylene to 10 atm and vented (to 
flush air out of the connections to the gas bottle) and then charged with ethylene 
(Air Products, standard grade) to 48 atm, and set rocking at 20 times per minute. 
The temperature is gradually raised to ZOO", so that the difference between the 
temperatures inside and outside the autoclave does not exceed 20". The tem- 
perature is then maintained at 200 O for 19 hours. 

After allowing the autoclave to cool to room temperature (about six hours, 
with assistance from a fan), the residual pressure (4 atm) is vented, and the 
autoclave is then purged with dinitrogen as before. The autoclave is then opened 
in a well-ventilated fume-hood, and the strongly fuming, dark brown solution, 
which contains some orange solid, is poured from the glass liner into a 500-mL 
Schlenk flask, and is flushed with dinitrogen. Any liquid in the steel autoclave 
is also transferred into the Schlenk flask. 

A bright-orange solid is deposited both on the bottom of the thermometer 
pocket and the walls of the autoclave. The thermometer pocket is washed in a 
stream of cold water and the autoclave is filled with crushed ice as soon as the 
product has been removed. 

Caution. 

*The authors used a loose-fitting glass liner in the autoclave, but the checkers report that the 
reaction products sometimes seal the liner into the autoclave, preventing its removal. Presumably 
this problem arises if the liner fits too well. The checkers preferred to use no liner. Whereas Hastelloy 
is reported' to be inert to the materials used in this reaction, our experience is that the surface of a 
normal stainless steel autoclave shows visible signs of corrosion after some six reaction batches. 
Consequently, the condition of such an autoclave should be checked regularly. 
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Caution. r f  the orange solid is allowed to dry in air, it may ignite 
spontaneously. 
Using standard Schlenk techniques,6 any orange solid which has been transferred 
into the flask is removed by filtration (porosity 3 sinter). Unchanged phosphorus 
trichloride (- 185 cm3) is removed by distillation (bp = 76"/760 torr). All further 
low-boiling material is removed under vacuum at room temperature. Finally, 
the product is distilled at 66-68" and 0.05 torr. Yield = 140-160 g. 

Caution. r f  the autoclave reaction is performed at <200", a lower 
yield (-3Og) is obtained, and, upon distillation, a white, pyrophoric solid is 
deposited in the condenser. 

Cleaning procedure 

1. The autoclave is cleaned using warm water and soap-impregnated wire- 
wool. The glass liner, if used, is cleaned by flushing with a stream of cold water. 

2. The black, viscous residue remaining after the distillation is dissolved in 
an aqueous sodium carbonate solution and washed away in a stream of cold 
water. 

3. Treatment of washing residues with sodium hypochlorite solution before 
disposal prevents the spread of unpleasant phosphine-like smells. 

Properties 

1,2-Bis(dichlorophosphino)ethane is a colorless liquid which slowly oxidizes in 
air, and is best stored under nitrogen. The compound is characterized by mass 
spectrometry (M+ 232). The 31P nmr spectrum is a singlet 6 - 50.07 ppm relative 
to trimethylphosphite (external standard). The 'H nmr spectrum consists of an 
A2A,'XX' spin-system pattern centered at 6 2.59 ppm relative to tetramethyl- 
silane. Addition of 1,2-bis(dichlorophosphino)ethane to an excess of a Grignard 
reagent in diethyl ether yields the appropriate tetraalkyl- or tetraaryl-diphos- 
phine . 
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28. METAL CHELATES OF 2,2,7-TRIMETHYL-3,5- 
OCTANEDIONE, H(tod) 

Submitted by THOMAS J. WENZEL,* ERIC J. WaLIAMS,? and ROBERT E. 
SIEVERSt 
Cheeked by S. C. CUMMINGSS and L .4 .  TANS 

Introduction 

Metal chelates containing beta-diketonate ligands have been used for a variety 
of purposes, including gas chromatography of metals,’ metal plating on surfaces,’ 
solvent extraction of metals,3-’ catalysts, and fuel  additive^.^^^ The physical 
properties of these complexes that determine their usefulness in these areas are 
thermal stability, volatility, and solubility in nonpolar solvents. 

Of all the reported synthetic procedures for beta-diketones (see Reference 8 
and references therein), perhaps the most widely used is the base-promoted 
Claisen condensation of a methyl ketone and an ester. The synthesis described 
here involves the coupling of the ethyl ester of pivalic acid (2,2-dimethylpro- 
panoic acid)$ to methyl isobutyl ketone (4-methyl-2-pentanone) using sodium 
hydride as the base to produce (following acidification) the novel ligand, 2,2,7- 
trimethyl-3,5-octanedione, hereafter referred to as H(tod). For the reaction, quite 
inexpensive starting materials are employed, and the yield of the ligand is gen- 
erally 70-80%. The procedure requires one to two days of laboratory time. 

Caution. Since hydrogen gas is generated by the action of sodium 
hydride, a well-ventilatedfume hood is required, as is the exclusion of all open 
flames near the work area. 

A. 2,2,7-TRIMETHYL-3,5-OCTANEDIONE, H(tod) 

*Department of Chemistry, Bates College, Lewiston, ME 04240. 
tDepartment of Chemistry and Cooperative Institute for Research in Environmental Sciences, 

$Department of Chemistry, Wright State University, Dayton, OH 45435. 
$Also called neopentanoic acid (Exxon Chemicals, Houston, TX). 

University of Colorado, Boulder, CO 80309. 
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Procedure 

To a 1-L, three-necked, round-bottomed flask are added a magnetic stirring bar,* 
67.2 g (1.4 moles) of sodium hydride,** and 350 mL of dry toluene.? The flask 
is immersed in a hot water bath atop a stirrer-hot plate* and then fitted with a 
reflux condenser, a pressure-equalizing dropping funnel of at least 100-mL ca- 
pacity, and a glass inlet for a nitrogen4 purge gas system. Ethyl piValate5 (106.5 
mL, 0.70 mole) is added to the flask through one of the necks, and methyl 
isobutyl ketone( (88 mL, 0.70 mole) is added to the dropping funnel. Heat is 
applied to the water bath, stirring* is begun, and the purge gas is passed through 
the flask at a slow flow rate. When the water bath boils, the ketone is added at 
a rate of 0.5-1.0 mL/min, such that the entire volume is dispensed over the 
course of about three hours. When the addition is complete, the now green- 
yellow mixture is heated for an additional 30 minutes and then allowed to stir 
overnight without heat but with the purge gas flowing. 

The next day the flask is packed in an ice bath, and, with the purge gas 
flowing, 300 mL of an 18% (6 M) aqueous hydrochloric acid solution is slowly 
added (dropwise, at first) with vigorous stirring (caution: hydrogen evolution). 
When the neutralization is complete, the mixture is filtered to remove the sus- 
pended solids, which are discarded. The mixture is transferred to a separatory 
funnel, and the organic layer is isolated. Subsequently, the solvent is removed 
by rotary evaporation. 

The crude H(tod) is purified first by vacuum distillation (1 torr, 60-90") to 
separate the ligand from high boiling but organic-soluble impurities. Second, 
the copper complex is synthesized, as described below, to isolate the beta- 
diketone from any by-products that are formed by self-condensation of the ketone. 
Crude [Cu(tod),] (20 g) is placed in a 250-mL separatory funnel with 30 mL of 
hexane and 150 mL of 10% (1 M) aqueous sulfuric acid. The mixture is shaken 
until no blue color remains in the organic phase. The organic solution is isolated 
and the solvent is removed by rotary evaporation. Generally, the H(tod) product 
is 97-99% pure. 

Properties 

The H(tod) is a colorless liquid at room temperature and has a disagreeable odor. 
The proton magnetic resonance spectrum of this compound measured in chlo- 

*The checkers recommend use of a mechanical stirrer to give improved yields. 
**50% dispersion in mineral oil; from Alfa Div. of Ventron Corp., Danvers, MA. 
tDried over 4A molecular sieves; from Fisher Scientific, Fair Lawn, NJ. 
$Passed through a trap containing 13 X molecular sieves from Linde Cop. 
$Synthesize by condensing ethanol and neopentanoic acid or obtain from Aldrich Chemical Co., 

TDried over 3A molecular sieves, from Fisher Scientific Company, Fair Lawn, NJ. 
Milwaukee, WI; store over andydrous magnesium sulfate; distill prior to use. 
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roform solution shows a doublet at 0.90 ppm, a singlet at 1.17 ppm, a complex 
multiplet at 2.20 ppm, and singlets at 5.63 and 16.00 ppm. The signals corre- 
spond, respectively, to isobutyl CH3 protons, rert-butyl CH3 protons, isobutyl 
CH2-CH protons, a methine proton, and an enol proton. The nmr spectrum also 
shows that H(tod) is predominantly in the enol form at 30 O in chloroform solution. 
The mass spectrum of H(tod) shows major signals at 184 a.m.u., which is the 
molecular ion, 127 a.m.u., which is the base peak arising from the loss of a 
butyl group, and 57 a.m.u., which corresponds to a C,H, fragment. The infrared 
spectrum of a neat sample on NaCl plates shows absorbances at 3000, 1550- 
1650, 1470, 1360, 1290, 1220, 1130, 950-970, 890, 870 and 780 cm-I. The 
H(tod) is soluble in almost all organic solvents, but is only slightly soluble in 
water. 

B. BIS(2,2,7-TRIMETHYL-3,5-OCTANEDIONATO)~OPPER(II), 
[CU(tOa),l 

Methanol CU(CH~CO~)~.H~O + 2 H(tod) 7 [Cu(tod)J + 2 H[CH3C02) + HzO 

Procedure 

To 100 mL of crude, vacuum-distilled H(tod) in a 1-L filter flask containing a 
magnetic stirring bar is added 100 mL of methanol. To a separate beaker con- 
taining 200 mL of distilled water is added 40 g of coppr(I1) acetate hydrate.* 
This solution is stirred and heated to just below the boiling point, and, while 
hot, is filtered directly into the stirred methanolic H(tod) solution. The resulting 
mixture is allowed to stand for four hours, after which the solid that forms is 
collected by suction filtration and washed with cold (4") methanol (two X 10 
mL). Recrystallization from hexane gives a purple powder. Anal. Calcd. for 
CU(C, ,H,~O~)~:  Cu, 14.77; C, 61.44; H, 8.91. Found: Cu, 14.47; C, 61.48; H, 
8.89. 

Properties 

The [Cu(tod),l is an air-stable, crystalline solid that melts at 116-1 17". This 
compound has been shown by X-ray crystallography in this laboratory to be 
monomeric and square-planar. The unit cell is monoclinic with dimensions 
a = 20.369 81,4b = 10.37 1 A,'c = 11.526 &'and p = 90.W0.'TheCu(tod), 
molecule crystallizes in the cis-configuration and is not solvated (as is also 
indicated by the absence of discontinuities during thermogravimetric analysis). 

*The checkers report that 175 mL of water is needed to dissolve most of a 20-g sample of 
copper(I1) acetate monohydrate. 
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The Cu(tod), is much more soluble in hexane than almost all previously reported 
copper beta-diketonates.' The logarithm of the partition coefficient of Cu(tod), 
between l-octanol and water (log Pm,) is 3.64 % 0.20. This value, which is 
unusually large for a metal complex, is an indication of the expected bi~availability~ 
of (Cu(tod),]. We have shown that a 50% (v/v) solution of H(tod) in kerosene 
is capable of extracting copper(I1) ion from ammoniacal aqueous solutions in 
high yield, which may be useful for commercial recovery of copper from ore 
leachates.s 

C. TETRAKIS(2,2,7-TRIMETHYL-3,5-OCTANEDIONATO)- 
CERIUM(IV), [Ce(tod)J 

Methanol 4 Ce(N03)3-6H20 + 16 H(tod) + 12 NaOH + 0,- 

4 [Ce(tod),] + 12 NaN03 + 38 HzO 

Procedure 

To a stirred solution of Ce(N03)3.6Hz0 (10 g, 0.023 mole) in 30 mL of methanol 
is added a solution of H(tod) (17 g, 0.092 mole) in 50 mL of methanol. While 
the solution is being stirred to provide a continuous oxygen supply, 4 M aqueous 
sodium hydroxide is slowly added until the pH is brought up to a value of 7. 
During the addition of base, the solution turns a dark, red color, and precipitate 
begins to form at a pH of -6.4. The solution is decanted and the thick, red 
product is dissolved in 100 mL of hexane. This solution is filtered through a 
medium-porosity , sintered-glass funnel and the solvent is removed by rotary 
evaporation, leaving dark, red crystals of [Ce(tod),]. The yield is 19.5 g (97%). 

In some cases, an oil is obtained rather than crystals. If this occurs, crystal- 
lization is achieved by dissolving the oil in 100 mL of hexane and adding this 
solution to 400 mL of 95% ethanol with stirring. This solution is allowed to 
stand undisturbed overnight, during which time crystals of Ce(tod), form. These 
crystals are collected by suction filtration, dissolved in hexane, and filtered 
through a medium-porosity , sintered-glass funnel. Removal of the solvent by 
rotary evaporation leaves dark, red crystals of [Ce(tod),]. Anal. Calcd. for 
[Ce(C,,H,,O,),]: C, 60.52; H, 8.66. Found: C, 60.05; H, 8.66. 

Properties 

The compound [Ce(tod),] is an air-stable, crystalline solid that melts at 134- 
136". The proton magnetic resonance spectrum of Ce(tod), in chloroform solution 
shows resonances (0.85 ppm, 1.09 ppm, and 5.30 ppm) that are characteristic 
of the ligand. The mass spectrum of [Ce(tod),] exhibits a molecular ion at 872 
a.m.u. The infrared spectrum was obtained using a KBr pellet of the pure 
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compound. Absorbances were observed at 2947,2860, 1562, 1403, 1217, 1154, 
975. and 770 cm-'. 

D. TRIS(2,2,7-TRIMETHYL-3,5-OCTANEDIONATO)- 
MANGANESE(III), [Mn(tod)J 

Methanol 4 Mn(CH3C02)2.4H20 + 12 H(tod) + 8 NaOH + O2 

4 [Mn(tod),] + 8 NaCH3C02 + 26 H20 

Procedure 

To 100 mL of methanol is added Mn(CH3C02)2.4H,0 (7.7 g, 0.031 mole) with 
stirring. After the solution turns from light pink to dark brown (about 15 min), 
H(tod) (18.4 g, 0.10 mole) is added and the pH is slowly increased by addition 
of 4 M aqueous sodium hydroxide with stirring to provide a continuous supply 
of oxygen. When the pH reaches approximately 8, addition of base is halted 
and the solution is stirred for an additional 30 minutes. The thick precipitate that 
forms is collected by suction filtration, dissolved in 100 mL of hexane, and the 
mixture is filtered through a medium-porosity , sintered-glass funnel. * The sol- 
vent is removed from the filtrate by rotary evaporation and the dark oil solidifies 
on standing at room temperature. The yield of [Mn(tod),] is 10.3 g (55%). 
Recrystallization from hot methanol results in brown crystals. Anal. Calcd. for 
[Mn(CI,H,,O2),]: C, 65.59; H, 9.43. Found: C, 64.89; H, 9.42. 

Properties 

The compound [Mn(tod),] is an air-stable, crystalline solid that melts at 88-90'. 
The infared spectrum of this compound shows absorbances at 3000, 1550-1600, 
1500, 1350-1410, 1220, 1150,970,900,870 and 770 cm-I. The mass spectrum 
exhibits a molecular ion at 604 a.m.u. 
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29. LANTHANOID CROWN ETHER COMPLEXES 

Submitted by D, WSSNER' and J.-C. G .  BUNZLIt 
Checked by F. DUNBAR? and G .  R. CHOPPINt 

LnX, + L - LnX,-L 

X = NO,; L = 1,2 (see below); Ln = La - Lu 

L = 3; Ln = La - Nd, Eu, Dy - Lu 

4 Ln(N0A + 3L - [LnW"I&)3 

4 Ln(NO3),.L 

L = 3; Ln = Nd - Gd, Dy - [Ln(N03),],.(L), + L 
L = 2; Ln = Gd - Lu 
L = 3; Ln = La - Pr, Tb, Ho - Lu 

12-crown-4 15-crown-5 18-crown-6 
1 2 3 

*University of Lausanne, Institut de Chimie Minerale et Analytique, Place du ChPteau 3, CH- 

?Department of Chemistry, The Florida State University, Tallahassee, FL 32306. 
1005 Lausanne, Switzerland. 
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Interest in electrically neutral ion-complexing agents, such as macrocyclic poly- 
ethers (crown ethers), has increased continually since the original work of 
Pedersen. ' Indeed, their selective metal binding properties2 make them useful 
ligands for the study of the coordinative properties of metallic ions, for catalyzing 
synthetic processes, for analytical purposes3 and for model studies of bioinorganic 
processes, such as the selective transport of cations across biological  membrane^.^ 

Recently, attention has been focused on lanthanoid/crown ether complexes ,5 

since they may be used for lanthanoid ion separation, for stabilizing unusual 
oxidation states, and for studying high coordination numbers, Moreover, lan- 
thanoid(II1) ions are increasingly used as spectroscopic probes in systems of 
biological interest.6 

The complexes between lanthanoid salts and crown ethers are usually isolated 
from nonaqueous solutions, the Ln(III)/polyether interaction being very small 
in water due to unfavorable energetics in removing water molecules from the 
inner coordination sphere of the metal ion. We report here the synthesis and the 
properties of complexes with 12-crown-4, 15-crown-5, and 18-crown-6 ethers,* 
having different metal/crown ratios, namely 1 : 1, 1 : 2, and 4: 3. The single- 
crystal X-ray structures of four complexes have been solved. In the 1 : 1 com- 
plexes Eu(NO,),-( 12-crown-4) and Eu(NO,),-( 15-crown-5), which crystallize in 
a chiral space group, and Nd(N03)3-(18-crownd), the metal ion displays co- 
ordination numbers of 10, 11 , and 12, respectively. The first two complexes 
have similar structures: the polyether sits to one side of the Eu(II1) ions and the 
three bidentate nitrate groups are coordinated on the opposite side. The structure 
of [Nd(NO3),I4*( 18-crown-6), revealed that this complex has to be formulated 
as [Nd(NO,),.( 18-~rown-6)1~[Nd(NO~)~]~. 

General 

Except for Ln = Ce, the lanthanoid salts are prepared from the corresponding 
oxides (Glucydur, 99.99%) and concentrated acids (Merck). The solutions are 
filtered, evaporated to dryness, and the salts are dried for three days in a desiccator 
(KOH) and then for three days under vacuum (60"/2 x torr). The salts 
contain one to five molecules of H 2 0  per formula weight. 

The solvent (CH3CN, Fluka) and the crown ethers (Fluka, purum) are used 
without further purification. 

12-crown4 ether is believed to have some carcinogenic po- 
tency and operations with this ether and with liquid polyethers should be done 
with extreme care in a hood. 

The reactions are routinely performed under nitrogen atmosphere, even- 
though many systems are stable to air and moisture. All the operations with the 
hygroscopic complexes are performed in a glove-box under an inert atmosphere 

Caution. 

* 12trown-4 = 1,4,7,1O-tetraoxacyclododecane; 15-crown-S = 1,4,7,l0,l3-pentaoxacyclo- 
pentadwane; 18trown-6 = 1,4,7,10,13,16-hexaoxacyclooctadecane. 
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(Nz, C 10 ppm H20). All the complexes are microcrystalline powders with the 
characteristic color of the lanthanoid ions. Complexometric analyses are per- 
formed with edta (Titriplex 111, Merck), using xylenol orange and urotropine. 

A. Ln(N03)3.(12-crown-4), Ln = La - Lu7 

Procedure 

A solution of 5 mmoles of 12-crown-4 in 50 mL of CH3CN is added dropwise 
to a solution of 5 mmoles of Ln(N03)3.~H20 in 50 mL of CH3CN. The 
resulting mixture is stirred at 60" for 24 hours. The polycrystalline complexes 
are filtered off after cooling, washed with CHZCl2, and dried for 24 hours in a 
desiccator (P4Ol0). Anhydrous complexes are obtained for Ln = Nd-Lu. For 
Ln = La-Pr, monohydrated complexes are isolated, which can be further dried 
under high vacuum (48 h/ lo-' torr). Yields: 70-85% for Ln = La-Er and 35- 
60% for Ln = Tm-Lu. 

Properties 

All the complexes have a 1 : 1 Ln(III)/crown stoichiometry. They are stable to 
air and moisture, except for Ln = La-Pr. They are thermally stable up to 280°, 
and then decompose completely, mainly into lanthanoid oxonitrates. The com- 
plexes have identical X-ray powder diagrams (CuK, line) for Ln = Nd-Lu, and 
similar IR spectra for Ln = La-Lu. The main IR absorption frequencies in Nujol 
mulls are -1495 (b), -1280 (b), 1069, 1032, 1027, 1019, 930, 866, 819, and 
742 cm-' for Ln = Sm. The Raman spectra (Ar line, A = 514.5 nm) of the 
finely powdered complex of samarium shows absorptions at 1032, 1014, 858, 
and 738 cm-I. The corrected magnetic moments at 21" (Faraday's method) of 
the lighter Ln(III) ions in the 12-crown-4 complexes are 2.41, 3.42, 3.37, 1.66, 
3.31, and 7.97 BM (Bohr Magnetons) for Ln = Ce, Pr, Nd, Sm, Eu, Gd, 
respectively. The complexes are completely dissociated in water and methanol, 
and they are slightly soluble in acetonitrile, in which conductimetric measure- 
ments (25", lou3 M solutions) indicate that all the nitrate groups are coordinated 
to the Ln(II1) ions: AM = 14 ohm-' cmz mole-' 

B. Ln(N03),-(15-crown-5), Ln = La - LuSy9 

Procedure 

The same procedure is used as that described in Section A. For Ln = La-Eu, 
the compounds are anhydrous and not hygroscopic. For the heavier lanthanoids, 
the solutions are concentrated to 20-25 mL (Ln = Gd, Tb, Ho) or 50 mL 
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(Ln = Dy, Er-Lu). The complexes are dried over P4OlO. They still contain three 
to four molecules of H20 per formula weight. Completely anhydrous complexes 
can be obtained for Ln = Gd-Er after drying for a few days under high vacuum 
at -5" (until the pressure remains constant, -lo-' torr). For Ln = Tm-Lu, 
part of the ligand is lost under high vacuum, and unsolvated complexes cannot 
be obtained. Yields: 6045% for Ln = La-Eu, Tm-Lu; 2040% for Ln = Gd- 
Er . 
Caution. For Ln = Gd-Lu, heating the complexes or drying under high vac- 
uum for too long a time can partially decompose them into the 4 : 3 compounds. 

Properties 

For Ln = La-Eu, the complexes are stable to air and moisture. They are ther- 
mally stable up to 260" (La), 240" (F'r), and 170" (Eu), and then decompose 
completely, mainly into oxonitrates. For the very hygroscopic complexes of the 
heavier lanthanoids, the thermogravimetric curves (Thermoanalyser Mettler, Ar 
flow, 2"/min, 10-mg samples) show, after loss of water, the formation of an- 
hydrous 1 : 1 complexes of limited thermal stability. Further heating causes their 
quantitative transformation into the 4 : 3 complexes, which decompose above 
250-270 ". The thermogravimetric data are reported in Table I. 

X-ray powder photographs of some complexes indicate at least three types 
of structures within the series: Ln = La-Nd, Ln = Sm, Eu, Ln = Ho. The IR 
spectra are similar for Ln = La-Nd; the main absorptions are at 1500, 1360, 
1310, 1075, 1035, 968, 960, 881, and 741 cm-'; Raman bands: 1500, 1470, 
1460, 1270, 1034, 1031, 870, and 732 cm-I. The IR spectra for Ln = Sm-Er 
are similar; the main IR absorptions (Ho) are at 1500, 1354, 1320, 1275, 1250, 
1130, 1092, 1060, 1025,950,878, 816, and 748 ern-'. The corrected magnetic 
moments (21") of the Ln(II1) ions are 2.36, 3.33, 3.34, 1.58, 3.31, and 7.88 

TABLE I Thermogravimetric Data for Ln(NO,),.( 15-crown-5).nH20 Complexes 

Ln n 
1 : 1 stab. 

range 
4:3 stab. 

range 

La 
pr 
Eu 
Gd 
Tb 
DY 
Ho 
Er 
Yb 

0 
0 
0 

4.2 
2.0 
4.6 
5.1 
3.4 
3.9 

5260" 
5240" 
5170" 

100-160" 
100-1 10" 

(90") 
(90") 

105-110" 
(105") 

195-250" 
155-260" 
150-260" 
150-270" 
170-275" 
165-270" 
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BM for Ln = Ce, Pr, Nd, Sm, Eu, and Gd, respectively. The Ln(NO3),-(15- 
5) complexes are slightly soluble in CH3CN; the molar conductivity (25", 
M solution) of the praseodymium complex in CH3CN is 9 ohm-' cm2 mole-'. 

C. [Ln(N03)3]4~(15-crow-5)3, Ln = Gd - Lu9 

4 Ln(N03)3.(15-5).xH20 A [Ln(N0,),],.(15-5), + 15-5 + 4x H 2 0  

Procedure 

The 4 : 3 complexes are obtained by quantitative thermal decomposition under 
high vacuum of the corresponding 1 : 1 complexes. The experimental conditions 
are reported in Table 11. 

Properties 

The [Ln(N03)3],.(15-crown-5)3 complexes, Ln = Gd - Lu, are very hygro- 
scopic. The X-ray powder photographs of the 4 : 3 and 1 : 1 complexes of holmium 
are identical. The IR spectra of the series are similar, with the main absorptions 
being at 1320, 1278, 1250, 1100, 1062, 1025, 952, 880, 819, and 751 cm-'. 

D. Ln(NO3),-(18-crown-6), Ln = La - Nd, Eu, Tb - Lusi9 

Procedure 

1. Ln = La - Pr, Er - Lu 

The same procedure as described in Section A is used. For Ln = La-Pr, the 
compounds are anhydrous and not hygroscopic. For Ln = Er-Lu, complexes 
with -three molecules of H20 per formula weight are obtained, after drying for 
24 hours over P4OI0. These complexes are dried at room temperature under high 

TABLE I1 Conditions for Quantitative Thermal Transformation of 
Ln(NO3),-(U-crown-5) into [Ln(N0,),]r~(lS-crown-5), at torr 

~~ 

Ln t(W T Ln t(W T 

Gd 24 160" Er 96 25" 
Tb 5 120" Tm 24 40" 
DY 120 25" Yb 96 25" 
Ho 3 80" Lu 72 40" 
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vacuum for 2-4 days until the pressure remains constant (-lo-' torr). Yields: 
40% for Ln = Er, 50-65% for Ln = La-Pr, Yb, 75-908 for Ln = Tm, Lu. 

2. Ln = Nd 
The filtrate of the neodymium solution (see Section E) is concentrated to 75 mL, 
and it yields a second crystalline fraction corresponding to the 1 : 1 complex, 
which is dried over P40L0. This compound is anhydrous, but not hygroscopic. 
Yield: 30%. 

3. Ln = Tb, Ho 
Exactly 5 mmoles of Ln(N03)3-xH,0 in 20-40 mL of acetonitrile are added 
dropwise at 0" to 5 mmoles of 18-crown-6 in 75 mL of CH3CN. The resulting 
solution is stirred for 24 hours at 0" and is filtered. The complexes are dried for 
a few days over P4OlO and for three to four days at room temperature under high 
vacuum, until the pressure remains constant (-lo-' torr). These compounds are 
hygroscopic. Yield: 35%. 

4. Ln = Eu, Dy 
Exactly 5 mmoles of Ln(N03)3.xH20 in 80 mL of CH3CN is added dropwise 
at 0" to 5 mmoles of 18-crown-6 in 75 mL of CH3CN. The resulting solution is 
stirred for 24 hours at 0", filtered, stirred for three days at -2O", and filtered. 
The complexes are dried for a few days over P4OI0 and for 3-4 days at room 
temperature under high vacuum until the pressure remains constant (- torr). 
These compounds are hygroscopic. Yield: 30%. For Ln = Sm, Gd, the same 
procedure leads to 4 : 3 complexes. 
Caution. For Ln = Eu. Tb - Lu, heating the complexes or drying under 
high vacuum for too long a time can partially decompose them into 4 : 3  com- 
pounds. 

Properties 

The complexes with Ln = La-Nd are stable to air and moisture, but the com- 
pounds of the heavier lanthanoids are hygroscopic. The thermogravimetric data 
(Table 111) show that hydrated compounds lose water to give anhydrous 1 : 1 
complexes. The 1 : 1 complexes (Ln = La-Nd, Eu, Tb-Lu) are then quantita- 
tively transformed into 4: 3 complexes, which decompose completely at higher 
temperature, mainly into oxonitrates. 

The heats of the endothermic 1 : 1 + 4: 3 transformation measured by dif- 
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TABLE 111 Thermogravimetric Data for Ln(N0,),~(1?3-crown-6)~nH20 
Complexes 

Ln n 
1 : 1 stab. 

range 
4:3 stab. 

range 

La 0 5 2 1 0 "  230-305" 
R 0 5 130" 220-290" 
Nd 0 I 110" 180-250" 
Eu 0.4 50-1 10" - 
Tb 3.5 loo-lloo - 
Er 3.1 105-135" 200-270" 
Yb 3.5 105-120" 195-235" 

* 

"Undefined plateau 

ferential scanning calorimetry (OS"/min, samples of 20-40 mg in sealed arn- 
pulla) are 57, 47.2, 43.4, and 37.6 kl mole-' for Ln = La, Ce, Pr and Nd, 
respectively. For Ln = La, Pr, and Nd, the X-ray powder photographs are 
identical; they are different from the photograph of the holmium complex. 

The main IR absorptions for Ln = La-Nd are 1490, 1360,1312,1085, 1048, 
967,949,880 (medium intensity), 847,821, and 745 cm-'; Raman bands: 1475, 
1450, 1440, 1277, 1245, 1045, and 873 cm-'. The main IR absorptions for 
Ln = Eu, Tb-Lu are 1515, 1334, 1280, 1110, 1070, and 967 cm-'; Raman 
bands: 1465, 1045, 1025, and 878 cm-'. These complexes do not show an IR 
absorption at 880 cm-'. The corrected magnetic moments (21") of the Ln(III) 
ions are 2.38, 3.33, and 3.37 BM for Ln = Ce, Pr and Nd, respectively. 

The 1 : 1 complexes of Ln(N03)3 and 18-crown-6 are completely dissociated 
in water, and they are slightly soluble in CH,CN (-0.02 M), in which they are 
essentially non-conductors (A = 28 and 57 ohm-' cm2 mol-' at 25" for 
M solutions of Pr and Nd complexes, respectively). The 'H-nmr in CD3CN show 
the presence, at mom temperature, of both free (6 = -3.6 ppm from TMS) 
andcomplexed 18-crown-6(6 = 3.85, -2.95, -8.05, -0.53,8.57, and35.95 
ppm for Ln = La, Ce, Pr, Nd, Eu and Yb, respectively). The formation constants 
in CD3CN, measured by 'H-nmr, decrease when the atomic number increases 
(log Kf & 0.2 = 4.4, 4.5, 3.7, 3.5, 2.6, and 2.3 for Ln = La, Ce, Pr, Nd, 
Eu, and Yb, respectively). 

E. [Ln(N0,)3]a.(18-crown-6)3, Ln = La - Lub9 

The 4: 3 complexes of the 18-crown-6 ether are obtained either by direct crys- 
tallization from CH3CN solutions (Ln = Nd-Gd, Dy) or by quantitative thermal 
decomposition of the 1 : 1 complexes (Ln = La-Pr, Tb, Ho-Lu). 



156 Unusual Ligands and Compounds 

Procedure 

1. Ln = Nd-Gd, Dy 

A solution of 5 mmoles of 18-crown-6 in 50 mL of CH3CN is added dropwise 
to a solution of 5 mmoles Ln(N03)3-xH,0 in 100 mL CH3CN. The resulting 
mixture is stirred at 60" for 24 hours. For Ln = Gd, Dy, the solution is evap- 
orated to 25 mL. The polycrystalline complexes are filtered off after cooling, 
washed with CH2C12, and dried for 24 hours over P4OID. For Ln = Nd-Eu, the 
complexes are anhydrous and not hygroscopic. The complexes of Gd and Dy 
are dried for three days torr/25"). Yields: 15% for Ln = Nd, 30-45% 
for Ln = Sm-Gd, Dy. 

2. Ln = La&, Tb, Ho-Lu 

The experimental conditions for the quantitative thermal decompositions are 
reported in Table IV. The complexes with Ln = Tb, Ho-Lu, are hygroscopic. 

Properties 

The complexes with Ln = Gd-Lu are very hygroscopic. The X-ray powder 
photographs are identical for Ln = Ce, Nd, Eu, Ho. The main IR absorptions 
are at 1510, 1332, 1278, 1067, and 966 cm-I; Raman bands: 1520, 1462, 1045, 
1028, and 880 cm-I. The corrected magnetic moments (21") are 2.35, 3.35, 
3.32, 1.59, 3.30, and 7.89 BM for Ln = Ce, Pr, Nd, Sm, Eu, and Gd, re- 
spectively. The molar conductivities in CH,CN, (25", lop3 M solutions) are 44 
and 66 ohm-' cm2 mole-' for the Pr and Nd complexes, respectively. 

TABLE IV Conditions for Quantitative Thermal Transformation of 
Ln(NO,),*( 18-crown-6) into [Ln(N03),],.(18-crown-6), 

Ln 
Time 
(W Temperature 

La 
Ce 
R 
Tb 
Ho 
Er 
Tm 
Yb 
Lu 

24 
22 
16 
48 
24 
16 
% 
96 
48 

2 x 10-2 
2 x 10-2 

720 

2 x 10-2 
2 x 10-2 

2 x 10-2 

5 x 10-5 

5 x 10-5 

5 x 10-5 

225" 
190" 
170" 
60" 

110" 
180" 
40" 
70" 
40" 



Bridging I ,2,4-Triazole-Metal(ll) Complexes 157 

References 

1. C. J. Pedersen, J .  Am. Chem. SOC., 89, 7017 (1967). 
2. J. J.  Christensen, D. J.  Eatough, and R. M. Izatt, Chem. Rev., 74, 351 (1974). 
3. I. M. Kolthoff, Anal. Chem., 51, 1R (1979). 
4. J. J. Grimaldi and J.-M. Lehn, J .  Am. Chem. Soc., 101, 1334 (1979). 
5. R. B. King and P. R. Heckley, J .  Am. Chem. SOC., %, 31 18 (1974); J.-C. G. Bunzzi and D. 

Wessner, Coord. Chem. Revs., 60, 191 (1984). 
6. J.  Reuben, in Handbook on the Physics and Chemistry ofRure Earths, K. A. Gschneidner and 

L. Eyring (ed.), North-Holland Publ. Co., Amsterdam, 1979, Chapter 39. 
7. J.-C. G. Biinzli and D. Wessner, Inorg. Chim. Acta, 44, L55 (1980). 
8. J.-C. G. Biinzli and D. Wessner, Helv. Chim. Acta, 61, 1454 (1978). 
9. J.-C. G. Biinzli and D. Wessner, Helv. Chim. Acta, 64, 582 (1981). 

30. POZ.Y-BIS(THIOCYANATO-N)BIS-~-(1H-1,2,4-TRIAZOLE- 
N2,N4)METAL(II) COMPLEXES WITH MANGANESE, IRON, 
COBALT, NICKEL, COPPER AND ZINC, AND 
BIS[TRIS(THIOCYANATO-N)TRIS( p-4H-1,2,4-TRIAZOLE- 
N’)NICKEL(II)-W,W’,W”]NICKEL(II) 

Submitted by J. G. HAASNOOT,* D. W. ENGELFRET,* and J. REEDIJK* 
Checked by JAMES T. CRONIN,t J. A. McLAREN,t K. J. STAUFFER,T J. A. 
TEAGLE,? and J. L. BURMEISTERT 

The synthesis of “low-dimensional solids” has become more important than 
ever before, both to chemists and physicists. In the catenation of metal ions, the 
catenating blocks are usually polynucleating ligands. The 1,2,4-triazole ligand 
acts in most of its metal complexes as a 1,2-bicoordinating ligand. In this type 
of coordination, linear polynuclear complexes are formed. 

The thiocyanates of first-row transition elements, however, give compounds 
of overall composition of M(NCS),(trz), in which the triazole molecules are 2,4- 
bicoordinating. The obtained geometry is a two-dimensional array of metal ions 
linked by triazole bridges. The crystal structures of these complexes have been 
investigated by Engelfriet and co-workers. ’ The complexes with paramagnetic 
metal ions afford magnetically interesting systems.* For some of these com- 
pounds, monocrystals up to several mm long can easily be prepared. 

With nickel, a linear trinuclear a-isomer [Ni(NCS),(trz),] can be prepared, 

*Gorlaeus Laboratories, Dept. of Chemistry, State University Leiden, P.O. Box 9502, 2300 RA 

?Department of Chemistry, University of Delaware, Newark, DE 19711. 
Leiden, The Netherlands. 
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and, by slight variation of the reaction conditions, the two-dimensional @-isomer 
can be prod~ced .~  Because of the symmetry of the triazole ring in its 1H and 
4H tautomeric forms, the difference between the isomers can be seen easily from 
the infrared ~pec t ra .~  A third isomer (y-isomer) of the cadmium compound was 
recently found by this group, in which the triazole molecules coordinate mon- 
odentately through N4 and the cadmium ions are bridged, forming linear chains 
by N,S-coordinating thiocyanate ions.s 

A. PROCEDURE FOR [Mn(NCS)z(trz)zl, 

Manganese(I1) thiocyanate (0.05 mole, 8.55 g) is dissolved in 100 mL of water. 
Then 1,2,4-triazole (0.1 mole 6.91 g), dissolved in 50 mL of water, is added. 
A few drops of concentrated nitric acid are added and the solution is heated to 
boiling, cooled immediately to room temperature and stored for several days in 
a desiccator above phosphorus pentoxide. The yield of the product, recovered 
by filtration, washed with water and dried under vacuum is -12 g or about 
75%. The crystals have the shape of flat rhombi, almost squares, with a thickness 
of about one-fifth of the largest diameter. Crystal diameters may vary from 1- 
10 mm depending upon the preparative technique. Crystallization of this com- 
pound occurs more slowly than for the compounds containing other metals. 

B. PROCEDURE FOR [Fe(NCS)z(trz)zl, 

The iron compound can be prepared from any soluble iron(II) salt. It is most 
convenient to start with hydrated iron(II) perchlorate. Hexaaquairon(II) per- 
chlorate (0.05 mole, 18.14 g) is dissolved in about 100 mL of degassed water. 
Ammonium thiocyanate (0.1 mole 7.61 g) dissolved in about 50 mL of degassed 
water is added; the color of the solution turns red as a result of small amounts 
of iron(III) present. This solution is saturated with sulfur dioxide (to reduce any 
Fe(III) present) and a few drops of nitric acid are added. Next, 1,2,4-triazole 
(0.1 mole, 6.91 g), dissolved in 50 mL water, is added. At this stage the color 
of the solution may still be (dark) brown. 

By heating the solution to boiling, the color changes to faint green (or col- 
orless), indicating the reduction of iron(lII) to iron(I1); at the same time, the 
excess sulfur dioxide is removed by evaporation. Prolonged boiling renders the 
solution vulnerable to atmospheric oxygen. When required, additional sulfur 
dioxide is passed into the solution, followed by heating, until decoloration occurs. 
Upon cooling to room temperature, a white precipitate is produced. This is 



Bridging 1.2,4-Triazole-Metal(II) Complexes 159 

filtered and washed with oxygen-free water containing a small amount of sulfur 
dioxide. The product is dried under vacuum. The yield varies, depending upon 
the amounts of water and acid, but usually is about 10 g (-65%). Large crystals, 
up to 3 mm long, can be grown by evaporation of dilute solutions under a 
nitrogen atmosphere in a desiccator above phosphorus pentoxide. 

C. PROCEDURE FOR [CO(NCS)~(~~~)~] , ,  

The cobalt compound is prepared in a manner analogous to that of the manganese 
compound, using about twice as much water and acid to dissolve the initially 
produced gelatinous precipitate. The yield is -12 g (75%). Crystals up to 5 mm 
long can be grown from dilute solutions by slow evaporation in a desiccator 
above phosphorus pentoxide. 

D. PROCEDURE FOR f3-[Ni(NCS),(tr~)~l,, 

Ammonium thiocyanate (0.1 mole, 7.61 g), dissolved in 50 mL water, is added 
to nickel(II) nitrate, Ni(N03),-6H20 (0.05 mole, 14.54 g), in 100 mL water. 
The solution turns dark green and 2 mL of concentrated nitric acid is added. 
Then, 1,2,4triazole (0.1 mole, 6.91 g) in 50 mL water, is added. The dark blue 
solution is left standing for several days, whereupon purple-blue crystals of p- 
[Ni(NCS),(trz),] are formed. The crystals tend to be rather small, up to 0.1 mm 
long. The product is recovered by filtration, washed with water, and dried under 
vacuum. The yield is 13.5 g (about 86%). 

E. PROCEDURE FOR [CU(NCS)~(~~Z)~I,, 

[Cu(NCS),(trz),] cannot be prepared from commercial Cu(NCS), because this 
substance is rather insoluble in most solvents and is usually very impure. A 
useful procedure is to start with freshly precipitated Cu(NCS),, for instance from 
copper(II) nitrate and ammonium thiocyanate in water. Ammonium thiocyanate 
(0.2 mole, 15.22 g) in 50 mL of water is added to copper (II) nitrate trihydrate 
(0.1 mole, 24.16 g) in 100 mL of water. Copper(II) thiocyanate is precipitated 
immediately. After filtration and washing with water, it is dried under vacuum. 
The precipitate should be pitch-black; any gray color is a sign of copper(1) 
thiocyanate. 

Thus prepared, copper(I1) thiocyanate (0.05 mole, 8.99 g) is suspended in 
100 mL of warm acetone. Then, 1,2,4-triazole (0.1 mole, 6.91 g) in 100 mL 
of warm acetone is added, and, after some stirring, the mixture is filtered and 
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the residue is washed with warm acetone. The residue is a mixture of copper(II) 
thiocyanate, copper(1) thiocyanate, and thiocyanato- 1,2,4-triazolatocopper(II). 
The combined filtrates are evaporated until almost dry, and, to this residue, 
2OmL of ethanol is added, whereupon a green precipitate is produced. After 
filtration, washing with ethanol, and drying under vacuum, [Cu(NCS),(trz),] can 
be recovered as tiny blue-green crystals; yield -12 g (75%). Crystals up to 0.5 
mm long can be grown from acetone solution. 

F. PROCEDURE FOR [Zn(NCS),(trz),l, 

The zinc complex is prepared in a manner analogous to that of the manganese 
complex. The yield is lower due to the greater solubility of the product. The 
crystal size depends on the amount of water and acid present in the solution, 
but may be up to 1 mm long. 

3 Ni++ + 6 trz + 6 NCS - ~t-[Ni(NCS)~(trz)~]~ 

G. PROCEDURE FOR a-[Ni(NCS),(trz),13 

The 1,2,4-triazole ligand (0.1 mole, 6.91 g )  in 50 mL water is added to nickel(I1) 
nitrate (0.05 mole, 14.54 g of the hexahydrate) dissolved in 50 mL water, 
whereupon the solution turns dark blue. Then, ammonium thiocyanate (0.1 mole, 
7.61 g )  in 25 mL water is added. Any turbidity is removed by filtration. Upon 
standing for several days, purple crystals of a-[Ni(NCS),(trz),] are formed. The 
crystal size depends on the concentration of reactants and the temperature, and 
may be up to 0.2 mm long. The product is recovered by filtration, washed with 
water and dried under vacuum. The yield is about 14 g (89%). 

Characterization 

All compounds can be characterized by their infrared spectra. The spectra show 
the layer compounds to be isomorphous and to differ distinctly from the spectrum 
of a-[Ni(NCS),(trz)J. The region 600-700 cm-' is especially informative. One 
strong absorption at 630 cm-' occurs for a-[Ni(NCS),(trz),], while two strong 
absorptions occur for the layer compounds at 640 cm-' and 670 cm-I. Products 
with only one strong absorption at 670 cm-' contain large amounts of triazolate 
ions, which are usually produced in neutral or basic solutions.2 
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31. PREPARATION OF PENTAINDIUM TETRASULFIDE IN 
LIQUID TIN 

Submitted by T. WADSTEN* 
Checked by A. WOLD and V. K. KRIEBLEf 

In the indium-sulfur system the phases Ins', In,$:, and three allotropic forms 
of In2S33.495 have been identified and their structures analyzed. All of these 
compounds have been prepared by conventional methods, that is, direct com- 
bination or transport reaction techniques. By using molten tin as a solvent, a 
new metal-rich combination was obtained. The material is electrically insulating 
and diamagnetic at room temperature. 

Procedure 

Caution. Proper shielding should be used when heating sealed tubes. 
Mixtures of indium, sulfur and tin, all of high purity, are sealed in evacuated 
transparent silica tubes. The In: S ratio should be close to 1 : 1, and excess tin, 
four times the weight of the reactants, is added. This is close to the solute-to- 
solvent ratio that was found to give the best crystalline yield in the preparation 
of gallium monochalcogenides.6 The tubes are heated at a constant rate of 50'1 
hr up to temperatures of 650-1 100". 

To assure complete dissolution of the elements, the reactants are held at the 
maximum temperature for a few hours before the temperature decrease is started. 

*University of Stockholm, Department of Inorganic Chemistry, Arrhenius Laboratory, S-lo6 

?Department of Chemistry, Brown University, Providence, RI 02912. 
91 Stockholm, Sweden. 
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After having reached room temperature the ampoules are cut open and the reaction 
products further treated. The products obtained (of which three main types can 
be distinguished) are found to be highly dependent on the cooling program. 

The first one is a rapid procedure, about 50"/hr down to 650", followed by 
very slow cooling to room temperature, at a few degrees per hour. This method 
produces a homogeneous batch of large In$, crystals. The second type of cooling 
program is the converse of the first one, that is, very slow cooling down to 650", 
and then rapid cooling (50"/hr). In this case the solid residue consists of black 
rods with the composition I%S7. The third procedure uses an intermediate cooling 
rate of about 25"/hr from the maximum temperature all the way down to room 
temperature, and yields a mixture of polycrystalline In$, and In&. 

A high maximum temperature (- 1 100") is found to give the best yield of the 
products. The lowest temperature that yields In& is 650". To isolate the reaction 
products from the tin matrix, the chunks of reacted material are treated with 
concentrated hydrochloric acid. To reduce the attack on the crystals, short-time 
treatments with acid are alternated with acetone washings. 

Another technique, more time-consuming but chemically not so aggressive 
as the acid treatment, is to dissolve the tin in benzene containing 10% iodine. 
After the procedure, the solid product may be coated with a very thin amorphous 
brownish product of unknown composition. The coating material does not give 
any extra lines in the X-ray powder diffraction photographs, however. 

The sulfur content of In& was determined by gas chromatographic techniques 
devised by Ki r~ ten .~  The observed value is 18.5 2 0.2% by weight, and the 
calculated value is 18.3% for In$.,. By X-ray fluorescence methods, no impur- 
ities, such as tin, are observed. The detection limit is estimated to be of the 
order of 100 ppm. 

Properties 

The In5S4 crystals have been found to form in different shapes depending on the 
thermal pre-history. The X-ray powder patterns of the reaction batches were 
identical, however, and all the crystals are red and transparent. The cubic unit 
cell dimension is a = 12.35 A, and the cell contains eight formula units of 
In$,. The structure is of a new type.' The calculated density is 4.95 g/L 
compared with the observed density of 4.87 g/L. The magnetic susceptibility 
was found to be - 1.9 X lo-, cm3mole-'. 
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32. SALTS OF ALKYL[2-[l-[(2- 
AMINOETHYL)IMINO]ETHY LIPHENOLATO]( 1,2- 

ETHANEDIAMINE)COBALT@I) AND ALKYL[2-[1-[(3- 
AMINOPROPY L)IMINO]ETHYL]PHENOLATO]( 1,3- 

PROPANEDIAMINE)COBALT(III) 

Submitted by I. YA. LEVITIN,* R. M. BODNAR,* and M. E. VOL'PIN+ 
Checked by G. N. SCHRAUZER,? N. H. LIIJ,? K. RUBIN,? and M. KARBASSIt 

Until recently all knawn a-organic derivatives of trivalent cobalt included either 
a planar tetradentate (or bis-bidentate) ligand or several specific monodentate or 
bidentate strong-field ligands, such as cyanide ion and 2,2'-bipyridine. The new 
type of organocobalt(II1) complexes at issue, [ l ]+X-,  were reported' in 1981. 
They contain as ligands, 

{RCom[o-oC~C(Me~=N(CH,) .NH~l[H2N(CH~~~zl}+X-  [1]+X- 

RCom[o-OC.&C(Me)=N(CH2)~=C(Me)CJ&(o-)O] 2 b i f n  = 3 

apart from an alkyl group, a chelating diamine and a mixed tridentate ligand 
derived from the Schiff base constituted by o-hydroxyacetophenone and the same 
diamine in a 1 : I ratio. Evidence for the nature of the ligands in complexes of 
the new type is based on studies of IR and 'H nmr spectra, as well as on analyses 
of degradation products.'.z Furthermore, the coordination geometry of the com- 
plex cations derived from 1 ,Zethanediamine, [la] + , that is, those with meri- 

*Institute of Organo-Element Compounds, Academy of Sciences of the U.S.S.R., Moscow B- 

?Department of Chemistry, University of California, San Diego, La Jolla, CA 92093. 
334, Union of Soviet Socialist Republics. 
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dional attachment of the tridentate ligand, is known from an X-ray single-crystal 
diffraction study. ' 

To synthesize the "unsymmetrical" cationic organometal complexes, [1]X, 
a single-step template technique is employed. The mainstream process can be 
represented as follows: 

(a) Co"Y2 + 2 HOC6H4COMe + 2 HZN(CH2),NH2 + 2 NaOH - 
(b) 8 CO"[OC~~C(M~)=N(CH~) , ,NH~]~  + NaBH4 + 8 NaOH - CO~~[OC,H~C(M~)=N(CH~),NH~]~ + 2 NaY + 4 HzO 

8 N~{CO~[OC&~C(M~)=N(CH~),,NH~]~} + NaB02 + 6H20 

w 

(c) Na{Co1[OC6H4C(Me)=N(CH2),,NH2I2} + RX - 
(d) RCO'~~[OC~H~C(M~)=N(CH~)"NH~I~ + H 2 0  + NaX - 
{RCom[OC~4C(Me)=N(CH2~nNH21[HzN(CH2),,NHZ1}X + NaOC6H,COMe,* 

RCO'"[OC~H~C(M~)=N(CH~),NH~]~ + NaX 

where Y = C1 or OAc, n = 2 or 3, X = Br or I,? and R is primary or secondary. 

*The ketophenolate undergoes fuxther transformation yieiding a resol-type oligomer: 

(e) 4 NaOC&COMe + NaBH, + 2 H 2 0  - 4 NaOCJWHOHMe + N&02 

(f) m NaOC&CHOHMe + H(NaOCd%CHMe),OH + (m - 1) H,O 

?In addition, the perchlorate salts were obtained by way of anion exchange: 

{ComR[oC,H,C(Me)=N(CHI).NH2][ H2N(CH2).NH2]}X + NaCIO, - 
{CO~~'R[OC,H,C(M~)=N(CH,).NH~][H,N(CH~)~NH,]~CIO, + NaX 
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alkyl or cyclohexyl. The reactions (a) to (f) can be summarized in a single 
equation: 

8 Co”Y2 + 16 HOC6H,COMe + 16 H2N(CH2),NH2 + 

8 {RCo”~[OC6H4C(Me)=N(CH2),,NH21[H2N(CH2),,NH21}X + 
8 RX + 3 NaBH, + 24 NaOH - 

8/m H(NaOC6H3CHMe),0H + 16 NaY + 3 NaB02 + (34 - 8/m) H20 

“Symmetrical” neutral organometal complexes of the well-known type 2, 
including the tetradentate Schiff base ligand of 2: 1 stoichiometry,* are formed 
concurrently, but in minor amounts. It is also noteworthy that (a) the only 
organocobalt products isolated after similar syntheses starting from certain hy- 
droxycarhnyl compounds other than o-hydroxyacetophenone (e.g., 2,4-pen- 
tanedione and salicylaldehyde) are of the “symmetrical” type.4 and (b) an earlier 
attempt to prepare o-organocobalt(II1) complexes with chelating 1,2-ethanedi- 
amine failed.5 

Finally, the rather unusual reactivity of the complexes at issue under conditions 
of protonolysis’V2 should be mentioned. 

A. ALKYL-[2-[1-[(2-AMINOETHYL)IMINO]ETHYL]- 
PHENOLATO]( 1,2-ETHANEDIAMINE)COBALT( 111) 
BROMIDE (The Series of [ la]Br Complexes) 

Procedures 

Caution. Since the preparations involve certain extremely hazardous, 
volatile substances, including o-hydroxyacetophenone, methanol, and 1,2-ethane- 
diamine as starting materials, hydrogen is evolved during the course of the 
syntheses, and the compounds are especially malodorous, use of a ventilated 
hood is necessary. 

1. The Ethylcobalt Complex (R = Et) 

This synthesis is carried out under anaerobic (pure nitrogen) conditions and with 
constant stirring. All protracted operations with the organocobalt product as well 
as with its solutions are performed in the dark. 

The synthesis is conducted in a 250-mL three-necked flask fitted with an 
effective stirrer, a dropping funnel, and a T-joint connected to a nitrogen/vacuum 
line and a bubbler. 

*Some of these complexes have been prepared by Costa and co-workers3 by a different technique. 
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The flask is charged with 100 mL of deaerated methanol. Then, o-hydroxy- 
acetophenone (3.4 mL, 3.8 g, 28 mmoles), 1,Zethanediamine (2.4 mL of its 
70% aqueous solution,* 1-70 g of the pure reagent, 28 mmoles), and cobalt(II) 
chloride hexahydratet (3.3 g, 14 mmoles) are introduced with stirring. After 
dissolution of the salt, the flask is placed into a cold-water bath.* Then, 4.5 mL 
of a 50% aqueous solution of sodium hydroxide is added. The original wine-red 
solution turns into a carrot-colored suspension. After five minutes, about one 
third of a solution of sodium tetrahydroborate(-1) (in toto 0.75 g, 20 mmoles) 
in 5 mL of 5% aqueous sodium hydroxide (85 mmoles of pure NaOH is the 
total amount required for the synthesis) is added, followed by 0.25 mL of a 2% 
solution of palladium(I1) chloride in 1 M aqueous potassium chloride. The sus- 
pension gradually darkens to some extent. After 15 minutes, the water bath is 
removed and the flask is shielded from light. Next, ethyl bromide (5 mL, 6.8 
g, 65 mmoles) is introduced. The remaining solution of sodium tetrahydrobor- 
ate(1-) is added in several portions over a period of five hours. Stirring is 
continued for three hours. 

The brown suspension resulting from the synthesis is filtered through a fine, 
porous, glass filter, and the solid residue is extracted with methanol until the 
solvent remains colorless. The liquid is concentrated under vacuum to a volume 
of 35 mL, and is then diluted with 20 mL of water; a saturated aqueous solution 
of sodium bromide (10 mL) is also added. The resulting solution is concentrated 
to a volume of 25 mL in the same manner. The resulting precipitate is collected 
by filtration and washed with cold water, a small amount of acetone, and diethyl 
ether. Then, it is extracted with dichloromethane until the solvent$ is no longer 
green. The residue is dried by suction, yielding 2.36 g (5.8 m o l e s ,  42%) of 
an orange-to-red crystalline material. The product is recrystallized from meth- 
anol. Anal. Calcd. for C,4H260N4BrC~: C, 41.50; H, 6.47; N, 13.83; Br, 19.72; 
Co, 14.54. Found: C, 41.53; H, 6.31; N, 14.06; Br, 19.74; Co, 13.89. 

2. Other Complexes of the Series ([la]Br) 

Related bromide salts with other primary and secondary alkyl ligands (R) can 
be obtained similarly and in comparable yields. Thus, the complexes with R = Me, 
Bu, i-Pr and cyclohexyl are prepared starting from the corresponding alkyl 
bromides. In the case of R = Me, gaseous methyl bromide§ is passed through 

*The concentration of the solution is not critical; the anhydrous base or the hydrochloride can 
be used as well. In the latter case, an equivalent amount of sodium hydroxide must also be added 
(with cooling). In this procedure, the bath temperature should be kept below 40”. 

?The acetate, Co(OAc),.4H2O, can be used instead. 
$The dichloromethane liquor contains the corresponding “symmetrical” complex 2. 
$This can be produced from methanol, sodium bromide, and sulfuric acid in accord with the 

procedure in Reference 6, and liberated from admixed hydrogen bromide by passing it through a 
column with potassium hydroxide. The apparatus is fmt filled with nitrogen, and the liquid reagents 
are deaerated. 
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the reaction mixture for five hours. Since the sec-alkylcobalt complexes are 
especially sensitive to protonolysis, they should be crystallized from either al- 
kalized or aprotic (e.g., CHC13) solvents. 

Properties 

1. The ethylcobalt complex crystallizes well as red prisms from methanol 
(or its mixtures with water); therefore, homogeneity of a given sample can be 
checked by examination under a microscope. The crystals are moderately pho- 
tosensitive; in the dark they can be stored for at least a year (at room temperature 
and in air). The complex is soluble, but moderately so, in polar organic solvents 
such as methanol, formamide, or dimethyl sulfoxide, and somewhat less soluble 
in water. In solution, the complex is more sensitive to light than it is in the solid 
state. The structure of the complex has been established by an X-ray single- 
crystal diffraction study.' 

IR spectrum (KBr pellet): 3320 (m), 3295 (m-s), 3230 (vs, br), 3130 (s), 
3065 (vw), 3030 (vw), 2970 (m), 2945 (m), 2895 (m), 2860 (m), 1600 (vs), 
1580 (sh), 1540 (m), 1470 (m-w), 1445 (s), 1395 (vw), 1340 (s), 1275 (w), 
1260 (w), 1240 (m), 1175 (sh), 1165 (m), 1150 (m), 1140 (m), 1110 (vw), 
1085 (w), 1075 (m-w), 1050 (s), 1030 (m), 990 (w), 960 (vw), 935 (vw), 880 
(m-w), 850 (w), 750 (m), 740 (s), 630 (w), 610 (vw), 585 (w), 565 (w), 540 
(w), 530 (w), 505 (vw), 470 (w), 450 (vw), 420 (sh), 410 (w) cm-'. 

The UV-visible spectrum (in MeOH): A (lo-%): 331 nm (3.37), 373 nm 
(2.34), 430 nm (1.45). 

The ion exchange TLC on SiOz (Czechoslovakian Silufol plates) with 0.1 N 
solutions of NaOAc in (a) MeOH-H20 4: 1 (vlv): Rf = 0.32; (b) HCONH2-Hz0 

2. The other complexes of the series are characterized like the ethyl homolog 
(except for X-ray data), and their properties are similar to those of the ethyl 
complex. 

1: 1 (v/v): Rf = 0.59. 

B. ALKYL[2-[1-[2-AMINOETHYL)IMINO]ETHYL]- 
PHENOLATO]( 1,2-ETHANEDIAMINE)COBALT(III) 
IODIDE (The Series of the [la11 Complexes) 

Procedures 

Caution. See caution in Section A .  

1. The Ethylcobalt Complex (R = Et) 

The synthesis is carried out as in Section A, through addition of alkali. Then, 
after five minutes, the solution of sodium tetrahydroborate(l-) (0.75 g, 20 mmoles) 
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in 5 mL of 5% aqueous sodium hydroxide (85 mmoles of pure NaOH) is intro- 
duced, followed by 0.25 mL of a 2% solution of palladium(LI) chloride in 1 M 
aqueous potassium chloride. After 15 minutes, the water bath is removed, and 
the flask is shielded from light. Next, ethyl iodide (5 mL, 9.6 g, 65 mmoles) 
is added dropwise over 15 minutes, and stirring is continued for four hours. 

The dark-brown suspension resulting from the synthesis is filtered through a 
glass filter of medium porosity. The precipitate (I) is washed consecutively with 
cold water, a small amount of acetone, and diethyl ether. 

Then, it is extracted with dichloromethane until the solvent is no longer 
green. * The combined methanol/ water/acetone liquor is concentrated under 
vacuum to a volume of 35 mL, and is then diluted with 20 mL of water; a 
saturated aqueous solution of sodium iodide (5 mL) is then added. The resulting 
solution is concentrated in the same manner to a volume of 25 mL. The resulting 
precipitate (11) is collected by filtration? and treated like precipitate I. Then both 
precipitates are combined, which yields 3.15 g (7.0 mmoles, 49%)$. of brownish- 
red crystalline material. The product is recrystallized from methanol as dark-red 
prisms. 

2. Other Complexes of the Series ([la]I) 

Related iodide salts with other primary and secondary alkyl ligands (R) can be 
obtained similarly and in comparable yields. Thus, the complexes with R = Me, 
n-Bu and i-Pr are prepared starting from the corresponding alkyl iodides. 

With regard to crystallization of the sec-alkyl cobalt complexes, see Section 
A-2. 

Properties 

The characteristics of the iodide salts are either identical (cation exchange chro- 
matographic behavior) or close (IR and electronic spectra, solubilities) to those 
of the related bromides (Section A). 

*See Footnote $ in Section A, p. 166. The bath temperature should be kept below 40". 
?The liquor and the water extract contain the unipositive bis-rner-[N-(2-aminoethyl)-7-methyl- 

salicylideneiminato]cobalt(lII) cation complex, {CO"[O-OC,H,C(M~)=N(CH~)~NH~]~}+. To isolate 
its iodide salt, the aqueous solution is concentrated under vacuum to a volume of 10 mL. After 
some hours, a solid precipitates. It is collected by filtration, dried by suction, and i s  then extracted 
with dichloromethane. The liquor is evaporated to dryness under vacuum, which yields the complex 
in question (as the monohydrate 3.68 g, 6.8 mmoles, 49%). It can be converted to the desired 
product ([la)I) by treatment with Na[BH,]/Pd and EtI in alkaline methanol solution under conditions 
similar to those of the basic procedure. 

$This yield can be increased: see the preceding footnote. 
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C. ALKYL[2-[1-[(2-AMINOETHYL)IMINO]ETHYL]PHENOLATO]- 
(l92-ETHANED1AMINE)COBALT(III) PERCHLORATE 
(The Series of the [la] C10; Complexes) 

Caution. Perchlorates are explosive and must be treated with great 
care. Heat must be avoided, and the reaction must be properly shielded. 

Procedure 

To obtain a perchlorate of this series, a methanolic solution of the related bromide 
salt is mixed with an excess of a concentrated aqueous solution of sodium 
perchlorate. An orange, crystalline precipitate is collected by filtration, washed 
with water, and dried by suction. 

Properties 

Compared with IR spectra of the halide salts, those of the perchlorates exhibit 
the following features. a. There are additional bands characteristic of the perch- 
lorate ion. b. The strong and broad bands (at -3230 and 3130 cm-'), attributed 
to the vibrations of N-H bonds of the bridge complex cations with halide 
anions, are lost, while sharp peaks at higher frequencies, related to N-H links 
with protons that do not participate in hydrogen bonding, grow in number. These 
features are exemplified with fragments of the IR spectra of [la]C10, with 
R = Et: a. ClO,- bands (Nujol mull): u3 = 1100 cm-' (vs), u4 = 655 cm-' 
(s-m). b. Stretching region of coordinated NH2 groups, that is, the 3100-3400 
cm-' range (fluorolub mull): 3380 (w), 3350 (m), 3340 (s), 3310 (m), 3285 (s), 
3180 (vw) cm-' 

D. ALKYL[2-[1-[(3-AMINOPROPYL)IMINO]ETHYL]- 
PHENOLATO]( 1,3-PROPANEDIAMINE)COBALT(III) 
IODIDE (The Series of the [lb]I Complexes) 

Procedures 

Caution. See caution in Section A .  
1. The ethylcobalt complex (R = Et) This synthesis deviates from that 

in Section B in two ways. a. The 1,2-ethanediamine is substituted by 1,3- 
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propanediamine* (2.3 mL, 2.05 g, 28 mmoles). b. An extra reagent, namely 
sodium iodide (-4.5 g, 30 mmoles), is added after dissolution of the cobalt(I1) 
salt. 

The dark-brown suspension resulting from the synthesis is filtered through a 
glass filter of medium porosity. The solid? is washed consecutively with cold 
water, a small amount of acetone, and diethyl ether. Next, it is extracted with 
dichloromethane until the solvent is no longer green.$ The remaining solid is 
dried by suction, and 4.6 g (9.6 mmoles, 69%) of red-brown, prismatic crystals 
are obtained. 

2. The methylcobalt complex (R = Me). It is prepared similarly, but 
with a lower yield (30%). 

Properties 

The solubilities of both complexes are markedly lower than those of the related 
complexes (of the n = 2 series) in all solvents tested (H,O, MeOH, Me2C0, 
CH2Cl2, CHC13). The IR spectrum of the ethylcobalt complex is similar to that 
of the corresponding complex of the latter series. The UV-visible spectrum of 
the ethylcobalt complex (in MeOH): A ( 373 nm (3.63); a broad absorption 
is also found over the same wavelength range as for the related complex of the 
n = 2 series. 
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*This reagent can be synthesized in a single-step from acrylonitrile, ammonia, and hydrogen 
over Raney nickel.' The normal boiling point of the compound (135-136") can be employed as a 
quality check. 

t In some preparations it incorporates a green, powdery material that can be removed by fractional 
sedimentation of a water suspension of the solid. 

$See Footnote $ in Section A. 
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CO(NO~)~ + 2(4) mimt - [C~(mimt)~~,(NO~)~l 

Introduction 

The S ,N-containing heterocyclic molecule 1 ,3-dihydro- 1 -methyl-W-imidazole- 
2-thione (mimt), together with its thiol tautomer, have significant coordination 
potential which is likely to be susceptible to variations in pH and other reaction 
conditions. 

H 

I I 
CH3 CH3 

thione thiol 

Reactions in neutral media have been reported to produce thione-sulfur 
donating complexes of mimt,'S2 but it has been suggested that ci~-[F'tCl~(mimt)~], 
prepared under acid conditions, contains N-donating mimt.' The thione character 
of mimt has been demonstrated by infrared spectr~scopy, '~~ single crystal X-ray 
data, and 'H nmr spectra.4 

The imidazole-thione system possesses considerable pharmacological activity, 
with mimt being a particularly well-known and commercially available anti- 
thyroid (thyrotoxic) agent.5 

Procedure 

A. THE 1:4 (METAL:LIGAND) COMPLEX 

A solution containing 0.45 g (4 mmol) of mimt* in 5 mL of a solution containing 
anhydrous ethanol and triethyl orthoformate (95 : 5% V/V) is added to a solution 

*School of Chemical & Life Sciences, The Polytechnic, Newcastle-upon-Tyne, NElgST, United 

TDepartment of Chemistry, Broome Community College, Binghamton, NY 13902. 
Kingdom. 
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containing 0.29 g (1 mmole) of hydrated cobalt(I1) nitrate (Co(N0,),.6H20) in 
10 mL of the same solvent. The resultant mixture is refluxed in a single-necked, 
50-mL, round-bottomed flask for 30 minutes. The total volume of solvent is 
then reduced slightly and the solution is allowed to cool to room temperature. 
Emerald-green crystals separate from this solution which are removed by suction 
filtration, washed with cold anhydrous ethanol (two X 5 mL) and vacuum dried 
at room temperature. Yield, 60% as CO(C~H$~T~S),(NO~)~.H~O. 

Properties 

Tetrakis( 1,3-dihydro- 1 -methyl-2H-imidazole-2-thione)dinitratocobalt(II) mo- 
nohydrate is an emerald-green, crystalline solid. The Co-S contact is char- 
acterized by perturbation of the thioamide IV band of the parent ligand (730- 
745 cm- I )  and by a v (C0-S)  band at 3 10 cm- I .  The complex is non-conducting 
in nitromethane. 

B. THE 1:2 (METAL:LIGAND) COMPLEX 

A solution containing 0.22 g (2 mmoles) of mimt* in 5 mL of a solution 
containing ethyl acetate and triethyl orthoformate (95.5% v/v) is added to a 
solution containing 0.29 g (1 mmole) of hydrated cobalt@) nitrate (CO(NO,)~.~H~O) 
in 10 mL of the same solvent. The resultant mixture is then refluxed in a 50- 
mL, single-necked, round-bottomed flask for 30 minutes. The subsequent treat- 
ment of the deep-blue crystalline product is the same as in (a). Yield, 90% as 
CO(C~H~NZS)~(NO~)~. 

Properties 

Bis( 1,3-dihydro- l-methyl-W-imidazole-2-thione)dinitratocobalt(II) is a deep- 
blue, crystalline solid. The Co-S contact is characterized by perturbation of 
the thioamide (IV) band of the parent ligand (730-740 cm-I) and by a v(Co-S) 
band at 315 cm-'. The complex is non-conducting in nitromethane. 
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34. METAL ION-CONTROLLED SYNTHESIS AND RING 
CONTRACTION OF A CONJUGATED, PLANAR, 

HEXADENTATE, MACROCYCLIC LIGAND 

Submitted by S. MARTIN NELSON,. FERIDA S. ESHO,* JOAO DE 0. CABRAL,t 
M. FERNANDA CABRAL,? and MICHAEL G. B. DREW$ 
Checked by COLIN J. CAIRNSS and KIM LANCES 

An important aspect of the chemistry of macrocyclic ligands of limited flexibility 
relates to the structurallchemical interplay between the geometrical preferences 
of the ligand on one hand, and those of the complexed metal ion on the other. 
The following preparations illustrate the structural and chemical consequences 
of a change in metal ion size from “too large” to “too small’’ in relation to 
the fixed hole-size of a planar, conjugated macrocycle. 

The macrocycle L’ [structure (l)] having an inner ring of 18-member atoms 
has been synthesized (as its metal complexes) by the use of large metal ions as 
templates for the [2 + 21 Schiff base condensation of two molecules of 2,6- 
pyridinedicarboxaldehyde with two molecules of 1,2-benzenediamine. The tem- 
plate action of the metal ion is evidenced by the observation that only oils or 
gums are obtained in metal-free reactions. When the Ba2+ ion (ionic diameter 
2.84 A)2 is employed as template, the product complex has a 2: 1 ligand: metal 
stoichiometry (Part A), whereas, for the Ca2+, S$+ or Pb2+ ions (ionic diameter 
2.24, 2.52, and 2.58 A, respectively), the products have a 1 : 1 metal-to-ligand 
stoichiometry. Smaller metal ions are ineffective as templates for the synthesis 
of L’. 

However, it has been found’.’ that once the macrocycle has been formed 
(using, for example, Ba2+ as a template), the template ion may often be replaced 
by another metal ion which is itself ineffective as a template. For the case where 
the incoming metal ion is Cd2+, which is only slightly smaller (ionic diameter 
2.20 A) than Ca2+, the replacement is effected without alteration in the macro- 
cycle (Section B).’ In contrast, where the incoming metal ion is appreciably 
smaller, as in the case of several first-row divalent transition metal ions (ionic 

*Department of Chemistry, Queen’s University, Belfast BT9 5AG, Norfhem Ireland. 
?Laboratorio Femira da Silva, Faculdade de Ciencias, 4OOO Porto, Portugal. 
$Department of Chemistry, The University, Reading RG6 2AD, United Kingdom. 
&Department of Chemistry, The Ohio State University, Columbus, OH 43210. 



174 Unusual Ligands and Compounds 

diameters 1.80-1.92 A),' the exchange in methanol solution is accompanied by 
an intramolecular contraction of the (hexadentate) 18-membered inner ring to a 
(pentadentate) 15-membered inner ring to afford a new macrocycle Lz [structure 
(Z)] of appropriate hole-size for the smaller metal ion (Section C).3 X-ray analysis 
of cadmium(II) and lead(I1) complexes of L' has shown' that the L' macrocycle 
has a near-planar conformation with an inner ring hole radius of about 2.7 A. 
The structural and chemical results can thus be understood in terms of the relative 
sizes of the metal ion and L' macrocycle hole. 

A. BIS(7,11:20,24-DINITRILODIBE"b,m][1,4,12,1S]TETRA- 
AZACYCLODOCOSINE)BARIUM(II) PERCHLORATE A + 4 aNH* + Ba(C104)2.3H20 - MeOH. SOo [BaL:] (C104)2 

30 min 
4 

' NHz 
0 0 

Procedure 

Perchlorate salts of complexes can be explosive and should 
be handled with care in afume hood and behind a protective shield. They should 
not be heated as solids or as concentrated solutions. 

A solution of barium perchlorate trihydrate (1.96 g, 0.005 mole) in 300 mL 
of methanol is placed in a 500-mL conical flask and heated to 50". To this warm 
solution is added 1.37 g (0.01 mole) of freshly sublimed 2,6-pyridinedicarbox- 
aldehyde,* followed by 1.20 g (0.01 mole) of 1,2-benzenediamine (after puri- 

Caution. 

*The 2.6-pyridinedicarboxaldehyde may be prepared from commercially available 2.6-pyridine- 
dimethanol by the method of E. P. Papadopoulos, A. Jarrar and C. H.  Issidorides, J .  Org. Chem., 
31, 615 (1966). 
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fication with decolorizing charcoal and recrystallization from water). The mixture 
is stirred continuously and maintained at 50". The initial yellow color of the 
solution deepens to yellow-orange, and, within minutes, an orange solid starts 
to separate. The temperature is maintained at -50" and the stirring is continued 
for 30 minutes, after which time the mixture is cooled, the orange solid filtered 
off, washed with cold methanol, and dried in air or in a vacuum desiccator. A 
further batch of product may be recovered from the filtrate after standing over- 
night. Yield: 62%. Anal. Calcd. for C52H3608NIZC12Ba: C, 53.59; H, 3.11; N, 
14.43. Found: C, 53.43, H, 3.10; N, 14.58. 

Properties 

The [B&'][ClO,], is an orange, microcrystalline solid which is soluble in several 
polar organic solvents, such as acetonitrile, from which it may be recrystallized 
to give large, orange cubes. The infrared spectrum shows (among other things) 
bands at 1640 (vCEN) 1400-1600 (pyridine and phenyl ring vibrations), 1090, 
and 620 cm-' (non-coordinated C104-). No absorption occurs at 3200-3400 or 
-1700 cm-', confirming the absence of the amino and carbonyl groups of the 
starting materials. The electrical conductance of 285 QR-'cmZmole-L, found for 
a M solution in acetonitrile at 25" is consistent with uni-bivalent electrolyte 
behavior. The 'H nmr spectrum in dimethyl sulfoxide-4 shows a multiplet at 
7.04-7.21 (phenyl protons), adoublet at 7.55, atriplet at 7.90 (pyridine protons), 
and a singlet at 8.36 ppm (imino protons). Integrated relative intensities for the 
three sets of resonances are in the required ratio of 4 : 6 : 2. Crystals of the complex 
belong to the F4m2 space group with one molecule per unit cell, consistent with 
a "sandwich" structure, with the two planar macrocycles in a staggered rela- 
tionship. 

B. AQUA(7,11:20,24-DINITRILODI- 
BENZO[b,m][ 1,4,12,15]TETRA-AZACY CLODOCOSINE- 
PERCHLORATOCADMIUM(II) PERCHLORATE-MeOH 

Procedure 

Caution. See Section A. 
To a suspension of 1.17 g (0.001 mole) of [B&'](C104), in 500 mL of 

methanol in a 1-L round bottomed flask fitted with a reflux condenser is added 
1.67 g (0.004 mole) of solid cadmium(I1) perchlorate hexahydrate. The mixture 
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is gently refluxed for 1 hour longer than it takes the Ba(I1) complex to dissolve 
fully. The total reflux period is five to six hours. The resulting orange solution 
is concentrated to about 100 mL on a rotary evaporator and then set aside until 
the orange product crystallizes. The crystals are washed with cold methanol and 
dried in air. Yield: 65%. Anal. Calcd. for C2,HZ4OI$J6Cl2Cd: C, 41.80; H, 3.12; 
N, 10.83. Found: C, 42.24; H, 3.03; N, 11.01. 

Properties 

The crystalline, orange complex is soluble to varying degrees in a variety of 
polar organic solvents. It may be recrystallized from acetonitrile. The infrared 
spectrum is very similar to that of [B&'](CIO,),, except for the appearance of 
a broad absorption [vcO-J at -3500 cm-I, due to the H20 and CH30H mol- 
ecules, and a broadening of the C104- absorptions at -1090 cm-' and 620 
cm-I, reflecting coordination of one of these anions in the solid state. The 
complex is a uni-bivalent electrolyte (A, = 286 R-'cm*mole-' for a 10-3M 
solution) in acetonitrile at 25". The 'H nmr spectrum in dimethyl sulfoxide-d, 
is also very similar to that of [B&'](ClO,),. The coordination geometry about 
the Cd(I1) atom is approximately hexagonal bipyramidal, with the six nitrogen 
atoms of L' defining an approximate hexagonal plane (mean Cd-N distance 2.63 
A), and with the oxygen atoms of a water molecule and a perchlorate ion 
occupying the two axial positions.' 

C. COBALT(I1) COMPLEX OF THE RING CONTRACTED 
MACROCYCLE 

M d H .  65' 
[BaL2'](C104), + 2 Co(C104),-6Hz0 - [COL~(H~O)(M~OH)J(CIO~)~ 

(2) 

5,5a-dihydro-24-methoxy-6,10 : 19,23-dinitrilo-24H-benzirnidazo[2,1- 
h][ 1,9,17]benzotriazacyclononadecine 



Synthesis and Ring Contraction of a Macrocyclic Ligand 171 

Procedure 

Caution. See Section A .  
To a suspension of 1.17 g (0.001 mole) of [B&'](C104)2 in 800 mL of 

methanol, in a 2-L round-bottomed flask fitted with a reflux condenser, is added 
2.2 g (0.006 mole) of solid cobalt(II) perchlorate hexahydrate. The mixture is 
gently refluxed until the Ba(II) complex has completely dissolved, which may 
take two to three days. After the solution becomes clear, the reflux should be 
continued for an additional two hours. The orange solution is then concentrated 
to a volume of about 50 mL by rotary evaporation and then set aside in a beaker 
to crystallize. The orange crystals which separate are filtered, washed with cold 
methanol, and dried in air. Yield: 60%. Anal. Calcd. for C2sH2s0,1N6C12Co: C, 
44.60; H, 3.74; N, 11.15. Found: C, 44.26; H, 3.61; N, 11.00. 

Properties 

The orange, crystalline complex is readily soluble in a range of polar organic 
solvents including methanol, acetonitrile, and dimethyl sulfoxide. The infrared 
spectrum differs from those of the L' series of complexes in showing a vN-" 
band at 3370 cm-I and a vCEN vibration of reduced intensity at 1615 cm-I. The 
magnetic moment of the solid is 5.01 BM at 293 K, corresponding to a high- 
spin (S = %) ground state for the metal ion. As shown in structure (2) the inner 
large ring of L' has contracted from 18- to 15-member atoms, as result of covalent 
bond formation between the N( 10) and C( 14) of L', with accompanying formation 
of a five-membered imidazolidine ring.3 The ring contraction has left the Co(I1) 
atom in a pentagonal bipyramidal environment, with the five nitrogen atoms of 
the 15-membered inner large ring making up the equatorial plane, the two axial 
sites being occupied by the oxygen atoms of a water and a methanol molecule. 

The ring contraction can be seen as proceeding in two steps. The first is the 
addition of a molecule of solvent methanol across one C=N bond of L', as a 
result of the strain generated by the attempts of the macrocycle to bond effectively 
by way of all six nitrogen atoms to a "too-small" metal ion. The gain in flexibility 
accompanying the conversion of a double into a single carbon-nitrogen bond 
now allows nucleophilic addition of the secondary NH group across the neigh- 
boring azomethine bond to form L2. 

Analogous metal-promoted ring contractions of L' to L2 may be carried out 
using salts of Mn(II), Fe(II), and Zn(I1) in place of CO(II).~ 
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35. TRIPHENYLPHOSPHINE OXIDE AND BIPYRIDINE 
DIOXIDE COMPLEXES OF CERIUM(1V) 

Submitted by FRANTISEK B&ZINA* 
Checked by R. P. PERITOt and B. B. CORDENt 

Cerium(1V) forms double salts readily, the best-known one being cerium(1V) 
ammonium nitrate, Ce(N03)4.2N&N03. Although many complex cationic and 
anionic cerium(1V) species are present in solution, few have been isolated, and 
these are mostly with anions as ligands. Since the 4f transition elements often 
form complexes with oxygen compounds, it is possible to prepare Ce(1V) com- 
plexes with phosphine oxides or 2,2'-bipyridine 1,1 '-dioxide.'-3 

A. TETRANITRATOBIS(TRNYLPH0SPHI" 
OXIDE)CERIUM(IV) 

(NH4)2[Ce(N03)6] + 2 OPPh3 - [Ce(N03)4(OPPh3)21 + 2 NI&N03 

Procedure 

Ammonium hexanitratocerate(1V) (2.0 g, 3.64 mmoles) in acetone (20 mL) is 
treated with triphenylphosphine oxide, OPPh3 (2.05 g, 7.36 mmoles), in acetone 
(20 mL). The mixture is filtered to remove a white precipitate (N&N03), and 
the solvent is removed under reduced pressure. The orange crystals are washed 
with chloroform and recrystallized from acetonitrile. Anal. Calcd. for Ce(N03),.2 
OPPh3: Ce, 14.84; NO3-, 26.26; P, 6.56. Found: Ce, 14.76; NO3-, 26.20; P, 
6.40. 

*Palacky University, Olomouc, Czechoslovakia. 
*Department of Chemistry, Tufts University, Medford, MA 02155. 
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B. TETRACHLOROBIS(TRIPHENYLPH0SPHJNE 
OXIDE)CERIUM(IV) 

H2[CeCbI + 2 OPPh3 + [CeCl,(OPPh3)21 + 2 HCl 

Procedure 

To a solution of dihydrogen hexachlorocerate(IV), prepared4 from (1.1 g, 2.0 
mmoles) of (NH4)2[Ce(NO&], in 10 mL of dry methanol, is added a solution 
of triphenylphosphine oxide (1.1 g, 4.0 mmoles) in 5 mL of dry methanol. A 
stream of dry hydrogen chloride gas is bubbled through this reaction mixture at 
-20" for a half hour. The cerium(1V) complex precipitates, and the orange 
product is filtered and is washed with dry methanol and petroleum ether. Anal. 
Calcd. for CeCl4-2 OPPh3: Ce, 16.72; C1, 16.92; P, 7.32. Found: Ce, 16.71; 
C1, 16.70; P, 7.19. 

C. TETRAKIS(2,2'-BIPYRIDINE 1,l'-DIOXIDE)CERIUM(IV) 
NITRATE 

Procedure 

To a warm solution of 2,2'-bipyridine 1,l'-dioxide (1.6 g, 9.3 mmoles) in 20 
mL of water is added ammonium hexanitratocerate(1V) (1.1 g, 3.95 mmoles). 
The reaction mixture is kept at approximately 95" in a water bath for a half hour. 
Then an excess of NH,[PF6] is added to effect precipitation of the complex as a 
yellow-orange crystalline solid, which is washed with ethanol and dried. Anal. 
Calcd. for [Ce(bpyO2)4][PF6]& C, 32.63; H, 2.19; N, 7.61; P, 8.41. Found: C, 
32.08; H, 1.99; N, 7.70; P, 7.94. 
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36. HEXAKIS(DIPHENYLPHOSPHIN1C 
AMIDE)LANTHANOID(III) HEXAFLUORO PHOSPHATES, 

[Ln(dppa)al(PFs)3* 

Submitted by G.  VICENTLNIt and L. B. ZINNERt 
Checked by S. C. KUO$ and L. THOMPSON$ 

The hexafluorophosphate ion has proved to be very useful for studies with 
complexes, since the [PF6]- anion has a very weak coordinating ability.' Lan- 
thanoid hexafluorophosphates can be obtained in very concentrated aqueous 
solutions by reaction of a freshly prepared solutions of hexafluorophosphoric 
acid and a hydrated lanthanoid basic carbonate.* The resulting solution, after 
filtration, is evaporated to near dryness. Attempts to isolate the hydrated salts 
are unsuccessful because of decomposition accompanied by hydrogen fluoride 
evolution. Nevertheless, the complexes containing diphenylphosphinic amide are 
isolable and are quite   table.^ 

Preparation of Starting Materials 

The lanthanoid basic carbonate is obtained by boiling a dilute lanthanoid chloride 
solution with urea.4 The dilute solution of freshly prepared hexafluorophosphoric 
acid is obtained by percolating a solution, containing 3.0 X mole of am- 
monium hexafluorophosphate (Alfa products) in 20 mL of water, through an 
Amberlite IR - 120 H +  column (1 cm x 25 cm). The eluted solution is allowed 
to fall dropwise (-20 drops per minute) onto a suspension of 1 x mole 
of the lanthanoid basic carbonate in 5 mL of water, under constant stimng. The 
addition of the acid is discontinued when a very small residue of the basic 
carbonate remained (pH > 5 < 6). The solution is then filtered, the residue 
washed with two portions of 3 mL of distilled water, and then allowed to 
evaporate at -30" to near dryness, using a flash evaporator9 and reduced pressure 
(-20 tom). It is necessary to evaporate carefully to a very small volume, because 
the solution decomposes, becoming acid and turbid. (This is a very critical point.) 

*(Ln = La - Lu, ddpa = diphenylphosphinic amide). 
tInstituto de Quimica, Universidade de S b  Paulo, Caixa Postal 20.780, Sio Paulo, Brazil. 
$Department of Chemistry, University of Minnesota-Duluth, Duluth, MN 55812. 
$The checkers report that use of a rotary evaporator is satisfactory. 
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For the preparation of dppa, diphenylphosphinic acid (Aldrich) was trans- 
formed into diphenylphosphinic chloride by reaction with sulfinyl chloride' (82% 
yield). The dppa (mp 164-166') was obtained in 75% yield by reaction of the 
diphenylphosphinic chloride with concentmted ammonia, according to the method 
of Zhmurova et al., 

Procedures 

The complexes having the general formula [Ln(dppa),l[PF,], are prepared in two 
ways: (a) the concentrated lanthanoid hexafluorophosphate solution is diluted 
with 5 mL of absolute ethanol and treated with a solution of dppa (1 X lo-' 
mole in 20 mL of absolute ethanol). The precipitate is collected in a sintered- 
glass filter funnel, washed with two 5-mL portions of absolute ethanol, and dried 
under vacuum over anhydrous calcium chloride; (b) the concentrated aqueous 
solution of lanthanoid hexafluorophosphate is diluted with 5 mL of methanol 
and treated with a solution of dppa (1 X lo-' mole in 10 mL of methanol), and 
the complex is then precipitated by addition of -30 mL of 2,2-dimethoxypropane 
(Aldrich). The precipitate is collected, washed with two portions of 5 mL of 
2,2-dimethoxypropane, and dried as above.3 

Properties 

The compounds are non-hygroscopic, quite stable,* melt at -155', and are 
colorless, except for those of praseodymium, neodymium, and erbium, which 
show green, blue, and pink hues, respectively. They are very soluble in ace- 
tonitrile, nitromethane, and methanol, and behave as 1 : 3 electrolytes in aceton- 
itrile and nitromethane (millimolar solutions). 

The IR spectra show no coordinated hexafluorophosphate ions, since only 
two bands (v3 -840 and v4 -560 cm-') are observed. Coordination through the 
phosphoryl oxygen is indicated by the shift of the P=O (- 1 130 em-') stretching 
frequency to lower frequencies, and by the shift of the UP-N (-930 cm-') to 
higher frequencies, as compared to the free ligand (dppa vP=O, 1175 and 
VP-N, 915 cm-I). 

The X-ray powder patterns indicate that the entire lanthanoid series (except 
for promethium), and yttrium comprise an isomorphous ~ e r i e s . ~  

The number of bands in the electronic spectrum of the neodymium compound 
at 77 K, due to the 41,,2 -+ 4G5,2, 'G7,* transitions, are indicative of a cubic site 
around the central ion. The nephelauxetic parameter (p = 0.9917), the covalent 
factor (b1'2 = 0.064), and the Sinha parameter (6 = 0.83) show an almost 

*For long-term storage, it is recommended that plastic flasks be used. 
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complete electrostatic character for the Ln3+ -dppa interaction. The oscillator 
strength in nitromethane solution is 9.3 X 

The europium emission spectrum at 77 K suggests an Oh + CdV symmetry 
and an octahedral ge~metry .~  A single crystal X-ray study of the compound 
indicates a crystallographic octahedral symmetry with a = 20.28(1) A, space 
group F23. The Ln-0 distance is 2.27(1) A.* 

cm2 mole-' L.7 
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37. COMPLEXES OF THE TYPES: K3[Cr(NO)(CN),] AND 
[Cr(NO)(NCS),(LL)] (LL = 2,2'-BIPYRIDINE; 1,lO- 

PHENANTHROLINE 

Submitted by RAMGOPAL BHATTACHARYYA,* GOBINDA P. BHATTACHARJEE,* 
PARTHA S. ROY,* and NABANITA GHOSH* 
Checked by R. DEL ROSARIO,? S. C. BLAKE,? S. J. CARTER,t and L. S. STUHLt 

The reductive nitrosylation reaction of tetraoxometallates using NH,OH 
in alkaline medium has been little used in inorganic ~yntheses.~ Recently, it has 
been shown that this reaction also occurs in neutral and slightly acidic media.4 
However, those syntheses succeeded in only partially converting the oxoanions 
(especially for Cr0,Z- and VO:-) to the lower valent metal-nitrosyl derivatives, 
as is evident from the low yields of the products isolated,'-5 and from the failure 
to isolate 2,2'-bipyridine (bpy) and 1,lO-phenanthroline (phen) derivatives from 
the reaction mixture, even in the case of molybdenum.s 

*Department of Chemistry, Jadavpur University, Calcutta 700 032, India. 
?Department of Chemistry, Brandeis University, Waltham, MA 02254. 
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Moreover, until very recently,6 the reductive nitrosylation of CrOt-,  both in 
alkalineZ and acidic media,48 gives a major amount of unconverted r e~ idue .~  The 
previous workers'-5 used only 3 or 4 moles of nitrosylating agent (NH20H) per 
mole of CrOz-, and this small ratio gave a poor yield of the metal-nitrosyl 
derivatives. It has recently been discovered' that a significant improvement of 
the efficiency of the nitrosylating process in a slightly acidic medium (pH = 5) 
can be observed if an excess of NHzOH.HCl (10-15 moles per mole of the 
oxoanion) is used in the presence of an excess of the NCS- ion. The same is 
true for the reductive nitrosylation of Cr04z- in a strong alkaline medium in the 
presence of the CN- ion. 

A. (2,Z'-BIPYRID1NE)NITROSYL- 
BIS(THIOCYANATO)CHROMIUM(I) 

Procedure 

A solution of 1.0 g (0.0052 mole) of K2CrO4 and 3.9 g (0.052 mole) of NhSCN 
in 40 mL HzO, is placed in a 250-mL beaker, 5.4 g (0.078 mole) of NH,OH-HCI 
is added, and the mixture is heated to 80" on a hot plate for about 40 minutes, 
with constant stirring by a magnetic bar. A greenish-violet solution is obtained, 
which is then cooled to 27" and filtered through a fine sintered-glass filter to 
remove precipitated sulfur. An aqueous (50 mL) bpy (1.22 g, 0.0078 mole) 
solution is warmed (60") and then the greenish-violet* solution is poured dropwise 
into it over a period of five minutes, with vigorous stirring. After the addition, 
stirring is continued for an hour with occasional scratching, while keeping the 
reaction mixture warm (50"). A yellowish-brown solid separates, after which 
the reaction mixture is cooled to the room temperature and filtered through a 
fine sintered-glass filter. The precipitate is washed thoroughly with cold water, 
a cold water-90% ethanol mixture (1 : l), and then with diethyl ether, and is 
dried over CaClz under vacuum. Yield of the crude product is 1.79 g (98%). 
The product is then extracted with acetone. Evaporation of the acetone yields 
bright, yellowish-brown crystals of [Cr(NO)(NCS),bpy]. A typical yield of the 
pure product is 1.50 g (82%). 

The product is identified by its magnetic susceptibility (keff = 2.0 BM at 
27"), ESR (gav = 1.98), infrared Spectrum, and elemental analysis. Anal. Calcd. 
for [Cr(NO)(NCS),C,J48Nz]: Cr, 14.7; C, 40.7; H, 2.3; N, 19.8; S, 18.1. Found: 
Cr, 14.5; C, 41.0; H, 2.6; N, 19.6; S, 18.5. Infrared spectrum: uNO 1705; vCN 

2080; ucrN(NO) 590; uNcrN(bpy) 328, 362 cm-'. 

*The checkers report the color to be brownish. 
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B. NITROSYL( 1,lO-PHENANTHROLINE) 
DITHIOCYANATOCHROMIUM(1) 

A mixture of 1.0 g (0.0052 mole) of K2Cr0,, 3.9 g (0.052 mole) of NH4SCN, 
and 5.4 g (0.078 mole) of NH20H-HC1 in 40 mL H20 is treated as the bpy 
derivative of chromium(1) described above, to yield a greenish-violet* solution. 
Then, an aqueous solution of 1,lO-phenanthroline (1.55 g, 0.0078 mole) is added 
and the mixture stirred as in the case of bpy analog. The crude product (yield 
1.9 g, 98%) is then crystallized from acetone as described above, to obtain 
yellowish-brown crystals. Yield 1.63 g (84%). 

The compound is characterized in the same manner as its bpy analog. Anal. 
Calcd. for [Cr(NO)(NCS)2(C,2H,N2)]: Cr, 13.8; C, 44.4; H, 2.1; N, 18.5; S, 
16.9%. Found: Cr, 13.4; C, 44.0; H, 2.5; N, 18.1; S, 17.0%. The magnetic 
susceptibility data, ESR spectrum, and the selected infrared bands are identical 
with those of the bpy analog. 

Properties 

The thiocyanato compounds are yellowish-brown with a luster. These complexes 
are stable in air for a considerable period (-30 days), and are soluble in acetone, 
acetonitrile, and N,N-dimethylfonnamide. The uv-visible spectra of the com- 
pounds in acetonitrile medium shows A,, at 645, 490 (sh), and 350 nm (for 
both the bpy and phen compounds). 

C. TRIPOTASSIUM PENTACYANONITROSYLCHROMATE(1) 
MONOHYDRATE 

Procedure 

A mixture of 1.0 g (0.0052 mole) K2CT04, 4.02 g (0.0618 mole) of KCN, and 
3.46 g (0.0618 mole) of KOH is dissolved in 25 mL of H20. It is then heated 
at 80" with stirring. Then, 3.58 g (0.052 mole) of NH20H.HCI is added in small 
portions. The stirring is continued for an hour while keeping the temperature of 
the solution at 80". A yellowish-green solution is obtained, which is cooled 
below 10" and poured into 100 mL of cold (15") ethanol (90%), dropwise and 
without any stirring. A green precipitate appears slowly. After completion of 
the addition, the resulting solution is kept cold (15") for 20 minutes to allow the 
green precipitate to settle. The supernatant liquid is then carefully decanted to 
remove some of the white, flocculent mass suspended over the green precipitate. 

*The checkers report a brownish color. 
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The latter is then collected by filtration through a fine sintered-glass filter and 
washed thoroughly with 40 mL of cold ethanol (90%, 15") and then with diethyl 
ether. 

The yellowish-green product is dissolved in 4 mL of water (filtered, if nec- 
essary), and the green solution is poured dropwise into 50 mL of cold ethanol 
(90%, 15"). The green precipitate is allowed to settle while still cold, and the 
alcohol is decanted as before to remove the white, flocculent mass. The precipitate 
is collected on a fine sintered-glass filter, washed thoroughly with cold ethanol, 
and then with diethyl ether, and dried under vacuum. This recrystallization is 
repeated once more by dissolving the product in 3.5 mL of H 2 0  and precipitating 
with 50 mL of cold (15") ethanol (90%), whereupon bright green crystals are 
obtained. It is then washed with cold ethanol and diethyl ether, and then dried 
over fused CaC1, under vacuum. Yield: 0.750 g. (40%). 

The cooling operations described in the above procedures are nec- 
essary so as to cause the heavy nitrosyl complex to settle to the bottom of the 
beaker, while the light KCl, etc. will remain flocculent and settle over the former. 
It is then easy to decant a majority of the white, undesirable salts (KCl, KCN, 
etc.), so that the pure product can be obtained after only two crystallizations. 

A preliminary test for purity (i.e., before the product is analyzed for the 
elements) can be conducted easily by measuring the magnetic susceptibility. A 
pure product (i.e., free from admixture of KCl, KCN, etc.) shows a pee of 1.85- 
1.92 BM2 at 27". Anal. Calcd. for K,[Cr(NO)(CN),].H20: C, 17.27; N, 24.18; 
H, 0.58; Cr, 14.97; K,  33.77. Found: C, 16.5; N, 23.7; H, 0.8; Cr, 15.07; K,  
34.1. Infrared spectrum: vNO 1637, vCN 2120, vCrN (NO) 620, v C C  420,400, and 
8cCN 340 cm-'.* 

Note. 

Properties 

The compound is identified by its magnetic susceptibility (peff = 1.87 BM at 
27"), ESR9 and electronic spectral bands.' The A, wavelengths are at 730,450, 
365, 268, and 230 nm. 
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38. HETEROPOLYTUNGSTATES WITH UNSATURATED 
HETEROPOLYANIONS 

Submitted by G. H. MARCU* and A. BOTAR* 
Checked by S. C. TERMES? and M. T. POPE? 

Recently, new representative compounds of the heteropolyanions have been 
synthesized, which are characterized by the presence of two heteroatoms in the 
polytungstic anion. They are heteropolycompounds of the 1 : 1 : 11 and 1 : 2 : 17 
types. These compounds are obtained from 1 : 12 or 2: 18 heteropolyanions by 
a controlled alkaline degradation in the presence of one metallic cation, or by 
the direct reaction between unsaturated heteropolyanions obtained previously and 
a metallic cation.'-8 

It is known that unsaturated heteropolyanions react easily with different di-, 
tri-, and tetravalent cations, forming very stable heteropolycompounds. De- 
pending upon the nature of the cation, the stoichiometry of the metallic cation 
and the unsaturated heteropolyanion may be 1 : 1 or 1 :2. More recently, a series 
of organic derivates of the heteropolyanions have been obtained, starting from 
heteropoly compounds belonging to the I : 2 class by a substitution reaction of 
the W04+ unit with an organic cation, or by a direct reaction between an organic 
cation and an unsaturated heteropoly 

A. POTASSIUM 
BIS(UNDECATUNGSTOPHOSPHATO)URANATE(IV) 

Caution. Uranium is a radioactive element and it must be handled 
with particular care. Fume hoods and other apparatus appropriate for use with 
radioactive substances must be used. Waste solutions are a source of radioactive 
contamination, and they must be disposed of properly. 

*Institute of Chemistry, 65-103, Str. Donath, 3400 Cluj-Napoca, Roumania. 
?Department of Chemistry, Georgetown University, Washington, DC 20057. 
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A solution containing uranium(1V) is prepared from 0.8 g (0.0016 mole) of 
U02(CH3C00)2-6H20 dissolved in 10 mL water and reduced from U(V1) to 
U(IV).39s*17 This solution is added gradually to a lukewarm solution (70") of 10 
g (0.003 mole) of K7[PW11039].14H20 in 40 mL of water. The pH of the solution 
is adjusted to 5.0 using glacial acetic acid. This pH of 4.5-5.0 is maintained 
during the addition by using a buffer containing potassium acetate in solution. 
After stirring for 15 minutes at a constant temperature of 70°, the dark brown 
solution is cooled to room temperature, filtered to eliminate possible traces of 
any precipitate, and is allowed to stand at 5". After 2-3 days, dark brown crystals 
are separated from the solution, filtered through a filtering crucible, washed with 
small quantities of cool water, and dried in air in a dark room.'4 The yield is 
3.2 g (30%). Anal. Calcd. for KIo[U(PWl~0~9)23~22H20: K, 6.12; U, 3.72; 
W, 63.29; P, 0.97, H20, 6.15. Found: K, 6.18; U, 3.70; W, 63.40; P, 0.99; 
HzO, 6.42. 

Properties 

The brown crystals of KloIIJ(PWl10,)~~22H20 are Paramagnetic with = 2.78 
BM. This indicates that the uranium is in the 4 + oxidation state. The synthesized 
U(1V) heteropolytungstate belongs to the class of U(1V) compounds with cubic 
symmetry. The visible absorption spectrum shows characteristic bands for octa- 
coordinated U(1V). The L band (14,814 cm-l) is well resolved, but the O,R,U, 
and W bands (16,000; 20,010; 22,498; and 24,656 cm-I, respectively) are 
weaker. The UV absorption spectrum is similar to that of K7[PWl1039].14H20, 
but it shows less easily distinguished maxima, which are shifted to lower energies, 
and the electron transitions are more evident in U(1V) heteropolytungstate than 
in the unsaturated heteropolyanion. The characteristic band at 38,910 cm-' is 
attributed to the electron transitions of the tricentric bond W-O-W, and the 
band at 49,826 cm-I is attributed to the pn -4 transition in the tungsten-oxygen 
bond. 

The IR spectrum has three absorption bands in the 700-1000 cm-' region (at 
800, 890, and 965 cm-I), due to the valence vibrations of the W=O and 
W-0-W bonds. The splitting of the 1080 cm-' band (into 1060 and 1095 
cm-I bands) is attributed to stretching of the P-0 bond. The rapid isotopic 
exchange recorded for the tungsten in U(IV) heteropolytungstate shows that 
W-0 bonds in WO, octahedra are labile because of the partially covalent and 
partially ionic nature of this bond, and because of the unequivalence of the 
W-0 bonds in WO, octahedra. The absence of the isotopic exchange of phos- 
phorus shows that P-0 bonds are inert for the exchange of the phosphorus, 
which is situated in the center of a regular tetrahedron. The X-ray diffraction 
establishes the fact that KIo[U(PW11039)2]~22H20 has a cubic structure, namely 
it is a face-centered cube with a = 10.72 A. Salts of other cations may be 
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obtained by double exchange reactions in aqueous medium. The stability constant 
of the complex, determined by paper high voltage electrophoresis, is 2.48 X lo6. 
The acid Hlo[U(PW11039)2] is obtained in aqueous solution, and is stable for two 
weeks. 

B. POTASSIUM 
BIS(HEPTADEC ATUNGSTODIPHOSPHATO)URANATE(IV) 

Caution. See Section A. 
A solution of uranium(1V) is prepared from 1.3 g (0.0025 mole) of 

U02(CH3C00)2-6H20 dissolved in 20 mL of water, followed by reduction of 
U(V1) to U(IV).3.5*17 This solution is gradually added (with continuous stirring) 
to a solution containing 27 g (0.005 mole) of K7[P2W17061].22H20 in 75 mL of 
water (60"). The pH of this solution is adjusted to 5.0 using glacial acetic acid. 
The stirring is continued for another 15 minutes, after which the dark violet 
solution is filtered to remove traces of any precipitate. The solution is allowed 
to stand at 5" for two to three days, whereupon violet microcrystals appear. 
These crystals are filtered through a filtering crucible, washed with small quan- 
tities of cool water, and dried in air in a dark 

The yield is 10.6 g (40%). The crude product is recrystallized from the 
minimum quantity of water at 60" at pH 4.5. Anal. Calcd. for K16- 

[U(P2Wl7O6,),].22H,0: K, 6.36; U, 2.38; W, 63.60; P, 1.32; H20,  5.85. Found 
K, 6.40; U, 2.42; W, 63.71; P, 1.36; H20, 5.90. 

Properties 

The dark violet crystals are paramagnetic; peff = 2.98 BM. The visible absorp- 
tion spectrum shows absorption bands specific for the f 2  configuration of the 
octacoordinated U(1V); the best-resolved band is the L band at 14,812 cm-I. 
The UV absorption spectrum shows a strong band at 38,OOO-40,OOO cm-I 
specific to the heteropolytungstates of the 2: 18 class, and another band at 49,382 
cm-I, which can be attributed to the pn-d, transition in the W=O bond. The 
IR spectrum (in the 700-1000 cm-I region) shows three absorption bands at 
730, 800, and 955 cm-'. The splitting of the 1080 cm-' band (into 1040 and 
1085 cm-I bands) is attributed to the stretching of the P-0 bond. Isotopic 
exchange takes place in the case of the tungsten atom, but not in the case of the 
phosphorus atom. An X-ray diffraction study shows that the U(IV) heteropoly- 
tungstate belongs to the hexagonal system with a = 9.018 8, and a = 80'41'. 
The stability constant, determined by paper electrophoresis, is 2.22 X lo6. Salts 
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of other cations may be obtained by double exchange reactions in aqueous 
solutions. The acid form of K16[U(P2W17061)2] can be obtained in aqueous so- 
lution, and it remains stable for ten days. 

C. POTASSIUM BIS(UNDECATUNGSTOBORATO)THORATE(IV) 

Th(N03)4 + 2 H3B03 + 22 Na2W04 + 26 CH,COOH -+ 

Na14[Th(BW11039)2] + 4 NaN03 + 26 CH300H + 16 H,O 

Caution. Thorium is a radioactive element and must be manipulated 
with appropriate care. See caution notice in section A. 

Sodium tungstate dihydrate (25 g, 0.075 mole) is dissolved in 100 mL water 
and the pH is adjusted to 6.5 using glacial acetic acid. Then, 2.5 g (0.04 mole) 
of H3B03 is added and the solution is heated for 30 minutes. A solution containing 
2.1 g (0.0038 mole) of Th(N03)4-4H20 is added with continuous stimng, and 
the heating is continued for another 15 minutes. The solution is cooled to room 
temperature and filtered. Then, 10.2 g (0.136 mole) of finely ground KCl is 
added to the filtrate, whereupon a white, crystalline precipitate begins to deposit, 
which is allowed to stand at 5' overnight. The white precipitate is recrystallized 
for the minimum quantity of warm water (70"), and the final product is filtered, 
washed with small quantity of cool water, and dried in air.I7 The yield is about 
37%. Anal. Calcd. for KIO[Th(BWI1039)2]~38H20: K, 8.08; Th, 3.42; W, 59.67; 
H20 ,  10.09. Found: K, 8.12; Th, 3.39; W, 60.04; HzO, 9.86. 

Properties 

The UV absorption spectrum shows maxima at 39,572 and at 49,737 cm-I. The 
IR absorption spectrum shows maxima at 760,875, and 960 cm-I. The absorption 
band at 1240 cm-I is attributed to the B-0 bond. X-ray diffraction shows that 
K14[Th(BW,1039)2J-38H20 has a face-centered cubic structure, with a = 18.407 
A. Salts containing other cations can be obtained by double-exchange reactions 
in an aqueous medium. 

D. POTASSIUM 
BIS(UNDEC ATUNGSTOPHOSPHAT0)THOR ATE(1V) 

Th(NO3), + 2 KJ'Wii039 - KIO"'MPWIIO~~)J + 4 mo3 

m Caution. Thorium is a radioactive element and must be manipulated 
with appropriate care. See caution notice in Section A. 
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A solution containing 0.5 g (0.001 mole) of Th(N03)4.4H20 in 20 mL of 
water is added slowly and with continuous stirring to a warm solution (60") of 
5.7 g (0.002 mole) of K7[PWl10sg]*14H20 in 75 mL of water. The mixture is 
maintained at 60" with stimng for another 10 minutes, is then cooled to room 
temperature, filtered, and allowed to stand. After a few days, well-shaped, white 
crystals form, which are separated from the solution. These crystals are filtered, 
washed with a small quantity of cool water, and dried in air. 

The yield is about 32%. The product may be recrystallized from the mini- 
mum quantity of warm water (60") at pH 5.0-5.5. Anal. Calcd. for Klo- 

Found: K, 5.88; Th, 3.45; P, 0.91; W, 60.70; HzO, 9.89. 
[Th(PWI103g)2]*36HzO: K, 5.90; Th, 3.50; P, 0.93; W, 61.04; H20,  9.78. 

Properties 

The UV absorption spectrum shows bands at 39,520 and 49,640 cm-I. The IR 
spectrum shows absorption maxima at 752, 862, and 950 cm-I. The splitting 
of the absorption band, which is attributed to the stretching of the P-0 bond, 
occurs at 1042 and 1086 cm-I. Salts containing other cations may be obtained 
by double exchange reactions in aqueous solution. The potassium salt of Th(1V) 
heteropolytungstate crystallizes in the cubic system. 

E. POTASSIUM 
BIS(HEPTADECATUNGSTODIPHOSPHATO)THORATE(IV) 

Caution. Thorium is a radioactive element and must be manipulated 
with appropriate care. See caution notice in Section A .  

A solution of 0.25 g (0.0005 mole) of Th(N03)4.4H20 in 20 mL of water is 
added in small quantities and with stimng to a solution of 4.8 g (0.001 mole) 
of K10[PZW17061]~23H20 in 75 mL of warm water (60"); this temperature is main- 
tained for another 15 minutes. The reaction mixture is cooled to room temper- 
ature, filtered, and allowed to stand for three to four days. Fine, white crystals 
are separated from the solution, filtered, washed with small quantities of cool 
water, and dried in air. 

The yield is 47%. The product is recrystallized from the minimum quantity 
of warm water (60") at pH 5.0-5.5. Anal. Calcd. for K~6[Th(PzW~70~1)21~45Hz0 
K, 6.25; Th, 2.32; P, 1.24; W, 62.54; H20, 8.10. Found: K, 6.42; Th, 2.35; 
P, 1.33; W, 62.80; HzO, 8.19. 
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Properties 

The UV absorption spectrum is similar to that of the unsaturated heteropolyanion 
KIO[P2W17061], but it shows absorption maxima that are less distinct and that are 
shifted to lower energies (39,690 and 49,480 cm-’). The IR spectrum shows 
absorption maxima at 750, 862, and 956 cm-I. The splitting of the band, 
attributed to the P-0 bond, occurs at 1038 and 1092 cm-I. Salts containing 
other cations may be obtained by double-exchange reactions in aqueous medium. 
As with other compounds of this class, the Th(1V) heteropolytungstate has the 
Dawson structure. 
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39. A GENERAL SYNTHESIS FOR GOLD(1) COMPLEXES 

Submitted by A. K. ACSA’ADY,* C. A. McAULIFFE,* R. V. PARISH,’ 
and J. A. SANDBANK* 
Checked by R. A. POTTSt and W. F. SCHNEIDERt 

Large numbers of goldfl) complexes are reported in the literature, most involving 
ligands with the donor atoms phosphorus, arsenic, and sulfur. In preparing such 

*Department of Chemistry, The University of Manchester Institute of Science and Technology, 

tDepartment of Natural Sciences, University of Michigan-Dearborn, Dearborn, MI 48128. 
Manchester M60 lQD, United Kingdom. 
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complexes, it is usually necessary to start from gold(III), in the form of sodium 
tetrachloroaurate(II1) or the corresponding acid, which then requires a reduction 
step. In most cases the ligand itself functions as the reductant, following the 
classical procedure of Levi Malvano,’ causing one or two molar equivalents of 
the ligand molecules to be consumed in addition to those that are coordinated 
in the product (Equations 1-3). 

2 R3P + Na[AuCl,] + H20 = [AuCl(PR,)] + R3FQ + 2 HCl + NaCl (1) 

2 R2S + H[AuCl,] + H20 = [AuCl(SRZ)] + RZSO + 3 HCl 

3 RSH + Na[AuCl,] = [AuSR] + RSSR + 3 HCl + NaCl 

(2) 

(3) 

If the ligand is inexpensive and its oxidized form has suitable solubility, this 
method is quite convenient. However, some ligands are expensive or must be 
obtained by complicated syntheses, or the complex may be difficult to separate 
from the oxidized ligand. In such circumstances, other reducing agents may be 
used, such as sulfur dioxide’ or sulfite,’ but reduction is slow and difficult to 
control. The synthesis described here makes use of thiodiglycol (2,2’-thio- 
diethanol) as an inexpensive, odorless reductant that yields a stable aqueous 
solution containing chloro(thiodiglycol)gold(I), equation (2), where R = 
CHzCH20H.4The desired ligand is then added, undiluted (if a liquid), or dissolved 
in water or alcohol, which usually precipitates the complex in quan- 
titative yield (equations 4-5). 

RSH + AuCl(thiodiglyco1) = [AuSR] + thiodiglycol + HCl (4) 
R3P + AuCl(thiodiglyco1) = [AuCl(R3P)] + thiodiglycol (5 )  

This method is thus rapid, clean, and high-yielding, and may involve any ligand 
for which .the complex has a lower solubility than the free ligand. 

Procedure 

Sodium tetrachloroaurate(lu) dihydrate* (0.397 g, 1 .O mmole) is dissolved in 
water (10 mL), and the solution is cooled in ice. To this solution is added the 
thiodiglycol (0.366 g, 3.0 mmoles), undiluted, with stirring. This addition must 
be made very slowly (45 minutes) and may be stopped when the yellow color 
of the solution is discharged. A solution of the ligand, 4-ethylbenzenethiol(O. 140 
g, 1 .O mmole), in chloroform (20 mL) is added dropwise with stirring over 20 
minutes. The chloroform layer is separated and added dropwise to methanol (40 
mL), and the pale yellow complex, 4-ethylbenzenethiolatogold(I) (0.33 g, 
98%), precipitates. The product is filtered, washed with methanol, and dried 

*This salt is somewhat hygroscopic and should be weighed in a dry atmosphere. 
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under vacuum. Anal. Calcd. for C8H,AuS: C, 28.7; H, 2.7; S ,  9.6; Au, 59.0. 
Found: C, 28.8; H, 2.7; S, 9.5; Au, 59.0. 

If the product precipitates directly from the aqueous solution, the thiol may 
be used undiluted, but the complex must then be carefully dried. This method 
is appropriate for aliphatic thiols and for benzenethiol, the gold(1) derivatives 
of which are insoluble in most solvents. 

Complexes of neutral ligands may be prepared similarly. To a gold(1) solution 
prepared as above is added a solution of the ligand ~zP(CH~zo(CHz)zo(CHz)zP~z 
(poop, 0.245 g. 1.0 mole) dissolved in ethanol (10 mL). An immediate white 
precipitate of the complex [ClAu(pp)AuCl] is formed (0.94 g, 98%). Anal. 
Calcd. for C,&,,Au2C1,0,P,: C, 37.9; H, 3.4; P, 6.5. Found: C, 37.9; H, 3.5; 
P, 6.7. 

These complexes of neutial ligands can also be prepared by adding the ligand 
in chloroform solution, but, if the product is soluble in chloroform (as is usually 
the case with neutral organic ligands), recovery is often less than quantitative. 

Preparation of Related Compounds 

This procedure can be employed to prepare a wide range of complexes of the 
type AuSR, [AuCl(L)], and [ClAu(L'-L')AuCl] with ligands such as: SR = 
SC6H,R' (R' = 2-Me, 3-Me, 4-Me, 4-Et, 4-i-Pr, 4-s-Bu, 4-t-Bu, 2-COOH, 2- 
NH2), SCH2C6H5, SC&II1, SCl2HZ5, SCISH3,, dl-penicillamine, I-cysteine ethyl 
ester; L = Ph,P, (C&,,),P, Ph3As; L'-L' = Ph2P(CH2),PPh2 (n = 2, lo), poop. 
The yield in all reactions is above 80% with the products being of good purity. 
The reaction with the ligand Ph3Sb does not produce the gold(1) complex because 
the complex is known to be unstable' and the ligand is extremely insoluble in 
water. 

Properties 

The properties of these complexes depend to a great degree on the nature of the 
ligand. In general, the following are typical properties: colorless solid, powder, 
air stable, low solubility in most solvents, decomposition upon heating, char- 
acteristic Au-L stretching frequencing in the infrared.*-' Because of the expense 
of the starting material, everything containing gold should be collected and 
recycled by standard methods: such as oxidation with aqua regia and then 
reduction to the metal with hydroquinone, ~ul f i te ,~  or other suitable reducing 
agents. 
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40. TRICHLORODIPHENYLANTIMONY (V) 

Submitted by IONEL HAIDUC* and CRISTIAN SILVESTRU* 
Checked by KURT J. IRGOLIC? and KENNETH A. FRENCHt 

Trichlorodiphenylantimony(V) can be obtained from chlorodiphenylantimony- 
(HI) and chlorine,' or sulfuryl chloride,2 or by heating diphenylstibinic acid 
(C6H5),SbO2H with hydrochloric acid. 3*4 These reactions employ starting mate- 
rials that are not readily available. Much more attractive are reactions of antimony 
pentachloride with phenylating reagents such as tetraphen~llead~ and tetraphen- 
yltin.6 The simple reaction with tetraphenyltin gives good yields of pure di- 
phenylantimony trichloride. 

Procedure 

Into a l-L three-necked flask, equipped with a reflux condenser, a CaCl, drying 
tube, a dropping funnel, and a mechanical stirrer, are introduced 42.6 g (0.1 
mole) of tetraphenyltin and 300 mL of carbon tetrachloride. A solution of 30.0 
g (23.8 mL, 0.1 mole) of antimony pentachloride in 30 mL is dropped into the 
stirred, refluxing suspension of tetraphenyltin. After all the SbC15 has been added, 
the mixture is refluxed for two hours. During this time the solution becomes 
gray and contains a fine precipitate. After cooling to room temperature, the 
mixture is filtered to give 38 g of crystalline, impure SbC1,(C6H,), (mp 168- 
70'). The filtrate is concentrated on a rotary evaporator to a volume of 25-30 
mL. After cooling, an additional 9 g of SbC13(C6H5)* is obtained. Dichlorodi- 
phenyltin(1V) dichloride can be recovered from the filtrate. 

Trichlorodiphenylantimony(V) is recrystallized from 650 mL of 5 M hydro- 
chloric acid. The hot solution is filtered from a small insoluble residue through 
a Buchner funnel (9-cm, Whatman #1 filter) or a coarse glass-fritted funnel of 

*Chemistry Departent, Babes-Bolyai University, R-3400 Cluj-Napoca, Roumania. 
?Chemistry Department, Texas A & M University, College Station, TX 77843-1243. 
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similar size under an aspirator vacuum. On cooling, the filtrate deposits 31.6- 
35.4 g (79-88% yield) of fine, crystalline SbC13(C6HS)2-H20 (mp 175"). 

Properties 

Trichlorodiphenylantimony(V) monohydrate forms needle-like crystals which 
melt at 175" (lit. 176O.' It is soluble in ethanol, hot hydrochloric acid, and 
acetone, moderately soluble in benzene, and slightly soluble in carbon tetra- 
chloride.' 

An X-ray structure determination' established octahedral coordination for 
antimony in SbC13(C6HS)2-H20. The compound can be dehydrated by heating 
under vacuum. The anhydrous compound is a chlorine-bridged dimer as estab- 
lished by X-ray diffraction.' 

When dissolved in methanol, the compound hydrolyzes partially to form 
[(Cd-Is)2SbC12]20.9 Treatment with aqueous alkaline solutions produces diphen- 
ylstibinic acid (CbHS)2Sb02H.3 
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MO, + SOC12 MOCI, 
(M = W, Mo) 
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Tungsten tetrachloride oxide is a convenient starting material for the synthesis 
of a variety of tungsten complexes containing 0x0' and imido*-ligands. It has 
been prepared by refluxing tungsten trioxide with octachl~rocyclopentane,~ by 
sealed tube reactions of tungsten hexachloride with WO: or dry sulfur dioxide,, 
and by the chlorination of W03.6 A simple preparation involves refluxing W 0 3  
with sulfinyl ~hlor ide .~  The reaction has also been carried out in a bomb.* 

Molybdenum tetrachloride oxide has been used in the synthesis of 0x0 com- 
plexes of molybdenum(V1) and (V).9 It has been prepared by reaction of MoCl, 
with Mo02C12'0 or Moo3,'' and by subliming it away from the solid material 
obtained by treating carbon tetrachloride solutions of MoCl, with ~ x y g e n . ~  The 
compound is also prepared by refluxing  MOO^,^^ sodium molybdate or Mo02C12 
with sulfinyl ~hlor ide .~  

For large-scale preparations of the tetrachloride oxides, the reaction of the 
metal trioxide with sulfinyl chloride is most convenient. The procedure outlined 
below is similar to that of Colten and co-worker~,~ but gives details for obtaining 
the compounds, particularly tungsten tetrachloride oxide, in excess of 50-g quan- 
tities. The reactions may be scaled up or down several fold without deleterious 
effect. 

Materials and General Procedure 

Molybdenum and tungsten trioxides are available from most chemical suppliers. 
If commercial samples are found to be relatively unreactive, Moo3 may be freshly 
prepared from ammonium molybdateI3 by thermal decomposition at around 200". 
W 0 3  may be obtained by acidifying a solution of sodium tungstate with HCl, 
filtering the resultant precipitate, washing with water, and drying at 100". Com- 
mercial sulfinyl chloride should be distilled prior to use; otherwise, brown- 
colored solutions result. All reactions should be carried out in an efficient fume 
hood, and all manipulations involving the solid oxytetrachlorides should be 
carried out under dry, oxygen-free nitrogen, using normal techniques for air- 
sensitive compounds. 

Procedure 

Caution. Some of the substances in this synthesis (e.g., sulfinyl chlo- 
ride) are volatile and toxic, and must be handled with care in an eflcientfume 
hood. 

A. TUNGSTEN TETRACHLORIDE OXIDE 

Finely ground W 0 3  (100 g ,  0.43 mole) is placed in a three-necked 2-L flask 
and 1 L of sulfinyl chloride is added. The flask is fitted with a stopcock, a 
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stopper, and two spiral reflux condensers in tandem with all glass attachments 
(wired down to prevent forceful ejection). The mixture is refluxed at a rate such 
that violent bumping is avoided, until most of the W03 is consumed, or for at 
least two weeks, if commercial samples are somewhat unreactive. If bumping 
proves troublesome, a mechanical stirrer should be used. More sulfinyl chloride 
is added if the volume of solution decreases on prolonged reflux, and the con- 
denser mouth is wiped periodically to prevent accumulating droplets from falling 
into the reaction mixture. 

The heat is turned down and any unreacted W03 is allowed to sink to the 
bottom of the orange-red solution. While the solution is warm, the reflux con- 
densers are removed, a rubber septum is inserted, and the flask is flushed with 
nitrogen. The liquid is transferred to another 2-L, two-necked flask (previously 
fitted with a stopcock, serum cap, and vent needle, and filled with nitrogen), 
by way of a stainless steel transfer tube. The transfer is carried out carefully, 
using a positive nitrogen pressure, until the solution begins to carry W03 with 
it. The receiving flask should be kept warm with a heating mantle, since cooling 
causes precipitation of WOCl,. If W03 contaminates the warm solution, it should 
be allowed to settle, and the solution should be transferred to another flask. 
(Alternatively, the solution is filtered under N2 while hot. Cold glass filtering 
devices will cause precipitation of WOCl, and clogging of the sinter.) 

The solvent is removed under vacuum, leaving the compound as orange-red 
crystals. When dry, the solid is finely ground with a mortar and pestle in a glove 
bag, and placed in a Schlenk flask, which is then evacuated for several hours. 
The yield of tungsten oxytetrachloride is about 120-135 g, 80-90%. The solid 
may smell slightly of sulfinyl chloride, but it is of sufficient purity for most 
uses. A higher-purity material may be obtained by sublimation at 140" and 5- 
10 mm Hg. Anal. Calcd. for WOCl,: C1, 41.5; W, 53.8. Found: C1, 41.2; W, 
53.1. 

B. MOLYBDENUM TETRACHLORIDE OXIDE 

Molybdenum trioxide (30 g, 0.21 mole) is refluxed under nitrogen with 500 mL 
of sulfinyl chloride for 8-12 hours, or until no white solid remains. The cooled 
solution is filtered under nitrogen through a sintered-glass filter, and the solvent 
is removed under vacuum, to give the compound as a dark-green solid. The 
material is held under vacuum for several hours to remove vestiges of sulfinyl 
chloride, and is stored in a Schlenk flask under nitrogen at -20". The yield is 
approximately 51 g, 97%. The compound is sufficiently pure for most uses. A 
higher-purity material may be obtained by sublimation at 50-60" and tom. 
Anal. Calcd. for MoOCl,: C1, 55.9; Mo, 37.8. Found: C1, 55.4; Mo, 37.3. 
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Properries 

Tungsten tetrachloride oxide is an orange-red, air- and moisture-sensitive solid 
melting at 21 lo.' It is insoluble in aliphatic hydrocarbons, but dissolves appre- 
ciably in aromatic and chlorinated solvents, to give dark-red solutions. Its 1 : 1 
adducts form in coordinating solvents, such as THF, MeCN, etc. The compound 
does not mull in Nujol, and it reacts with HBr and CsI. The crystal s t ~ c t u r e ' ~  
shows that WOCl, is tetragonal, with WOCl, square pyramids weakly associated 
into chains through W e  - - -0 interactions through the basal plane. The com- 
pound may be stored at room temperature under nitrogen for many months, but 
vacuum grease in glass joints should be renewed periodically. 

Molybdenum tetrachloride oxide is a very moisture-sensitive, green solid, 
melting at 101-103" to give a brown liquid. A red-brown vapor is given off at 
about 120°.'2 The compound is soluble in aromatic and chlorinated solvents, 
forming adducts with coordinating solvents. It does not mull in Nujol, and reacts 
with HBr or CsI. In carbon tetrachloride, v (MOO) occurs at 1009 cm-'.I5 The 
crystal structure16 determination shows an MoOCl, square pyramid, weakly as- 
sociated with one other MoOCl,, through Mom * - * 421 interactions through the 
basal plane, suggesting incipient dimer formation. The MoOCl, is reduced pho- 
tolytically and thermally to MoOC13 and chlorine,15 and should be stored at - 20" 
in the dark. Long storage should be avoided, and fresh samples should be 
prepared prior to use. 
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APPENDIX 

SPECIAL HAZARD NOTICE 

PREPARATION OF 
TETRAMETHYLDIPHOSPHINE DISULFIDE 

AND ETHYLENEBIS(D1METHY LPHOSPHINE) 
(DMPE) 

J. E. Beraw* and G.  W. Parshallt 

Two serious accidents'.' have occurred during the synthesis of tetramethyldi- 
phospine disulfide described in Inorganic Syntheses, Vol. 15, pp. 186-1 87 
(1974). In both instances a rapid temperature rise overpressurized the reaction 
flask, which exploded and sprayed the laboratory with glass fragments. While 
the exact cause of the accidents has not been established, it appears likely that 
a high concentration of insoluble products can lead to difficulties in temperature 
control if stirring is inadequate. 

It is recommended that the Inorganic Syntheses procedure be abandoned in 
favor of the older Organic Syntheses procedure3 for the synthesis of tetrame- 
thyldiphosphine disulfide. Although the procedures are similar, the Organic 
Syntheses procedure is carried out in a more dilute solution and no problems 
have been reported. The following precautions are strongly urged: 

The phosphorus trichloride sulfide (PSC13) should be distilled before use. 
The reaction vessel should be cooled in an ice/salt bath (rather than in 

a dry ice/acetone bath) during the addition of the PSC13 solution to the Grignard 
reagent. The reaction temperature should be monitored carefully. If it falls below 
-5" ,  the addition should be stopped and the reaction mixture cautiously re- 
warmed to 0-5" before resumption of the addition. 

The reaction apparatus should be shielded throughout the addition of the 
PSC13 solution and the subsequent warming of the reaction mixture. 

1. 
2. 

3. 

*Department of Chemistry, California Institute of Technology, Pasadena, CA 91 125. 
tCentral Research and Development Department, E. I. du Pont de Nemours and Company, Inc., 

Wilmington, DE 19898. 
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If the ultimate goal of the synthesis is ethylenebis(dimethy1phosphine) (DMPE), 
an alternative synthesis4 based on ethylenebis(dich10rophosphine)~ is recom- 
mended. This alternative procedure is convenien't and is being adapted for pub- 
lication in Inorganic Syntheses. 
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3. G.  W. Parshall, Org. Syn..  45, 102 (1965); CoU. Vol. 5, 1016 (1973). 
4. R.  J.  Burt, J.  Chatt, W. Hussain, and G. J.  Leigh, J. Organomet. Chem., 182, 203 (1979). 
5. R.  A. Henderson, W. Hussain, G. J. Leigh, and F. B .  Normanton, Inorg. Syn., 23, 141 (1985). 
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CO, H, and NO ligands. 

Acetic acid 

-, 2-mercapto- 

Acetone 

cobalt complexes, 23:112 

cobalt complex, 21:21 

compd. with tri-pchloro-chloro- 
(thiocarbonyl)tetrakis(triphenyl- 
phosphine)dmthenium ( l : l ) ,  21:29 

compd. with carbonyltri-p-chloro-chlorote- 
trakis(tripheny1phosphine)dmthenium 
(2:1), 21:30 

Acetonitrile 
copper, iron, and zinc complexes, 22:108, 

110, 111 
indium complex, 21:104 
iron complex, 21:39 

Acetylenedicarboxylic acid 
cobalt complexes, 23:115 

Actinides 
5,10,15,20-tetraphenylpoorphyrin complexes, 

22: 156 
Alkali metal alkyldihydroborates, 22: 198 
Alkali metal rare earth bromides and chlorides, 

Alkali metal transition metal oxides, 2256 
22:1, 10 

Aluminosilicates mol. sieves, 22:61 
Aluminum lanthanum nickel hydride (AILa- 

Aluminum potassium sodium tetramethylam- 
Ni,H,), 22:96 

monium silicate hydrate 
[K,Na[(CHl),N1A~,(Si,,0,)1.7H2O, 
22:66 

Aluminum sodium silicate hydrate 
(NaA1Si0,.2.25H20), 2251 

Aluminum sodium silicate hydrate 
(Na,AI,Si,O,,.XH,O), 22:64 

Aluminum sodium tetrapropylammonium 
silicate hydrate 
(Na2.,t(CIH7),Nl3 JI2.dSilmOm7)). 22:67 

Amine 
cobalt(lTl) trifluoromethylsulfonate 

complexes, 22: 103 

tungsten, 23:9 
Aminocarbyne complexes, of molybdenum and 

Ammines 
cobalt, 23:78, 79, 107-1 15, 
cobalt carbonate complexes, 2352-73 
cobalt(II1) trifluoromethanesulfonate 

platinum, 22:124 
complexes, 22: 104 

207 
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Ammonia 
intercalate with hydrogen pentaoxoniobateti- 

tanate(1-), 22:89 
Ammonium, tetrabutyl-, 
octachlorodihenate(lll), 23:116 
tetrachlomoxotechnetate(V) ( 1 : l ) .  21:160 
tetrakis(benzenethio1ato)tetra-p-seleno- 

teLraferrate(2-) (2:1), 21:36 
tetrakis(benzenethio1ato)tetra- p-thio- 

tetrafemte(2-) (2:1), 21:35 
tetrakis( 1.1 -dimethylethanethiolato)tetra-p- 

seleno-tetrafemte(2 -) (2: 1). 21:37 

potassium sodium aluminum silicate hydrate 
[K,Na[(CH,),NIA~(Si,,O,)l .7H20, 
22:66 

tetrakis( 1, I -dimethylethanethiolato)teua-p- 
thio-tetraferrate(2-) (2:l). 21:36 

- , tetramethyl-. 

, tetrapropyl-, - 
bis(pentasulfido)platinate(II) (2: I ) ,  21 : 13 
sodium aluminum silicate 

(Na2.,[(C3H,),Nl, All 6(SilmOm7)), 22:67 
Ammonium bis(hexasulfido)palladate(II) (2: I), 

nonstoichiometric, 21:14 
Ammonium diphosphate ((NH,),(P,O,)), 

21:157 
Ammonium pentasulfide((NH,),S,, 21: 12 
Ammonium tris(pentasulfido)platinate(IV) 

(2:1), 21:12, 13 
Ammonium tris(pentasulfido)modate(III) (3: l), 

21:15 
Antimonate(2 - ), bis[taratrato(4 -)]di-, 

dipotassium, as resolving agent, 
23:7&81 

Antimony(V), trichlorodiphenyl-, 23: 194 
Antimony1 potassium tartrate, see Antimon- 

ate(2-), bis[taratrato(4 -)I. di-, 
dipotassium, 23:76-81 

Arginine, 9 

k i n e ,  [2-[(dimethylarsino)methyl]-2-methyl- 
1,3-propanediyl]bis(dimethyl- 

cobalt complexes, 23:90 

niobium complex, 21:18 
- , o-phenylenebis(dimethy1- 

niobium complex, 21:18 
rhodium complex, 21:lOl 

chromium complexes, 23:38 

hydrate, 21:149 

- , triphenyl- 

Azide, cesium tetracyanoplatinate (0.25:2: 1) 

Barium(II), bis (7.1 I :20,24-dinitrilodibenzo- 
[born][ 1,4,12,15]tetrazacyclo- 
dodocosine)-, 

diperchlorate, 23:174 

5-(a-methylbenzyl)semioxamazone, 
chromium complex, 23:88 

5-(a-methylbenzyl)semioxamazone, 
chromium complex, 23:88 

- , 2-(diphenylphosphino)-, 21: 176 
- , 2-methoxy- 
5-(a-methylbenzyl)semioxamazone, 

chromium complex, 23:88 

5(~-methylbenzyl)semiox~~one, 
chromium complex, 23:87 

Benzaldehyde, 2,3-dimethoxy- 

-, 3,4-dimethoxy- 

, 2-methyl- - 

Benzenamine, N,4-dimethyl- 
tungsten complexes, 23: 14 

Benzene 
chromium complex, 21 : 1, 2 

-, I-chloro-4-isocyano- 
molybdenum and tungsten complexes, 23: 10 

-, 1,3-dichloro-2-isocyano- 
molybdenum and tungsten complexes, 23: 10 

-, ethynyl- 
ruthenium complex, 21:82; 22:177 
- , hexamethyl- 

ruthenium complex, 21 :74-77 
- , isocyano- 

molybdenum and tungsten complexes, 23: 10 

molybdenum and tungsten complexes, 23:lO 

molybdenum and tungsten complexes, 

, I-isocyano-4-methoxy- 

, 1-isocyano-4-methyl- 

- 

- 

23: 10 
-, 1-isopropyl-4-methyl- 

mthenium complex, 21:75 
- , pentafluoro- 

cobalt complexes, 23:23-25 
lithium and thallium complex, 21:71, 72 

-, 1,2,3,5-tetrafluoro- 
thallium complex, 21:73 

,1,2,4.5-tetrafluoro- 
thallium complex, 21:73 

thallium complex, 21:73 

- 

-, 1 ,~S-~I~~~UOXD- 

Benzenesulfonate. 4-methyl. 4,4',4",4"'- 
porphyrin-5,10,15,20-tetrayltetrakis 
(1-methylpyridinium), 2357 
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Benzenethiol 
cadmium, cobalt, iron, manganese, and zinc 

iron complex, 21:35 

gold complexes, 23: 192 

complexes, 21:24-27 

- , 4-ethyl- 

Benzoic acid, 2-(diphenylphosphino)-, 21 : 178 
2,2'-Bipyridine 

cobalt complex, 21:127 
chromium complexes, 23: 183 
palladium complex, 22: 170 

heptaborane)]( 1 2) 
[ I ,  L'-commo-Bis(2,3-dicarba-l-ferra-closo- 

2,2', 3.3 ' -tetraethyl- 1 , 1 -dih ydro- , 22:2 1 5 

bis[(4,7,13,16,21,24-hexaoxa-l, 10- 
diazabicyclo[8.8. 8lhexacosane)- 
potassium](l+), 22:151 

Borane , dichlorophen yl- , 22: 207 
- , diethylhydroxy-, 22: 193 
- , diethylmethoxy-, 22: 190 
- , (dimethy1amino)diethyl-, 22:209 
- , [(2,2-dimethylpropanoyl)oxy]diethyl-, 

22: 185 
- , (pivaloy1oxy)diethyl. see Borane, [(2,2- 

dimethylpropanoyl)oxy]diethyl-, 22: 185 
[''BIBorane, dibromomethyl-, 22:223 
Borate( 1 -), cyan~tri[(~H)hydro]-. sodium, 

- , (cyclooctane-1 ,J-diyl)dihydro-, 

Bismuthide(2 -), tetra- 

21:167 

lithium, 22:199 
potassium, 22:200 
sodium, 22:200 
- , dodecahydro-7,8-dicarba-nido-undeca-, 

potassium, 22:231 
- , dodecahydro-6-thia-urachno-deca-, 

cesium, 22:227 
- , hydrotris(pyrazolat0)- 

copper complex, 21:108 
- , tetrakis(pyrazo1ato)- 

copper complex, 21:llO 
- , tetraphenyl-, 

tehakis( 1 -isocyanobutane)bis[methylenebis- 

tetrakis( I-iswyanobutane)rhodium(I), 2 150 

boron-copper complex, 2 1 : 109 
molybdenum complexes, 23:4-9 

Borate(2 -), tris[p[( 1,2-~yclohexanedione 
dioximato)-O:O 'ldiphenyldi- 

(diphenylpbosphine)]dirhodium(I), 2 1 :49 

- , tris(3,5-dimethylpyrazolato)hydro- 

iron complex, 21:l I2 
Borinic acid, diethyl-, see Borane, diethylhy- 

-, diethyl, methyl ester, see Borane, di- 

Boron, bis-p-(2,2-dimethylpropanoato-O,O')- 

['OBI Boron bromide ('OBBr,), 22:219 
Boron compounds, labeling of, with boron-10. 

Bromides, of rare e&hs and alkali metals, 

I-Butanamine 

droxy-, 22:193 

ethylmethoxy-, 22: 190 

diethyl-w-0x0-di-, 22: 196 

22:218 

22:l. 10 

intercalate with hydrogen pentaoxoniobateti- 
tanate(1-), 22:89 

Butane 
cobalt, iridium, and rhodium complexes, 

palladium complex, 22:167, 168, 169, 170 

rhodium complex, 21:49 

22:171, 173, 174 

Butane, iswyano- 

Cadmium(II), aqua(7,11:20,24-dinitrilodibenzo- 
[b,mJ[ I ,4,I2,15Jtetraazacyclo- 
docosine)perchlorato- 

perchlorate, 23: 175 
Cadmate(II), tetrakis-(benzenetholato)-, 

Cadmium chalcogenides, on metallic 

Cadmium selenide (CdSe), on titanium, 22:82 
Cadmium selenide telluride, on molybdenum, 

Cadmium selenide telluride (CdSG 6 5 T ~  

Calcium manganese oxide (Ca,Mn308), 22:73 
Carbonato complexes, of cobalt, optically 

Carbon dioxide 
iridium complex, 21:lOO 

Carbon diselenide, 21:6, 7 
Carbonic acid 

bis(tetraphenylphosphonium), 21 :26 

substrates, 22:80 

22:84 

22:81 

active, 23:61 

cobalt complexes, 21:120; 23:107, 112 
cobalt complexes, optically active, 23:62 
platinum chain complex, 21:153, 154 

chromium, 21:l. 2, 23:38, 86 
chromium, molybdenum, and tungsten, 

chromium and tungsten, 23:27-29 

Carbonyl complexes 

22:81 
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Carbonyl complexes (Continued) 
cobalt, 23:15-17, 23:23-25 
cobalt, iron, osmium, and ruthenium, 21:58- 

copper, 21:107-110 
iridium, 21:97 
iron, 21:66, 68 
iron and ruthenium, 22:163 
manganese, 23:33 
molybdenum, 23:4-9 
niobium, 23:34 
palladium, 2 1 :49 
rhenium, 23:42-44 
rhodium, 23: 124 
ruthenium, 21:130 

porphyrin complexes, 22: 156 

65 

Cerium 

-, bis(2,4-pentanedionat0)[5.10,15,20- 

Cerium(II), hexakis(dipheny1phosphinic 

tris(hexafluorophosphate), 23: 180 
-, ( 1,4,7,10,13,16-hexaoxacyclooctade- 

cane)trinitrato-, 23: 153 
-, trinitrato( 1,4,7,10,13-pentaoxacyclopen- 

tadecane)-, 23:151 
-, trinitrato( 1,4,7,10-tetraoxacyclodode- 

cane)-, 23:151 
-, tris(l,4,7,10,13,16-hexaoxacyclooctade- 

cane)dodecanitratotetra-, 23: 155 
Cerium(IV), tetrachlorobis(tripheny1phosphine 

oxide)-, 23: 178 
-, tetrakis(2,2'-bipyridine 1, I-dioxide)-, 

-, tetrakis(2,2,7-trimethyl-3.4-octanedion- 

-, tetranitratobis(tripheny1phosphine oxide)-, 

Cesium a ide  tetracyanoplatinate(2:0.25: 1) 

Cerium chloride (CeCI,), 22:39 
Cesium chloride tetracyanoplatinate (2:0.30: I ) ,  

Cesium [hydrogen bis(su1fate)l tetracyanopla- 

Cesium lutetium chloride (Cs2LuC1,), 22:6 
Cesium lutetium chloride (Cs,LuC16), 22:6 
Cesium lutetium chloride (CsLu,Cl9), 22:6 
Cesium lithium thulium chloride (Cs,LiTmCI,), 

tetraphenylporphyrinato(2 - )I-, 22:160 

amide)- , 

tetranitrate, 23: 179 

ato)-, 23:147 

23: 178 

hydrate, 21:149 

21:142 

tinate (3:0.46:1), 21:151 

20:lO 

Cesium praseodymium chloride (CsPrzCL,), 

Cesium scandium chloride (CsScCI,), 22:23 
Cesium scandium chloride (Cs3SczCl,), 

Chlorides, of rare earths and alkali metals, 

Chromate, p-hydrido-bis[pentacarbonyl-, 

Chromate( 1 - ), pentacarbonylhydrido-, 

22:2 

22:25 

22:1, 10 

potassium, 23:27 

p-nitrido-bis(triphenylphosphorus)( 1 + ), 
22: 183 

Chromate(1). pentacyanonitrosyl-, 

Chromatography, column, in resolution of 
tripotassium, 23:184 

tris(2,4-pentanedionato)cobalt(III) with 
A 4  - )-c~s(NO,),truns(N)-bis(S-argen- 
ine)dinitrocobalt(III) chloride, 23:94 

Chromium, as substrate for cadmium 

-, tetracarbonyl(tributy1phosphine)- 
chalcogenides, 

(tripheny1arsine)-, 
trans-, 23:38 

-, tetracarbonyl(tributy1phosphine)- 
(tripheny1phosphine)-, 

trans-, 23:38 
- , tetracarbonyl(tributylphosphine)(triphenyl 

phosphite)-, 
truns-, 23:38 

-, tetracarbonyl(trimethy1 phos- 
phite)(triphenylarsine)-, 

trans-, 23:38 
-, tetracarbonyl(trimethy1 phos- 

phite)(tripenylphosphine)-, 
rruns-, 23:38 

-, tetracarbonyl(trimethy1 phos- 
phite)(triphenyl phosphite)-, 

truns-, 23:38 
- , tetracarbonyl(triphenylarsine)(triphenyl 

phosphite)-, 
truns-, 23:38 

-, tetracarbonyl(tripheny1phosphine)- 
(triphenyl phosphite)-, 

trans-, 23:38 
- , tricarbonyl[1l~-2,3-dimethoxybenzalde- 

hyde 5-(a-methylbemzyl)semi- 
oxmazone]-, 23:88 

-, tricarbonyl[q6-3 ,4-dimethoxybenzalde- 
hyde 5-(a-methylbenzyl)semi- 
oxamazonel-, 23% 
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- , tricarbonyl[q6-2-methoxybenzaldehyde 5- 
(a-methylbenzyl)semioxamazone]-, 
2338 

(a-methy1benzyl)semioxamazoneJ-, 
23237 

Chromium(0) 

- , (q6-benzene)dicarbonyl(selenocarbonyl), 

- , pentacarbonyl(N,N‘-di-tert-butylthi- 

- , pentacarbonyl(N,N’-di-p-toly1thiourea)-, 

- , pentacarbonyl(selenoarbony1)-, 21: 1, 4 
- , pentacarbonyl(N.N,N’,”’-tetramethylthi- 

- , pentacarbonyl(thioura)-, 23:2 
Chromium(I), (2,2’-bipyridine)nitrosyl- 

bis(thiocyanat0)-, 23: 183 
- , nitrosyl( 1,IO- 

phenanthroline)bis(thiocyanato)-, 23: 184 
Chromium potassium oxide (KCrO,). 2259 
Chromium potassium oxide (K,,.,CrO,) 

bronze, 2259 
Chromium potassium oxide (K,, ,CrO,) 

bronze, 2259 
Chromium potassium oxide (K,, ,CrO,) 

bronze, 2259 
Chromium potassium oxide (K,,,,CrO,) 

bronze, 22:59 
Cluster compounds 

cobalt, iron, molybdenum, ruthenium, and 

molybdenum-sulfur, 23:118, 121 
Cobalt, ( I  ,4-butanediyl)(qs-cyclopenta- 

Cobalt(I), bis(q2-ethene)(qs-pentamethylcyclo- 

- , dicarbonyl(pentafluoro- 

- , dicarbonyl(q5-pentamethylcyclopenta- 

- , tetmcarbonyl(pentafluoropheny1)-, 23:23 
- , tricarbonyl(pentafluorophenyl)(triphenyl- 

Cobalt(II), aqua(methanol)(5,5a-dihydro-24- 

- , tricarbonyl[q6-2-methylbenzaldehyde 5- 

thiourea complexes, 23: 1 

21:1, 2 

ourea)-, 23:3 

23:3 

ourea)-, 23:2 

osmium, 21:51-68 

dienyl)(triphenylphosphine)-, 22: 171 

pentadieny1)-, 23: 19 

phenyl)bis(triphenylphosphine)-, 23:25 

dieny1)-, 23: 15 

phosphine)-, 23:24 

methoxy-6,lO: 19,23-dinitriIo-24H-ben- 
zimidazo[2,1 -hJ[ 19,17]benzotriaza- 
cyc1ononadecine)- 

diperchlorate, 23:176 
- , bis( 1,3-dihydro- I-methyl-W-imidazole- 

2-thione)dinitrato-, 23:171 
- , bis(thiocyanat0-N)-bis-p-( 1H- 1,2,4- 

triazole-NZA”)- 
poly-, 23~158 
- , tetraaqua(o-su1fobenimidato)-, 

- , tetrakis( 1,3-dihydro- 1-methyl-W- 

Cobalt(II1). p-acetato-di-p- 

dihydrate, 23:49 

imidazole-2-thione)dinitrato-, 23: 17 1 

hydroxobis[triammine- , 
triperchlorate, dihydrate, 23:112 
- , p4-(acetylenedicarboxylato)tetra-~- 

hydroxo-tetrakis[triammine-, 
hexaperchlorate, pentahydrate, 23: 115 

Cobalt(III), (2-aminoethanethiolato-N,~)bis( I ,2- 
ethanediamine)-, 

diperchlorate, 21:19 
- , [N-(2-aminoethyl)- 1,2-ethanediamine]tris- 

(trifluoromethylsu1fonato)-, 
fuc-, 22:106 

9 [2-[1-[(2- - 
aminoethyl)imino]ethyl]phenolato]( 1,2- 
ethanediamine)ethyl-, 

bromide, 23:165 
iodide, 23:167 
perchlorate, 23:169 - , [ 24  l-[(3-amiaopropyl)- 

imino]ethyl]phenolato]ethyl( 1,3- 
propanediamine)-, 

iodide, 23:169 
- , [2-[1-[(3-aminopropyl)- 

iminolethyl Jphenolatolmethy I- 
(1,3-~ropanediamine)-, 

- , ammine(glycinato)( 1,4,7-triaza- 
iodide, 23:170 

cyc1ononane)-, 
iodide, monohydrate, 23:78 
- , aquabromobis( 1,2-ethanediamine)-, 

dibromide, cis-, monohydrate, 21:123 
dithionate, truns-, monohydrate, 2 I : I24 
- , aquachlorobis( 1,2-ethanediamine)-, 

dithionate, trum-, monohydrate, 21:125 
- , aqua(glycinato)( 1,4,7-triazacyclononanne)-, 

perchlorate, dihydrate, 23:76 
- , bis(S-arginine)dinit-, 
A-( - )-cis(NO,),trm(N)-, chloride, as 

resolving agent for tris(2.4- 
pentanedionato)cobalt(III), 23:91, 94 
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- , bis( 1 ,2-ethanedi- 
amine)bis(trifluoromethanesulfonato)- , 

cis-, trifluoromethanesulfonate, 22: 105 

mercaptoacetato(2 - )-CIS)-, 
- , bis( 1,2-ethanediamine)(2- 

perchlorate, 21:21 
- , bis( 1,2-ethanediamine)oxalato-, as 

resolving agent, 23:65, 68 
- , (carbonato)bis( 1 Z-ethanediamine)-, 

- , carbonyldiiodo(q5-pentamethylcyclopen- 

- , p-(carboxy1ato)di-F-hydroxo- 

bromide, 21:120 

tadieny1)-. 23: 16 

bis(triampine-, 
triperchlorate, 23:107, 112 

ethanediaminel- 
- , diammine[N,N’-bis(2-aminoethyl) -1.2- 

trans-, 23:79 
- , diamminecarbonatobis(pyridine)-, 

cis,cis-, chloride monohydrate, 23:73 
- , dibmmobis(l,2-ethanediamine)-, 

bromide, cis-, monohydrate, 21:121 
bromide, rrurn- , 2 I : I20 
- , di-p-hydmxo-bis[triammineaqua-, 

tetraperchlorate, pentahydrate, 23: 1 I1 
- , di-p-hydroxo-p-(pyrazinecarboxy1ato)- 

bis[triammine-, 
tetraperchlorate, monohydrate, 23: 114 
- , di-p-hydroxo-pL-(4-pyridinecarboxylato)- 

bisltriammine-, 
tetraperchlorate, 23:113 
- , di-p-iodo-bis[iodo(q’-pentamethylcyclo- 

- , (glycinato)nitro( 1,4,7-triazacyclononane)-, 

- , p-(hydrogenoxa1ato)di-p-hydroxo- 
triperchlorate, hemihydrate, 23: 113 
- , pentaammine(trifluoromethanesu1fonato)-, 
trifluoromethanesulfonate, 23: 104 
- , tetra-p-hydroxo-p4-oxalatotet- 

pentadieny1)-, 23: 17 

chloride, monohydrate, 23:77 

bisftriammine-, 

rakis[triammine-, 
hexaperchlorate, tetrahydrate, 23: 114 
- , triammineaquadichloro-, 

m u - ,  chloride, 23:110 
- , triamminetrinitm-, 

mer-, 23:109 
- , tri-p-hydroxo-bis[triammine-, 
fuc-. triperchlorate, dihydrate, 23:110 

cis-dicarbonatodicyannocobaltate(II1). 
dihydrate, 2366 

- , tris(2,4-pentanedionato)-, resolution of, 
with A-( - )-cis(NO,),~urn(N)-bis(S- 
arginine)dinitrocobaIt(III) chloride, by 
column chromatography, 23:94 

Cobaltate( 1 - ), tridecacarbonyltriruthenium-, 
p-nitrido-bis(triphenylphosphorus)( 1 + ), 

21:61 
Cobaltate(II), tetrakis(benzenethio1ato)-, 
bis(tetrapheny1phosphonium). 2 1 :24 

CobaltateflI), bis(gIycinato)dinitm, 
cis(N02),hurn(N)-, silver(1). 23:92 - , [N,N’- 1,2-cyclohexanediylbis[N- 

(carboxymethyl)glycinatol(4 - )I-, 
warn-, cesium, 23:% 
- , [[R.R-( - )I-N.N- 1,2-cyclohexanediyl- 

bis[N-(carboxymethyl)glycinato(4 - )I-, 
[A-( +)I, cesium, 23:97 
[A4  +)I-, potassium, 23:97 
[A-( +)I-, rubidium, 23:97 

cis&-, sodium, dihydrate, 23:67 

cis,&-, potassium hemihydrate, 23:70 

cis-, lithium, resolution of, 23:63 
cis-, potassium, 23:62 

cis.cis-, sodium, dihydrate, 23:69 

cis&-, potassium, hemihydrate, 23:71 

tris( 1,2-ethanediamine)cobaIt(III), dihydrate, 

- , diamminecarbonatodicyano-, 

- , diamminecarbonatodiniiero-, 

- , diamminedicarbonato-, 

- , diamminedicyanooxalato-, 

- , diamminedinitrooxalato-, 

- , dicarbonatodicyano-, 

23:66 

potassium, 23x3 
- , dicarbonato(l,2-ethanediamine)-, 
- , (1,2-ethanediamine)bis(oxalato)-, as 

- , [N,N’- 1,2-ethanediylbis[N-(carboxy- 
resolving agent, 23:74 

methyl)glycinato](4 - )I-, 
potassium, 2 3 9  
rubidium, 23:101 
rruns-, cesium, 2 3 9  
- , [N,N’-( I-methyl- 1,2-ethanediyl)bis[N- 

(carboxymethyl)glycinato](4 - )I-, 
cesium, 23:101 
- , [[R-( -)I-N,N’-(1-methyl-1 ,bethane- 

diy l)bis[N-(carboxymethy 1) 
- , tris(l,2ethanediamine)-, glycinatol-(4 - )I-, 
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LA-( +)I-, cesium, 23:101 
[A-( +)I-, potassium, 23:lOl 
[A4 +)I-, rubidium, 23:101 
- , “S-( -)]-N,N’-( 1-methyl-I ,2-ethane- 

diyl)bis[N-(carboxymethyl) 
glycinato]- (4 - )]- 

[A-( -)I-, cesium, 23:101 
, tricarbonato- 

potassium, 23:62 

- 

Cobalt potassium oxide (KCoO,), 2258 
Cobalt potassium oxide (K&oO,) 

Cobalt potassium oxide (K,&rO,) 

Cobalt sodium oxide (NaCoO,), 2256 
Cobalt sodium oxide (Na,&oO,), 2256 
Cobalt sodium oxide (Na&oO,), 2256 
Cobalt sodium oxide (NadbO,) ,  2256 
Cobalt sodium oxide (N~.,CoO,), 22:56 
Containers, tantalum, as high-temp., for 

bronze, 22:57 

bronze, 22:57 

reduced halides, 2015 

carbonyl[hydrotris(pyrazolato)bo~to]-, 
21:108 

- , carbonyl(tetrakis(pyrazolato)bo~to]-, 
21:110 

- , carbonyl[tris(3.5-dimethylpyrazo- 
1ato)hydroboratol-, 21:109 

Copper(LI), bis(thiocyanat0)-bis-p-( 1H- 1,2,4- 
triazole-PfP)-, 

COPpeflI). 

PO&, 23: I59 
- , bis(2,2,7-trimethyl-3 ,J-octanedionato)-. 

- , (2,9dimethyl-3,IO-diphenyl-1,4.8,1 I -  
23146 

tetraazacyclotetradeca-1,3,8,10- 
tetraene)- , 

bis[hexafluorophosphate(l - )]. 22:llO 
- , (l , l~phenan~line)[serinato(l  -)I-, 

sulfate (2:1), 21:115 
- , [ 1,4,8,1 l-teCraazacyclotetradecane-5,7- 

dionato(2-)]-. 23:83 
Copper iodide (CuI), 22101 
crystal growth, 

of Li,N, 2251 
of oxides by skull melting, 22:43 
of silver hmgstate Ags(W.O,& 2238 

Cyanide complexes, 
boron, 21:167 
chromium, 23: 184 
cobalt, 2356-73 

platinum chain complexes, 21:142-156 
1,3-Cycloheptadiene 

ruthenium complex, 22: 179 
1,3-Cyclohexadiene 

ruthenium complex, 21:77; 22:177 
1,2-Cyclohexanedione, dioxime 
boron-iron complex, 21:112 

1.5-Cyclooctadiene 
iridium complexes, 23:128 
rhodium complexes, 23: 127, 129 
ruthenium complex, 22:178 

boron complex, 22:199 

ruthenium complex, 22: 178 

cobalt complex, 22:171, 235 
iron complexes, 21:37-46 
ruthenium complex, 21:78; 22:180 
titanium and vanadium complexes, 21:84, 

Cyclooctane 

1,3,5-Cyclooctatriene 

I ,3-Cyclopentadiene 

85 
- , 1,2,3,4,5-pentamethyl-, 21: 181 

L-Cysteine 

Cytidine 

cobalt complexes, 23: 15-19 

gold complex, 2 1 :3 1 

palladium(II) complexes, 2354 

D C 5  10150, see Poly(dimethylsi1oxane-co-meth- 

Decaborane(l4). 22:202 
diars, see Arsine, o-phenylenebis(dimethy1-, 

Diboroxane, tetraethyl-, 22: 188 
1,2-Dicarba-3-cobalta-closo-dodecaborane( 1 I ) ,  

1,2-Dicarba-closo-dodecaborane( 12-9-thiol, 

2,3-Dicarba-nido-hexaborane(8), 

2,6-Dicarba-nido-nonaborane( 1 I), 22:237 
7,8-Dicarba-nido-undecaborane(I I ) ,  

Dimethyl sulfide 

ylphenylsiloxane), 22: 1 16 

21:18 

3-(q5-cyclopentadienyl-, 22235 

22:241 . 

2,3-diethyl-, 22:211 

9-(dimethyl sulfide)-, 22:239 

boron complex, 22:239 
niobium complex, 21:16 
platinum(I1) complexes, 22: 126, 128 

6,lO: 19,23-Dinitrilo-24H-benzimidazo[2,1- 
h][  1,9,17]benzotriazacyclononadecine, 

5,5a-dihydro-24-methoxy-, 23: I76 
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7,11:20,24-Dinitrilodibenzo[b.m]- 
[ 1,4,12,15]tetraazacyclodicosine 

barium and cadmium complexes, 23:174 

1,1 ,lo, 10-tetraphenyl-, gold complexes, 
4,7-Dioxa- 1.10-diphosphadecane, 

23: 193 

bis(dipheny1-. 22: 167 

21:157 

diphos, see Phosphine, 1,2-ethanediyl- 

Diphosphate, tetraammonium ((NHJ4(P207), 

Diphosphine, tetramethyl-, 

Diselenocarbamic acid, N,N-diethyl- 

Disulfide complexes, molybdenum, 23: 120, 

Divanadium, polymer-stabilized, 22: I 16 
dppe, see Phosphine, I ,2-ethanediyl- 

Dysprosium 

-, (2,4-pentanedionato)[S, 10,15,20-tetra- 
phenylporphyrinato(2 - )I-, 22: 160 

-, (2,2,6,6-tetramethyl-3,5-heptanedion- 
ato)[~,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

Dysprosium(II1). dodecanitratotris(l,4,7,10,13- 
pentaoxoacyc1opentadecane)tetra-, 
23:153 

disulfide, hazards in preparation of, 23:199 

nickel complex, 21:9 

121 

bis(dipheny1-, 21:18 

porphyrin complexes, 22: 156 

-, hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

-, ( 1,4,7,10,13,16-hexaoxacyclooctade- 
cane)trinitrato-, 23: 153 

-, trinitrato( 1,4,7,10,13-pentaoxacyclopen- 
tadecane)-, 23: 15 1 

-, trinitrato( I ,4,7,IO-tetraoxacycIodode- 
cane)-, 23:151 

- , his( 1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

Dysprosium chloride (DyCI]), 22:39 
Dysprosium potassium chloride (KDy2C17), 

22:2 

Erbium 

-, (2,4-pentanedionato)[5,10,15,2O-tet- 
porphyrin complexes, 22: 156 

rakis(3-fluorophenyl)porphyrinato(2 -)I-, 
22:160 

- , (2,4-pentanedionato)[5,10,15,20-tetra- 

Erbium(III), dodecanitratotris( 1,4,7,10,13-pen- 

-, hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

-, (1,4,7,10,13,16-hexaoxacyclooctade- 
cane)trinitrato-, 23: 153 

-, trinitrato( 1,4,7,10,13-pentaoxacyclopen- 
tadecane)-, 23:151 

-, trinitrato( 1,4,7,10-tetraoxacyclodode- 
cane)-, 23:151 

-, tris(l,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

Erbium chloride (ErCI]), 22:39 
Ethanamine, 

taoxacyclopentadecane)tetra-, 23: 153 

intercalate with hydrogen pentaoxoniobateti- 

molybdenum complexes, 23:8 
tanate(]-), 22:89 

Ethane, 1,2-bis(dichlorophosphino)-, see I ,2- 
Ethanediylbis(dich1orophosphine). 
23:141 

1.2-Ethanediamine 
cobalt complexes, 2364, 165 
cobalt(II1) trifluoromethanesulfonate com- 

plexes, 22: 105 
- , N-(2-aminoethyl)- 

cobalt(II1) trifluoromethanesulfonate com- 
plexes, 22:106 

cobalt complex, 21:19, 21, 120-126 
-, N,N'-bis(2-aminoethyl)- 

cobalt complexes, 23:79 
-, N,N-bis[2-(dirnethylamino)ethyl-N'."- 

dimethyl- 
palladium complex, 21 : 129-132 

-, N,N'-bis[2-(dimethylamino)ethyl]-N,N'- 
dimethyl- 

palladium complex, 21: 133 
-, N,N'-bis( I-methylethyl)- 

platinum complex, 21:87 
- , (S,S)-N,N'-bis( I-phenylethy1)- 

platinum complex, 21:87 
- , N,N'-dimethyl-N,N'-bis( I-methylethyl)- 

platinum complex, 21:87 
- , N,N'-dimethyl-N.N'-bis( I-phenylethy1)- 

(R ,R) - ,  platinum complex, 21:87 
- , N,N,N',N'-tetraethyl- 

platinum complexes, 21:86 
- , N,N,N',N'-tetramethyl- 

palladium complex, 22: 168 
1,2-Ethanediol 

phenylporphyrinato(2-)]-, 22:160 iron complex, 22:88 
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Ethanethiol 

-, 2-amino- 

- , 1,1 -dimethyl- 

Ethanol 

Ethene 

iron complex, 21:39 

cobalt complex, 21:19 

iron complex, 21:36. 37 

uranium complex, 21:165 

cobalt iomplexes, 23:19 
iron complex, 21:91 
platinum complexes. 21546-89 
ruthenium complex, 21:76 

cobalt complexes, 23: 165 
Ethyl 

Ethylamine, see Ethanamine, 23:8 
Ethylene glycol, see 1.2-Ethanediol. 22:88 
Europium 

-, (2,4-pentanedionato)[5,10.15,20-tet- 
porphyrin complexes, 22:156 

rakis( 3,5-dichlorophenyl)prphy- 
rinato(2-)I-, 22:160 

- , (2,4-pentanedionato)[5,10,15,20-tet- 
rakis(4-methylpheny1)porphyrinato- 
(2-)I-, 22160 

-, (2,4-pentanedionato)[5,10,15,20-tetra- 

Europium(III), hexakis(dipheny1phosphinic 
phenylporphyrinato(2 - )I-, 22: 160 

amide)-, 
tris(hexafluorophosphate), 23: 180 
- , ( 1,4,7,10,13,16-hexaoxacyclooctade- 

cane)trinitrato-, 23:153 
-, trinitrato(l,4,7,10,13-pentaoxacyclopen- 

tadecane)-, 23:151 
-, trinitrato( 1,4,7,10-tetraoxacyclodode- 

cane)-, 23: 15 1 
-, tris(1,4,7,10,13,16-hexaoxacyclooctade- 

cane)dodecanitratotetra-, 23: 155 
Europium chloride (EuCI,), 22:39 

Ferrate( 1 -), tricarbonylnitrosyl-, 
p-nitrido-bis(triphenylphosphonrs)( I + ), 

- , tridecacarbonylhydridotriruthenium-, 
p-nitrido-bis(triphenylphosphorus)( 1 + ), 

Ferrate(2 - ) , tetrakis(benzenethio1ato)tetra-p- 

22:163, 165 

21:a  

seleno-tetra-, 
bis(tetrabuty1ammonium). 21 :36 

-, tetrakis(benzenethio1ato)tetra-p-thio-tetra-, 

-, tetrakis( 1,1 -dimethylethanethiolato)tetra- 
bis(tetrabutylammonium), 21:35 

p-seleno-tetra-, 
bis(tetrabuty1ammonium). 21 :37 

-, tetrakis( 1.1 -dimethylethanethiolato)tetra- 
p-thio-tetra-, 

-, tridecacahnyltetra-, 
bis(tetramethylammonium), 2 I :36 

p-nitrido-bis(triphenylphosphorus)( I + ), 
2166, 68 

Fenate(I1). tetrakis(benzenethiolat0)-, 
bis(tetraphenylphosphonium), 2 1 :24 

Ferrate(I1, III), tetrakis(benzenethio1ato)tetra- 
p3-thio-tetra-, 

bis(tetrapheny1phosphonium). 2 1 :27 
Ferrate(II1). tetrakis(benzenethio1ato)di-p-thio- 

di-, 
bis(tetraphenylphosphonium), 2 1 :26 

iridium complex, 21:102 

hafnium, niobium, scandium, titanium, vana- 

Formic acid, (formy1oxy)- 

Furan, tetrahydro- 

dium, and zirconium complexes, 
2 1: 135-139 

Gadolinium 

- , (2,4-pentanedionat0)[5,10,15,20-tetra- 
phenylporphyrinatol-, 22: 160 

Gadolinium(III), dodecanitratotris( 1,4,7,10,13- 
pentaoxacyc1opentadecane)tetra-, 23: 153 

- , hexakis(dipheny1phosphinic amide)-, 

- , trinitrato(l,4,7,lO,l3-pentaoxacyclopen- 
tadecane)-, 23: 151 

- , trinitrato( 1,4,7,10-tetraoxacyclodode- 
cane)-, 23:151 

-, tris( 1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

Gadolinium chloride (GdCI,), 22:39 
Gallate( I - ), tetrabromo-, 

porphyrin complexes, 22: 156 

tris(hexafluorophosphate), 23: 180 

tetrabutylammonium, 2 2  I39 
tetraethylammonium, 22: 141 

tetrabutylammonium, 22: 139 

tetrabutylammonium, 22: 140 

bis(tetraphenylphosphonium), 22: 139 

- , tetrachloro-, 

- , tetraiodo-, 

Gallate(2 - ), hexabromodi-, 
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Gallate(2 - ), hexabromodi- (Conrinued) 

-, hexachlorodi-, 

- , hexaiododi-, 

Glycine 

-, N,N'- I ,2-~yclohexanediylbis[N-(carboxy- 

bis(tripheny1phosphonium). 22: 135, 138 

bis(triphenylphosphonium), 22: 135, 138 

bis(tripheny1phosphonium). 22: 135, 138 

cobalt complexes, 23:75, 92 

methyl)- 
cobalt complexes, 23:96 
- , N,N'- 1,2-ethanediylbis[N-(carboxy- 

methyl)- 
cobalt complexes, 2 3 9  
- , N.N'-(l-methyl-l,2-ethanediyl)bis[N- 

(carboxymethy1)- 
cobalt complexes, 23: 101 

Gold(I), (L-cysteinat0)-, 21:31 
-, dichloro-p-( 1, I ,  10, IO-tetraphenyl-4,7- 

dioxa-1 , 10-diph0sphadecane)-di-, 
23: I93 

- , (4-ethylbenzenethiolato)-, 23: 192 
Guanidinium (hydrogen difluor- 

ide)tetracyanoplatinate (2:0.27: 1) 
hydrate (1:1.8), 21:146 

palladium(I1) complexes, 2 3 5  1-54 
Guanosine 

Hafnium(IV), tetrachlorobis(tetrahydrofuran)-, 

3,SHeptanedione. 2,2,6,6-tetramethyl- 
actinide and lanthanide complexes, 22: 156 

Heptadecatungstodiphosphate (P2W,706,10-) 
thorium and uranium complexes, 23:188 

I ,4,7,10,13,16-Hexaoxacyclooctadecane 
lanthanoid complexes, 23: 149 

4,7,13,16,21,24-Hexaoxa- 1,IO-diazabicy- 
clo[8.8. Blhexacosane 

21:137 

potassium complex, 22: 151 

palladium complex, nonstoichiometric, 2 I : I4 

porphyrin complexes, 22: 156 

Hexasulfide 

Holmium 

-, (2,4-pentanedionat0)[5,10,15,20-tetra- 
phenylporphyrinato(2 -)I-, 22:160 

-, (2,2,6,6-tetramethyl-3 ,Sheptanedion- 
ato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

pentaoxacyc1opentadecane)tetra-, 23: 153 
Holmium(III), dodecanitratotris( I ,4,7,10,13- 

-, hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

-, ( I  ,4,7,10,13,16-hexaoxacyclooctade- 
cane)trinitrato-, 23;153 

-, trinitrato(l,4,7,10,13-pentaoxacyclopen- 
tadecane)-, 23: 151 

-, trinitrato( 1,4,7,10-tetraoxacyclodode- 
cane)-, 23:151 

-, tris(l,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

Holmium chloride (HoCI,), 22:39 
Hydrido complexes 

22:181 
chromium, molybdenum and tungsten, 

chromium and tungsten, 23:27-29 
cobalt, iron, osmium, and ruthenium, 21:58- 

iron complexes, 21:92 

cesium tetrac y anoplatinate (0.46: 3 : 1 ) , 

65 

[hydrogen bis(sulfate)] , 

21:151 
Hydrogen difluoride, 

potassium tetracyanoplatinate (0.30:2: I ) ,  

Hydrogen pentaoxoniobatetitanate( 1 - ), 22:89 
Hydroxo complexes 

trihydrate, 21:147 

cobalt, 23:107, 11 1-1 15 
molybdenum, 23: 135-139 
rhodium, 23: 129 

W-Imidazole-2-thione, 1.3-dihydro- 1 methyl- 

Indium(III), [[4,4',4",4"'-porphyrin- 
cobalt complexes, 23: 17 I 

5,10,15,20-tetrayltetrakis( 1 methylpyri- 
diniumato)(2 - )I-, 

pentaperchlorate, 2355, 57 

palladium(I1) complexes, 2 3 5  1-54 
Inosine 

Intercalation compounds, 22:86, 89 
Iridium, ( 1 ,3-butanediyl)(q5-pentamethylcyclo- 

pentadienyl)(triphenylphosphine)-, 
22:174 

tene)tris(bimethylphosphine)-, 2 1: 102 

~0(2-)]-thio(trimethylphosphine)-, 
21:102 

Iridium( 1 + ), bis[ 1,2-ethanediyl- 
bis(dimethy Iphosphine)]-, 

- , chlo~(q2-cyclooc- 

- , chloro[(formyl-KC-oxy)formato- 

chloride, 21:IOO 
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- , (carbon dioxide)bis[ 1,2-ethanediyl- 
bis(dimethylphosphine)]- 

chloride, 21:lOO 
Iridium(I), bis(q5- 1,5-cyclooctadiene)-di-p- 

- , carbonylchlo- 
methoxy-di-, 23:128 

robis(dirnethy 1phenylphosphine)-, 
trans-, 21:97 

Iridium(III), tris(acetonitri1e)nitrosylbis-(tri- 
pheny1phosphine)- , 

bis[hexafluorophosphate], 21: 104 
Iron, bis(q5-cyclopentadienyl)-p-(disulfur)bis- 

p,-(ethanethio1ato)-di-, 21:40, 41 
- , bis[ 1,2-ethanediyIbis(diphenyl- 

phosphine)](ethene)-, 21:91 
- , bis[ 1 ,Zethanediyl- 

bis(dipheny1phosphine)l- 
(trimethyl phosphite)-, 21:93 

phino)ethyl]phenylphosphino]pheny I- 
C.P,P’][ I ,2-ethanediyl- 
bis(dipheny1phosphine)lhydrido-, 2 1 :92 

- , [ I  ,2-ethanediolato(2 -)]dioxodi-, 2238 
- , [ 1.2-ethanediyl- 

- , [[2-[2-(diphenylphos- 

bis(dipheny1phosphine)l bis(2.4-pentane- 
dionato)-, 2 1 9  

- , methoxyoxo-, 2237 
- , tetraki~(~~-cyclopentadienyl)-p,~-(disuI- 

fur)-di-p3-thiotetra-, 2 I :42 
-, tetrakis(qJ-cyclopentadienyl)-p3-(disul- 

fur)-tri-p3-thiotetra-, 21 :42 
- , tridecacarbonyldihyddotriosmium-, 

21:63 
-, tridecacarbonyldihydridotnrutheniurn-, 

2158 
Iron(2 + ), bis(acetonitrile)bis(q’-cyclopenta- 

dieny1)bis- p-(ethane-thio1ato)-di- , 
bis(hexafluorophosphate), 21 :39 

-, tetrakis(q’-cyclopntadienyl)-p,3-(disul- 
fur)tri+.,-thiotetra-, 

bis(hexafluorophosphate), 2 1 :44 
Iron(II), bis(acetonitrile)(2,9-dimethyl-3,IO-di- 

phenyl-I ,4,8,1 I-tetrazacyclotetradeca- 
1,3,8,10-tetraene)-, 

bis[hexafluorophosphate( I - )], 22: 108 
- , bis(thiocyanato-N)-bis-p-( 1H- 1,2,4-tria- 

zole-M :A@)-, 
poly-, 23:158 
- , tetraaquabis(0-su1fobenzoimidato)-, 

dihydrate, 23:49 

Iron(III), {[tris[p,-[( 1,2-~yclohexanedione dioxi- 
mato)-OO’]]diphenyldiborato(2 - )]- 

21: 112 
Iron chloride oxide (FeCIO), 

intercalate with 4-aminopyridine (4: l) ,  

intercalate with pyridine (4:l). 2236 
intercalate with 2,4,6-trimethypyridine, 

Iron oxide (Fe,O,), magnetite, crystal growth 

Iron titanium hydride (FeTiH, .& 2 2 9  

Labeling of boron compounds, with boron-10, 

Lanthanides 

22236 

2236 

of, by skull melting, 22:43 

22:218 

5,10,15,20-tetraphenylporphyrin complexes, 
22:156 

amide)-, 
Lanthanium(II1). hexakis(dipheny1phosphinic 

tris(hexafluorophosphate), 23: 180 
- , (1,4,7,10,13,16-hexaoxacyclooctade- 

cane)trinitrato-, 23:153 
- , trinitrato(l,4,7,lO,l3-pentaoxacyclopen- 

tadecane)-, 23:151 
- , trinitratd 1.4,7,IO-tetraoxacyclodode- 

cane)-, 23:151 
- , tris(l,4,7,10,13,16-hexaoxacyclooctade- 

cane)dodecanitratotetra-, 23: 155 
Lanthanium iodide (Lal,), 22:36 
Lanthanum, (2 ,4-pentanedionato) [ 5,10,15,20- 

tetraphenylporphyrinato(2 - )I-, 22: 160 
- , (2,2,6,6-tetramethyI-3,5-heptanedion- 

ato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

Lanthanum aluminum nickel hydride (AILa- 
NhH,), 22:96 

Lanthanum chloride (LaCI?), 22:39 
Lanthanum iodide (m]), 22:31 
Lead oxide (PbO,), 

solid solns. with ruthenium oxide (RU@3), 

Lead ruthenium oxide (Pb, ,Ru, 3 3 0 6  ?), pyro- 

Lithium, (pentafluoropheny1)-, 21 :72 
Lithium cesium thulium chloride (cs,LiTmclb), 

Lithium nitride (Li,N), 22:48 
Lutetium 

pynxhlor, 22:69 

chlore, 22:69 

20: 10 

porphyrin complexes, 22: 156 
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-, (2,4-pentanedionat0)[5,10,15,20-tetra- 

Lutetium(III), dodecanitratotris(l,4,7,10,13- 
phenylprphyrinato(2 - )I-, 22: 160 

pentaoxacyc1opentadecane)tetra-, 
23:153 

- , hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

-, (1,4,7,10,13,16-hexaoxacyclooctade- 
cane)trinitrato-, 23: 153 

-, trinitrato( 1,4,7,10,13-pentaoxacyclopen- 
tadecane)-, 23: 151 

-, trinitrato( 1,4,7,10-tetraoxacyclodode- 
cane)-, 23:151 

-, tris (1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

Lutetium cesium chloride (Cs2LuC1,), 22:6 
Lutetium cesium chloride (Cs,LuCI,), 22:6 
Lutetium cesium chloride (Cs3Lu2C1,), 22:6 
Lutetium chloride (LuCI,), 22:39 

Macrocyclic complexes, crown ether, lanthan- 

Magnetite (Fe204). crystal growth of, by skull 

Manganate(II), tetrakis(benzenethiolat0)-, 
bis(tetraphenylphosphonium), 2 1 :25 

Manganese, dibromooctacarbonyldi-, 23:33 
- , octacarbonyldiiododi-, 23:34 
Manganese(II), bis(thiocyanat0-N)-bis-p-( 1H- 

oid, 23: 149 

melting, 22:43 

1,2,4-triazoIe-PP:N4)-, 
poly-, 23:158 

Manganese(II1). tris(2,2,7-trimethyl-3,5-octane- 

Manganese calcium oxide (Ca2Mn,08), 22:73 
Methanamine, 

dionato)-, 23: 148 

intercalate with hydrogen pentaoxoniobateti- 
tanate(1 -), 22239 

molybdenum complex, 2154 
molybdenum and tungsten complexes, 

-, N-methyl- 

23:11-13 
Methane, isocyano- 

molybdenum and tungsten complexes, 
23: 10- 13 

Methanesulfonic acid, trifluoro- 

Methanol 
cobalt(II1) amine complexes, 22: 104, 105 

iridium complexes, 23: 128 
rhodium complex, 23: 127, 129 

Methyl 

Molecular sieves, 22:61 
Molybdate( 1 - ), pentacarbonylhydrido-, 

cobalt complexes, 23: 170 

p-nitrido-bis(triphenylphosphorus)( 1 + ), 
22: 183 

Molybdate(V), pentafluorooxo- 

Molybdenum, 
diptassium, 21: 170 

as substrate for cadmium chalcogenides, 
2230 

-, dicarbonylnitrosyl{tris(3,5-dimethylpyra- 
zoly1)hydroborato)-, 23:4, 5 

-, dichlorotetrakis(dimethy1amido)di-, 

-, diodonitrosyl{tris(3,5-dimethylpyrazo- 
1yl)hydroborato)-, 23:6 

-, ethoxyiodonitrosyl{tris(3,5-dimethylpyra- 
zoly1)hydroborato)-, 23:7 

-, (ethylamido)iodonitrosyl{tris(3,5-dimeth- 
ylpyrazoly1)hydroborato)-. 23:8 

-, hexakis(dimethy1amido)di-, 

Molybdenum(0). bis( I -chloro-4-isocyanoben- 

(Mo-Mo), 21:56 

(Mo = Mo), 2154 

zene)bis[ 1,2-ethanediyl- 
bis(dipheny1phosphine)l-, 

trans-, 23:lO 
-, bis( I ,3-dichloro-2-isocyanoben- 

zene)bis[ 1,2-ethanediyl- 
bis(dipheny1phosphine)l-, 

trans-. 23:lO 
-, bis[ 1,2-ethanediylbis-(diphenylphos- 

phine)] bis-( isocyan0benzene)-, 
trans-, 23:lO 

-, bis[ 1,2-ethanediylbis-(diphenylphos- 
phine)]bis-(isocyanomethane)-, 

frans-, 23:lO 
- , bis[ 1.2-ethanediyl- 

bis(dipheny1phosphine)l bis( 1 -isocyano- 
4methoxybenzene)-, 

trans-, 23:lO 
-, bis[ 1.2-ethanediyl- 

bis(diphenylphosphine)]bis( 1 -isocyano- 
3-methylbenzene)-, 

trans-, 23: 10 
-, bis[ 1,2-ethanediyl- 

bis(dipheny Iphospine)] bis( 2-isocyano-2- 
methylpropane)-, 

trans-, 23:lO 
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Molybdenum(II), octaaquadi-, 
ion, 23:131 

Molybdenum(III), di-p-hydroxo-di- 
ion, hydrate, 23:135 
- , hexaaqua-, 
ion, 23:133 

Molybdenum(IV), bis[ 1,2-ethanediylbis-(di- 
phenylphosphine)] bis[ (methy lamino)- 
methylidynel- 

trans-, bis[tetrafluoroborate(l -)I, 23: 14 
- , bis[ 1,2-ethanediylbis-(diphenyIphos- 

phine)](isocyanomethane)-[(methylam- 
ino)methylidyne]-, 

- , nonaaqua-tetra-pl-oxo-tri- 

- , tetra-p,-0x0-tri 

Molybdenum(V), p-(diethylphosphinodi- 

trans-, tetrafluoroborate( I - ), 23: 12 

ion, 23:135 

ion, hydrate, 23:135 

thioato)-tris(diethy1phosphinodithioato)- 
tri-p-thio-pl-thio rriangulo-tri-, 23: 121 

- , di-p-0x0-dioxodi-, 
ion, hydrate, 23:137 
- , hexaaqua-di-p-0x0-dioxodi-, 
ion, 23:137 
- , tris(diethy1phosphinodithioato)tris-p-(di- 

sulfido)-p,-thio-triangufo-tri-, 
diethylphosphinodithioate, 23: 120 

Molybdenum(VI), dihydroxotetraoxodi-, 
ion, 23:139 
- , hydroxodioxo-, 
ion, 23:139 

-, hydroxopentaoxodi-, 
ion, 23:139 
- , trihydroxotrioxodi-, 
ion, 23:139 

Molybdenum chloride oxide (MoCI.0). 23: 195 

Neodymate(III), tetranitrato-, 
(1,4,7,10,13,16-hexaoxacyclooctade- 

cane)dinitratoneodymium(III) , (2: 1 ) , 
23:150 

Neodymium, (2.4-pentanedionato) [5,10,15,20- 
tetraphenylporphyrinato(2 -)I-, 22:160 

- , (2,2,6,6-tetramethyl-3,5-heptanedion- 
ato)[5,10, 15,20-tetraphenylporphyri- 
nato(2 - )I-, 22: 160 

amide)-, 
Neodymium(III), hexakis(dipheny1phosphinic 

tris(hexafluorophosphate), 23: 180 
- , (1,4,7,10,13,16-hexaoxacyclooctade- 

bis[tetranitratoneodymate(III)], 23: 150 
- , (1,4,7,10,13,16-hexaoxacyclooctade- 

cane)trinitrato-, 23:153 
- , trinitrato( 1,4,7,10,13-pentaoxacyclopen- 

tadecane)-, 23:151 
- , trinitrato(l,4,7,lO-tetraoxacyclodode- 

cane)-, 23:151 
- , tns( 1,4,7,10,13,16-hexaoxacyclooctade- 

cane)dodecanitratotetra-, 23: 155 
Neodymium chloride (NdCI,), 22:39 
Nickel(I1). bis(thiocyanat0)-bis-p-( 1H-I ,2,4- 

cane)dinitrato-, 

triazole-M: N‘)-, 
B-poly-, 23~159 
- , chloro(N,N-diethyldiselenocarba- 

mato)(triethyIphosphine)-, 21 :9 
- , dibromobis(3,3’,3”-phosphinidynetripro- 

pionetri1e)-, 22:I 13, 115 
polymer, 22:115 
- , dichlorobis(3.3‘ ,3”-phosphinidynetripro- 

pionitrile)-, 22: 1 13 
- , hexakis(thiocyanato-N)-hexakis-p-(4H- 

1 ,2,4-triazole-Nt:M)tri-, 23: 160 
- , tetraaquabis(0-su1fobenzoimidato)-, 
Nickel aluminum lanthanum hydride (AILa- 

Ni,H,), 22:96 
Niobate(-I), hexacarbonyl- 

Niobium(II1). di-p-chloro-tetrachloro-p-(di- 

dihydrate, 23:48 

sodium, 23:34 

methyl sulfide)-bis(dimethy1 su1fide)di-, 
21:16 

bis(dipheny1phosphine)ldi-, 21: 1 8 

sino)methyl]-2-methyI- 1,3-propane- 
diyl]bis(dimethylarsine)]-, 21: 18 

- , hexachlorobis[o-phenylene- 
bis(dimethylarsine)]di-, 21 :I8 

Niobium(IV), tetrachlorobis(tetrahydrofuran)-, 
21:138 

Nitric acid 

- , hexachlorobis[ 1 ,2-ethanediyl- 
- , hexachlorobis[[2-[(dimethylar- 

cerium complexes, 23:178 
cobalt complexes, 23: 171 
lanthanoid complexes, 23: 151 

Nitro complexes, cobalt, 23:70, 71, 77, 91, 
109 
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Nitrogen sulfide (NS), see Sulfur nitride (SN), 

Nitrosyl complexes 
chromium, 23: I83 
iridium, 21:104 
iron and ruthenium, 22:163 
molybdenum, 23:4-9 

polymer, 22: 143 

3,5-Octanedione, 2,2,7-trimethyl- 
cerium, copper, and manganese complexes, 

23: 144 
cyclo-Octasulfur monoxide, 21: 172 
Offretite, tetramethylammonium substituted 

[KzNa[(CH3),NIAl4(Si,~O3 dl . 7Hz0, 
223% 

21:63 

21:64 

Osmium, tridecacarbonyldihydridoirontri-, 

- , tridecacarbonyldihydridorutheniumtri-, 

Oxalic acid 
cobalt complexes, 23:69, 113, 114 

Palladate(II), bis(hexasu1fido)-, 
diammonium, nonstoichiometric, 21: 14 

Palladium, (2,2’-bipyridine)( 1,4-butanediyI)-, 
22: 170 

- , ( 1.4-butanediyl)bis(triphenylphosphine)-, 
22: 169 

- , ( I  ,4-butanediyl)[ I ,2ethanediylbis- 
(dipheny1phosphine)l-, 22: 167 

- , ( 1,4-butanediyl)(N,N,N‘,N’-tetramethyl- 
I .2-ethanediamine)-, 22: 168 

Palladium(1). p-carbonyl-dichlorobis-[methyle- 
nebis(dipheny1phosphine)ldi-, 2 1:49 

- , dichlorobis-p-[methylene- 
bis(dipheny1phosphine)l-di-, 

(Pd-Pd) , 2 1 :48 
Palladium(I1). (N,N’-bis[2-(dimethyla- 

mino)ethyl]-N,W-dimethyl- 1 .Zethanedi- 
aminel-, 

bis(hexafluorophosphate), 21: 133 
- , [N.N-bis[2-(dimethylamino)ethyl]-N’.N’- 

dimethyl- I ,2-ethanediamine]bromo- 
bromide, 21:131 
- , [N,N-bis[2-(dimethylamino)ethyl]-N’,N’- 

dimethyl- I ,2-ethanediamine]chloro-, 
chloride, 21:129 
- , [N.N-bis[2-(dimethylamino)ethyl-N‘,N’- 

dimethyl- 1,2-ethanediamine]iodo-, 

- , [N.N-bis[2-(dimethylamino)ethylJ-N’,N’- 
dimethyl-l,2-ethanedi- 
amine](thiocyanato-N)- , 

thiocyanate, 21:132 
- , bis(guanosinat0)-. 

cis- and trans-, 2352, 53 
- , bis(inosinat0)-, 

cis- and trans-, 2352, 53 
- , chloro(N.N-diethyldiselenocarba- 

- , dichlorobis(guan0sine)-, 
cis- and trans-, 2352, 53 
- , dichlorobis(inosine)-, 

cis- and trans-, 2352, 53 
2,4-Pentanedione 

actinide and lanthanide complexes, 22; 156 
cobalt complex, resolution of, with cobalt S- 

arginine complex by column chromatog- 
raphy, 2 3 9  

mato)(triphenylphosphine)-, 21: 10 

iron complex, 21% 

lanthanoid, 23:149 

platinum and rhodium complexes, 21:12 

cadmium complexes, 23: 175 

chromium complexes, 23: 185 
copper complex, 21:115 

cobalt complexes, 23: 165 

cobalt complexes, 23: 169 

antimony complexes, 23:194 

bis(acetonitrile)bis($-c yclopentadien y1)bis- p- 

1,4,7,10,13-Pentaoxacyclopentadecane 

Pentasulfide 

Perchloric acid 

1,IO-Phenanthroline 

Phenol, 24 I-[(2-aminoethyl)imino]ethyl]- 

- , 24  I -[(3-aminopropyl)imino]ethyl]- 

Phenyl 

Phosphate(1 -), hexafluoro-, 

ethanethiolato-diiron(2 +) (2: I ) ,  21:39 
- , (q’-cyclopentadienyI)(phenyIvinylene)- 

bis(triphenylphosphine)ruthenium( II), 
21:80 

- , tetrakis(q’-cyclopentadienyl)-p,-(disul- 
fur)tri-p3-thio-tetrairon(2 +) (2: I ) ,  21:44 

Phosphine 
iridium complex, 21:104 

, dimethyl-, 21:180 
- , dimethylphenyl-, 22: 133 

iridium complex, 21:97 
- , 1,2-ethanediylbis(dichloro-, 23: 141 

- 

iodide, 2 I : I30 - , I ,2-ethanediylbis(dimethyl- 
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iridium complex, 21:lOO 

iron complexes, 219-94 
molybdenum and tungsten complexes, 

niobium complex, 2 1 : 1 8 
palladium complex, 22: 167 

ration of, 23:199 

- , 1,2-ethanediylbis(diphenyI- 

23: 10-1 3 

- , ethylenebis(dimethy1-, hazards in prepa- 

- , methylenebis(dipheny1- 
palladium and rhodium complexes, 21 :47-49 

chromium complexes, 23:38 

nickel complex, 21:9 

iridium complex, 2 1 : I02 

chromium complexes, 23:38 
cobalt complexes, 23:24-25 
cobalt, iridium, and rhodium complexes, 

22171. 173, 174 

palladium complex, 22:169 
mthenium complexes, 21:29, 78 

- , tributyl- 

- , triethyl- 

- , trimethyl- 

- , triphenyl- 

- , oxide, cerium complexes, 23:178 

Phosphines, triaryl, 21:175 
Phosphinic amide, diphenyl- 

lanthanoid complexes, 23: 180 
Phosphinodithioic acid, diethyl- 

molybdenum complexes, 23: 120, 12 I 
Phosphonium, tetraphenyl-, 
tetrakis(benzenethiolato)cadmate(II) (2: I ) ,  

tetrakis(benzenethiolato)cobaltate(II) (2: I ), 

tetrakis(benzenethio1ato)di-p-thio-difer- 

tetrakis(benzenethiolato)ferrate(II) (2: I ) ,  

tetrakis(benzenethiolato)manganate(II) (2: I ) ,  

tetrakis(benzenethio1ato)tetra-p,-thio-tetrafer- 

tetrakis(benzenethiolato)zincate(II) (2: I ) ,  

Phosphorotrithious acid, tributyl ester, 22:131 
Phosphorus( 1 + ), p-nitrido-bis(tripheny1-, 
decacarbonyl-p-nitrosyl-trimthenate( 1 - ), 

hexafluorouranate(V), 21: 166 

21:26 

21:24 

rate(I1I) (2:l). 21:26 

21:24 

21:25 

rate(I1, 111) (21) .  21:27 

21:25 

22:163, 165 

nitrite, 22:164 
pentacarbonylhydridohromate( I - ), 22: 183 
pentacarbonylhydridomolybdate( 1 - ), 22: 183 
pentacarbonylhydridotungstate(1 -), 22: 182 
tricarbonylnitrosylferrate(1 -), 22163, 165 
tridecacarbonylcobalttriruthenate( 1 -), 21:61 
mdecacarbonylhydridoirontriruthenate( 1 - ), 

tridecacarbonyltetraferrate(2 - )  (2:l). 2156, 
21:60 

68 
Platinate, tetracyano- , 

cesium azide (1:2:0.25), hydrate, 21:149 
cesium chloride (1:2:0.30), 21:142 
cesium [hydrogen bis(sulfate)] (1:2:0.46), 

21:151 
guanidinium (hydrogen difluoride) 

(1:3:0.27), hydrate (1: I .8), 21 : 146 
potassium (hydrogen difluoride) (1 :2:0.30), 

trihydrate, 21:147 
rubidium chloride (1:2:0.30), trihydrate, 

21:145 
Platinate(II), bis(pentasu1fido)-, 

- , tetracyano-, 
bis(tetrapropy1ammonium)-, 20: 13 

dithallium, 21 : I53 
thallium carbonate (1:4:1), 21:153, 154 

Platinate(I1). trichloro(dimethy1 sulfide)-, 
tetrabutylammonium, 22: 128 

PIatinate(IV), tris(pentasulfid0)-, 
diammonium, 21:12, 13 

Platinum(I1). [NN-bis( l-methylethyl)-l,2-etha- 
nediamine]dichloro(ethene)-, 2 I :87 

- , [(S,S)-N,N‘-bis( 1-phenylethyb- 1.2-etha- 
nediamine]dichloro(ethene)-, 2 I :87 

- , chloro(N,N-diethyldiselenoarba- 
mato)(triphenylphosphine)-, 2 1: 10 

- , chlorotris(dimethy1 sulfide)-, 
tetrafluoroborate( 1 - ), 22:126 
- , diammineaquachloro-, 

trans-, nitrate, 22: 125 
- , diamminechloroiodo-. 

trans-, chloride, 22: I24 
- , di-p-chloro-, 

dichlorobis[dimethyl su1fide)di-, 22: 128 
- , dichloro[N,N’-dimethyl-N,N’-bis( I-meth- 

ylethy1)- 1,2-ethanediamine)(ethene)-, 
21:87 

his( 1 -phenylethyl)-l,2ethanedi- 
amine](ethene)-, 21:87 

- , dichloro[(R,R)-N,N’-dimethyl-N,N’- 
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-, dichloro(ethene)(N,N,N'.N'-tetraethyl- 
1,2-ethanediamine)-, 2136, 87 

-, (N.N-diethyldiselenocarba- 
mato)methyl(triphenyIphosphine)-, 
20: 10 

-, tetraaqua-, 21:192 
-, triamminechloro-, 

chloride, 22: 124 
Plumbate(IV), hexachloro-, 

dipyridinium, 22: 149 
Poly(dimethylsi1oxane-co-methylphenylsilox- 

ane), in divanadium stabilization, 
22:116 

22: I43 
Polythiazyl, see Sulfur nitride (SN), polymer, 

Porphyrin 
actimide and lanthanide complexes, 22: 156 
indium(I1I) complexes, 2355 

-, 5,10,15,20-tetrakis(4-methylphenyl)- 
actinide and lanthanide complexes, 2 2  156 

-, 5,10,15.20-tetrakis(4-pyridinyl)-, 2356 
-, 5,10,15,20-tetraphenyl- 

actinide and lanthanide complexes, 22: 156 
Potassium( 1 + ), (4,7,13,16,21,24-hexaoxa- 

I ,  1 O-diazabicyclo[8.8.8]hexacosane)-, 
tetrabismuthide(2 - ) (2:1), 22: 151 

Potassium chromium oxide (KCrO,), 2259 
Potassium chromium oxide (K,, 5CrOz) 

Potassium chromium oxide (K,,,CrO,) 

Potassium chromium oxide (K,, ,CrO,) 

Potassium chromium oxide (& ,,CrO,) 

Potassium cobalt oxide (KCoO,), 2258 
Potassium cobalt oxide (K,,,CoO,) 

Potassium cobalt oxide (K,,,,CoO,) 

Potassium dysprosium chloride (KDy,CI,), 22:2 
Potassium hexafluorouranate(V), 21: 166 
Potassium (hydrogen difluoride) tetracyanopla- 

bronze, 2259 

bronze, 2259 

bronze, 2259 

bronze, 2259 

bronze, 2257 

bronze, 2257 

tinate (2:0.30:1), 
trihydrate, 21:147 

21:170 
Potassium pentafluorooxomolybdate(V) (2: I ) ,  

Potassium pentaoxoniobatetitanate( I - ), 22239 
Potassium sodium tetramethylammonium 

[K,Na[(CH,),NIAI,(Si,,O, d1. 7H,O, 
22:66 

Praseodymium 

-, (2,4-pentanedionat0)[5,10,15,20-tetrakis- 
porphyrin complexes, 22: 156 

(4-methylphenyl)porphyrinato(2 - )I-, 
22:160 

- , (2,4-pentandionat0)[5,10,15,20-tetra- 
phenylporphyrinato(2 - )I-, 22: 160 

-, [5,10,15,20-tetrakis(4-methyl- 
phenyl)porphyrinato(2 - )I-, 22: 160 

Praseodymium(III), hexakis(dipheny1phosphinic 
amide)-, 

tris(hexafluorophosphate), 23: I80 
-, ( I  ,4,7,10,13,l6-hexaoxacycloocta- 

decane)trinitrato-, 23: 153 
- , trinitrato( 1,4,7,10,13-pentaoxacyclo- 

pentadecane)-, 23: 151 
- , trinitrato( 1,4,7,10-tetraoxacyclodo- 

decane)-, 23: I5 1 
-, tris(1 ,4,7,l0,13,16-hexaoxacycl~ta- 

decane)dodecanitratotetra-, 23: 155 
Praseodymium cesium chloride (CsPr,CI,), 22:2 
Praseodynium chloride (PrCl,), 22:39 
I-Propanamine, 

intercalate with hydrogen pentaoxoniobateti- 
tanate(1 -), 22:89 

Propane, 2-isocyano-2-methyl- 
molybdenum and tungsten complexes, 

23: 10- 12 
1.3-Propanediamine 

2-Propanethiol, 2-methyl- 

Propionitrile, 3,3',3"-phosphinidynetri- 

Pyrazinecarboxylic acid 

IH-Pyrazole 

-, 3,5-dimethyl- 

Pyridine 

cobalt complexes, 23: 169 

rhodium complex, 23:123, 124 

nickel complexes, 22:113, 115 

cobalt complexes, 23:114 

boron-copper complex, 21:108, 110 

boron-copper complex, 21:109 

cobalt complex, 23:73 
intercalate with FeClO (1:4), 22:86 
rhenium complex, 21: 116, 117 

intercalate with FeCIO (1 :4). 22:86 
-, 4-amino- 

- , 2.4.6-trimethvl- 
aluminum silicate hydrate intercalate with FeCIO, 22:86 
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4-Pyridinecarboxylic acid 

Pyridinium, 4,4’4,’’,4”’-porphyrin-5,10,15,20- 
cobalt complexes, 23:113 

tetrayltetrakis( 1 methyl- 
indium(lI1) complexes, 2355, 57 
tetrakis(4-methylbenzenesulfonate), 2357 

Rare earth alkali metal bromides and chlorides, 

Rare earth trichlorides, 22:39 
Rare earth triiodide, 22:31 
Resolution, 

22:1, 10 

of ammine(glucinato)( 1,4,7-triazacyclonon- 

of aqua(glucinato)( 1,4,7-triazacyclonon- 

of truns-diammine[N,N’-bis(2-aminoethyl)- 

of &,cis-diamminecarbonato- 

of cis,&-diamminecarbonatodicyano- 

of cis. cis-diamminecarbonatodinitro- 

of cis.&-diamminedicyanooxalatocobalt(II1). 

of &,cis-diamminedinitrooxalato- 

of (glycinato)nitro( I ,4,7-triazacyclon- 

of lithium cis-diamminedicarbonatocobal- 

ane)cobalt(III), 23:75 

ane)cobalt(III), 23:76 

1,2-ethanediamine]cobalt(lIII), 23:79 

bis(pyridine)cobalt(III), 23:73 

cobaltate(lII), 23:68 

cobaltate(IlI), 23:71 

23:69 

cobaltate(III), 23:73 

onane)cobalt(IlI), 23:77 

tate(II1) and cis-dicarbonato( 1.2-ethane- 
diamine)cobaltate(III), 23:63 

nitrocobaltate(II1). 23:92 

( - )-&(NO,) ,rruns(N)-bis(S-arginine) 
dinitrocobalt(II1) chloride, by column 
chromatography, 23:94 

Rhenate(III), octachlorodi-, 
bis(tetrabutylammonium), 23: 116 

Rhenium, bromopentacarbonyl-, 23:44 
- , pentacarbonylchloro-, 23:42, 43 
-, pentacarbonyliodo-, 23:44 
Rhenium(V), dioxotetrakis(pyridie)-, 

of silver(1) cis(NO,),trans(N)-bis(g1ycinato) 

of tris(2,4-pentanedionato)cobalt(III) with A- 

chloride, warn-, 21:116 
perchlorate, warn-, 21:117 

Rhodate(III), tris(pentasulfid0)-, 
triammonium, 21:15 

Rhodium, (1 ,4-butanediyl)(q5-pentamethylcy- 
clopentadienyl)(triphenylphosphine)-, 
22:173 

bis(dimethy1arsine)l-, 
Rhodium( 1 + ), bis[o-phenylene- 

chloride, 21:101 
- , (carbon dioxide)bis[o-phenylene- 

bis(dimethylarsine)]-, 
chloride, 21:lOl 

Rhodium(1) , bis(qJ- 1,5-cyclooctadiene)-di- p,- 
hydroxo-di-, 23:129 

- , bis(q‘- 1,5-cyclooctadiene)-di-p-methoxy- 
di-. 23:127 

- , bis-p-(2-methyl-2-propanethiolato)-te- 
trakis(trimethy1 phosphite)di-, 23: 123 

- , dicarbonyl-bis-pL-(2-methyl-2-propane- 
thio1ato)-bis(trimethy1 phosphite)di-, 
23:124 

- , tetrakis( I-isocyan0butane)-, 
tetraphenylborate(1 -), 2150 
- , tetrakis( I -isocyanobutane)bis- 

bis[tetraphenylborate(l -)I, 21:49 
Rubidium chloride tetracyanopiatinate 

[methy lenebis(dipheny 1phosphine)ldi- , 

(2:0.30 l) ,  
trihydrate, 21:145 

Ruthenate(1- ), decacarbonyl-p-nitrosyl-tri. 
p-nitrido-bis(triphenylphosphom)( 1 + ), 

22:163, 165 
- , tridecacarbonylcobalttri-, 

p-nitrido-bis(hiphenylphosphorus)( 1 + ), 
21:61 

- , tridecacarbonylhydridoirontri-, 
p-nitrido-bis(triphenylphosphoms)( 1 + ), 

21:a  

diene)-, 22: 177 
Ruthenium, (q6-benzene)(q4-l ,3-cyclohexa- 

- , bis(qs-cycloheptanedieny1)-, 22: I79 
- , bis(ql’cyclopentadienyl)-, 22: 180 
- , carbonyltri-p-chloro-chlorote- 

hakis(tripheny1phosphine)di- , 
compd. with acetone (1:2), 21:30 
- , (q4- 1 ,5-cyclooctadiene)(q6- 1,3,5-cyclooc- 

- , ~-p-chlorochloro(tiocarbonyl)- 

compd. with acetone (I:]), 21:29 

tatriene)-, 22:178 

tetrakis(tripheny1phosphine)di-, 

- , tridecacarbonyldihydridohntri-, 2158 
- , tridecacarbonyldihyddotriosmium-, 

21:a 
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Ruthenium(O), bis(q2-ethene)($-hexamethyI- 
benzene)-, 21:76 

-, (q*- l,3-cyclohexadiene)(q6-hexamethyl- 
benzene)-, 21:77 

Ruthenium(I1). chioro(q’-cyclopentadieny1)- 
bis(tripheny1phosphine)-, 2 I :78 

- , (qJ-cyclopentadienyl)-(phenylethynylf- 
bis(tripheny1phosphine)-, 21 :82 

- , (qJ-cyclopentadienyI)(phenylvinyli- 
dene)bis(triphenylphosphine)- 

hexafluorophosphate( I -), 21:80 
-, di-p-chloro-bis[chloro(vf-hexamethylben- 

zene)-, 21:75 
- , tris( 2,2’-bipyridine)-, 

Ruthenium lead oxide (Pbz.,,Ru I, 1p06.5), 

Ruthenium oxide (Ru,03), 

chlor. 22:69 

dichloride, hexahydrate, 21:127 

pyrochlore, 22:69 

solid solns. with lead oxide (Pb02), pyro- 

Ruthenocene, see Ruthenium, bis- 
(q’-cyclopentadieny1)-, 22: I80 

Saccharin, see o-Benzosulfimide 
Samarium 

porphyrin complexes, 22: 156 
-, (2,4-pentanedionato)[5,10,15.20-tetra- 

phenylporphyrinato(2 -)I-, 22:160 
- , (2,2,6,6-tetramethyl-3,5-heptanedion- 

ato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

Samarium(lII), hexakis(dipheny1phosphinic 
amide)-, 

tris(hexafluorophosphate), 23: I80 
- , trinitrato(l,4,7,10.13-pentaoxacyclopen- 

tadecane)-, 23:151 
- , trinitrato( 1,4,7,10-tetraoxacyclodode- 

cane)-, 23:151 
-, tris(l,4,7,10,13,16-hexaoxacyclooctade- 

cane)dodecanitratotetra-, 23: 155 
Saramium chloride (SmCI,), 22:39 
Scandium(III), trichlorotris(tetrahydro~ran)-, 

Scandium cesium chloride (CsScCI,), 22:23 
Scandium cesium chloride (Cs,Sc,CI,), 22:25 
Scandium chloride (ScCI,), 22:39 
Selenide 

Selenium 

21:139 

iron complex, 21:36, 37 

iron polynuclear complexes, 21 :33-37 

Selenocarbonyls, chromium, 21:1, 2 
Semioxamazide, 5-(a-methylbenzyl)-, 

Serine 

Siloxane, dimethyl-, 

(8-1 -)-, 23% 

copper complex, 21:115 

copolymer with methylphenylsiloxane, in di- 
vanadium stabilization, 22: 116 

, methylphenyl-, - 
copolymer with dimethylsiloxane, in divana- 

dium stabilization, 22:116 
Silver tungstate (Ags(W40,,)), 22:76 
Sodium aluminum silicate hydrate (NaAI- 

Si04.2.25H,0), 22:61 
Sodium aluminum silicate hydrate 

(Na,AI,Si,O,,.XH,O), 223% 
Sodium cobalt oxide (NaCd),), 22:56 
Sodium cobalt oxide (Na,,CoO,), 22:56 
Sodium cobalt oxide (Na,&oO,), 22:56 
Sodium cobalt oxide (Na, ,4CoOz), 2256 
Sodium cobalt oxide (Na,,,Cd),). 22:56 
Sodium cyan~tri[(~H)hydro]borate(l-), 21: 167 
Sodium hexafluorouranate(V) , 2 1 : I66 
Sodium potassium tetramethylammonium 

aluminum silicate hydrate 
[K2Na[(CH3)4NlA14(Si140,)1.7H,0, 
2266 

cate (Na, ,[(C3H7),NI3 A I Z  6 (SilmOm,)), 
22:67 

Sodium tetrapropylammonium aluminum sili- 

Styrene, see Benzene, vinyl-, 2130 
Sulfur 

iron cyclopentadienyl complexes, 21 :37-46 
iron polynuclear complexes, 21:33-37 

Sulfur nitride (SN), polymer, 22:143 
Sulfur oxide (S,O), 21:172 

Tantalum as high-temp. container for reduced 

Technetate(V), tetrachlorooxo-, 

Terbium 

-, (2,4-pentanedionat0)[5,10,15,20-tetra- 

-, (2,2,6,6-tetramethyl-3,5-heptanedion- 

halides, 2 0  15 

tetrabutylammonium (l:l),  21:160 

porphyrin complexes, 22: 156 

phenylporphyrinato(2 --)I-, 22: 160 

ato)[5,10,15,1O-tetraphenylporphyrin- 
ato(2-)]-, 22:160 

taoxacyc1opentadecane)tetra-, 23: I53 
Terbium(II1). dodecanitratotris( 1,4,7,10,13-pen- 



Subject Index 225 

- , hexakis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

-, ( 1,4,7,10,13,16- 
hexaoxacyc1ooctadecane)trinitrato-, 
23: 153 

pentaoxacyc1opentadecane)-, 23: I5 1 

decane)-, 23:151 

octadecane)dodecanitratotetra-, 23: 155 

-, trinitrato(l,4,7,10,13- 

-, trinitrato( 1,4,7,10-tetraoxacyclodo- 

-, his (  1,4,7,10,13,16-hexaoxacyclo- 

Terbium chloride (TbCI,), 22:39 
2,3,7,8-Teracarbadodecaborane( 12). 

2,3,7,8-tetraethyl-, 22:217 
1,4,8, I l-Tetraazacyclotetradecane-5,7-dione 

copper complexes, 23:82 
1,4,8,11 -Tetraazac yclotetradeca- 1,3,8,10- 

tetraene, 

and zinc complexes, 22: 107, 108, 110, 
111 

2,9-dimethyl-3,10-diphenyl-, copper, iron, 

1,4,7,IO-TetraoxacycIocyclododecane 

Thallium carbonate tetracyanoplatinate(l1) 

Thallium chloride (TICI,), 21:72 
Thallium tetracyanoplatinate(I1) (2:1), 21:153 
Thallium(III), chlorobis(pentafluoropheny1)-, 

- , chlorobis(2,3,4,6-tetrafluorophenyl)-, 

- , chlorobis(2,3,5,6-tetrafluorophenyI)-, 

- , chlorobis(2,4,6-trifluorophenyl)-, 

l-Thia-closo-decaborane(9), 22:229 
6-Thia-nido-decaborane( 1 I ) ,  22:228 
Thiocarbonyl complexes, ruthenium, 21 :29 
Thio complexes, molybdenum, 23:120, 121 
Thiocyanate complexes, cobalt, copper, iron, 

manganese, nickel, and zinc, 23:157 
Thiocyanic acid 

lanthanoid complexes, 23: 149 

(4:l:l). 21:153, 154 

21:71, 72 

21:73 

21:73 

2 1 :73 

chromium complexes, 23: 183 
palladium complex, 21:132 

chromium(0) complexes, 23:2 

chromium(0) complexes, 23:3 

chromium(0) complexes, 23:3 

Thiourea 

-, N,N'-di-tert-butyl- 

- , N, N'-di-p-tolyl- 

- , N,N.N',N'-tetramethyl- 

Thorate(IV), bis(heptadecatungst0diphos- 
chromium(0) complexes, 23:2 

phato)-, 
hexadecapotassium, 23: 190 

-, bis(undecatungstoborto)-, 
tetradecapotassium, 23: 189 

-, bis(undecatungstophosphato)-. 
decapotassium, 23: 189 

Thorium 
porphyrin complexes, 22: 156 
- , bis(2,4-pentanedionato)[5,lO,I5,20- 

tetraphenylporphyrinato(1 -)I-, 22: 160 
- , (2,2,6,6-tetramethyl-3,5-heptanedion- 

ato)[5,10,15,20-tetraphenylpoorphyrin- 
ato(2-)]-, 22:160 

Thulium, hexakis(dipheny1phosphinic amide)-, 

Thulium(III), dodecanitratotriis(l,4,7,10,13- 
tris(hexafluorophosphate), 23:180 

pentaoxacyc1opentadecane)tetra-, 
23: 153 

- , (1,4,7,10,13,16-hexaoxacycloocta- 
decane)trinitrato-, 23: 153 

- , trinitrato(l,4,7,10,13-pentaoxacyclo- 
pentadecane)-, 23:151 

- , trinitrato(l,4,7,1O-tetraoxacyclodo- 
decane)-, 23:151 

- , tris(1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 23: 155 

Thulium cesium lithium chloride (Cs,LiTmCl,), 
20:lO 

Thulium chloride (TmCI,), 22:39 
Tin, 

pentatitanium tetrasulfide preparation in liq- 
uid, 23:161 

- , dibromodiphenyl-, 23:21 
Titanate( 1 -), pentaoxoniobate-, 

hydrogen, 22:89 
hydrogen, intercalate with 1-butanamine, 

22:89 
hydrogen, intercalate with ethanamine, 

22239 
hydrogen, intercalate with methanamine, 

22:89 
hydrogen, intercalate with NH,, 22239 
hydrogen, intercalate with 1 -propanamine, 

22:89 
potassium, 2239 

Titanium, as substrate for cadmium chalcogen- 
ides, 22:80 
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Titanium(II1). chlorobis(q'-cyclopentadienyl)-, 

- , trichlorotris(tetrahydrofuran)-, 2 I : I37 
Titanium(1V). tetrachlorobis(tetrahydrofuran)-, 

Titanium iron hydride (FeTiH, %), 22:W 
Titanium sulfide (Ti,S,), preparation in liquid 

Transition metal alkali metal oxides, 22:56 
triars , see Arsine , [2- [ (dimeth y 1arsino)methy I]- 

2-methyl- 1.3-propanadiyl]bis(dimethyl-, 
21:18 

21:84 

21:135 

tin, 23:161 

1,4,7-Triazacyclononane 

1H-Triazole 
cobalt complexes, 23:75 

cobalt, copper, iron, manganese, nickel, and 
zinc complexes, 23: 157 

chromium complexes, 23:38 
iron complex, 21:93 
rhodium complex, 23:123, 124 

Triphenyl phosphite 
chromium complexes, 23:38 

[ '"BJ- I ,2,4,3,5-Trithiadiborolane, 
3,5-dimethyl-, 22:225 

Tungstate, p-hydrido-bis[pentacarbonyl-, 
potassium, 23:27 

Tugstate( 1 -), pentacarbonylhydrido-, 
p-nitrido-bis(triphenylphosphoms)( 1 + ), 

Trimethyl phosphite 

22: 182 
Tungsten(O), bis( 1 -chloro-4-isocyanoben- 

zene)bis[ I ,2-ethane- 
diyl(diphenylphosphine)]-, 

trans-. 23:lO 
- , bis( 1,3-dichloro-2-isocyanoben- 

zene)bis[ 1 ,2-ethane- 
diyl(diphenylphosphine)]- 

Warn-, 23:IO 
- , bis[ 1,2ethanediylbis(diphenyl- 

phosphine)]bis(isoc y anobenzene)- , 
trans-, 23:lO 
- , bis[ 1,2-ethanediylbis(diphenyl- 

phosphine)]bis(isocyanomethane)-, 
trans-, 23: 10 
- , bis[ 1,2-ethanediylbis(diphenyl- 

phosphine)]bis( 1 -isocyano-4-methoxy- 
benzene)-, 

trans-, 23:lO 
- , bis[ 1,2ethanediylbis(diphenyl- 

phosphine)]bis( 1 -isocyano-4-methyl- 
benzene)-, 

trans-, 23:lO 
- , bis[ I ,2-ethanediylbis(diphenyl- 

phosphine)]bis(2-isocyano-2-methyl- 
propane)-. 

trans-, 23:lO 
Tungsten(IV), bis[ I ,2-ethanediylbis(diphenyl- 

phosphine)]bis[(methylamino)- 
methylidynel-, 

trans-, bis[tetrafluoroborate( 1 -)I ,  23: 12 
- , bis[ 1,2-ethanediylbis(diphenyl- 

phosphine)]bis[ [ (4-methylpheny1)- 
amino]methylidyne]-, 

trans-, bis[tetrafluoroborate( 1 -)I ,  23: 14 
- , bis[ 1,2-ethanediylbis(diphenyl-phos- 

phine)](isocyanomethane)- 
[ (methyl-amino)methylidyne]- 

trans-, tetrafluoroborate( 1 - )], 23: 1 1 
- , bis[ 1,2-ethanediylbis(diphenyl- 

phosphine)](2-isocyano-2-methyl- 
propane)[(methylamino)(methylidyne]-, 

trans- , tetrafluoroborate( 1 - )] , 23: 1 2 
Tungsten chloride oxide (WCLO), 23: 195 

Undecatungstoborate (BW, ,032-) 
thorium complexes, 23: 189 

Undecatungstophosphate (PWl1032-) 
thorium and uranium complexes, 23:186 

Utanate(IV), bis(beptadecatungst0di- 
phosphat0)-, 

hexadecapotassium, 23: 188 
- , bis(undecatungstophosphat0)-, 

decapotassium. 23: 186 
Uranate(V), hexafluoro-, 

p-nitrido-bis(triphenylphosphorus)( I + ), 
21:166 

potassium, 21:166 
sodium, 21:166 

Uranium(1V) chloride (UCIJ, 21:187 
Uranium(V), pentaethoxy-, 21:165 
Uranium(V) fluoride (UF,), 21:163 

Vanadium chloride (VC12), 21:185 
Vanadium(III), chlorobis(q5-cyclopentadienyl)-, 

- , trichlorotris(tetrahydrofuran)-, 21:138 
21:85 

Water 
cadmium and cobalt complexes, 23: 175 
cobalt complexes, 21:123-126; 23:76, 110 
molybdenum complexes, 23: 130-139 
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platinum complex, 21:192; 22:125 
Welding, of tantalum, 20:7 

Xanthosine 
palladium(I1) complexes, 2354 

Ytterbium 

- , (1,4,7,10,I3,16-hexaoxacycloocta- 
decane)trinitrato-, 23: I53 

- , (2,4-pentanedionato)[5,10.15,20-tetra- 
phenylporphyrinato(2 - )I-, 22:156 

- , [5,10,15,20-tetrakis(3-fluorophenyl)- 
porphyrinato(2 - )](2,2,6,6-tetramethyl- 
3,5-heptanedionato)-, 22: 160 

- , [5,10,15,20-tetrakis(4-methylphenyl)- 
porphyrinato(2 - )](2,2,6,6-tetramethyl- 
3,5-heptanedionato)-, 22: 156 

Ynerbium(lII), dodecanitratotris( 1,4,7,10,13- 
pentaoxacyc1opentadecane)tetra-, 
23:153 

porphyrin complexes, 22: 156 

- , hexakis(dipheny1phosphinic amide)-, 

- , trinitrato(l,4,7,10,13-pentaoxacyclo- 

- , trinitrato( I ,4,7,10-tetraoxacyclodo- 

tris(hexafluorophosphate), 23: 180 

pentadecane)-, 23: 15 1 

decane)-, 23:151 

- , tris( 1,4,7,10,13,16-hexaoxacyclo- 

Ytterbium chloride (YbCI,), 2239 
Yttrium 

porphyrin complexes, 22: 156 
- , (2,4-pentanedionato)[5,10,15,20-tetra- 

Yttrium chloride (YCI,), 22:39 

octadecane)dodecanitratotetra-, 23: 155 

phenylporphyrinato(2 -)I-, 22: 160 

Zeolite, 22:61 
Zeolite A (NaA1SiO4.2.25H2O), 22:63 
Zeolite Y (Na2AI,SiSO,,.XH2O), 22:64 
Zinc(II), bis(thiocyanato-N)-bis-p-( 1H- 1,2,4- 

mazole-~~A”)-,  
poly-, 231160 
- , chloro(2,9-dimethyl-3.IO-diphenyl- 

1,4,8,1 I-tetraazacyclotetradeca- 
1,3,8,10-tetraene)-, 

hexafluorophosphate( 1 - ), 22: 1 1 I 

dihydrate, 23:49 

bis(tetrapheny1phosphoniurn). 21 :25 

- , tetraaquabis(0-su1fobenzoimidato)-, 

Zincate(II), terakis(benzenethio1ato)-, 

Zirconium(IV), tetrachlorobis(tetrahydr0furan)- , 

Zirconium bromide (ZrBr), 22:26 
Zirconium chloride ( X I ) ,  22:26 
ZSM-5 (Na2.4[(C,H,),N13.~AI, 6(Silm0207))r 2267 

21:136 
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The Formula Index, as well as the Subject Index, is a cumulative index for Volumes 21-25. The 
Index is organized to allow the most efficient location of specific compounds and groups of compounds 
related by central metal ion or ligand grouping. 

The formulas entered in the Formula Index are for the total composition of the entered compound, 
e.g., F&aU for sodium hexafluoroumate(V). The formulas consist solely of atomic symbols (ab- 
breviations for atomic groupings are not used) and arranged in alphabetical order with carbon and 
hydrogen always given last, e.g., Br3CoN4C,Hlb. To enhance the utility of the Formula Index all 
formulas are permuted on the symbols for all metal atoms e.g.. FeOI3Ru3CI3Hl3 is also listed at 
R u ~ F ~ O ~ ~ C , ~ H ~ ~ .  Ligand groupings are also listed separately in the same order, e.g., N,C,H,, 1,2- 
Ethanediamine, cobalt complexes. Thus individual compounds are found at their total formula in the 
alphabetical listing, compounds of any metal may be scanned at the alphabetical position of the metal 
symbol, and compounds of a specific ligand are listed at the formula of the ligand, e.g., NC for 
Cyan0 complexes. 

Water of hydration when so identified is not added into the formulas of the reponed compounds, 
e.g., Cb&PtRb2C4 * 3HzO. 

AgCoN,O,C,H,, Cobaltate(llI), bis- 
(g1ycinato)dinitro-, &-(NO,), rrans(N)-, 
silver(I), 23:92 

A&O,,W,, Silver tungstate, 22:76 
AIH4LaNi4, Aluminum lanthanum nickel hy- 

AlNa0,Si . 2.25H20, Sodium aluminum sili- 

- , Zeolite A, 22:63 
AIzNazO14Si . XH,O, Sodium aluminum silicate 

- , Zeolite Y, 22x3 
AI2 Y3 &a, ,0mSi,mC43H,m, Sodium tetrapropyl- 

dride, 22:96 

cate, 2261 

hydrate, 22:64 

ammonium aluminum silicate, 22:67 
- , ZSM-5, 2257 
A14K2NNa0,.bSi,4C4H12 . 7H20, Offretite, tetra- 

methylammonium substituted, 22:65 
- , Potassium sodium tetramethylammo- 

nium aluminum silicate hydrate, 22:65 
AsC18HlI, Arsine, triphenylchromium com- 

plexes, 22:38 
AszCIJ-Il,, Arsine, o-phenylenebis(dimethy1-, 

As,CIO,RhC,,H,,, Rhodium( 1 +), (carbon 
dioxide)bis[o-phenylenebis- 
(dimethylmine)]-, chloride, 21: 101 

enebis(dimethy1arsine)l-, chloride, 
21:lOl 

rhodium complex, 21:lOl 

As4ClRhC&I12, Rhodium(1 + ), bis[o-phenyl- 

As4C&NbC&13,, Niobium(II1). hexachlorobis- 
[o-phenylenebis(dimethylarsine)]di- , 
21:18 

ASbC@b&&, Niobium(III), hexachlorobis- 
[ [ 2-[(dimethylarsino)methyl]-2-methyl- 
I .3-propanediyl]bis(dimethylarsine)]-, 
21:18 

(1,1,10,10-tetraphenyl-4,7-dioxa-1,10- 
diph0sphadecane)-di-, 23: 193 

AuNO2SC,H,, Gold(I), (L-cysteinat0)-, 2 I :3 I 
AuSC8Hp, Gold(I), (4ethylbenzenethiolato)-, 

AUCI,O,P,C~~,, Gold(I), dichloro-p- 

23:192 

BBr2CH,, ['DBIBorane, dibromomethyl-, 

BBr,, ["'BIBoron bromide, 22:219 
BCIF4PtS3CJl18, Platinum(II), chlorotris- 

22:223 

(dimethyl sulfide)-, tetrafluorobor- 
ate(1-), 22:126 

BCIZCJ-IH,, Borne, dichlorophenyl-, 22:207 
BCuN60C,oHlo, Copper(1). carbonyl- 

[hy&O~s(pyrazolato)bo~to]-, 2 I : 108 
BCuN60C,,Hz, Copper(I), carbonyl[tris(3,5- 

dimethylpyrazolato)hy&Oborato]-, 
21:109 

[te~~is(pyrazolato)bo~to]-, 21: 110 
BCuN8OCI3Hl2, Copper(1). carbonyl- 

229 
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BF4MoNzP4C,&,. Molybdenum(II1). bis[ I ,2- 
ethanediylbis( 1.2-dipheny lphos- 
phine)](isocyanomethane)- 
[(methylamino)methylidyne]-, trans-, tet- 
rafluoroborate(1 -), 23:12 

BF4N2P4WC5J&, Tungsten(IV), bis[ 1.2- 
ethanediylbis(diphenylphosphine)]- 
(isocyanomethane)[(methylamino)meth- 
ylidynel-, trans-, tetrafluoroborate( 1 - ), 
23: I 1  

BF4N2P4WCsJ-ib,, Tungsten(IV), bis[ 1,2- 
ethanediylbis(diphenylphosphine)](2-iso- 
cyano-2-methylpropane)- 
[(methylamino)methylidyne]-, trans-, tet- 
rafluoroborate( 1 - ), 23: 12 

BKCaHIb, Borate( 1 - ), (cyclooctane-l,5- 
diy1)dihydro-, potassium, 22:200 

BLiC,H,,, Borate(1 -), (cyclooctane-l,5- 
diy1)dihydro-, lithium, 22: 199 

BNC,H,,, Borane, (dimethy1amino)diethyl-, 
22:209 

BNNaC'HI, Borate( 1 - ), ~yanotri[(~H)hydro]-, 
sodium, 21:167 

BN4RhCwH,, Rhodium(l), tetrakis( 1 -isocyano- 
butane)-, tetraphenylborate(1 -), 2150 

BN,CJ-I,,, Borate( 1 - ), hydrotris(pyrazo1ato)-, 

BN,C,,H,,, Borate( 1 - ), tris(3,5-dimethylpyra- 
copper complex, 21:108 

zo1ato)hydro-, 
copper complex, 21:109 

zoly1)hydro-, 
BNbC,,HI2, Borate( 1 - ), tris(3,5-dimethylpyra- 

molybdenum complexes, 23:4-9 

copper complex, 2 I : 1 10 
BN,C,,H,,, Borate(1 - ), tetrakis(pyrazo1ato)-, 

BNaC,H,,, Borate( I -), (cyclooctane-l,5- 
diy1)dihydro-, sodium, 22:200 

BOC,H,,, Borane, diethylhydroxy-, 22:193 
BOC,HII, Borane, diethylmethoxy-, 22:190 
BOC,H,, Diboroxane, tetraethyl-, 22: 188 
BO,C,H,,, Borane[(2,2- 

BO,W, ,. Undecatungstoborate(9-), 

B2F8MoN,P4C&,, Molybdenum(IV), bis[ 1.2- 

dimethylpropanoyl)oxy]diethyl-, 22: I85 

thorium complexes, 23: 189 

ethanediylbis(diphenylphosphine)] bis- 
[(methylamino)methylidyne]-, trans-, 
bis[tetrafluoroborate( 1 - )], 23:14 

B2F8N2P4WC,H56, Tungsten(IV), bis[ I ,2- 
ethanediylbis(diphenylphosphine)]-bis- 

[(methylamino)methylidyne]-, trans-, 
bis[tetrafluoroborate-(1 - )], 23:12 

B2F&P4WCaHM. Tungsten(IV), bis[ 1,2- 
ethanediylbis(diphenylphosphine)]- 
bis[[(4-methylphenyl)amino]methyl- 
idynel- , trans-, bis[ tetrafluorobor- 
ate(1 -)I, 23:14 

hexanedione dioximat0)- 
0:0']diphenyldiborato(2 - )]-N,N' ,- 
" ' 

(undecatungstoborat0)-, 

B,FeN,O,C,&, Iron(II), {[tris[p-[( 1 ,2-cyclo- 

' ' ," ' " ," ' " 1 ) - ,  2 1 1 1 2 
B2K14078ThW22. Thorate(IV), bis- 

tetradecapotassium, 23: 189 
B,N4P4Rh2C,,,H,,,, Rhodium(I), tetrakis( I -iso- 

cyanobutane)bis[methylenebis(diphenyl- 
phosphine)]di-, bis[tetraphenylborate- 
( 1  -)I, 21:49 

B 2 N b 0 , C ~ l , ,  Borate(2 - ), triS[p-[( 1,2-cyclo- 
hexanedione dioximat0)-0.0'1- 
diphenyldi- 

iron complex, 2 I : 1 1 2 
B2O&,H2,, Boron, bis-p-(2,2-dimethylpropa- 

noato-0,O')-diethyl-p-0x0-di-, 22: 196 
B2S3C2Hb, [ioBz]-l ,2,4,3,5-Trithiadiborolane, 

3,5-dimethyl-, 22:225 
B4CbH, ,, 2,3-Dicarba-nido-hexaborane(8), 2,3- 

diethyl-, 22:211 
B4FeC,,H,, [ 1 ,I'-commo-Bis(2,3-dicarba-l- 

ferra-closo-heptaborane)]( 12), 2.2' ,3,3'- 
tetraethyl-1 ,I-dihydro-, 22:215 

B7C2HI0, 2,6-Dicarba-nido-nonaborane, 22:237 
B8C12HZ8. 2,3,7,8-Tetracarbadodecarborane( 12). 

2,3,7,8-tetraethyI-, 22:217 
B,CoC,H,,, I ,2-Dicarba-3-cobalta-closo-dode- 

caborane( 1 I ), 3-(q'-cyclopentadienyl)-, 
22:235 

B,CsH,,S, Borate( 1 - ), dodecahydro-6-thia-ar- 
achno-deca-, cesium, 22:227 

BJ-i,S, 1 -Thia-closo-decaborane(9), 22:22 
BJ-i,,S, 6-Thia-nido-decaborane( 1 I ) ,  22:228 
B&C2HI2, Borate(1 -), dodecahydro-7,l-di- 

carba-nido-undeca-, potassium, 22:23 I 
B,SC,H,,, 7,8-Dicarba-nido-undecaborane( 1 I ) ,  

9-(dimethyl sulfide)-, 22:239 
B,&, Decaborane(l4), 22:202 
BloSC2H,,, 1,2-Dicarba-closo-dodecabor- 

ane( 12)-9-thiol, 22:241 

dinitrilodibenzo[b,m][ 1,4,12,15]- 
B ~ C I , C Z ~ H I , ~ ~ N , ,  Barium(II), bis(7, I1 :20,24- 
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tetraazacyc1odocosine)-, diperchlorate, 
23: 174 

aminoethyl)imino]ethyl]phenolato]( 1.2- 
ethanediamine)ethyl-, bromide, 23: 165 

(4,7,13,16,2 1.24-hexaoxa- 1,lO- 
diazabicyclo(8.8. 8lhexacosane)-, tetra- 
bismuthide(2-) (2:l). 22:151 

BI‘CON,OICJH,, Cobalt(III), (carbonato)bis( 1,2- 
ethanediamine)-, bromide, 2 I : 120 

BrCoN,0&C4H18 . H20, Cobalt(lI1). aquabro- 
mobis( 1,2-ethanediamine)-, dithionate, 
trans-, monohydrate, 21:124 

BrCoN40Cl,H2,, Cobalt(III), (2-[ 1-[(2- 

Bi,K2N2012C3&172, Potassium, 

BrZr, Zirconium bromide, 22:26 
Br2Mn208C8, Manganese, dibromooctacarbon- 

Br2N,PdC12H,, Palladium(II), [N,N-bis[Z- 
yldi-, 23:33 

(dimethylamino)ethyl]-N’ ,N’-dimethyl- 
1,2-ethanediamine]bromo-, bromide, 
21:131 

(3,3 ’ ,3 ’ ’-phosphind ynetripropionitri1e)- , 
22:113, 115 

(3.3 ’ ,3”-phosphindynetripropionitrile)-, 
polymer, 22: 1 15 

ethanediamine)-, bromide, trans-, 
21:120 

( I  ,2-ethanedia~nine)-, bromide, cis-, 
monohydrate, 21:121 

BrlCoN,0C4H18 . H20, Cobalt(II1). aquabromo- 
bis( 1,2-ethanediamine)-, dibromide, cis-, 
monohydrate, 21:123 

Br4GaNC8H,, Gallate( 1 - ), tetrabromo-, tetra- 
ethylammonium, 22:141 

Br4GaNCI6Hw, Gallate(1 - ), tetrabromo-, tetra- 
butylammonium, 22: 139 

Br6Ga2P2C~12, Gallate(2 - ), hexabromodi-, 
bis(tripheny1phosphonium). 22: 135, 138 

Br6Ga2P2C18Har Gallate(2 - ), hexabromodi-, 
bis(tetrapheny lphosphonium), 22: 139 

Br2N8iP2C I 8H24, Nicket(I1) , dibromobis- 

(Br2N&TiP2Cl,H2,),, Nickel(II), dibromobis- 

BrlCoN4C4H16, Cobalt(II1). dibromobis( 1,2- 

Br3CoN,C4H,, . H,O, Cobalt(III), dibromobis- 

CH,, Methyl, 

CO, Carbon monoxide, 
cobalt complexes, 23: 170 

chromium complexes, 21:l. 2; 23:87 

cobalt, iron, osmium, and ruthenium com- 

copper complex, 21:107-110 
indium complex, 2 I :97 
iron complex, 21:66, 68 
iron and ruthenium complexes, 22: 163 
palladium complex, 21:49 
ruthenium complex, 21:30 

cobalt complexes, 23: 19 
iron complex, 21:91 
platinum complexes, 21:86-89 
ruthenium complex, 21:76 

cobalt complexes, 23:165, 167 

cobalt, indium and rhodium complexes, 

palladium complex, 22:167, 168, 169, 170 

cobalt complex, 22:171, 235 
iron complexes, 21 :39-46 
ruthenium complex, 21:78; 22:180 
titanium and vanadium complexes, 21234, 85 

antimony complexes, 23: 194 

chromium complex, 21:l. 2 
ruthenium complex, 22: 177 

C,H8, 1,3-Cyclohexadiene, 
ruthenium complex, 21:77; 22:177 

C7HjNO,S, o-Benzosulfimide (saccharin), 
metal complexes, 23:47 

C7Hlo, I ,3-Cycloheptadiene, 
ruthenium complex, 22:179 

C8H6, Benzene, ethynyl-, 
ruthenium complex, 21:82 

C,H,, Benzene, vinyl-, 
ruthenium complex, 21:80 
- , Styrene, see Benzene, vinyl-, 21:80 
C8Hlo, 1,3,5-Cyclooctatriene, 

ruthenium complex, 22: 178 
C8Hll, 1.5-Cyclooctadiene. 

indium complexes, 23:127 
rhodium complex, 23: 127, I29 
ruthenium complex, 22: 178 

indium complex, 2 1 : 102 

boron complex, 22:199 

plexes, 21:58-65 

C2H,, Ethene, 

C ~ J ,  Ethyl, 

C4Hlo, Butane, 

22:171, 173, 174 

CJH,, 1.3-Cyclopentadiene, 

C d L  Phewl, 

Ca , ,  Benzene, 

C8H14, Cyclooctene, 

CgH16, CyCbOCtane, 
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C,P,,, Benzene, I-isopropyl-4-methyl-, 

c,8H,6, 1,3-Cyclopentadiene, 1,2,3,4,5-penta- 
ruthenium complex, 21:75 

methyl-, 21:181 
cobalt complexes, 23:15-19 
iridium and rhodium complex, 22:173, 174 

CI2Hl8, Benzene, hexamethyl-, 
ruthenium complexes, 21:74-77 

Ca2Mn308, Calcium manganese oxide, 22:73 
CdCI2N6O9C,H,, Cadmium(II), aqua- 

(7,11:20,24-dinitrilodibenzo[~,m]- 
[ 1,4,12,15]tetra- 
azacyc1ododecosine)- 
perchlorato-, perchlorate, 23: 175 

CdP,SE7,H,, Cadmate(I1). tetrakis- 
(benzenethiolat0)-, bis- 
(tetraphenylphosphonium), 21 :26 

CdSe. Cadmium selenide, 2232 
CdSe,Te,.,, Cadmium selenide telluride, 22:84 
CdSe, 65T% 35r Cadmium selenide telluride, 

CeC13, Cerium chloride, 2239 
CeCl,02P2C&w, Cerium(IV), tetrachlorobis- 

(triphenylphosphine oxide)-, 23: 178 
CeF,8N60&P,,C7,H7,, Cerium(lI1). hexakis- 

(diphenylphosphinic amide)-, tris- 
(hexafluorophosphate), 23: 180 

CeN@13c&., Cerium(II1). trinitrato( I ,4,7,10- 
tetraoxacyc1ododecane)-, 23: 15 1 

CeN3014ClJ420,, Cerium(III), trinitrato- 
(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

hexaoxacyc1ooctadecane)trinitrato-, 
23: 153 

pentanedionato)[ 5,10,15,20- 
tetraphenylporphyrinato(2 -)I-, 22: 160 

CeN4O,P2C~Hw, Cerium(IV), tetranitratobis- 
(triphenylphosphine oxide)-, 23: 178 

CeN,,0zoC&f3z, Cerium(IV), tetrakis(2,2'-bi- 
pyridine I ,  I '-dioxide)-, tetranitrate, 
23: I79 

CeO,C,H,,, Cerium(1V). tetrakis(2,2,7-tri- 
methyl-3,5-octanedionato)-, 23: 147 

Ce4N,,0,C,J-17,, Cerium(lII), tris- 
( 1,4,7,10,13,I6-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 23: 155 

CICoN05C,,H,,, Cobalt(lI1). [2-[ 1-[(2- 
aminoethyl)imino]ethyl]phenolato]( 1,2- 

2 2 s  1 

CeN,OlSCl2H,,, Cerium(II1). ( I  ,4,7.10,13,16- 

CeN,O,C,,H,,, Cerium, bis(2.4- 

ethanediamine)ethyl-, perchlorate, 
23: 169 

CICoN4O2SCJ-II8. Cobalt(III), bis( 1.2- 
ethanediamine)(2-mercaptoacetato(2 - )- 
O,S)-, perchlorate, 21:21 

diammine(carbonato)bis(pyridine)-, 
cis&-, chloride, monohydrate, 23:77 

CICoN407C8H2, . 2H20, Cobaltate(II1). aqua- 
(gIycinato)( 1,4,7-triazacyclononanne)-, 
perchlorate, dihydrate, 23:76 

CICoN4O7S2C.HI8 . H,O, Cobalt(lII), 
aquachlorobis( 1,2-ethanediamine)-, di- 
thionate, trans-, monohydrate, 21:125 

(glycinato)nitro( 1,4,7-triazacyclonon- 
ane)-, chloride, monohydrate, 23:77 

methyl-3, IO-diphenyl-1,4,8,1 I-tetraaza- 
cyclotetradeca- 1,3,8,10-tetraene)-, hex- 
afluorophosphate( I - ), 22: 1 1 1 

C1F8TIC12H2, Thallium(lII), chlorobis(2,3,4,6- 
tetrafluorophenyl-), 2 1:73 

CIFl,TIC12, Thallium(III), chlorobis- 
(pentafluoropheny1)-. 21:71, 72 

CIFeO, Iron chloride oxide, 

CICON@~CIIH,~ . HZO, Cobalt(III), 

CICON~O.C~H,~ . H,O, Cobalt(II1). 

CIF~,PZnC,,H,,, Zinc(II), chloro(2.9-di- 

intercalate with 4-aminopyridine(4: I ) ,  2236 
intercalate with 2.4.6-trimethylpyridine (6: I ) .  

22236 
ClH8N304Pt, Platinum(I1). diammineaqua- 

chloro-, fruns-, nitrate, 22:125 
CIIrOFC17H22, Iridium(I), carbonylchlorobis- 

(dimethylpheny1phosphine)-, trans-, 
2 1 :97 

CIIr02P4CllH32, Iridium( 1 +), (carbon 
dioxide)bis[ I ,2-ethanediylbis- 
(dimethy1phosphine)l-, chloride, 21: 100 

CIIr04P3CIIHz7, Iridium, chlOrO[(fOrmyl-rc- 
0xy)formato-KO- 
(2 - )]tris(trimethylphosphine)-, 21 : 102 

CIIrP,CI7H,,, Iridium, chloro('q'-cyclooctene)- 
tris(trimethy1phosphine)-, 21: 102 

C11rP4C12H~2, Iridium( I + ), bis[l,2-ethandiylbis- 
(dimethylphosphine)]-, chloride, 21: 100 

CINC,H,, Benzene, I -chloro-4-isocyano-, 
molybdenum and tungsten complexes, 

CINNiPSe,C, lH25, Nickel(lI), chloro(N,N-di- 
23:lO 

ethyldiselenocarbamato)(triethy l-  
phosphine)-. 2 I :9 
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CINPPdSe2CnHZ. Palladium, chloro-(N,”-di- 
ethyldiselenocarbamato)(triphenyl- 
phosphine)-, 21:lO 

diethyldiselenocarbamato)(triphenyl- 
phosphine)-, 21:lO 

(pyridine)-, chloride, trans-, 21:116 

(pyridine)-, perchlorate, trans-, 21:117 

CINPPtSe2CI1HZ, Platinum(II), chloro-(N,N- 

CIN,02ReC&IH,, Rhenium(V), dioxotetrakis- 

CIN,O&eC&ImH,, Rhenium(V), dioxotetrakis- 

CIO,H, Perchloric acid, 

CIPZRuC41Hl,, Ruthenium(I1). chloro(q5-cyclo- 
cadmium complexes, 23: 175 

pentadienyl)bis(triphenyl- 
ph0sphine)-, 21:78 

pentadieny1)-, 21% 

pentadieny1)-, 21:85 

CITiC,J31,, Titanium(III), chlorobis(q*-cyclo- 

CIVC,J3,,. Vanadium(III), chlorobis(q5-cyclo- 

CIZr, Zirconium chloride, 22:26 
Cb MCs2N4PtC4, Platinate, tetracyano-, cesium 

Cb JUJ’tRb2C4 . 3H20, Platinate, tetracyano-, 
chloride (1:2:0.30), 21: 142 

rubidium chloride (1:2:0.30), trihydrate, 
21:145 

C12CoN,0,SCJ422. Cobalt(III), (2-aminoethane- 
thiolato-N,S)bis( 1,2-ethanediamine)-, di- 
perchlorate, 21:19 

(methanol)(5,5adihydro-24-methoxy- 
6.10 19.23-dinitril0-24H-benzimidazo- 
[2,1-h][l,9,17]-benzotria7.acyclononade- 
cine)-, diperchlorate, 23: 176 

C12HJN2Pt, Platinum(I1). diamminechloroiodo-, 
trans-, chloride, 22:124 

C12H&Pt, Platinum(I1). triamminechloro-, 
chloride, 22: 124 

CI2Mo2N,C8H2,, Molybdenum, dichlorotetrakis- 
(dimethy1amido)di-, (Mo-IMo),  21 :56 

CI2NC,H,, Benzene, 1,3-dichloro-2-isocyano-, 

C12CoN60, ,C2,H2,, Cobalt(I1). aqua- 

molybdenum and tungsten complexes, 
23:lO 

lethyl)-l,2-ethanediamine)dichloro- 
(ethene)-, 21:87 

C12N2PtC12H28, Platinum(I1). dichloro[N,”-di- 
methyl-N,N‘-bis( I -methylethyl)- 1,2- 
ethanediamine](ethene)-, 21 :87 

- , dichloro(ethene)(N,”sN’JV’-tetraethyl- 
1,2-ethanediamine)-, 21:86, 87 

CW2PtCloH*,, Platinum(II), [NJ’-bis( I-methy- 

C12N2PtC&IUI. Platinum(I1). [(S,S)-NJ’-bis( 1- 
phenylethy1)- 1,2-ethanediamine]di- 
chloro(ethene)-, 21:87 

NJV’-dimethyl-N,N’-bis( 1 -phenylethyl)- 
1,2-ethanediamine](ethene)-, 21:87 

C12N,PdC I 2Hm, Palladium(I1) , [N.N-bis[Z- 
(dimethylamino)ethyl]-N’ ,”-dimethyl- 
1,2-ethanediamine]chloro-, chloride, 
21:129 

(3,3’ ,3”-phosphmidynetripropionitrile)-, 
22:113 

tris(2,2’-bipyridine)-, dichloride, hexa- 
hydrate, 21:127 

dichlorobis[meth y lenebis(dipheny 1- 
phosphine)]di-, 21:49 

[ methylenebis(diphenyIphosphine)]-di-, 

C12N2PtC22H32r Platinum(I1). dichloro[(R,R)- 

CI2N$JiP2C ,*H2,, Nickel(I1) , dichlorobis- 

C12N&uC,d-IH, . 6H20, Ruthenium(II), 

CI20P,Pd2C5,H,,, Palladium(I), p-carbonyl- 

CI2P4Pd2C&, Palladium(1). dichlorobis-p- 

(Pd-Pd) , 2 1 :48 
C12V, Vanadium chloride, 21:185 
CIlCoN30HII, Cobalt(II1). triammineaquadi- 

chloro-, mer-, chloride, 23:llO 

(carboxy1ato)di- p-hydroxo-bis- 
[triammine-, triperchlorate, 23:107, 
112 

C13C02N60,,H2, . 2H20, Cobalt(III), tri-p-hy- 
droxo-bis[triammine-, fuc-, triperchlor- 
ate, dihydrate, 23:lOO 

acetato)di-p-hydroxo-bis[triammine-, 
triperchlorate, dihydrate, 23:112 

(hydrogenoxa1ato)di- p-hydroxo-bis- 
[triammine-, triperchlorate, hemihy- 
drate, 23:113 

CI,CsSc, Cesium scandium chloride, 22:23 
CI,Dy, Dyprosium chloride, 22:39 
CI,Er, Erbium chloride, 22:39 
CI,Eu, Europium chloride, 22:39 
CI,Gd, Gadolinium chloride, 22:39 
CI,Ho, Holmium chloride, 22:39 
C13La, Lanthanum chloride, 22:39 
C13Lu, Lutetium chloride, 22:39 
CI,NPtSC18&2, Platinate(I1). trichloro(dimethy1 

CIINd, Neodymium chloride, 22:39 

CI~CO~N~OJH~O, Cobalt(II1). p- 

C13C02N60&Hn . 2H20, Cobalt(II1). (F- 

C ~ , C O ~ N ~ ~ & I  ’ O.5HzO. Cobalt(II1). p- 

sulfide)-, tetrabutylammonium, 22: 128 
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CI,0,ScC12H2,, Scandium(lI1). trichlorotris- 
(tetrahydrofuran)-. 21: 139 

C1301TiC12H24r Titanium(II1). trichlorotris- 
(tetrahydrofuran)-, 21:137 

C1303VC12H2,, Vanadium(III), trichlorotris- 
(tetrahydrofuran)-, 21: 138 

Cl,Pr, Praseodynium chloride, 22:39 
CI3SbCl2Hl0, Antimony(V), trichlorodiphenyl-, 

CI,Sc, Scandium chloride, 22:39 
Cl,Sm, Saramium chloride, 22:39 
CI,Tb, Terbium chloride, 22:39 
C13TI, Thallium chloride, 21:72 
CI,Tm, Thulium chloride, 22:39 
Cl,Y, Yttrium chloride, 22:39 
CI,Yb, Ytterbium chloride, 22:39 
Ck&CqN60&21 . 5H@, Cobalt(III), di-p-hy- 

23: 194 

droxo-bis[triammineaqua-, tetraperchlor- 
ate, pentahydrate, 23:ll I 

C14C02N7020C6HU, Cobalt(III), di-p-hydroxo-p- 
(4-pyridinecarboxylato)-bis[triammine-, 
tetraperchlorate, 23: 113 

CI4Co2N8OmC5H, . H20, Cobalt(III), di-p,-hy- 
droxo- p-(pyrazinecarboxy1ato)-bis- 
[triammine-, tetraperchlorate, monohy- 
drate, 23: 114 

(tetrahydrofuran)-, 21:137 

butylammonium, 22: 139 

C14Hf02C8H16, Hafnium(IV), tetrachlorobis- 

CI4GaNCI6H,, Gallate( 1 - ), tetrachloro-, tetra- 

CI,MoO, Molybdenum chloride oxide, 23: 195 
C14NOTcC,6Ha, Technetate(V), tetrachlorooxo-, 

tetrabutylammonium (1:l). 21:160 
C1,NbOuC4H16, Niobium(lV), tetrachlorobis- 

(tetrahydrofuran)-, 2 I : 138 
C140P4Ru2C7,H,, Ruthenium, carbonyltri-p- 

chloro-chlorotetrakis- 
(tripheny1phosphine)di-, compd. with 
acetone (l:2), 21:30 

CI,oW, Tungsten chloride oxide, 23: 195 
C1,02TiC8H16, Titanium(IV), tetrachlorobis- 

(tetrahydrofuran)-, 21:135 
C 1 4 0 2 ~ 8 H 1 6 ,  Zihonium(IV), tetrachlorobis- 

(tetrahydrofuran)-, 21:136 
CI,P2C2H,, Phosphine, 1.2-ethanediylbis- 

(dichloro-, 23: 141 
C14P4R~2SC73)160. Ruthenium, tri-p-chloro- 

chloro(thiocarbony1)tetrakis- 
(tripheny1phosphine)di-, compd. with 
acetone, 21:29 

C14R2S2C4H12, Platinum(I1). di-p-chloro- 
dichlorobis(dimethylsu1fide)di-, 22: 128 

CI4Ru2C2,,HZ8. Ruthenium(I1). di-p-chloro-bis- 
[chloro(q6- 1 -isopropyl-4-methylben- 
zene)-, 21:75 

CI,Ru2C2,H3,, Ruthenium(II), di-p-chloro-bis- 
[chloro(q6-hexamethylbenzene)-, 2 1 :75 

CI,U, Uranium(1V) chloride, 2 1 : 187 
CI5Cs2Lu, Cesium Lutetium chloride, 22:6 
C16C04N12032C2Ha . 4H20, Cobalt(III), tetra-p- 

hydroxo( p,-oxa1ato)-tetrakis[ triammine-, 
hexaperchlorate, tetrahydrate, 23: 114 

(acetylenedicarboxy1ato)tetra-p-hydroxo- 
tetrakis[triammine-, hexaperchlorate, 
pentahydrate, 23: 115 

21:lO 

CLCO,N,,O,~C~H, . 5HZ0, Cobalt(III), p4- 

C16Cs2LiTm, Cesium lithium thulium chloride, 

C&Cs,Lu, Cesium lutetium chloride, 22:6 
C16Ga2P2CJ132, Gallate(2 - ), hexachlorodi-, bis- 

CI&PbCl~12,  Plumbate(IV), hexachloro-, di- 

CIJVb2P2C,J-Iz4, Niobium(II1). hexachlorobis- 

(triphenylphosphonium), 22: 135, 138 

pyridinium, 22:149 

[ 1,2-ethanediylbis(diphenyl- 
phosphine)]di-, 21:18 

rachloro-p-(dimethyl sulfide)-bis- 
(dimethyl su1fide)di- , 2 1 : 16 

C17CsPr2, Cesium praseodymium chloride, 
22:2 

C17Dy2K, Potassium dyprosium chloride, 22:2 
C18EuN402C4&12,, Europium, (2,4-pentanedio- 

nato)[5.10,15,20-tetrakis(3,5- 
dichlorophenyl)porphyrinat0(2 - )I-, 
22:160 

C18N2Re2C32H,2, Rhenate(III), octachlorodi-, bis- 
(tetrabutylammonium), 12: 116 

ClgCs,Lu2, Cesium lutetium chloride, 22:6 
C1,Cs,Sc2, Cesium scandium chloride, 22:25 
CoAgN,08C,H8, Cobaltate(III), bis- 

Cl&b2S3C&Ils, Niobium(II1). di-ychloro-tet- 

(g1ycinato)dinitro-, &(NO2), trans(N)-, 
silver(I), 23:92 

CoB,C7H16, 1,2-Dicarba-3-cobalta-closo-dode- 
caborane( 1 I ) ,  3-(q’-cyclopentadienyl)-, 
22:235 

aminoethyl)imino]ethyl]phenolato]( 1,2- 
ethanediamine)ethyl-, bromide, 23: 165 

CoBrN,OC,,H,,, Cobalt(III), [2-[ 1-[(2- 

CoBrN403c5H16, Cobalt(II1). 



Formula Index 235 

(carbonato)bis( I ,2-ethanediamine)-, bro- 
mide, 21:120 

aquabromobis( 1,2-ethanediamine)-, di- 
thionate, truns-, monohydrate, 21:124 

ethanediamine)-, bromide, ?runs-, 
21:120 

(1,2-ethanediamine)-, bromide, cis-, 
monohydrate, 2 1 : 1 2 1 

CoBr3N,OC4Hl8 . H20, Cobalt(II1). 
aquabromobis( 1,2-ethme&amine)-, di- 
bromide, cis-, monohydrate, 21:123 

CoCI4HZ3, Cobalt(1). bis(qz-ethene)(q5-pentame- 
thylcyclopentadieny1)-, 23: 19 

CoCIN,0zSCJ3H,8, Cobalt(II1). bis( I ,2- 
ethandiamine)(2-mercaptoacetato(2 - )- 
0,s)-, perchlorate, 21:21 

diammine(carbonato)bis(pyridine)- , 
cis,cis-, chloride, monohydrate, 
23:77 

CoCIN,O7C8H2, . 2H,O, Cobalt(II1). aqua- 
(glycinato)( 1,4,7-triazacyclononanne)-, 
perchlorate, dihydrate, 23:76 

CoCIN,0,S2C,H,8 . H20, Cobalt(II1). 
aquachlorobis( 1 ,2-ethanediamine)-, di- 
thionate, trans-. monohydrate, 21:125 

(glycinato)nitro( 1,4,7-triazacyclonon- 
ane)-, chloride, monohydrate, 23:77 

CoCIN1008C,2H2~r Cobalt(II1). bis(S- 
arginine)dinitro-, A-( -)&(NO,), fruns- 
(N)-, chloride, 23:91 

thiolato-N,S)bis( 1 ,Zethanediamine)-, di- 
perchlorate, 21:19 

(methanoI)(S ,5a-dihydro-24-methoxy- 
6,lO 19,23-dinitrilo-24H-benzimidazo- 
[2,2-h][ 1,9,17]-benzotriazacyclononade- 
cine)-, 23:176 

CoC13N30HII, Cobalt(II1). triammineaquadi- 
chloro-, mer-, chloride, 23:110 

CoCsN,O,CIJIIz, Cobaltate(II1). [N,”-ethane- 
diylbis[N-(carboxymethyl)glycinato]- 
(4 -)I-, rruns-, cesium, 23:99 

CoCsN208CIIH,,, Cobaltate(III), [A’,”-( 1- 
methyl-l,2-ethanediyl)bis[N- 

CoBrN4O,S2C,Hl8 . H20, Cobalt(III), 

CoBr,N,C,H,,, Cobalt(II1). dibromobis( 1,2- 

CoBr,N,C,H, . H,O, Cobalt(III), dibromobis- 

CoCIN,O,C,,H,, . H,O, Cobalt(III), 

CoCIN50,C8H19 . H20, Cobalt(II1). 

C O C I ~ N ~ O ~ C J ~ ~ ~ ,  Cobalt(III), (2-aminoethane- 

CdJI,N,O, ,C,,HZ8, Cobalt(II), aqua- 

(carboxymethyl)glycinatol(4 - )I-, ce- 
sium, 23:101 

ethanediyl)bis[N-(carboxymethy1)- 
glycinatol(4- )I-, [A-( +)I-, cesium, 
23:lOl 

ethanediyl)bis[N-(carboxymethy 1)- 
glycinatol(4 -)-, [A-( -)I-, cesium, 
23:101 

CoCsN208C,,H,,, Cobaltate(II1). [N,”-1,2- 
cyclohexanediylbis[N- 
(carboxymethyl)glycina~o](4 - )I-, trans-, 
cesium, 23:96 

- , [[R,R-( - )]-N,N’-l,2-~yclohexanediylbis- 
[N-(carboxymethyl)glycinato](4 - )], [A- 
(+)]-, cesium, 23:97 

CoF,O,P,C,H,, Cobalt(I), dicarbonyl- 
(pentafluoropheny1)- 
bis(tripheny1phosphine)-, 23:25 

CoF50,PC,,H,,, Cobalt(1). tricarbonyl(penta- 
fluorophenyl)(triphenyIphosphine)-, 
23:24 

CoF504C,,, Cobalt(I), tetracarbonyl(penta- 
fluoropheny1)-, 23:23 

CoF&O,S,C,H,,, Cobalt(II1). [N-(2-amino- 
ethyl)- 1.2-ethanediamineltris- 
(trifluoromethanesu1fonato)- , 
fuc-, 22:106 

- , [[R-( - )]-N,N’-(l-rnethyl-l,2- 

- , [[S-( +)-N,”-(l-methyl-l,2- 

CoFJ’4,09S,C,H,,, Cobalt(II1). bis( 1.2-ethanedi- 
amine)bis(trifluoromethane- 
su1fonato)-, cis-, trifluoromethanesulfon- 
ate, 22105 

CoF&09S,C,H,,. Cobalt(III), pentaammine- 
(trifluoromethanesu1fonato)-, trifluoro- 
methanesulfonate, 22: 104 

aminoethyl)imino]ethy l]phenolato]( 1.2- 
ethanediamine)ethyl-, iodide, 23: 167 

CoIN,OC,,H,, Cobalt(II1). [2-[ 1 -[(3-aminopro- 
pyl)imino]ethyl]phenolato]- 
methyl]( 1,3-propanediamine)-, iodide, 
23170 

pyl)imino]ethyl]phenolato]- 
ethyl( 1,3-propanediamine)-, iodide, 
23: 169 

CoIN50,C8H, . H,O, Cobalt(II1). ammine- 
(glycinato)( 1,4,7-niazacycIononane)-, 
iodide, monohydrate, 23:78 

COIN,OC,,H~~, Cobalt(III), [2-[1-[(2- 

CoIN,OCI,Hm, Cobalt(III), [2-[ I-[(3-aminopro- 
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CoI,OC,,H,,, Cobalt(II1). carbonyldiiodo(q’- 
pentamethylcyclopentadieny1)-, 23: 16 

CoKN,06C,&, Cobaltate(II1). diammine- 
bis(carbonat0)-, cis-, potassium, 
23:62 

CoKN,06C,H8, Cobaltate(III), bis(carbonat0)- 
(1,2-ethanediamine)-, potassium, 
2354 

CoKN,O,C,d-Il,, Cobaltate(III), [ N N -  1.2- 
ethanediylbis[N-(carboxymthy1)- 
glycinatol(4 -)I-, potassium, 2 3 9  

CoKN2O8C,,Hl4, Cobaltate(III), [[R-( - )]-N,N’- 
(I-methyl- 1,2-ethanediyl)bis[N- 
(carboxymethyl)glycinato](4 - )-, (A- 
(+)]-, potassium, 23:101 

N,N- 1,2-~yclohexanediylbis- 
(carboxymethyl)glycinato](4 - )I-. [A- 
(+)]-, potassium, 23:97 

CoKN,07C& -0.5H20, Cobaltate(II1). diam- 
mine(carbonat0)dinitro-, cis,cis-, potas- 
sium, hemihydrate, 23:70 

CoKN408C,H, . 0.5HZO, Cobaltate(III), diam- 
minediiitro(oxa1ato)-, cis&-, potas- 
sium, hemihydrate, 23:71 

CoKO,, Potassium cobalt oxide, 22:58 
Co&,O,, Potassium cobalt oxide, 22:57 
Co&.,,O,, Potassium cobalt oxide, 2257 
CoK109C,, Cobaltate(lll), tris(carbonat0)-, po- 

CoLiN,O,C,&, Cobaltate(III), diammine- 

CoKNZO&H,,. CObaltate(III), [[It$-(-)]- 

tassium, 23:62 

bis(carbonat0)-, cis-, lithium, resolution 
of, 23:63 

carbonylcobalttri-, pnitrido-bis- 
(triphenylphosphorus)(l +), 21:61 

CoN,O,C,, Cobaltate(II1). bis(carbonat0)-dicy- 
ano-. cis-, his( 1.2-ethanediamine)- 
cobalt(III), dihydrate, 23:66 

ethanediamine)bis(oxalato)-, as resolv- 
ing agent, 23:74 

CoN,08RbCl&. Cobaltate(III), [NN-I ,2- 
ethanediylbis[N-(carboxymethy1)- 
glycinatol(4- )I-, rubidium, 23:lOO 

CoN,O8RbC,iHI,, Cobaltate(II1). [[R-( - )]- 
NN-( I-methyl-l,2-ethanediyl)bis[N- 
(carboxymethyl)glycinato](4 - )I-, [A- 
(+)]-, rubidium, 23:lOl 

CoN2O8RbC1JII8, Cobaltate(III), [[R,R-( - )I- 

CoN0,Q,Ru,C4&,, Ruthenate( 1 -), trideca- 

CON,O~C& Cobaltate(III), (1,2- 

N,N- 1,2-cyclohexanediylbis[N- 
(carboxymethyl)glycinato](4 - )I-, [A- 
(+)]-, rubidium, 23:97 

CoN4NaO1C& . 2H20, Cobaltate(III), diam- 
mine(carbonato)dicyano-, cis,&-, so- 
dium, dihydrate, 23:67 

CoN4Na04C,H, * 2H20, Cobaltate(IlI), diam- 
minedicyano(oxa1ato)-, cis,cis-, sodium, 
dihydrate, 23:69 

ethanediamine)(oxalato)-, as resolving 
agent, 23:65 

bis(o-su1fobenzoimidato)- , dihydrate, 
23:49 

aminoethyl)-l,2-ethanediamine]-, trans-, 
23:79 

bis(carbonato) dicyanocobaltate(II1). 
dihydrate, 2356 

23:109 

methyl-W-imidazole-2-thione)dinitrato-, 
23:171 

CoN8S2C&. Cobalt(II), bis(thiwyanato-N)-bis- 
(F-1H-1 ,2,4-triamle-N29@)-, poly-, 
23:159 

dro- 1 -methyl-W-imidazole-2- 
thione)dinitrato-, 23:171 

CoNaO,, Sodium cobalt oxide, 2256 
CoNao6Ozr Sodium cobalt oxide, 2256 
CoN~.,O,, Sodium cobalt oxide, 22:56 
CoNao.7402, Sodium cobalt oxide, 22:56 
CON&7702. Sodium cobalt oxide, 22:56 
Co02ClzH15, Cobalt(1). dicarbonyl(q’-pent- 

methylcyclopentadieny1)-, 23: 15 
Co06C15Hz,, Cobalt(II1). tris(2.4-pentanedion- 

ato)-, 23:94 

cyclopentadienyl)(triphenylphosphine), 
22171 

COP~S~C~~I&,,, Cobaltate(II), tetrakis- 
(benzenethiolat0)-, bis- 
(tetraphenylphosphonium), 2124 

(carbox y 1ato)di- phydroxo-bis- 
[hiammine-, triperchlorate, 23:107, 112 

CON,O~C&~~, Cobalt(III), bis( 1.2- 

CoN,01~S2C14H,, . 2H20, Cobalt(III), tetraaqua- 

CoN,C&,,, Cobalt(U1). diammine[NN-bis(2- 

- , tris( 1,2-ethanediamine)-, cis- 

CoN60Ji9, Cobalt(II1). triamminetrinitro-, mer-, 

CON6O&C8H,,, Cobalt(I1). bis( 1,3-dihydro-l- 

C O N , ~ ~ S , C , & ~ ,  Cobalt(II), khakis( 1.3dihy- 

Cof‘CxHn, Cobalt, (1 ,4-b~tandiyl)(q’- 

COZCIIN~OI~CH~, Cobalt(III), )I- 
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C % C ~ ~ & H ~ I  . 2H20, Cobalt(III), tri-b-hy- 
droxo-bis[triammine, fac-, triperchlor- 
ate, dihydrate, 23:110 

acetato)di-p-hydroxo-bis[triammine-, 
triperchlorate, dihydrate, 23:112 

hydrogenoxalat0)di- p-hydroxobis- 
[triammine-, triperchlorate, hemihy- 
drate, 23:113 

droxo-bis[triammineaqua-, tetraperchlor- 
ate, pentahydrate, 23:11 I 

Co2CI,N,0&HU, Cobalt(III), di-phydroxo-p- 
(4-pyridinecarboxylato)-bis[triammine-, 
tetraperchlorate, 23:113 

Co2C14N80mCIHU . H20, Cobalt(III), di-p-hy- 
droxo- p-(pyrazinecarboxy1ato)-bis- 
[triammine-, tetraperchlorate, monohy- 
drate, 23:114 

CO,LCJ~~ ,  Cobalt(III), di-p-iodo-bis[iodo(qs- 
pentamethylcyclopentadieny1)-, 23: 17 

COzN80&&, Cobalt(III), his(  I ,2-ethanedi- 
amine)-, cis-bis(carbonat0)- 
dicyanocobaltate(III), 23:66 

hydroxo-( p4-oxalato)-terrakis[triam- 
mine-, hexaperchlorate, tetrahydrate, 
23:114 

(acety lenedicarboxy 1ato)tetra- p-hydroxo- 
tetrakis[triammine-, hexaperchlorate, 
pentahydrate, 23: 115 

(tributylphosphme)(triphenyliusine)-, 

CozC13N6016C2Hzl . 2H20. Cobalt(Ill), (p- 

CO,CIIN~O,~H~I ‘ O.sHzO, Cobalt(III), (p- 

c%c14N60&4 . 5H20, Cobalt(III), di-p-hy- 

C O ~ C ~ ” , O ~ ~ C ~ H ,  . 4H20, Cobalt(II1). tetra-p- 

Co,ClYi20,zC& SHzO, Cobalt(III), p4- 

CrAs04PCMHJ2, Chromium, tetracarbonyl- 

WWIS-. 23~38 
CrAsO,PC,H,, Chromium, tetracarbonyl- 

(trimethyl phosphite)(triphenylarsine)-, 
trans-, 23:38 

(hiphenyliusine)(triphenyl phosphite)-, 
trans-, 23:38 

CrAsO,PC&m, Chromium, tetracarbonyl- 

CrKO,, Potassium chromium oxide, 2259 
CrK, ,Oz, Potassium chromium oxide, 2259 
Crb6O2, Potassium chromium oxide, 2259 
CrK, ,02. Potassium chromium oxide, 2259 
CrK,,,O,, Potassium chromium oxide, 2259 
CrK&OC,, Chromate(1). pentacyanonitrosyl-, 

CrNOsP2C4,H3,, Chromate( I -), pentacarbonyl- 
tripotassium, 23:184 

hydrido-, p-nitrido-bis(tripheny1- 
phosphorus)( 1 + ), 22: 183 

CrN205SC&, Chromium(0). pentacarbonyl- 
(thiourea)-, 23:2 

CrN201SC14Hl, Chromium(0). pentacarbonyl- 
(NN-di-ten-buty1thiourea)-, 23:3 

CrN20,SC&Il6, Chromium(O), pentacarbonyl- 
(~N-di-p-tolylthiourea)-, 23:3 

ourea)-, 23:2 

methylbenzaldehyde 5-(a- 
methylbenzyl)semioxamazone]-, 23:87 

CrNJO6CZlH,,, Chromium, tricarbonyl[q6-2- 
methoxybenzaldehyde 5-(a- 
methylbenzyl)semioxamazone]-, 23:88 

CrN,OF,H,,, Chromium, tribarbonyl[q6-2.3- 
dimethoxybenzaldehyde 5-(a- 
methylbenzyl)semioxamazone]-, 23:88 

hyde 5-(a-methylbenzyl)semi- 
oxamazone]-, 23:88 

CrN,0S2C,,H,, Chromium(1). (2,2‘- 
bipyridine)nitrosylbis(thiw y anato)- , 
23:183 

phenanthroline)bis(thiwyanato)-, 23: 185 

benzene)dicarbonyl(selenwarbonyl)-, 
21:1, 2 

Cr04PzCCYH32r Chromium, tetracarbonyl(tri- 

, pentacarbonyl(N,” N-tetramethylthi- - 

CrN30sC21H,9, Chromium, tricarbonyl[q6-2- 

, tricarbonyl[q6-3,4dimethoxybenzalde- - 

CrN@S2CI4H8, Chromium(I), nitrosyl( 1.10- 

CrOzSeC&. Chromium(0). (q6- 

buty lphosphme)( triphen y 1phosphine)-, 
t r m - ,  23~38 

CrO~SeC6, Chromium(0). pentacarbonyl- 
(selenocarbonyl)-, 21:l. 4 

CrO,P&H,, Chromium, tetracarbonyl- 
(trimethyl phosphite)(triphenyl- 
ph0sphine)-, trans-, 23:38 

Cr0,PzCyH32r Chromium, tetracarbonyl- 
(tributylphosphine)(triphenyl phosphite)- 
, trans-, 23:38 

(triphenylphosphine)(triphenyl phos- 
phite)-, trans-, 23:38 

(trimethyl phosphite)(triphenyl phos- 
phite)-, trans-, 23:38 

[pentacarbonyl-, potassium, 23:27 

CrO,PzC,&lm, Chromium, tetracarbonyl- 

CrOlDP2CUH2,, Chromium, tetracarbonyl- 

Cr,HKOloClo, Chromate, p-hydrido-bis- 

CsCI3Sc, Cesium scandium chloride, 2223 
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CsC17Pr2, Cesium praseodymium chloride, 22:2 
Cs2Cb d4PtC4. Platinate, tetracyano-, cesium 

chloride ( 1 :2:0.30), 2 1 : 142 
Cs,Cl,Lu, Cesium lutetium chloride, 226 
Cs2C1JiTm, Cesium lithium thulium chloride, 

CsZN, 7soPtc4 . XHzO, Platinate, tetracyano, 
2010 

cesium azide (1:2:0.25), hydrate, 
21:149 

Cs3C1&u, Cesium lutetium chloride, 226 
Cs3C1&u2, Cesium lutetium chloride, 22:6 
Cs3C1,ScZ, Cesium scandium chloride, 22:25 
CsCoN208C,,,H12, Cobaltate(IU), [N,N‘- 1,2- 

ethanedi y lbis[N-(carboxymethy 1)- 
glycinatol(4 -)-, trans-, cesium, 23:99 

methyl-l,2-ethanediyl)bis[N- 
(carboxymethyl)glycinatol(4 - )I-, ce- 
sium, 23101 

ethanediyl)bis[N-(carboxymethy 1)- 
glycinatol(4 -)I-, [A-( +)I-, cesium, 
23:lOl 

ethanediyl)bis[N-(carboxymethy1)- 
glycinatol(4 -)I-, [A-( -)I-, cesium, 
23:lOl 

C S C O N ~ O ~ C ~ ~ H ~ ~ .  Cobaltate(III), “,“-I ,2- 
c yclohexanedi ylbis[N- 
(carboxymethyl)glycinato](4 - )I-, trans-, 
cesium, 23:96 

-, [[I?&-( - )]-N,”-l,2-~yclohexanediylbis- 
[N-(carboxymethyl)glycinato](4 - )I-, 
[A-( +)I-, cesium, 23:97 

Cs&,03,,PtSo &I&, &, Platinate, tetracyano-, 
cesium [hydrogenbis(sulfate)] 
(1:3:0.46), 21:151 

CuBN60Ci,,Hlo, Copper(I), carbonyl- 
[hydrotris(pyrazolato)borato]-, 21: 108 

dimeth y lp yrazo1ato)h ydrobratol- , 
21:109 

carbonyl[tetrakis(pyrazolato)borato]-, 
21:llO 

C U F , ~ N , P ~ C ~ ~ H ~ ,  Copper(I1) , (2,9-dimethyl- 
3,10-diphenyl-1,4,8,1 l-tetraazacyclotet- 
radeca-l,3,8,IO-tetraene)-, bis- 
[hexafluorouhosuhate(l-)l. 22:lO 

CSCONZOSCI~H~~, Cobaltate(In), [N,”-( 1- 

-, [[I?-( -)]-NN’-(l-methyl-l.2- 

-, “S-( +)]-N,”-(l-methyl-l,2- 

CuBN6(&,H32, cOpper(I), Carboq’l[triS(3,5- 

CUBNB%~HI~, Copper(I), 

CWOWisHi4, Copper(I1). (1.10- 
phenanthroline)[serinato( 1 -)I-, sulfate, 
21:115 

CuN4OZCidil8, Copper(II), [1,4,8,1 l-tetrazacy- 
clotetradecane-5,7-dionato(2 -)I-, 23:83 

CUN&C&, Copper@), bis(thiocyanat0-N)- 
bis(p.- 1H- 1 ,2,4-triazole-hW4)-, poly-, 
23:159 

3,5-octanedionato)-, 23: 146 
CuO4CZHa, Copper(II), bis(2,2,7-trimethyl- 

DyClj, Dyprosium chloride, 22:39 
DyFI~N60$12C72H72. Dyprosium(III), hexakis- 

(diphenylphosphinic amide)-, tris- 
(hexafluorophosphate), 23: 180 

DyN3Ol3C8Hl6, Dyprosium(IIT), trinitrato- 
(1,4,7,1O-tetraoxacyclododecane)-, 
23:151 

DyN30,4Cl&120, Dysprosium(III), trinitrato- 
(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

(1,4,7,10,13,16-hexaoxacyclo- 
octadecane)trinitrato-, 23: 153 

pentanedionato)[5,10,15,10- 
tetraphenylporphyrinato(2 -)I-, 22: 166 

DYN~O~C,,H~~, Dysprosium, (2,2,6,6-tetra- 
methyl-3,5-heptanedionat0)[5,10,15,20- 
tetraphenylporphyrinato(2 - )I-, 22: 160 

DyzC17K, Potassium dysprosium chlroide, 22:2 
DY$JI~OJ&&, Dysprosium(II1). 

DYNIOISCJL Dysprosium(m), 

DyN4O2CJIS5, Dyprosium, (2,4- 

dodecanitratotris(l,4,7,10,13- 
pentaoxacyc1opentadecane)tetra-, 23: 153 

( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanittetra-, 23: 155 

Dy4N120YC&2, Dysprosium(III), tris- 

ErC13, Erbium chloride, 2239 
ErF4N,02C,&,, , Erbium, (2,4-pentane- 

dionato)[5,10,15,20-tetrakis(3- 
fluorophenyl)porphyrinato(2 - )I-, 
22:160 

ErF18N60$12C,2H7zr Erbium(III), hexakis- 
(diphenylphosphinic amide)-, tris- 
(hexafluorophosphate), 23: 180 

ErN3OI3C8Hi6, Erbiumm), trinitrato(l,4,7,10- 
tetraoxacyc1ododecane)-, 23:151 . ._ 

CuI, Copper iodide, 22101 ErN,014Ci,,Hzo, Erbium(1II). trinitrato- 
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(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

hexaoxacyc1ooctadecane)trinitrato-, 
23:153 

[5,10,15,20-tetraphenylpor- 
phyrinato(2 -)I-, 22:160 

Er4NU0,1C&,,r Erbium(II1). dodecanitratotris- 
(1,4,7,10,13-pentaoxacyclopenta- 
decane)tetra-, 23:153 

(1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 23: 155 

E u F ~ ~ N ~ ~ $ ~ ~ C ~ ~ H ~ ~ ,  Europium(II1). hexakis- 
(diphenylphosphinic amide)-, tris- 
(hexafluorophosphate), 23: 180 

ErN301sC,2H24r Erbium(II1). ( 1,4,7,10.13,16- 

ErN,02C4&s, Erbium, (2.4-pentanediorrat0)- 

Er4N120YC36H7z, Erbium(III), tris- 

EuCI,, Europium chloride, 22:39 
EuCI~N,O~C,.,H~~, Europium, (2.4-pentane- 

dionato)[5, 10,15,20-tetrakis(3,5-dichlo- 
rophenyl)porphyrinato(2 - )I-, 22: 160 

(1,4,7,10-tetraoxacyclododecane)-, 
23:151 

(1,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

E u N ~ ~ ~ ~ C ~ ~ H ~ ~ .  Europium(III), (1,4,7,10,13,16- 
hexaoxacyc1ooctadecane)trinitrato-, 
23:153 

EuN40ZC4JIn, Europium, (2.4-pentane- 
dionat0)[5,10,15,20-tetraphenyl- 
porphyrinato(2 -)I-, 22:160 

pentanedionato)[J, 10,15,20-tetrakis(4- 
methylphenyl)porphy1inato(2 - )I-, 
22:160 

( 1,4,7,10,13,16-hexaoxacyclo- 
octadecane)dodecanitratotetra-, 23: 155 

Fo$Il,,PtCJI12.2, * 1 .8Hz0, Platinate, tetracy- 
ano-, guanidinium (hydrogen 
difluoride)(l:2:0.27), hydrate (1:1:8), 
21:146 

Fo &N,PtC,&., * 3H20, Platinate, tetracyano-, 
potassium (hydrogen difluoride)- 
( 1 :2:0.30), 2 1 : 147 

F3CJIz, Benzene, 1,3,5-trifluoro, 

EuN3013C8H16, Europium(III), trinitrato- 

EuN~O~,C~,,H~~, Europium(III), trinitrato- 

EuN,O,C,&~, Europium, (2,4- 

Eu~N,~O~C,&, Europium(III), tris- 

thallium complex, 21:73 

F,O,SCH, Methanesulfonic acid, trifluoro-, co- 
baIt(II1) amine complexes, 22: 104, 
105 

F4Cd-13, Benzene, 1,2,3,5-tetrafluoro, 

- , 1,2,4,5-tetrafluoro, 

F4N402YbC,,H,,, Ytterbium, [5,10,15,20-te- 

thallium complex, 21:73 

thallium complex, 2 1 :73 

MIS( 3-fluoropheny1)- 
porphyrinato(2 - )][2,2,6,6-tetramethyl- 
3,5-heptanedionato)-, 22: 160 

F,C& Benzene, pentafluoro-, 
cobalt complexes, 23:23-25 
lithium and thallium complex, 21:71, 72 

F,LiC,, Lithium, (pentafluoropheny1)-, 21 :72 
F,MoOK,, Molybdate(V), pentafluomxo-, di- 

F,U, Uranium(V) fluoride, p-, 21:163 
F,KU, Uranate(V) , hexafluoro- , potassium, 

FJVP,UC&,, Uranate(V), hexafluoro-, pni-  

potassium, 21:170 

21:166 

trido-bis(hiphenylphosphorus)( I + ), 
21:166 

21:166 

dieny I)( phenylviny1ene)- 
bis(tripheny1phosphine)-, 
hexafluorophosphate( 1 - ) , 2 1 :80 

F,,FeNJ’C,H,, Iron(II), bis(acetonitrile)(2,9- 
dimethyl-3,lO-diphenyl-l,4,8,1 I-tetra- 
azacyclotetradeca- 1,3,8,10-tetraene)-, 
bis[hexafluorophosphate( 1 - )], 22: 108 

bis(q5-cyclopentadienyl)bis-( p-ethane- 
thio1ato)-di-, bis(hexafluoro- 
phosphate), 21:39 

FIZFe,P2S5C&Z0, Iron(2 + ), tetrakis(q5-cyclo- 
pentadieny1)-( (~~-disulfur)tri-~~-thio- 
tetra-, bis(hexafluorophosphate), 21 :44 

F,&N,OP,C&, Iridium(II1). his(acetonitri1e)- 
nitrosylbis(triphenyIphosphine)-, 
bis[hexafluorophosphate], 21: 104 

Fl2N4PzPdCIzH,, Palladium(I1). [N,”-bis[2- 
(dimeth y 1amino)eth yl]-N,”-dimeth y l- 
1,2-ethanediamine]-, 
bis(hexafluorophosphate), 21: 133 

F,8GdN60$lzCnH,, Gadolinium(II1). hexakis- 
(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23:180 

FJVaU, Uranate(V), hexafluoro-, sodium, 

F$,RuC,&,, Ruthenium(I1). (q’-cyclopenta- 

F12FeZNZP2S2C18H36. Iron(2 + ), bis(acetonitri1e)- 
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F,,HoN60$,,C,H7,, Holmium(III), hexakis- 
(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

FI8LuN6O$,,C,H,, Lutetium(III), hexakis- 
(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F,8N$JdO$l,C,,Hn, Neodymium(II1). hexakis- 
(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F18N60$1z~nH72.  Praseodymium(III), hexakis- 
(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F,8N60$,,SmC72H7,, Samarium(III), hexakis- 
(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F18N60$l,TbC7,H7z, Terbium(III), hexakis- 
(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F,8N60$,zTmC,H,, Thulium(II1). hexakis- 
(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

F18N60$,2YbC,H7,, Ytterbium(III), hexakis- 
(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

FeB,N606C,,,HH,, {[tris[p-[( 1,2-cyclo- 
hexanedione dioximat0)-0:O'ldiphenyl- 
diborato(2 - ) I -N,N"",-  

F18~60$12C72H72,  Lanthanium(1II). hexakis- 

~ " ' " " ~ " " ' } ~ r  21:112 
FeB,C,,H,, [ l  , I  '-cornrno-Bis(2,3-dicarba-1- 

f e r r a - c l o s o - h e p t ) ] (  12), 2,2', 
3,3'-tetraethyl- 1, I-dihydro-, 22:2 I5 

intercalate with 4-aminopyridine (4: l ) ,  22:86 
intercalate with pyridine (41) .  22:86 
intercalate with 2,4,6-trimethylpyridine (6: I ) ,  

FeCIO, Iron chloride oxide, 

22:86 
FeF,,N@&.H,, Iron(II), bis(acetonitrile)(2,9- 

dimethyl-3,IO-diphenyl-l,4,8,1 I-tetra- 
azacyclotetradi-l,3,8,IO-tetraene)-, 
bis[hexafluorophosphate( I - )], 22: 107, 
108 

FeH, ,Ti, Iron titanium hydride, 22:W 
FeN013P2Ru3C4pH31, Ruthenate( 1 - ), tridecacar- 

bonylhydridoirontri-, p-nitrido-bis- 
(triphenylphosphorus)( 1 +), 21:60 

FeN,O&C&I,, Fenate(]-), tricarbon- 
ylnitrosyl-, p-nitrido-bis- 
(triphenylphosphorus)(I +), 22:163, 165 

FeN,O,,S,C,,H,, . 2H,O, Iron(II), tetraaquabis- 
(0-su1fonbenzoimidato)-, dihydrate, 
23:49 

FeN8S,C&, Iron(II), bis(thiocyanat0-N)-bis-p- 
(IH-l,2,4-triazole-iV%fl)-, poly-, 23:185 

FeO,CH,, Iron, methoxyoxo- 22:87 
Fe03PsC,,H,,, Iron, bis[ I ,2-ethanediylbis- 

(diphenylphosphine)](trimethyl phos- 
phito)-, 21:93 

(diphenylphosphine) Jbis(2.4-pentane- 
dionato)-, 21% 

FeOl,0s3C,3Hz, Osmium, tridecacarbonyl- 
dihydridoirontri-, 21:63 

FeOl3Ru3Cl3H2, Iron, tridecacarbonyl- 
dihydridotriruthenium-, 2158 

FePZS,C7&, Bis(tetrapheny1phos- 
phonium) tetrakis(benzenethio1ato)- 
fenate(lI), 21:24 

phino)ethy Ilpheny Iphosphino]pheny 1- 
C,P,P I[ I ,2-ethanediylbis(diphenyl- 
phosphine)]hydrido-, 21 :92 

(diphenylphosphine)](ethene)-, 2 1 :9 1 

(disu1fur)bis-p-(ethanethio1ato)-di-, 
21:40,41 

(acetonitrile)bis(qs-cyclopentadienyl)bis- 
p-(ethanethio1ato)-di-, 
bis(hexafluoroph0sphate). 21:39 

FeO,P,C&IB, Iron, [ 1.2-ethanediylbis- 

FeP,Csz&, Iron, [[2-[2-(diphenylphos- 

FeP,C,H,,, Iron, bis[ I ,2-ethanediylbis- 

FeS,C,,H,, Iron, his($-cyclopentadieny1)-p- 

Fe2Fl2N2P2SZCl8H~. Iron(2 +), bis- 

Fe20,, Iron oxide, 22:43 
- , Magnetite, 2243 
Fe20,CzH., Iron, [ 1,2ethanediolato- 

(2 -)]dioxodi-, 22:88 
Fe,P,S6C7,1&, Ferrate(III), tetrakis- 

(benzenethio1ato)di-p-thio-di-, 
bis(tetraphenylphosphonium), 2 1 :26 

FelFlzPzSsCJ+20. Iron(2 +), tetrakis(q5-cyclo- 
pentadienyl)-p3-(disulfur)tri-p3-thio- 
tetra-, bis(hexafluorophosphate), 2 1 :44 

Fe,NzO13P4C8&,, Fenate(]- ), tridecacarbon- 
yltetra-, p-nitrido-bis(tripheny1- 
phosphorus)(l+) (1:2), 21:66, 68 

Fe,NzS,Se,C,HIm, Ferrate(2-), tetrakis(1 , I -  
dimethy1ethanethiolato)tetra- p-seieno- 
tetra-, bis(tetrabutylammonium), 2 1 :37 

(benzenethiolato)tetra-p-seleno- 
tetra-, bis(tetrabutylammonium), 21 :36 

Fe4N,S,Se4C&f6H92, Ferrate(2 - ), tetrakis- 
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Fe,NZSsC&,,, Ferrate(2 - ), tetrakis( 1.1 - 
dimethylethanethio1ato)tetra-p-thio- 
tetra-, bis(tetmnethylammonium), 
21:30 

(benzenethio1ato)tetra-p-thio-tetra-, 
bis(tetrabutylammonium), 21 :35 

Fe,P,S,Cn&, Ferrate(I1, In), tetrakis- 
(benzenethioIato)-p,-thiotetra-, bis- 
(tetraphenylphosphonium), 21 :27 

Fe4S,C&Im, Iron, tetrakis(sl’-cyclopentadienyl)- 
p,-(disulfur)tri-p,-thio-tetra-, 2 1 :45 

Fe,S&,Hm, Iron, teuakis(q5-cyclopenta- 
dienyl)bis-p,-(disulfur)-di-p,-thio-tetra-, 
21:42 

Fe,N2S8C&2r Ferrate(2 -), tetrakis- 

GaBr,NC8Hm, Gallate( 1 - ), tetrabromo-, 
tetraethylammonium, 22: 141 

GaBr,NCI6H%, Gallate( 1 -), tetrabromo-, 
tetrabutylammonium, 2 2  139 

GaCl,NC,&, Gallate(1 -), tetrachloro-, 
tetrabutylammonium, 22139 

G&NC1.J&, Gallate(1- ), tetraiodo-, 
tetrabutylammonium, 2 2  140 

Ga,Br,P,C&,,, Gallate(2 - ), hexabromodi-, 
bis(tripheny1phosphonium). 22: 135, 138 

Ga,Br$,C,I&, Gallate(2 - ), hexabromodi-, 
bis(tetrapheny1phosphonium). 22: 139 

Ga2C~zC&,,, Gallate(2 - ), hexachlorodi-, 
bis(tripheny1phosphonium). 22:135, 138 

Ga21&C&32r Gallate(2 - ), hexaiododi-, 
bis(triphenylphosphonium), 22: 135, 138 

GdCI,. Gadolinium chloride, 22:39 
GdF18N60&’l,CnH7z, Gadolinium(II1). hexakis- 

(diphenylphosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

trato( 1,4,7,10,13-pentaoxacyclopenta- 
decane)-, 23:151 

anato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

totris( 1,4,7,10,13-pentaoxacyclopentaa- 
decane)tetra-, 23: 15 1 

Gd~l,O,C&IH,,, Gadolinium(lII), tris(l,4,7, 
10,13,16-hexaoxacyclooctadecane)- 
dodecanitratotetra-, 23: 155 

GdN,013C8H16, Gadolinium(In), trini- 

GdN30,,Cl,,HH,, Gadolinium(III), trini- 

GdN,O,C,&,, Gadolinium, (2,4-pentanedi- 

Gd,Nl,O,lC&IH,, Gadolinium(IiI), dodecanitra- 

HCrN0$2C,IHm, Chromate(1 -), pentacarbon- 
ylhydrido-, h-nitrido-bis(tripheny1- 
phosphoms)(l+), 22183 

HCr2KOlnClo, Chromate, p-hydrido- 
bis[pentacarbonyl-, potassium, 23:27 

HFeNO13PzRu3C4J&,, Ruthenate( 1 -), trideca- 
c a r b o n y l h y d - ,  p-nitrido-(tri- 
phenylphosphorus)(l +), 21:60 

phino)ethy l] pheny lphosphinolpheny l- 
C,f,f ’I[ I ,2ethanediylbis(diphenyl- 
phosphine)]hydrido-, 21:92 

bis[pentacarbonyl-, potassium, 
23:27 

HMONO$~C,~H~, Molybdatef 1 -), pentacar- 
bonylhydrido-, p-nitrido-bis(tripheny1- 
phosphorus)(l +), 22:183 

ylhydrido-, p-nitrido-bisftriphenyriphenyl- 
phosphorus)( 1 + ), 22: 182 

tanate( 1 - ), 2289 

HFeP4C5,&, Iron, [[2-[2-(diphenylphos- 

HKOInW2CIn, Tungstate, p-hydrido- 

HN0,P2WC,IHm, Tugstate( 1 -), pentacarbon- 

HNbO,Ti, Hydrogen pentaoxoniobateniobateti- 

intercalate with 1-butanamine, 22:89 
intercalate with ethanamine, 2239 
intercalate with methanamine, 22:89 
intercalate with NH,, 22:89 
intercalate with 1-propanamine, 22:89 

HO, Hydroxo, 
cobalt complexes, 23:107, 11 1-1 15 

HOES2, [hydrogen bis(sulfate)], 
platinum chain complexes, 21:151 

H,,FeTi, Iron titanium hydride, 2290 
HzFe0130s3C13, Osmium, tridecacarbonyl- 

dihydridoirontri-, 21:63 
H2Fe0 ,,Ru,C Iron, tridecacarbonyldihydri- 

dotrintthenium-. 21:58 
Hz0130~3R~C13r Osmium, tridecacarbonyl- 

dihydridomtheniumtri-, 21 :64 
H3N, Ammonia, 

H4AILaNi, Aluminum lanthanum nickel hy- 

H,O,Pt, Platinum(II), tetraaqua-, 21: 192 
H,&140,P,, Ammonium diphosphate, 

21:157 
’H,BNNaC, Borate( 1 - ), cyanotri[(’H)hydro]-, 

sodium, 21:167 
HfCI,O,C,H,,, Hafnium(IV), tetrachlo- 

robis(tetrahydrofuran)-, 2 1 : 137 
HoCI,, Holmium chloride, 22:39 

intercalate with HNbTiO,, 22239 

dride, 22:96 
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HOF,,N~O$,~C,~H~~, Holmium(III), hex- 
akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

HoN3013C8H16, Holmium(III), trinitrato( I ,4, 
7,1O-tetraoxacyclododecane)-, 23: 15 I 

HoN3014Cl,,Hlo, Holmium(III), trinitrato( 1,4, 
7,10,13-pentaoxacyclopentadecane)-, 
23:151 

HoN30,,CIzH2,, Holmium(III), (1,4,7,10,13,16- 
hexacyc1mtadecane)trinitrato-, 
23: 152 

HoN,O,C,&~,. Holmium, (2,4-pentanedion- 
ato)[5,10,15,20-tetraphenylpo1phyri- 
nato(2-)], 22:160 

3,5-heptanedionato)[5,10,15,20-tetra- 
phenylporphyrinato-(2 - )I-, 22: 160 

h is (  1,4,7,1O,13-pentaoxacyclopentaa- 
decane)tetra-, 23:153 

Ho,N~~O,,C&,~, Holmium(III), tris( 1,4,7,10, 
13,16-hexaoxacyclmtadecane)- 
dodecanitratotetra-, 23: 155 

HON,O~C,~H~~, Holmium, (2,2,6,6-tetramethyl- 

Ho4N ,,05 , C a m ,  Holmium( 111) , dodecanitrato- 

IBMoN,O,C,~H,,, Molybdenum, ethoxyiodoni- 
trosyl{tris(3,5-dimerhylpyrazo- 
lyl)hydmhrato}-, 23:7 

ido)iodonitrosyl{tris(3,5-dimethylpyrazo- 
ly 1)h ydroborato}- , 23: 8 

I2BMoN7OCI,Hn. Molybdenum, diiodonitmsyl- 
{tris( 3,5-dimethylpyrazolyI)hydm- 

IBMoN8OCI7HI, Molybdenum, (ethylam- 

brato}-, 23~6 
I,La, Lanthanium iodide, 22:36 
I,Mn,O,C,, Manganese, octacarbonyldiiododi-, 

23:34 
12N,PdC12Hm, Palladium(II), [N,N-bis[2-(di- 

methy1amino)ethyll-N’ ,N’-dimethyl-l,2- 
ethanediamineliodo-, iodide, 21: 130 

I,La, Lanthanum iodide, 22:31 
InCI,N,O,,-,C,H,, Indium(III), [[4.4‘,4”,4’”- 

porphyrin-5,10,15,20-tetrayltetrakis( 1- 
methylpyridiniumato)](2 - )I-, pentaper- 
chlorate, 23:55, 57 

(dimethylpheny1phosphine)-, rruns-, 
21:97 

bis[ 1,2-ethanediyIbis(dimethylphos- 
phine)]-, chloride, 21:lOO 

IrC1OPCI7H,,, Iridium(I), carbonylchlorobis- 

IrCIOzP4C,,H,2, Iridium( 1 + ), (carbondioxide)- 

IrCIO,P,C, ,H,,, Iridium, chloro[(fomyl-KC- 
oxy)fomato-~O-(2 - )]tris(trimethyl- 
phosphine)-, 21:102 

tene)tris(trimethylphosphine)-, 21 : 102 

bis(dimethylphosphine)]-, chloride, 
21:lOO 

IrF,,N,OP,C~,, Iridium(III), tris(acetonitri1e)- 
nitrosylbis(tripheny1phosphine)-, 
bis[hexafluorophosphate], 21: 104 

IrPC3,H3,, Iridium, (1 ,3-butanediyl)(qJ-penta- 
methylc yclopentadieny l)(triphen y l- 
phosphine), 22:174 

diene)-di-p-methoxy-di-, 23: 128 

IrCIP,C,,H,, , Iridium, chloro(q2-cyclooc- 

IrCIP4CI2H,,, Iridium( 1 + ), his[ 1.2-ethanediyl- 

lr2OZCl8Hm, Iridium(1). bis(qs-l ,5-cyclmta- 

KCoNzO8CI,,HIZ, Cobaltate(III), [N,N‘-1,2- 
ethanedi ylbis[N-(carbox ymethy1)- 
glycinatol(4 - )I-, potassium, 23:99 

KCoN2OIICIIHI4, Cobaltate(III), “R-( - )I-N,N’- 
( 1-methyl- 1,2ethanediyl)bis[N- 
(carboxymethyl)glycinato](4 - )I-, 
[A-(+)I-, 23:101 

KCoN,O,C,,H,,, Cobaltate(III), [[R.R-( - )I- 
N,N- 1,2-~yclohexanediyIbis(carboxy- 
methyl)glycinato](4 - )I-, 
[A-( +)I- ,  potassium, 23:97 

mine(carbonato)dinit-, cis. cis-, potas- 
sium, hemihydrate, 23:70 

KCoN,08C2H, . 0.5Hz0, Cobaltate(II1). diam- 
minedinitro(oxalat0)-, cis,&-, potas- 
sium, hemihydrate, 23:71 

KCOO,, Potassium cobalt oxide, 22:58 
KCI,Dy,, Potassium dysprosium chloride, 22:2 
KCr0,. Potassium chromium oxide, 2259 
KCr2HOIOCI0, Chromate, p-hydrido- 

bis[pentacarbonyl-, potassium, 23:27 
KF6U, Uranate(V), hexafluom-, potassium, 

21:166 
KHOlaW2C,o, Tungstate, p-hydrido- 

bis[pentacarbonyl-, potassium, 23:27 
KNb05Ti, Potassium, pentaoxoniobatetitanate- 

&,COO,, Potassium cobalt oxide, 22:57 
&.,CrO2, Potassium chromium oxide, 22:59 
&.67cOO2v Potassium cobalt oxide, 2257 
&,,Cr0,, Potassium chromium oxide, 22:59 
&.,Cr0,, Potassium chromium oxide, 22:59 

KCoN,O,CH, . 0.5Hz0, Cobaltate(II1). diam- 

( I  -), 22:89 
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&77cro2, Potassium chromium oxide, 2259 
K Z A L N N ~ O ~ ~ S ~ ~ ~ C ~ H , ,  * 7H20, Potassium so- 

dium tetramethylammonium aluminum 
silicate hydrate, 22:65 

K2Bi.N2012C~72, Potassium, (4,7,13,16,21,24- 
hexaoxa- 1,10-diazabicyclo[8.8.8]- 
hexacosane)-, tetrabismuthide, 22: 15 I 

K2F0 d4PtC,H, 3o . 3H@, Platinate, tetracy- 
ano-, potassium (hydrogen difluoride) 
( 1  :2:0.30), trihydrate, 2 1 : 147 

K2FsMo0, Molybdate(V), pentafluomoxo, di- 
potassium, 21:170 

K2Sb2012C,H,, Antimonate(2 -), bis[taratrato- 
(4 - )]di-, dipotassium, 

as resolving agent, 23:76-81 
Klao78PzThw22, Thorate(IV), bis(undecatung- 

stophosphat0)-, decapotassium, 23: 189 
KI007~P2UWz2. Uranate(IV), bis(undecatung- 

stophosphat0)-, decapotassium, 23: 186 
K14B2078ThWz2, Thorate(IV), bis(undecatung- 

stob0rato)-, tetradecapotassium, 23: 189 
K1601zZP4ThwY, Thorate(Iv), bis( heptadecatung- 

stodiphosphat0)-, hexadecapotassium, 
23:190 

stodiphosphat0)-, hexadecapotassium, 
23:188 

K@, uP4w, ,  Uranate(IV), bis( heptadecatung- 

LaAIH4Ni, Aluminum lanthanum nickel hy- 

Lac&, Lanthanum chloride, 2239 
LaF,8N60$&&, Lanthanium(III), hex- 

dride, 22:% 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

L a I 2 ,  Lanthanum iodide, 22:36 
La&, Lanthanum iodide, 22:31 
hN3ol3c8Hl6, Lanthanium(II1). trini- 

trato( 1,4,7, 10-tetraoxacyc1ododeane)-, 
23:151 

hato( I ,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

(I  ,4,7,10,13,16-hexaoxacyclooctade- 
cane)trinitro-, 23:153 

ato)[S, 10,15,2O-tetraphenylporphyri- 
nato(2-)], 22160 

ylporphyrinato(2 - )I-, 22:160 

LaN3014CId-120, Lanthanium(III), trini- 

LaN301SC12H24r Lanthanium(III), 

L~,O,C~&H,, ,  Lanthanum, (2,Cpentanedion- 

~ N @ z C , S & ~ ,  Lanthanum, (2,2,6 ,Ctetraphen- 

~ , , O & & z ,  Lmthanium(III), tris( I ,4,7,10,- 
13,16-hexaoxacyclooctadeane)- 
dodecanitratotetra-, 23:155 

LiCLQ,Tm, Cesium lithium thulium chloride, 
22: 10 

LiFJC6, Lithium, (pentafluoropheny1)-, 
21:72 

Li3N. Lithium nitride, 2248 
LuC13, Lutetium chloride, 22:39 
LuCI~CS~, Cesium lutetium chloride, 22:6 
LUc1&, Cesium lutetium chloride, 22:6 
L u F ~ ~ N ~ ~ $ ~ ~ C ~ ~ H ~ ~ ,  Lutetium(III), hex- 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

10-tetraoxacyc1ododecane)-, 23: 15 1 

trato( I ,4,7,10,13-pentaoxacyc1openta- 
decane)- , 23: 15 1 

hexaoxacyc1ooctadecane)trinitrato- , 
23:153 

LuN4O2C4JI3,, Lutetium, (2,4-pentanedion- 
ato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

LUN~OI$&,, YtterbiUm(In), h N m t O (  1,4,7,- 

LuN30,,C,d-I~, Lutetium(II1). trini- 

LuN301,C12Hu, Lutetium(II1). (1,4,7,10,13,16- 

Lu2C1,Cs, Cesium lutetium chloride, 22:6 
LU~N~~O,~C&, Lutetium(1II). dodecanitrato- 

tris(l,4,7,10,13-pentaoxacyclopenta- 
decane)tetra-, 23:153 

L u ~ N , ~ O ~ C ~ ~ , ,  Lutetium(II1). tris(l,4,7,10,- 
13,16-hexaoxacyclooctadecane)- 
dodecanitratotetra-, 23:155 

MezPh2[14]-l ,3,8,1@tetraeneN, see 
1,4,8,11-Tetraazacycloteteca- 
1,3,8,I(rtetraene, 2,9-dimethyl-3,lO-di- 
phenyl-, 22:107 

N)-bis-p-( 1H- 1 ,2,4-triazo1e-~N4)-, 

Mn06C3,H,,, Manganese(II1). tris(2,2,7-tri- 
methyl-3,5-octanedionato)-, 23: 148 

MnPZS4C7,b, Bis(tetrapheny1phosphonium) te- 
trakis(benzenethiolato)manganate(II) , 
21:25 

yldi-, 23:33 

23:34 

MnN&CJ&, Manganese(II), bis(thiocyanat0- 

poly-, 23:158 

Mn,Br,O,C,, Manganese, dibromooctacarbon- 

Mn21,0,C,, Manganese, octacarbonyldiiododi-, 

Mn3Caz0,, Calcium manganese oxide, 22:73 
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MoBF,N2P,C&,, Molybdenum(III), bis[ 1,2- 
ethanediylbis( 1,2-diphenylphosphine)]- 
(isocyanomethane)[(methy lamino)- 
methylidpel-, mans-, tetrafluoroborate- 

MoBIN,0zC17H,, Molybdenum, ethoxyiodoni- 
trosyl{tris(3,5-dimethylpyrazolyl)- 

( I - ) ,  23112 

hydrobrato}-, 23:7 
MoBIN80C17Ha, Molybdenum, (ethy1amido)- 

iodonitrosyl{triS(3,5dimethylpyrazo- 
lyl)hydroborato}-, 23:8 

M O B I ~ N , O C ~ ~ H ~ ,  Molybdenum, diiodonitrosyl- 
{tris(3,5dimethylpyrazolyl)hydru- 
brato}-, 2 3 ~ 6  

MoBN703C,,H,, Molybdenum, dicarbonylni- 
trosyl{tris(3,5-dimethylpyrazolyl)- 
hydrobrato}-, 2 3 ~ 4  

MOB,F~N,P~CWH~. Molybdenum(IV), bis[ 1,2- 
ethanedi ylbis(diphenylphosphine)]bis- 
[(methylamino)methylidyne]-, tram-, 
bis[tetrafluoroborate(l -)I, 23:14 

MoCIzNzP,C&s, Molybdenum(O), bis( 1- 
chlord-isocyanobenne)bis[ 1,2- 
ethanediylbis(diphenylphophine)]-, 
trans-, 23:lO 

MoCI4N,P4GJ3,, Molybdenum(O), bis( 1,3- 
dichlom-2-i~yanobenzene)bis[ 1,2- 
ethanediylbis(diphenylphosphine)]-, 
t r ~ - ,  23:lO 

MoCl,O, Molybdenum, chloride oxide, 23: 195 
MoF,OK,, Molybdate(V), pentafluomxo, 

MONO,P~C~~H,,, Molybdate( I -), pentacarbon- 
dipotassium, 2 1 : 170 

ylhydrido-, p-nitrido-bis(tripheny1- 
phosphorus)(l+), 22:183 

ethanediylbis(diphenylphosphine)]bis( 1 - 
isocyano-4-methoxybenzene)-, trans-, 
23:lO 

MoN2P,C,&. Molybdenum(O), bis[ 1.2-ethane- 
diylbis(dipheny 1phosphine)lbis- 
(is0cyanomethane)-, mans-, 23:lO 

MoNZP4C,&, Molybdenum(0). bis[ 1,2- 
ethanediylbis(diphenylphosphine)]bis(2- 
isocyano-2-methylpropane)-, trans-, 
23:lO 

diylbis(diphenylphosphine)] bis- 

MoN202P4Ca&,, Molybdenum(O), bis[ 1,2- 

MoN,P,C&,, Molybdenum(0). bis[ 1,2-ethane- 

MoN,P,C,&,, Molybdenum(O), bis[ 1,2ethane- 
diylbis(diphenylphosphine)]bis( 1 -ismy- 
ano4methylbenzene)-, ?runs-, 23: 10 

ion, 23:139 

23:133 

0x0-dioxodi-, 23: 137 

trakis(dimethylamido)di-, (MolMo) .  
2156 

akis(dimethy1amido)di-, (MoLMo), 
2154 

Mo2OZH2 . XH20, Molybdenum(III), di-p-hy: 
droxo-di-, ion, hydrate, 23: 135 

MsO, * XH20, Molybdenum(V), di-p-oxo- 
dioxodi-, ion, hydrate, 23:137 

M%Od-I, Molybdenum(VI), hydroxopentaox- 
odi-, ion, 23:139 

MqOJi,, Molybdenum(V1). dihydroxotetraox- 
odi-, ion, 23:139 

Mo20J13, Molybdenum(V1). trihydroxotriox- 
odi-, ion, 23:139 

Mo2O8HI6, Molybdenum(I1). octaaquadi-, ion, 
23:131 

Mo,04 * XH20, Molybdenum(IV), tetra-p,- 
0x0-tri-, ion, hydrate, 23:135 

Mo3013H18. Molybdenum(1V). nonaaquatetra- 
p,-oxo-tri-, ion, 23:135 

Mo,P,S12C,&, Molybdenum(V), p-(diethyl- 
phosphinodithioat0)-tris(dieth ylphos- 
phinodithioato)-tri-p-~o-p3-thio-rrion- 

MoO,H, Molybdenum(V1). hydroxodioxo-, 

MoOJ12, Molybdenum(IIl), hexaaqua-, ion, 

MoO1JII2. Molybdenum(V), hexaaqua-di-p- 

Mo,CIzN,C8Hx. Molybdenum, dichlorote- 

MqN,C12H36, Molybdenum, hex- 

gdo-tri-, 23~121 
M03P4Sl,C16&, Molybdenum(V), 

tris(dieth y 1phosphinodithioato)tris- p-(di- 
sulfido)-~,-thio-tr~ang~~~-tri-, diethyl- 
phosphinodithioate, 23: 120 

NC, Cyanide, 

1 CYanO, 
cobalt complexes, 23:66-69 

boron complex, 21:167 
chromium complexes, 23: 184 
platinum chain complexes, 21:142-156 

intercalate with HNbTiO,, 22:89 

- 

NCH,, Methanamine, 

(ismyanobenzene)-, trans-, 23:lO NC2H,, Acetonitrile, 
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copper, iron, and zinc complexes, 22108, 

iridium complex, 21:104 
iron complexes, 21:39-46 
- , Methane, isocyano-, 

molybdenum and tungsten complexes, 

110, 111 

23:10-13 
NCzH7, Ethanamine, 

intercalate with HNbTiO,, 22239 
molybdenum complexes, 23% 
- , Methaneamine, N-methyl-, 

molybdenum complex, 2154 
NCzHIO, Methanamine, N-methyl-, 

molybdenum and tungsten complexes, 
23:ll-13 

NC3H,. 1-Propanamine, 

NC4Hl,, I-Butanamine, 

NC5Hs, Pyridine, 

intercalate with HNbTiO,, 2239 

intercalate with HNbTiO,, 22239 

cobalt complexes, 23:73 
intercalate with FeClO (1:4), 22:86 
rhenium complex, 21:116, 117 

NC,H9, Butane, I-isocyano-, 
rhodium complex, 21:49 
- , Propane, 2-isocyano-2-methyl-, 

molybdenum and tungsten complexes, 
23~10-12 

NC7H,, Benzene, isocyano-, 
molybdenum and tungsten complexes, 23: 10 

NC8H7. Benzene, I-isocyand-methyl-, 
molybdenum and tungsten complexes, 23: 10 

NC8H,,, Benzenamine, N,Cdimethyl-, 
tungsten complexes, 23: 14 

-, Pyridine, 2,4,6-trimethyl-, 
intercalate with FeClO (1:6), 22:86 

NO, Nitrogen oxide, 
chromium complexes, 23: I83 
iridium complex, 21:104 
iron and ruthenium, 22:163 
molybdenum complexes, 23:4-9 

molybdenum and tungsten complexes, 23:lO 

lanthanoid complexes, 23: 180 

cobalt complexes, 23:70-71, 77, 91, 109 

cobalt complexes, 23:75, 92 

NOC8H7. Benzene, 1-isocyano-rl-methoxy-, 

NOF'C12H,2, Phosphinic amide, diphenyl-, 

NO2, Nitrite, 

NOzCzHs, Glycine, 

NOzCJiH,, 4-pyndinecarboxylic acid, 
cobalt complexes, 23: 1 13 

N@SC,H,. Kysteine, 
gold complex, 21:31 

NO~CJIH,, Serine, 
copper complex, 2 I : 1 15 

NOJI, Nitric acid, 
cerium complexes, 23: 178 
cobalt complexes, 23: 171 

metal complexes, 23:47 
N03SC7H5, o-Benzosulfimide (saccharin), 

N0,PzWC,,H3,, Tungstate(1 -), pentacarbon- 
ylhydrido-, ~-nitri~bis(triphenyIphos- 
phorus)(l+), 22182 

NPPtSeZCMHB, Platinum(II), (N.Ndiethyldise- 
1enocarbamato)methy l(tripheny l- 
ph0sphine)-. 21:lO 

(NSX, Sulfur nitride, polymer, 22:143 
NSC, Thiocyanate, 

cobalt, copper, iron, manganese, nickel, and 
zinc complexes, 23: 157 

NSCH, Thiocyanic acid, 
chromium complexes, 23: 183 
palladium complex, 21:132 

NSC2H7, Ethanethiol, 2-amino-, 
cobalt complex, 21:19 

NSe2C,Hl ,, Diselenocarbamic acid, N.N-di- 
ethyl-, 

21:9 
nickel, palladium, and platinum complexes, 

N2C2H8. 1,2-Ethanediamine, 
cobalt complexes, 21:19, 21, 120-126; 

cobalt(II1) trifluoromethanesulfonate com- 
23:64, 165 

plexes, 22:105 
NZC& 1H-F'yrazole, 

boron-copper complex, 21:108, I10 
NZC,H,,, 1,3-hpanediamine, 

cobalt complexes, 23:169 
NZc&,, Pyridine, 4amino-, 

intercalate with FeClO, 22:86 
N2CsH8, I H - m o l e  , 3.5-dimethy I-, 

boron-copper complex, 2 I : 109 
N2C&, I ,ZEthanediamine, N,N,N' ."-tetra- 

methyl-. 
palladium complex, 22: 168 

NzC8HNlr 1.2-Ethanediamine, N.N'-bis( l-meth- 
ylethyl)-, 

platinum complex; 21:87 
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N2Cl&IH,, 2,2’-Bipyridine, 
palladium complex, 22: 170 
ruthenium complex, 21:127 

chromium complexes, 23: 180 

N.N’-bis( 1 methylethyl), 

N2CI&I18. 2,2‘-Bipyridine, 

N2C,&IZ4, 1 ,ZEthanediamine, N,N’-dimethyl- 

platinum complex, 21:88 
-, N,N,N’,N’-tetraethyl-, 

platinum complex, 21336, 87 
N,C,,H,, 1,lO-Phenathroline, 

chromium complexes, 23: 185 
copper complex, 21:115 

YlethYl)-, (S.S)-, 
platinum complex, 21537 

NICI8HZ4. I ,2-Ethanediamine, N,N-bis( 1 -phen- 

N2CJIH,, 1 ,ZEthanediamine, N,N’-dimethyl- 
N,N’-bis( 1-phenylethy1)-, (R.R)-, 

N,CoK06C,&, Cobaltate(II1). diamminedicar- 
bonato-, cis-, potassium, 23:62 

N2CoK06C,H,, Cobaltate(III), 
bis(carbonato)( 1,2-ethanedimine)-, po- 
tassium, 23:64 

bis(carbonat0)-, cis-, lithium, 

N,OC,&,,, Phenol, 2-[1-[(2-aminoe- 

platinum complex, 21237 

N2CoLi06C,&,, Cobaltate(II1). diammine- 

resolution of, 23:62 

thyl)io]ethyl]-, 
cobalt complexes, 23: 165 

N20CI ,HI,, Wenol, 2-[ I -[(3-aminopropyl)- 
iminolethyl-, 

cobalt complexes, 23: 169 

cobalt complexes, 23:114 

boron-iron complex, 21:112 

N~OZC~I&. Pyrazinecarboxylic acid, 

N2O2C&IIO. 1,2-CycIohexanedione, dioxime, 

N202P2C36H30. Phosphorus( 1 +), p-nitrido- 
bis(tripheny1-, nitrite, 22:164 

NzO&&l6, Glycine, N,N’- 1,2-ethanediylbis[N- 
(carboxymethy1)-, 

cobalt complexes, 2 3 9  
N208CIIH18, Glycine, N.N’-(l-methyl-l,2- 

ethanediyl)bis[N-(carboxymethy1)-, 
cobalt complexes, 23:lOl 

N208C14HU, Glycine, N,N‘-I ,2-cyclohexane- 
diylbis[N-(carboxymethy1)-, 

N2011P2R~1C&30r Ruthenate(1 -), decacar- 
cobalt complexes, 23:96 

bonyl-p,-nitrosyl-tri-, p-nitrido- 

bis(hiphenylphosphorus)(l + ), 22:163, 
I65 

(N,N.N’,N’-tetramethyl- 1.2-ethanedi- 
amine)-, 22:168 

N,PdC,,H,,, Palladium, (2,2’-bipyridine)- 
(1,4-butanediyl)-, 22: 170 

N2PdS , ,H,, Palladate(II) , bis(hexasu1fido)- , 
diarnmonium, nonstoichiometric, 21: 14 

N2PtSI&,, Platinate(l1). bis(pentasu1fido)-, 
bis(tetrapropy1ammonium). 21: 13 

N,PtS,,H,, Platinate(IV), tris(pentasu1fido)-, 
diammonium, 21:12, 13 

N2SCI&, Urea, thio-, 

N2SC4H6, W-Imidazole-2-thione, 1,3-dihydro- 

N2PdCI&L, Palladium, ( I  ,Cbutanediyl)- 

chromium(0) complexes, 23:2 

1 methyl-, 
cobalt complexes, 23:171 

chromium(O), complexes, 23:2 

chromium(0) complexes, 23:3 

chromium(0) complexes, 23:3 

N,SC,H,,, Thiourea, N,N,N’,N’-tetramethyl-, 

N2SC&Im, Thiourea, N,N‘-di-tert-butyl-, 

N2SC15H16, Thiourea, N,N’-di-p-tolyl-, 

N2SsHs. Ammonium pentasulfide, 21:12 
N,, Azido, 

platinum chain complexes, 21:149 
N,C,H,, 1H-Triazole, 

cobalt, copper, iron, manganese, nickel, and 

N,C,HII, 1 ,2-Ethanediarnine, N-(2-aminoethyl)-, 
zinc complexes, 23:157 

cobalt(II1) trifluommethanesulfonate 
complexes, 22: 106 

N,C&I I ,, 1,4,7-Triazacyclononane, 
cobalt complexes, 23:75 

N,NdOl,C8H16, Neodymium(III), trini- 
trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

7,10,13-pentaoxacyclopentadecane)-, 
23:151 

NINdOlsCIZHxlr Neodymium(III), (1,4,7,10,- 
13,16-hexaoxacyclooctadecane)- 
trinitrato-, 23:153 

N102C18H19. Benzaldehyde, 2-methyL. 5-(a- 
methylbenzyl)semioxamazone, 

N~0,C18H19, Benzaldehyde, 2-methoxy-, 5-(a- 
methylbenzyl)semioxamazoneemioxamazone, 

N,NdOl,C,&H,, Neodymium(III), trinitrato(l,4.- 

chromium complexes, 23237 

chromium complexes, 23:87 
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N30,C19H2,, Benzaldehyde, 2,3-dimethoxy-, 5- 
(a-methylbenzyl)semioxamazone, 

N30,C,&, , Benzaldehyde, 3,4-dimethoxy-, 5- 
(a-methylbenzyl)semioxamazone, 

chromium complexes, 23338 

chromium complexes, 23938 

palladium(I1) complexes, 2354 
N30sC,H13, Cytidine, 

N301~PrC8H16, Praseodymium(III), trini- 
trato( 1,4,7,10-tetraoxacyclododecane)-, 
23: 152 

N3OI3SmC,Hl6, Samarium(III), trinitrato( 1.4,- 
7,10-tetraoxacyclododecane)-, 23: 15 1 

N3013TbC8H,,, Terbium(III), trinitrato( 1,4,7,10- 
tetraoxacyc1ododecane)-, 23: 151 

N3013TmC8H16, Thulium(III), trinitrato( 1,4,7,- 
10-tetraoxacyc1ododecane)-, 23: 15 1 

N3Ol3YbC,Hl6, Ytterbium(II1). trinitrato( 1,4,- 
7,10-tetraoxacyclododecane)-, 23:151 

N301,PICl&120r Raseodymiurn(III), trini- 
trato( 1,4,7,10,13-pentaoxacyclopenta- 
decane)-, 23: 15 1 

7,10,13-pentaoxacyclopentadecane)-, 
23:151 

10.13-pentaoxacyclopentadecane)-, 
23:151 

10,13-pentaoxacyclopentadecane)-, 
23:151 

7,10,13-pentaoxacyclopentadecane)-, 
23:151 

1 3,16-hexaoxacyclooctadecane)tri- 
nitrate, 23:153 

hexaoxacyc1ooctadecane)trinitrato- , 
23: 153 

N3OI5TmCl2H2,. Thulium, (1,4,7,10,13,16-hex- 
aoxacyc1ooctadecane)trinitrato-, 23: I53 

N3OI5YbC,,H2,, Ytterbium(lII), (1,4,7 ,lo, 13,- 
16-hexaoxacyc1ooctadecane)trini- 
trate, 23:153 

N3PC34 12, Propionitrile, 3,3‘ ,3 ’ ’-phosphinidy - 
netri-, 

N30,,SmC,JiH,, Samarium(lII), trinitrato(l.4,- 

N@,~T~CI&~H, ,  Terbium(III), trinitrato(l.4.7,- 

N30,,TmC,Ji2,, Thulium(III), trinitrato( 1,4,7,- 

N301,YbC,&12,, Ytterbium(III), trinitrato(l,4,- 

N3015PrC12H2,, Raseodymium(II1). (1,4,7,10,- 

N301sTbC,2Hz4, Terbium(III), (1,4,7,10,13,16- 

nickel complex, 22:113, 115 

triammonium, 21:15 
N3RhSI5HI2, Rhcdate(II1). tris(pentasulfid0)-, 

N,C&, 1,2-Ethanediamine, N.N-bis(2-ami- 
noethyl)-, 

cobalt complexes, 23:79 
N,C12Hm, 1,2-Ethanediamine, N,N-bis[Z-(di- 

methylamino)ethyl]-N’,N’-dimethyl-, 
palladium complex, 21:129-132 

-, N,N’-bis[2-(dimethylamino)ethyl]-N,N‘- 
dimethyl-, 

palladium complex, 21:133 

actinide and lanthanide complexes, 

indium(I11) complexes, 2355 

actinide and lanthanide complexes, 22: 156 

N4CdH,,, Rophyrin, 

22: 156 

- , 5,10, 15,20-tetraphenyl-, 

N,CuH28, 1,4,8,11-Tetraazacyclotetradeca- 
1 ,3,EIl0-tetraene , 2.9-dimethyl-3.1 O-di- 
phen yl- , 

110, 111 

methylpheny1)-, 

22: 156 

mine(carbonato)dinit-, cis,cis-, potas- 
sium, hemihydrate, 23:70 

NCoKO,C,H, . 0.5H20, Cobaltate(III), diam- 
minedinitro(oxalato)-, cis&-, potas- 
sium, hemihydrate, 23:71 

N,CoO,C.&,,, Cobalt(II1). bis( 1.2-ethanedi- 
amine)(oxalato)-, as resolving agent, 
23:65 

yl-3,5-heptanedionato)[5,10,15.20-tet- 
raphenylporphyiinato(2 - )I-, 2 2  160 

N,Nd02C,&, Neodymium, (2.4-pentanedio- 
nato)[5,10,15,20-tetraphenylporphyn- 
nato(2-)]-. 22:160 

cobalt complexes, 23:91 

copper, iron, and zinc complexes, 22:108, 

N,CMHM, Porphyrine, 5,10,15,20-tetrakis(4- 

actinide and lanthanide complexes, 

N,CoKOCh, . 0.5H20, Cobaltate(III), diam- 

NSJdO2ClSH,,, Neodymium, (2,2,6,6-tetrameth- 

N,02C.&14. Arginine, S-, 

N,02C,J&,, 1,4,8,1 I-Tetrazacyclotetradecane- 
5.7-dione. 

copper complexes, 23:82 
N402~4&5, Raseodymium, (2,4-pentane- 

dionato)[5,10,15,20-tetraphenylprphyr- 
inat0(2-)]-, 22160 

dionat0)[5,10,15,20-tetrakis(4-methy1- 
phenyl)porphyrinato(2 -)I-, 22:160 

N~o2~53H.,3, Praseodymium, (2,4-pentane- 
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N,02SmC4J-13,. Samarium, (2.4-pentanedio- 
nato)[5,10,15,2O-tetraphenylporphyri- 
nato(2-)]-, 22:160 

yl-3,5-heptanedionato)[5,10,15,20-tetra- 
phenylporphyrinato(2 -)I-, 22: 160 

N40zTbC4&I,,, Terbium, (2.4-pentanedio- 
nat0)[5,10,15,20-tetraphenylporphyri- 
nato(2-)I-, 22160 

3,5-heptanedionato)[5,20,25,20-tetra- 
phenylporphyrinato(2 - )I-, 22: 160 

3,5-heptanedionato)[5,10,15,20-tetra- 
phenylporphyrinato(2 -)I-, 22:160 

nato)[5,10,15,20-tetraphenylprphyri- 
nato(2-)]-. 22:160 

N,0,YbC,,H,3, Ytterbium, (2.4-pentanedio- 
nato)[5,10,15,20-tetrakis-(4-methyl- 
phenyl)porphyrinato(2 - )I-. 2 2  156 

N,O,YbC,&I,,, Ytterbium, [5,10,15,20-tet- 
rakis(4-methylpheny1)porphyrinato- 
(2 - )](2,2,6,6-tetramethyl-3,5-heptane- 
dionato)-, 22: 156 

N,O,PtTL,C,, Platinate(II), tetracyano-, thallium 
carbonate (1:4:1), 21:153, 154 

N@4Thc&2, Thorium, bis(2.4-pentanedio- 
nato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

N,02SmCJIH,,, Samarium,. (2,2,6,6-tetrameth- 

N,0,TbC5,K7, Terbium, (2,2,6,6-tetramethyl- 

N40zTmC,,H,7, Thulium, (2,2,6,6-tetramethyl- 

N,0,YC4&I,, , Yttrium, (2 ,Cpentanedio- 

N40,ClJ-I12, Inosine, 

N,06C,~, , ,  Xanthosine, 

N,PKaHr, Praseodymium, [5,10,15,20-tet- 

palladium(I1) complexes, 235 1-54 

palladium(II) complexes, 2354 

rakis(4-methy1phenyl)porphyrinato- 
(2-)]-, 22:160 

N,PtTlzC4, Platinate(I1). tetracyano-, dithallium, 

N,05CIJ-I,,, Guanosine, 
palladium(I1) complexes, 22:5 1-54 

N 6 C d  7.1 1 :2O124-Dinitri1odibenzo- 

21:153 

[b,rn][I,4,12,15]tetraazacyclodocosine, 
barium and cadmium complexes, 23:174 

N60C2,HU, 6.10: 19,23-Dinitrilo-24H-benzimid- 
az0[2,1-h][1,9,17]benzotriazacyclo- 
nonadecine, 5,5a-dihydro-24-methoxy-, 
23:176 

methylamino)ethyl]-N’ ,N‘-dimethyl- 1.2- 
N$dS,C,,H,, Palladium(II), [N,N-bis[Z-(di- 

ethanediamine](thiocyanat~-N)-. thiocy- 
anate, 21:132 

diny1)-, 23:56 

( 1,4,7,10,13,16-hexaoxacyclooctadec- 
ane)dinitrato-, bis[trinitratoneodymate- 
(III)], 23:150 

p(1H-1 ,2,4-triazole-~f14)-, p-poly-, 
23: 159 

N801zCn&, Pyndinium, 4,4’,4”,4”’-por- 
phyrin-5,10,15,20-tetrayltetrakis( 1 - 
methyl-, tetrakis(4-methylbenzene- 

N,C,J&, Porphyrin, 5,10, 15,20-tetrakis(4-pyni- 

N,Nd,O,C,,H,, Neodymium(III), 

N8NiS2C&, Nickel(III), bis(thiocyanate-N)-bis- 

. sulfonate), 
indium complexes, 2355 

N,S,ZnC&, Zinc(II), bis(thiocyanat0-N)-bis-p,- 
(lH-1,2,4-triaz0le-~&~)-, poiy-, 23:160 

N,,Nd,0,Cd172, Neodymium(III), 
@is( 1,4,7,10,13,16-hexaoxacyclwcta- 
decane)dodecanitratotetra-, 23: 155 

N120,1Tb4C&,,, Terbium(lII), dodecanitrato- 
ms(l,4,7,1O,13-pentaoxacyclopentaa- 
decane)tetra-, 23: 153 

N12O5WmC&,,, Thulium(IlI), dodecanitra- 
totris(l,4,7,10,13-pentaoxacyclopenta- 
decane)tetra-, 23:153 

tris(l,4,7,10,13-pentaoxacyclopenta- 
decane)tetra-, 23:153 

N 1 2 0 ~ P r , C ~ , 2 r  Praseodymium(II1). 
tris( 1,4,7,10,13,16-hexaoxacycloocta- 
decane)dodecanitratotetra-, 23: 155 

his( 1,4,7,10,13,16-hexaoxacycloocta- 
decane)dodecanitratotetra-, 23: 155 

tris(l,4,7,10,13,16-hexaoxacycloocta- 
decane)dodecanitratotetra-, 23: 155 

tris(l,4,7,10,13,16-hexaoxacycloocta- 
decane)dodecanitratotetra-, 23: 155 

tris( 1,4.7,10,13,16-hexaoxacycloocta- 
decane)dodecanitratotetra-, 23: 155 

Nz4Ni,S6Cl8Hls, Nickel(II), hexakis(thiocyanat0- 
N)-hexakis-p-(4H-l,2,4-triazole-~:~)- 

N,,O,,Yb,C&,,, Ytterbium(II1). ddecanitrato- 

N,,OSrn,C&,,, Samarium(III), 

N I 2 0 y T b 4 C ~ , 2 1  Terbium(II1). 

N,,0,,Tn4C&,2, Thulium(n1). 

N, 20YYb,C&,2r Ytterbium(II1). 

ui-, 23~160 
NaAI0,Si - 2.25H20, Sodium aluminum sili- 

cate, 22:61 
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NaAI,K,NO&,C,H,, . 7H,O, Potassium so- 
dium tetramethyl ammonium aluminum 
silicate hydrate, 2265 

NaBNC2H3, Borate(1 -), cyan~tri[(~)hydro]-, 
sodium, 21:167 

NaCoN403C3& . 2H,O, Cobaltate(III), diam- 
mine(carbonato)dicy ano- , cis, cis-, so- 
dium, dihydrate, 23:67 ’ 

NaCoN,04C,I& * 2H20, Cobalta\e(III), diam- 
minedicyano(oxalato)-, cis.c!s-, sodium, 
dihydrate, 23:69 

NaCoO,, Sodium cobalt oxide, 2256 
NaF6U, Uranate(V), hexafluom-, sodium, ’ 

NaNbC60,, Nobate(-I), hexacarbonyl-, sodium, 

Na,6Cd)2, Sodium cobalt oxide, 2256 
Na,MCo02, Sodium cobalt oxide, 2256 
Na,74C002, Sodium cobalt oxide, 2256 
NaonCo02, Sodium cobalt oxidq, 2256 
Na,AI,O,,Si . XH20, Sodium aluminum silicate 

hydrate, 2264 
Na, ,AI, &I3 60,Si,mC,3H,,, Sodium tetrapropyl- 

ammonium aluminum silicate, 2267 
Nbcl&c&, Niobium(IV), tetrachlo- 

robis(tetrahydrofuran)- , 2 1 : 138 
NbHO,Ti, Hydrogen, pentaoxoniobatetitur- 

ate( 1 - ), 22:89 
NbKO,Ti, Potassium, pentaoxoniobatetitan- 

ate( 1 - ), 22:89 
NbNaC60,, Niobate(-I), hexacarbonyl-, so- 

dium, 23:34 
Nb,As,C&C&,, Niobium(II1). hexachlo- 

robis[o-phenylenebis(dimethylarsine)l- 
di-, 21:18 

robis[[2-[(dimethylarsino)methyl]-2- 
methyl-l,3-pmpane- 
diyl]bis(dimethylarsine)J-, 21: 18 

Nb2CL,P2C&IH,, Niobium(UI), hexachlo- 
mbis[l,2-ethanediyl- 
bis(dipheny1phosphine)ldi-, 21 : I8 

Nb2C&S3ClJlla, Niobium(II1). di-pthloro-tet- 
rachlom-p(dimethy1 sulfide)- 
bis(dimethy1 sulfide)di-, 21: 16 

NdC13, Neodymium chloride, 22:39 
NdFI,N6O$,,C7,H,,, Neodymium(III), hex- 

21:166 

23:34 

Nb,As,C&H,, Niobium(III), hexachlo- 

aksi(dipheny1phosphinic amide)-, 
tris( hexafluomphosphate) , 23: 180 

NdN301,Cl&H,, Neodymium(III), trini- 

trato(l,4,7,10,13-pentaoxacyclopenta- 
decane)-, 23:151 

trato(l,4,7,10,13-pentaoxacyclopenta- 

ane)-, 23:151 

( I  ,4,7,10,13,16-hexaoxacyclooctadec- 
ane)trinitrato-, 23: 153 

methyl-3,5-heptanedionato)[5,10, 15.20- 
tetraphenylporphyrinato(2 -)I-, 22:160 

NdN,O2C4&, Neodymium, (2,4-pentanedion- 
ato)[~,10,15,20-tetraphenylporphyri- 
nato(2- )I-. 22:160 

Nd3N,0,Cl,H,, Neodymium(1II). 
(1,4,7,10,13,16-hexaoxacycloocta- 
decane)diinitrato-, 
bis[trinitratoneodymate(III)J, 23: 150 

his( 1,4,7,10,13,16-hexaoxacycloocta- 
decane)dodecanitratotetra-, 23: 155 

bis(3,3’ ,3”-phosphinidynebipropioni- 
bile)-, 22113, 115 

(NiBr2N$2CI&HU).. Nickel@), dibmmo- 
bis(3.3’ ,3”-phosphinidyne- 
(tripropionitrile)-, 2 2  115 

eth y ldiselenocarbamato)- 
(biethy1phosphine)-, 21:9 

NiCI,NJ‘,CI8H,, Nickel(I1). dichloru- 
bis(3,3’ ,3”-phosphinidynetriproproprop 
ionitrile)-, 2 2  I 13 

bis(o-su1fobenzoimidato)- , dihydrate, 
23:48 

p-( 1H- 1 ,2,4-trimole-h?N4)-, @-pol& 
23: 159 

Ni,N24S6C,aH,a, Nickel(II), hexakis(thiocyanat0- 
N)-hexakis-p-(M- 1 ,2,4-triazole-~:N4)- 

NdN30,,ClJIH,, Neodymium(III), trini- 

dw- 

NdN3015C12Hz4r Neodymium(III), 

NdN,O2CI5H.~, Neodymium, (2,2,6,6-tetra- 

NdNl,0&&2, Neodymium(Iu), 

NiBr2N$,C18H2,, Nickel(II), dibromo- 

NiCINPSe&HtS, Nickel(I1). chloro(N.Ndi- 

NiN40,&C,,H16 2H,O, Nickel(I1). tetraaqua- 

NiNaS2C&. Nickel(II), bis(thiocyanat0-N)-bis- 

hi-, 23:160 
NaIH,La. Aluminum lanthanum nickel 

hydride, 22% 

OC, Carbon monoxide, 
chromium complex, 2L1, 2 
chromium and tungsten complexes, 23:27 
cobalt complexes, 23:15-17, 23-25 
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OC, Carbon monoxide (Continued) 
cobalt, iron, osmium, and ruthenium com- 

iron complex, 21366. 68 
manganese complexes, 23:34 
moIybdenum complexes, 23:4-9 
niobium complexes, 23:34 
palladium complex. 2 1 :49 
rhodium complexes, 23: 124 
ruthenium complex, 21:30 

iridium complexes, 23: 127 
rhodium complexes, 23:127, 129 

plexes, 21:58-65 

OCH,, Methanol, 

OC3H6, Acetone, compd. with carbonyltri-p- 
chloro-chlorotetrakis- 
(tripheny1phosphine)ddiruthenium (1 :2), 
2 1 :30 

-, compd. with tri-p-chloro(thiocarborbony1)- 
tetrakis(tripheny1phosphine)di- 
ruthenium( 1 : I) ,  21:29 

OC,H,, Furan, tetrahydro-, 
hafnium, niobium, scandium, titanium, vana- 

dium, and zirconium complexes, 
21: 135-139 

OH, Hydroxide, 
molybdenum complexes, 23: 135-139 
rhodium complexes, 23: 129 

cadmium and cobalt complexes, 23: 175 
cobalt complexes, 21:123-126; 23:76, 110 
molybdenum complexes, 23: 130-139 
platinum complex, 21:192 

ONPCI2Hl2. Phosphinic amide, diphenyl-, 
lanthanoid complexes, 23: 180 

OPClsHls, Phosphine, triphenyl-, oxide, 
cerium complexes, 23:178 

OPC,&H,,, Benzaldehyde, 2-(diphenylphos- 
phino)-, 21:176 

OS,, cyclo-Octasulfur monoxide, 21:172 
OzC2H6, 1 ,ZEthandiol, 2236 
OzCSHg, 2,4-Pentanedione, 

actinide and lanthanide complexes, 22: 156 
cobalt complexes, 23:94 
iron complex, 21% 

OH,, Water, 

02C,,H,, 3,5-Heptanedione, 2,2,6,6-tetra- 
methyl-, 

actinide and lanthanide complexes, 22: 156 

cerium, copper, and manganese complexes, 
- , 3.5-Octanedione. 2,2,7-trimethyl-, 

23:144 

02PC,&,,, Benzoic acid, 2-(diphenylphos- 

0,P,C&H,2, 4.7-Dioxa- 1.10-diphosphadecane, 
phino)-, 21:178 

1,1,10,10-tetraphenyl-, 
gold complexes, 23: 193 

O2Rh&HZ6, Rhodium(I), bis(q4- 1.5-cycloocta- 
dime)-di-p-hydroxo-di-, 23: 129 

02Rh2C18HY), Rhodium(1). bis(q4-l,5-cycloocta- 
diem)-di-p-methoxy-di-, 23: 127 

02SC2H,, Acetic acid, 2-mercapto-, 

03CH2. Carbonic acid, 
cobalt complex, 21:21 

cobalt complexes, 21:120; 23:107, 112 
platinum chain complex, 21:153, 154 

OJNSC,Hl, o-Benzosulfinide (saccharin), 
metal complexes, 23;47 

OlPClH9, Trimethyl phosphite, 
chromium complexes, 23:38 
iron complex, 21:93 
rhodium complexes, 23:123, 124 

O,PC,,Hl,, Triphenyl phosphite, 
chromium complexes, 23:38 

04C2H2. Formic acid, (formy1oxy)-, 
iridium complex, 21:102 

-, Oxalic acid, 
cobalt complex, as resolving agent, 23:65 
cobalt complexes, 23:69. 113, 114 

O4C4H2, Acetylenedicarboxylic acid, 
cobalt complexes, 23: 115 

lanthanoid complexes, 23: 149 
O,C,Hi6, 1,4,7,10-Tetraoxacyclododecane, 

O & H m r  1,4,7,10,13-Pentaoxacyc1openta- 
decane, 

OsN3C&Il, Cytidine, 

OSN,CIJ&, Inosine, 

O,H,C ,aH,,, Guanosine , 

O,UC,,,H,, Uranium(V), pentaethoxy-, 21:165 
06C12H2,, 1,4,7,10,13,16-Hexaoxacycloocta- 

lanthanoid complexes, 23: 149 

palladium(II) complexes, 2354 

palladium(I1) complexes, 235 1-54 

palladium(I1) complexes, 233  1-54 

decane, 
lantanoid complexes, 23: 149 

palladium(II) complexes. 2354 
O&,C,,,Hl,. Xanthosine, 

0,P2, Diphosphate, 21:157 
O I P Z R ~ ~ S ~ C ~ ~ H ~ .  Rhodium(1). dicarbonylbis-p- 

(2-methyl-2-propanetolato)- 
bis(trimethy1 phosphite)di-, 23: 124 
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0, 2N8CT2&, Pyridinium , 4,4’ ,4’ ’ ,4‘ ‘ ’ -por- 
phyrin-5,10,15,20-tetrayltetrakis( 1- 
methyl-, tetrakis(4-methylbenzenesul- 
fonate), 2357 

2-propanethiolato)-tetrakis( trimethyl 
phosphite)di-, 2 3  123 

0 ,,Os,RuC ,,H2, Osmium, tridecacarbonyl- 
dihydridomtheniumtri-, 21 :64 

O,$W,,, Undecatungstophosphate(7 - ), 
thorium and uranium complexes, 23:186 

06IP2W17r Heptadecatungstodiphosphate( 10 - ), 
thorium and uranium complexes, 23: 188 

Os3FeOl3Cl3H3, Osmium, trideca- 
carbonyldihydridoirontri-, 21 :63 

O S ~ ~ ~ ~ R U C ~ ~ H ~ .  Osmium, tridecacarbonyl- 
dihydridorutheniumtri-, 21 :64 

OlZP4Rh2S2C&,, Rhodium(I), bis-pL-(2-methyl- 

PC2H7, Phosphine, dimethyl-, 21:180 
PC3H,, Phosphine, trimethyl-, 

iridium complex, 21:102 
PCd-I,,, Phosphine, triethyl-, 

nickel complex, 21:9 
PC8H,, , Phosphine, dimethylphenyl-, 22: 133 

iridium complex, 21:97 
PC,*HZ,, Phosphine, tributyl-, 

chromium complexes, 23:38 
PC18Hls, Phosphine, triphenyl-, 21:78; 23:38 

cobalt complexes, 23:24-25 
cobalt, iridium, and rhodium complexes, 

22:171, 173, 174 
iridium complex, 21:104 
palladium complex, 22: 169 
palladium and platinum complexes, 21: 10 
ruthenium complex, 21:29 

lanthanoid complexes, 23: 180 
PNOCl2Hl2, Phosphinic amide, diphenyl-, 

PN3C$II2, Pmpionitrile, 3,3‘,3”-phosphinidy- 
netri- , 

nickel complex, 22:113, 115 
P O C , ~ l , ,  Phosphine, triphenyl-, oxide, 

cerium complexes, 23:178 
PO,C,I&., Trimethyl phosphite, 

chromium complexes, 23:38 
rhodium complexes, 23923, 124 

PO,C,,H,,, Triphenyl phosphite, 
chromium complexes, 23:38 

P039W,,, Undecatungstophosphate(7 -), 
thorium and uranium complexes, 23:186 

PRhC32H38r Rhodium, (1 ,4-butanediyl)(q5- 

pentamethylcyclopenta- 
dienyl)(triphenylphosphine)-. 22: 173 

PS2C4HII, Phosphinodithioic acid, diethyl-, 
molybdenum complexes, 23:120, 121 

PS3Cl2H2,, Phosphorotrithious acid, tributyl 

P2C2H16, Phosphine, 1,2-ethanediyl- 
ester, 2 2  13 1 

bis(dimethy1-, 
iridium complex, 21:lOO 

P2CJ-I16, Phosphine, ethylenebis(dimethy1-, haz- 
ards in preparation of, 23:199 

P2CBHZ2, Phosphine, methylenebis(dipheny1-, 

P2CaH, ,  Phosphine, 1,2-ethanediyl- 
palladium and rhodium complexes, 21:47-49 

bis(dipheny1-, 
iron complexes, 21:91-94 
molybdenum and tungsten complexes, 

palladium complex, 22:167 
23:lO-13 

P2CI,C2H,, Phosphine, 1.2-ethanediyl- 
bis(dich1oro-, 23: 141 

P2Klo07sThW22, Thorate(IV), 
bis(undecatungstophosphat0)-, deca- 
potassium, 23:189 

bis(undecatungstophosphato)-, decapo- 
tassium, 23: 186 

P206,W,,, Heptadecatungstodiphosphate( 10 -), 
thorium and uranium complexes, 23: 188 

PZPdC&,, Palladium, (1,4-butanediyl)[ 1,2- 
ethanediylbis(diphenylphosphine)]-, 
22: 167 

PZPdC&,, Palladium, ( I  ,4-butane- 
diyl)bis(triphenylphosphine)-, 22: 169 

P,RuC,&, Ruthenium(II), (qs-cyclopenta- 
dienyl)(phenylethynyI) bis(tripheny1- 
ph0sphine)-, 21:82 

PzS2C,H,,, Diphosphine, tetramethyl-, disulfide, 
hazards in preparation of, 23:199 

PzS,ZnC71&, Zincate(II), tet- 
rakis(benzenethiolato)-. 
bis(tetrapheny1phosphonium). 2 1 :25 

bis(heptadecatungst0diphosphato)- , 
hexadecapotassium, 23190 

bis(heptadecatungstodiphosphat0)-, 
hexadecapotassium, 23: 188 

PbCl&CIOHl2, Plumbate(N), hexachloro-, 
dipyridinium, 22:149 

P2K10078UW22. UranaWV), 

P J G D I ~ T ~ W M ,  ThorateW), 

P4KI6O1JJWY, Uranate(IV), 
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PbOz, Lead oxide, 
solid solns. with ruthenium oxide (Ru,O,), 

pyrochlore, 22:69 
Pbz67RUI 3306.5, Lead ruthenium oxide, pyro- 

chlore, 22:69 
PdBr2N4C,2Hx)r Palladium(II), [N,N’-bis[Z-(di- 

methylamino)ethyl]-N’,N’-dimethyl- 1.2- 
ethandiaminelbromo-, bromide, 21: 131 

PdCINPSezCz3HZ, Palladium, chloro(N,N-die- 
thyldiselenocarbamato)(triphenyl- 
phosphine)-, 21:lO 

methylamino)ethyl]-N‘,N‘-dimethyl- 1,2- 
ethanediamine]chloro-, chloride, 21: 129 

robis(inosine)-, cis- and trans-, 
2352, 53 

P d c ~ 2 N l o o l o c ~ 2 6 ,  Palladium(IQ, dichlo- 
robis(guan0sine)-, cis- and mum-, 
2352, 53 

[ methylenebis(dipheny1phosphine))-di- , 

PdCl2N,CIZH,,, Palladium(II), [N.N-bis[Z-(di- 

PdCI2N,OlOCJ-lz,, Palladium(II), dichlo- 

PdCIzP4C&, Palladium(1). dichlorobis-p- 

(Pd-Pd) , 2 1 :48 
PdFlZN,P2CIzHm, Palladium(I1). [N,N’-bis[Z-(di- 

methylamino)ethyl]-N,N’-dimethyl- 1.2- 
ethanediaminel-, bis(hexa- 
fluorophosphate), 21: 133 

PdIzN,CIzH,, Palladium(II), [N.N-bis[Z-(di- 
methy1amino)ethyl-N‘,N’-dimethyl- 1,2- 
ethanediamineliodo-, iodide, 21:130 

diyl)(N,N,N’,N’-tetramethyl- 1 ,2-ethane- 
diamine)-, 22: 168 

butanediy1)-, 22:170 

diammonium, nonstoichiometric, 21: 14 

cis- and tram-, 2352, 53 

methylamino)ethyl]-N‘ ,N’ -dimethyl- 1.2- 
ethanediamine](thiocyanato-N)-, thiocy- 
anate, 21:132 

bis(guanosinat0)-, cis- and rrms-, 
2352, 53 

ethanediylbis(dipheny1phosphine)l-, 
22: 167 

PdNZC,&, Palladium, (1 ,4-butane- 

PdNzCl4HI6, Palladium, (2,2’-bipyridine)( 1.4- 

PdNzS I I I&, Palladate(I1). bis(hexasu1fido)- , 

PdN,0,0C&2, Palladium(II), bis(inosinat0)-, 

PdN6S2CI4H,, Palladium(II), [N,N-bis[Z-(di- 

PdNloO,,,CJIHU, Palladium(II), 

PdPzC&z, Palladium, (1,4-butanediyl)[ 1,2- 

PdPzCJ+y, Palladium, (1,4-butane- 
diyl)bis(triphenylphosphine)-. 22: 169 

PdzClzP4C~lH,,, Palladium(1). p-carbonyl-di- 
chlorobis[methylenebis(diphenyl- 
phosphine)]di-, 21:49 

PrCI,, praseodymium chloride, 2239 
PrF18N60$1zCnHR, Praseodymium(III), hex- 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

PtN10,1C8H,6, RaSeodymium(II1). trini- 
trato( 1,4,7,1O-tetraoxacyclododecane)-, 
23:151 

trdto(l,4,7,10,13-pentaoxacyclopentade- 
cane)-, 23:151 

( 1,4,7,10,13,1 bhexaoxacycloocta- 
decane)trinihato-, 23:153 

rakis(4-methy1phenyl)porphyrinato- 
(2-)]-, 22:160 

dionato)[5,10,15,2O-tetraphenylporphy- 
rinato(2-)]-, 22:160 

dionato)[5,10.15,20-te~is(4-methy1- 
phenyl)porphyrinato(2 -)I-, 22:160 

PrN3O1,CI&,. Praseodymium(III), trini- 

~NIO~~PICIZHZ,,  Raseodymium(III), 

PrN4CaHx, Praseodymium, [5,10,15,20-tet- 

PrN4ozc,&, Praseodymium, (2,4-pentane- 

PrN402C5,H,, , Praseodymium, (2,4-pentane- 

PrzCI,Cs, Cesium praseodymium chloride, 22:2 
P r4NlzO&~7z ,  Praseodymium(III), 

his( 1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

tris(dimethy1 sulfide)-, tetrafluorobor- 
ate(] -), 22:126 

PtCIH8N3O4, Platinum(I1). diammineaqua- 
chloro-, wuns-, nitrate, 22:125 

PtCb ,CsZN,C,, Platinate, tetracyano-. cesium 
chloride (1:2:0.30), 21:142 

PtC$.J’44RbzC, . 3Hz0, Platinate, tetracyano-, 
rubidium chloride (1:20.30), trihydrate, 
21:145 

PtCINPSe2Cz3HU, Platinum(II), chloro(N,N-di- 
ethyldise1enocarbamato)- 
(tripheny1phosphine)-, 21: 10 

PtCIzHJN2Pt, Platinum(II), diamminechlo- 
roiodo-, trans-, chloride, 22:124 

PtClzH&, Platinum(I1) , triamminechloro- , 
chloride, 22:124 

PtCIzN2C,,,Hu, Platinum(I1). [N,N‘-bis( I-meth- 

PtBClF,S3CJ4 Platinum(I1) , chloro- 
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ylethy1)- 1.2-ethanediamine)- 
dichloro(ethene)-, 21 :87 

PtC12N2C12Ha, Platinum(lI), dichloro(eth- 
ene)(N,N,N',N'-tetraethyl- 1,2ethanedi- 
amhe)-, 21:86, 87 

bis(phenylethyl)-l,2-ethanedi- 
amine]dichloro(ethene)-, 21 :87 

F'tCIZNzC,H3,, Platinum(II), dichloro[(R,R)- 
N.N'-dimethyl-N,N'-bis( I-phenylethy1)- 
1,2ethanediamine](etne)-, 21:87 

PtC1zNzPtCtzHa, Platinum(I1). dichloro[N,N'- 
dimethyl-N.N'-bis( 1 -methylethyl)- 1.2- 
ethanediamine)(ethene)-, 21 :87 

PtC1$JSC,,H,z, Platinate(II), trichloro(dimethy1 
sulfide)-, tetrabutylammonium, 22: 128 

PtCs2H, ,C4 . XH,O, Platinate, tetracyano-, ce- 
sium azide (1:2:0.25), hydrate, 21:149 

PtCslN,03.aSo.p2C,I&.~, Platinate, tetracyano-, 
cesium [hydrogen bis(sulfate)] 
(1:3:0.46), 21: 151 

F'tFo.~loCJil,, ,7 . 1 .8H20, Platinate, tetracy- 
ano-, guanidinium (hydrogen difluoride) 
(1: 1:0.27), hydrate (1: 1.8), 21: 146 

ano-, potassium (hydrogen difluoride) 
(1:2:0.30), trihydrate, 21:147 

PtC1,NzCJIa, Platinum(II), [(S,S)-N,N'- 

F'tF,&zN,PtC,& a . 3Hzo, Platinate, tetracy- 

PtHsOll, Platinum(II), tetraaqua-, 21: 192 
PtNPSeCz,HH,, Platinum(II), (N.N-diethyldise- 

1enocarbamato)meth y ](triphen- 
y1phosphine)-, 20: 10 

RN2S ,&, Platinate(I1) , bis(pentasulfid0)- , 
bis(tetrapropylammonium), 2 0  13 

PtNzSllrH8, Platinate(IV), tris(pentasu1fido)-, 
diammonium, 21:12, 13 

F",O3TI,C,, Platinate(I1). tetracyano-. thallium 
carbonate (1:4:1), 21:153, 154 

PtN,TlzC,, Platinate(II), tetracyano-, dithallium, 
21:153 

PtzCl.SzC,H,,, Platinum(I1). di-pchlorodichlo- 
robis(dimethy1 su1fide)di-, 22: 128 

RbCoNz0,Cl&i12, Cobaltate(II1). [N,N'-1,2- 
ethanediy Ibis"-(carboxymethy1)- 
glycinato](4-) I-, rubidium, 23:loO 

RbCoN,O,C,,H,,, Cobaltate(III), [[R-( -)I- 
N."-( I-rnethyl-l.2-ethanediyl)bis[N- 
(carboxymethyl)glycinato](4 -) I-, [A- 
(+)]-, rubidium, 23:101 

R~CONZO&HIB, CObaltate(III), [[R,R-( -)I- 
N,"- 1,2-cyclohexanediylbis[N-(car- 
boxymethyl)glycinato](4 -)I-, [A-( + )I-, 
rubidium, 23:97 

rubidium chloride (1:2:0.30), trihydrate, 
21:145 

ReBQC,, Rhenium, bromopentacarbonyl-, 
2 3 4  

ReCIN402CJlm, Rhenium(V), dioxotetrakis- 
(pyridine)-, chloride, tram-, 21:116 

ReCIN,06CaH,, RheniumfV), dioxotetra- 
kis(pyridine)-, perchlorate, trans-, 
21:117 

23:42, 43 

R&Cb$J,PtC, . 3H20, Platinate, tetracyano-, 

ReCIO,C,, Rhenium, pentacarbonylchlom-, 

ReIO,C,, Rhenium, pentacarbonyliodo-, 23:44 
ReZClsN2C32H72, Rhenate(III), octacchlorodi-, 

bis(tetrabutylammoniwn), 23: 1 16 
RhAs4C1CJ4,,, Rhodium( 1 +), bis[o-phenyl- 

enebis(dimethylarsine)]-, chloride, 
21:101 

RhAs4CI02Cz,H3z, Rhodium( 1 + ), (carbon diox- 
ide)bis[o-phenylenebis(dimeth ylar- 
sine)]-. chloride, 21:101 

RhBN,CuHs, Rhodium(I), tetrakis( I-isocyano- 
butane)-, tetraphenylborate(1- ), 
2150 

triammonium, 21:15 

tamethylcyclopentadienyl)(tri- 
pheny1phosphine)-, 22: 173 

RhzBzN,P4CllaHlmo, Rhodium(1). tetrakis( I-iso- 
c yanobutane)bis[meth y lene(di- 
pheny1phosphine)ldi-, bis[tetra- 
phenylborate(1 - )], 21:49 

RhzOZCl&l~, Rhodium(I), bis(q'- 1.5-cyclmta- 
diene)-di-p-hydroxo-di-, 23: 129 

RhzOzC,,H,, Rhodium(I), bis(7)'- 1,5-cyclmta- 
diene)-di-p-methoxy-di-, 23: 127 

Rh2O8P2S2C1&, RhodiumfI), dicarbonylbis- 
(p-2-methyl-2-propanethiolato)- 
bis(trimethy1 phosphite)di-, 23:I24 

RhZOI2P,S2HY, Rhodium(I), bis(p-2-methyl-2- 
propanethio1ato)-tetis(trimethy1 phos- 
phite)di-, 23: 123 

eny1)-, 22:180 

RhN,S,,H,,, Rhodate(lII), tris(pentasu1fido)-, 

RhFC3,HP, Rhodium, (1 ,4-butanediyl)(q5-pen- 

RuCJI,,, Ruthenium, bis(q'cyc1opentadi- 
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RuCZ2H,,, Ruthenium, (q‘-benzene)(q‘- l,3-cy- 
c1ohexadiene)-, 22: 177 

RuC14H18, Ruthenium, bis(qs-cycloheptadi- 
enyl)-, 22:179 

RUC,J-&~, Ruthenium, (q4-1 ,5-cycloocta- 
diene)(q‘- 1,3,5-cyclooctatriene)-, 
22: 178 

RuCl&IZb. Ruthenium(0). bis(q2-ethylene)(q6- 
hexamethylbenzene)-, 21:76 

RUC18H2b6r Ruthenium(O), (q4- 1.3-cyclohexa- 
diene)(q*-hexamethyIbenzene)-, 2 1 :77 

RUCIP,C,~H,,, Ruthenium(I1). chloro(q’-cyclo- 
pentadienyl)bis(triphenylphosphine)-, 
2 I :78 

tris(2,2’-bipyridine)-, dichloride, 
hexahydrate, 21:127 

dienyl)(phenylvinylene)- 
bis(tripheny1phosphine)-, hexafluoro- 
phosphate(] -), 21:80 

R u ~ ~ ~ ~ s ~ C ~ ~ H ~ ~  Osmium, tridecacarbonyldihy- 
dridorutheniumtri-, 2 1:64 

R U P ~ C ~ ~ H ~ ,  Ruthenium(II), (q5-cyclopenta- 
dienyl)(phenylethynyI)bis(tri- 
pheny1phosphine)-, 21 :82 

Ru, 33Pb2.bP6.J, Lead ruthenium oxide, pyro- 
chlore, 22:69 

Ru~CI,C&~, Ruthenium(II), di-p-chloro- 
bis[chloro(q6- 1 -isopropyl-4-methylben- 
zene)-, 21:75 

Ru2CI,C2JI,, Ruthenium(II), di-p-chloro- 
bis[chloro(q6-hexamethylbenzene)-, 
21:75 

Ru20,, Ruthenium oxide, solid s o h .  with lead 
oxide Pb02, pyrochlore, 22:69 

R U ~ C O N O ~ ~ P ~ C , ~ H ~ ,  Ruthenate( 1 - ), trideca- 
carbonylcobalttri-, p-nitrido-bis(triphen- 
ylphosphorus)(l +), 21:63 

R U , F ~ N O , ~ P ~ C J ~ ~ , ,  Ruthenate( 1 - ), tridecacar- 
bonylhydridoirontri-, p-nitrido- 
bis(triphenylphosphorus)( 1 +), 21:60 

Ru3FeOI3Cl3H2, Iron, tridecacarbonyldihydri- 
dotriruthenium-, 2158 

R U ~ N ~ O , , P ~ C & ~ ,  Ruthenate(1 -), decacar- 
bonyl-p-nitrosyl-tri-, p-nitrido-bis- 
(triphenylphosphorus)( 1 + ), 22: 163, 165 

RUCI~N,C&~, . 6H20, Ruthenium(I1). 

RuF$,C,&, , Ruthenium(I1). ($-cyclopenta- 

S ,  Sulfide, 
molybdenum complexes, 23: 120, 12 I 

, Sulfur, - 
iron cyclopentadienyl complexes, 21 :42 

SC, Carbon monosulfide, 
ruthenium complex, 21:29 

SC21&, Dimethyl sulfide, 
boron complex, 22:239 
niobium complex, 21:16 
platinum(I1) complexes, 22: 126, 128 

-, Ethanethiol, 
iron complexes, 21:39-46 

SC4HIo, Ethanethiol, 1 ,I-dimethyl-, 
iron complex, 21:30, 37 

-, 2-Propanethiol, 2-methyl-, 
rhodium complexes, 23: 123 

scab, Benzenethiol, 
iron complex, 21:35, 36 
cadmium, cobalt, iron, manganese, and zinc 

complexes, 2 1 :24-27 
SC8H,,, Benzenethiol, 4-ethyl-, 

(SN),, Sulfur nitride, polymer, 22:143 
SNC, Thiocyanate, 

gold complexes, 23: 192 

cobalt, copper, iron, manganese, nickel, and 
zinc complexes, 23:157 

SNC2H7, Ethanethiol, 2-amino-, 

SN03C7H3, o-Benzosulfimide (saccharin), 

SN2CH,, Urea, thio-, 

SN2C41&, W-Imidazole-2-thione, 1,3-dihydro- 

cobalt complex, 21:19 

metal complexes, 23:47 

chromium(0) complexes, 23:2 

1-methyl-, 
cobalt complexes, 23:171 

SN2CJH12. Thiourea, N,N,N‘,”-tetramethyl-. 
chromium(0) complexes, 23:2 

SN2C&,,  Thiourea, N,N’-di-tertbutyl-, 
chromium(0) complexes, 23:3 

SN2C,,H,,, Thiourea, N,N’-di-p-tolyl-, 
chromium(0) complexes, 23:3 

S02C21&, Acetic acid, 2-mercapto-, 
cobalt complex, 21:21 

S, ,  Disulfide, 
molybdenum complexes, 23:120, 121 

, Sulfur, 
iron cyclopentadienyl complexes, 

- 

21:40-46 
S3F‘Cl2H2,, Phosphorotrithious acid, tributyl 

S4Tis, Titanium sulfide, preparation in liquid 
ester, 22:131 

tin, 23:161 
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S,, Pentasulfide, 

S,, Hexasulfide, 

S,O, cydo-Octasulfur monoxide, 21:172 
SbCI,Cl2HlO, Antimony(V), trichlorodiphenyl-, 

Sb2K2OI2C8H,, Antimonate(2 - ), bis[taratrato- 

platinum and rhodium complexes, 21:12, 13 

palladium complex, 21:172 

23: 194 

(4 - ) Idi-, dipotassium as resolving 
agent, 23:76-81 

ScCI,, Scandium chloride, 22:39 
ScCI,Cs, Cesium scandium chloride, 22:23 
ScCI,01C12Hu, Scandium(II1). trichloro- 

tris(tetrahydrofuran)-, 21:139 
Sc2C19Cs3, Cesium scandium chloride, 22:25 
SeC, Carbon selenide, 

chromium complex, 21:l. 2 
Se2C, Carbon diselenide, 21:6, 7 
Se,NC,H, I. Diselenocarbamic acid, N,N-di- 

nickel, palladium, and platinum com- 
ethyl-, 

plexes, 21:9 
SmCI,, Saramium chloride, 22:39 
SmF,,N60$,,C,,Hn, Samarium(II1). hex- 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

S ~ I N ~ O ~ ~ C ~ J - I ~ ~ ,  Samarium(III), trinitrato( 1,4,- 
7,10,13-pentaoxacyclopentadecane)-, 
23:151 

SmN402C,fi,,, Samarium, (2,4-pentanedion- 
ato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

SmN,02C,H4,, Samarium, (2.2.6.6-tetrame- 
thyl-3,5-heptanedionato)[5,10,15,20- 
tetraphenylprphyrinato(2 - )I-, 
22:160 

his (  1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

Sn, Tin, pentatitanium tetrasulfide, preparation 
in liquid, 23:161 

SnBr2Cl2Hl0, Tin, dibromodiphenyl-, 23:21 

TbCI,, Terbium chloride, 22:39 
TbF,,N,0$,2C,2Hn, Terbium(II1). hex- 

SmN,O,,C,H,,, Samarium(III), trini- 

S~N,,O,C&I,,, Samarium(III), 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 188 

TbN301,CsH16, Terbium(II1). trinitrato( 1.4,- 
7,1O-tetraoxacyclododecane)-, 23: 15 1 

TbN10,4TbClJ-120, Terbium(II1). trinitrato( 1 ,- 
4,7,10,13-pentaoxacyclopentadecane)-, 
23:151 

TbNIO ,,CI2H2,, Terbium(II1). ( 1,4,7,10,13,16- 
hexaoxacyc1ooctadecane)trinitrato-, 
23:153 

TbN402C,9H,,, Terbium, (2,4-pentanedion- 
ato)[5, 10,15,20-tetraphenylprphyri- 
nato(2-)]-, 22:160 

3,5-heptanedionato)(5,10,15,20-tetra- 
phenylporphyrinato(2 -)I-, 22:160 

Tb,N,,O,,CJ&,,, Terbium(II1). dodecanitrato- 
tris(l,4,7,10,13-pentaoxacyclopentade- 
cane)tetra-, 23:153 

tris( 1,4,7,10,13,16-hexaoxacyclooctade- 
cane)dodecanitratotetra-, 23: 155 

TcCI,NOC,J-IH,. Technetate(V), tetrachlo- 
rooxo-, tetrabutylammonium (1: l), 
21:160 

catungstoborat0)-, tetradecapotassium, 
23:189 

catungstophosphat0)-, decapotassium, 
23:189 

tadecatungstodiphosphat0)-, hexadeca- 
potassium, 23:190 

ThN,O,C,H,,, Thorium, bis(2,4-pentanedion- 
ato)[5,10,25,20-tetraphenylprphyri- 
nato(2 -)I-, 22:160 

TiCICI&,(lr Titanium(II1). chlorobis(qkyc1o- 
pentadieny1)-, 21534 

TiCI,O,C,,H,, Titanium(III), trichloro- 
tris(tetrahydrofuran), 21:137 

TiCL0,C8H16, Titanium(IV), tetrachlo- 
robis(tetrahydrofuran)-, 2 1 : 135 

TiFeH, %, Iron titanium hydride, 2 2 9  
TiHNbO,, Hydrogen, pentaoxoniobatetitan- 

TiKNbO,, Potassium, pentaoxoniobatetitan- 

Ti,Sn, Titanium sulfide, preparation in liquid 

TIClF8C12H,, Thallium(II1). chlorobis(2,3,4,6- 

TbN402C,H4,, Terbium, (2,2,6,6-tetramethyl- 

Tb4N120YC3J-172, Terbium(III), 

ThB2K1,078W21, Thorate(IV), bis(unde- 

ThK,o0,,P2W22, Thorate(IV), bis(unde- 

ThK160 , =P4WM, ThOrate(1V). bis(hep- 

ate(1-), 22:89 

ate(1 -), 22239 

tin, 23:161 

tetrafluoropheny1)-, 21:73 
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- , chlorobis(2,3,5,6-tetrafluorophenyl)-, 
21:73 

TICIFIOC12. Thallium(III), chlorobis(pen- 
tatluoropheny1)-, 21:71, 72 

TICI,, Thallium chloride, 21:72 
TI,N,PtC,, Platinate(l1). tetracyano-, dithallium, 

21:153 
TbN,O,PtC,, Platinate(I1). tetracyanc-, thallium 

carbonate (1:4:1), 21:153, 154 
TmCI,, Thulium chloride, 2239 
TmC16CszLi, Cesium lithium thulium chloride, 

2210 
Tn+18N60$12c72H72, Thuliurn(III), hex- 

akis(dipheny1phosphinic amide)-, 
tris(hexafluorophosphate), 23: 180 

trato( 1,4,7,10-tetraoxacyclododecane)-, 
23:151 

TmN,014Cl&Im, Thulium(III), trinitrato( 1,4, 
7,10,13-pentaoxacyclopentadecane)-, 
23:151 

TmN30,,ClzHz,, Thulium, (1,4.7,10,13,16-hex- 
aoxacyc1ooctadecane)trinitrato-, 34: 153 

TmN,O,C,,H,,,,, Thulium, (2.2,6,6-tetramethyl- 
3,5-heptanedionato)[ 5,10,15,20-tetra- 
phenylporphyrinato(2 - )I-, 22: 160 

T ~ Q N , ~ O , , C ~ ~ .  Thulium(III), dodecanitrato- 
tris(l,4,7,10,13-pentaoxacyctopentade- 
cane)tetra-, 23:153 

T~QN~,O,C~&I~~, Thulium(lI1). tris(l,4, 
7,10,13,16-hexaoxacyclooctadec- 
ane)dodecanitratotetra-, 23: 155 

TdjOg&H16, Thulium(III), trini- 

UCI,, Uranium(1V) chloride, 21:187 
UF,, Uranium(V) fluoride, p-, 21:163 
UFJC , Uranate(V) , hexafluoro- , potassium, 

UFJVPzC,&IH,, Uranate(V), hexafluoro-, pn i -  
21:166 

trido-bis(triphenylphosphoms)( 1 + ), 
21:166 

21:166 

bis(undecatungstophosphato)-, decapo- 
tassium, 23: 186 

bis(heptadecatungstodiphosphato)-, hex- 
adecapotassium, 23: 188 

U05Cl,,Hz, Uranium(V), pentaethoxy-, 21:165 

UFJVa, Uranate(V), hexafluoro-, sodium, 

UK10078P2W22, Uranate(lV), 

UK160122P4WU. Uranate(IV), 

VClCl&Il0, Vanadium(II1). chlorobis(qkyc1o- 
pentadieny1)-, 21235 

VCI,, Vanadium chloride, 21:185 
VC1303C12Hz4, Vanadium(III), trichloro- 

V2, Divanadium, 22:116 
tris(tetrahydrofuran)-, 2 I : 138 

WBF4N2P,C&,. Tungsten(IV), bis[ I ,2-ethane- 
diylbis(dipheny1phosphine)l- 
(isocyanomethane)](methy lamino)- 
methylidynel-, trans-, tetrafluoro- 
borate(1-), 23:ll 

WBF,N,P,C&, , Tungsten(IV), bis[ 1,2-ethane- 
diylbis(diphenylphosphine)](2-isocyano- 
2-methylppane)[(methylamino)- 
methylidynel-, trans-, tetra- 
fluoroborate(1 -), 23:12 

WBzF8N2P,C&H,, Tungsten(IV), bis[ 1.2- 
ethanediy lbis(diphen y lphosphine)] bis- 
[(methylamino)methylidyne]-, tram-, 
bis[tetrafluoroborate(I -)I, 23:2 

WB2F8NzP4C&&,. TungstenfIV), bis! 1.2-etha- 
nediylbis(dipheny lphosphine)]bis[ (4- 
methylphenyl)amino]methylidyne]-, 
trans-, bis[tetrafluoroborate(l -)I, 23: 14 

WC12N2P,C&H,. Tungsten(O), bis( 1 -chloro4- 
isocyanobenzene)bis[ 1.2-ethane- 
diyl(diphenylphosphine)]-, trans-, 23: 10 

WChNzP4C&,, Tungsten(O), bis( 1.3-di- 
chloro-2-isocyanobenzene)bis[ 1.2- 
ethanediylbis(diphenylphosphine)]-, 
trans-, 23:lO 

WCLO, Tungsten chloride oxide, 23:195 
WN05P2C,lH31, Tungstate(1-), pentacarbon- 

ylhydrido-, pnitrido-bis(triphenyl- 
phosphorus)( 1 + ), 22: 182 

diylbis(diphenylphosphine)]bis( I-isocy- 
ano-4-methoxybenzene)-, tram-, 23: 10 

WNzP4CI&, Tungsten(O), bis[ 1.2-ethanediyl- 
bis(diphenylphosphine)] bis- 
(is0cyanomethane)-, trans-, 23: 10 

WN,P,C,H,, Tungsten(0). bis[ 1 ,2-ethanediyl- 
bis(diphenylphosphine)]bis(2-ioscyano- 
2-methylpropane)-, trans-, 23:lO 

WN,P,C&i,,, Tungsten(0). bis[ 1.2-ethanediyl- 
bis(diphenylphosphine)]bis- 
(is0cyanobenzene)-, trans-, 23: 10 

WNz02P,C&z, Tungsten(0). bis[ 1.2-ethane- 

WNzP,C68&z, Tungsten(0). bis[ 1,2-ethanediyl- 
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bis(dipheny1phosphine)l bis( 1 -isocyano- 
4-methylbenzene)-, trans-, 23: 10 

WO1$, Undecatungstophosphate(7 - ), 

w,A~,o,,, Silver'tungstate. 22:76 
WzHKO,,C,,, Tugstate( 1 - ), p-hydrido- 

W,,BO,, Undecatungstoborate(9 - ), 
thorium compkxes, 23: 189 

W,,O,,P,, Heptadecatungstodiphosphate( 10 - ), 
thorium and uranium complexes, 23: 188 

Wz2B2K140,8Thhr Qorate(IV), bis(undeca- 
tungstoborat0)-. tetradecapotassium, 
23:189 

bis(undecatungstophosphato)-, decapo- 
tassium, 23:189 

tungstophosphat0)-, decapotassium, 
23:180 

decatungstodiphosphato)-, hexadecapo- 
tassium, 23:190 

decatungstodiphosphat0)-, hexadecapo- 
tassium, 23:188 

thorium and uranium complexes, 23: 186 

bis[pentacarbonyl-, potassium, 23:27 

WzzKioOd'z~, ThOrate(IV), 

W,zKIo0,8PzU, Uranate(IV), bis(undeca- 

W,Kl,Olz2P4Th, Thorate(IV), bis(hepta- 

W,K,,0,zzP4U, Uranate(IV), bis(hepta- 

YC13, Yttrium chloride, 22:39 
YN4OZC4~,,, Yttrium, (2,4-pentanedion- 

ato)[5,10,15,20-tetraphenylporphyri- 
nato(2-)]-, 22:160 

Ybcl,, Ytterbium chloride, 22:39 
YbF4N40zC,,H,l, Ytterbium, [5,10,15,20-te- 

trakis( 3-fluoropheny1)porphyrinato- 
(2 - )](2,2,6,6-tetramethyl-3,5-heptane- 
dionato)-, 22: 160 

YbF18N60$IzC72H7Zr Ytterbium(II1). hex- 
akis(dipheny1phosphinic amide)-, 
tris(hexafluoroph0sphate). 23: 180 

YbNlOI3C8Hl6, Ytterbium(III), trinitrato( 1 ,- 

YbN,O,,C,J4,, Ytterbium(II1). trinitrato(1,- 
4,7,1O-tetraoxacyclododecane)-, 23: 15 1 

4,7,10,13-pentaoxacyclopentadecane)-, 
23:151 

10,13,16-hexaoxacyclooctadec- 
ane)trinitrato-, 23:153 

Y bN40zC53H,l, Ytterbium, (2 ,Cpentanedion- 
ato) [ 5,10,15,20-tetrakis(4-methyl- 
phenyl)porphyrinato(2 - )I-, 22:156 

YbN40zC,&, Ytterbium, [5,10,15,20-te- 
trakis(4-methylpheny1)porphyrinato- 
(2 - )](2,2,6,6-tetramethyl-3,5-heptane- 
dionato)-, 22:156 

Yb4Nl2OJ1C&,,, Ytterbiurn(II1). dodecanitrato- 
tris( 1,4,7,10,13-pentaoxacyclopentade- 
cane)tetra-, 23:152 

7,10,13, lbhexacyclooctadec- 
ane)dodecanitratotet-, 23: 155 

YbNlOI5Cl2Hu. Ytterbium(III), (1,4,7,- 

Yb4N120YC,J4,z, Ytterbium(II1). tris( 1,4,- 

ZnCIF&PCz4Hz,, Zinc(II), chloro(2.9-di- 
methyl-3,10-diphenyl-l,4,8,1 I-tetraaza- 
cyclotetradeca- 1,3,8,IO-tetraene)-, hex- 
afluorophosphate( I - ), 22: 1 1 1 

ZnN,O,,S,C,,H,, . 2Hz0, Zinc(II), tetraaqua- 
bis(o-su1fobenzoimidato)-, dihydrate, 
23:49 

ZnN8SZC,H,, Zinc(II), bis(thiocyanat0-N)-bis-p- 
(lH-1,2,4-triaz0le-h"~)-, poly-, 
23: 160 

thio1ato)-, bis(tetrapheny1phos- 
phonium), 21:25 

ZrBr, Zirconium bromide, 22:26 
ZrC1, Zirconium chloride, 22:26 
ZTC&OZC8HI6, Zirconium(1V). tetrachlo- 

ZnP,S.C,,& Zincate(I1). tetrakis(benzene- 

robis(tetrahydrofuran)-, 21:136 
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