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carbonyls on molybdenum but considerably downfield 
from the CO resonance in CpzMo2(CO),, 3, viz., 6 196.1b 

The formation of triply bonded 1 from the radical, 2, 
parallels the formation of 3 from Cp2M02(CO)G. The latter 
transformation has been shown to proceed via the radical 
pathway shown in eq 3.18J9 

A or 4 0  
C~~MO~(CO)G 7 2CpMo(CO)3* 

2CpMo(CO)z - 3 (3) 

The structure20 of 1 is shown in Figure 2. Unlike the 
Cp analogue Cp,Mo,(CO), (3) which has a linear Cp- 
Mo-Mo-Cp axis,21 the Tp-Mo-Mo-Tp axis is bent (w = 
153 f 1’) and thus resembles Cp2Cr2(CO), (w = 162°)22 
and Cp*,Mo(CO), (4, Cp* = C5Me5) (w = 168°).23 The 
M s M o  distance in 1, 2.507 (1) A, may be compared to 
the M-Mo distances of 2.448 (1) and 2.488 (3) A in 3 and 
4, respecti~ely.~’*~~ Although the increased Mo=Mo dis- 
tances in 1 and 4 relative to 3 may be ascribed to the 
increased steric bulk of the Cp* and Tp  ligands, increased 
electron donation from these liquids (vis-&vis Cp) would 
be expected to populate M-M antibonding molecular or- 
bitals and lead to increased M s M o  distances.22 

The overall symmetry of 1 approximates C2, with the 
C2 axis bisecting the Mo=Mo bond and the N211-Mo2- 
Mol-N121 dihedral angle. The N donor atoms may be 
arranged into two sets. One set, consisting of N l l l  and 
N231, have their N-Mo bonds nearly parallel and ap- 
proximately trans to the Mo=Mo bond and are called 
“axial” (averge Mo-N, = 2.21 + 0.01, average Mo-Mo-N, 
= 154 + 2’). The other four N donors are essentially trans 
to the carbonyls and are called “equatorial” (average 
Mo-N, = 2.23 f 0.01, average N,-Mo-CO = 166.6 f 0.7). 

A Mo-CO bond lies opposite to each axial nitrogen as 
shown 

021 
N I / N  c21 

N l l l - M O l - - - - -  
/ I - -\h4 b [- N 2 3 1 

4 c11 
011 oc 

These carbonyls have shorter Mo-C distances (average = 
1.93 f 0.01 A) and more acute Mo-Mo-CO angles (average 
= 70.5 f 1.5’) than the other two carbonyls (average 
Mo-CO = 1.96 f 0.01 A, average Mo-Mo-CO = 83.4 (4)’). 
Thus it appears that one carbonyl on each molybdenum 
interacts across the Mo=Mo bond with the residual 
“octahedral hydrid” on the remote Mo. 

The reactivity of the radical, 2, and the triply bonded 
dimer, 1, are currently under investigation and will be 
reported in due course. 
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Summary: Treatment of ($-C5H5)W(C0),SH with RSNpht, 
RSSNpht and RS(0)Npht gave complexes which contain 
novel catenated sulfur ligands, namely, (q5-C5H5)W- 
(CO),S,R, where x = 2 and 3, and ($-C5H5)W(CO),SS- 
(O)R, respectively, where R = CH,C6H5 and p-C6H,CH, 
and Npht = N-phthalimido. The complexes (q5-C5H5)W- 
(CO),S,R, where x = 2 and 3, tend to desulfurize spon- 
taneously in solution. The complexes cis -(PPh,),Pt- 
(Npht)(S,R’), where x = 1 and 2 and R’ = CH,CH,CH,, 
CH(CH,),, CH2C6H5, p -C6H,CH,, and Npht, were prepared 
by oxidative addition of R‘S,Npht to (PPh,),PtC,H,. The 
complexes where x = 2 do not lose sulfur in solution. 
The X-ray structure of the complexes cis -(PPh,),Pt- 
(Npht)SSCH(CH,), and (q5-C5H5)W(C0),SS-p-C6H4CH, 
confirm the presence of the disulfide linkage with S-S 
distances and M-S-S-C torsional angles of 2.037 (4) A 
and 89.5’ and 2.053 (4) A and 63.1°, respectively. 

There is strong interest in complexes containing caten- 
ated polysulfur ligands. Several new cyclic compounds 
such as CpzMS5, where M = Zr and Hf,2 [C5(CH3)5]2MS3, 
where M = Ti and Zr? (E~,N),MOS(S~)~,~ and others4 have 
recently been reported. Metal complexes containing the 
linear arrangement MS,R which are analogues of organic 
polysulfides are rare.5 In view of sulfur’s pronounced 
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tendency to form catenated compounds, it is reasonable 
to assume the existence of a large class of complexes 
containing simple linear catenated polysulfur ligands. 

Sulfur-transfer reagents of the type RS,Npht,6 where 
Npht = N-phthalimido, x = 1 and 2, and R is an organic 
group, provide an efficient route to unsymmetrical organic 
polysulfanes via reaction with thiols (eq 1). The reaction 

R'SH + RS,Npht - RISS,R + HNpht (1) 

of these reagents with the tungsten thiolo complex CpW- 
(CO),SH,' where Cp = q5-C5H5, has led to the novel 
tungsten disulfaness CpW(CO),SSR (eq 2). The com- 

e 
I NphtSR 

NphtS-SR - 
NphtS(=O)R 

( 2 )  e 
I 

plexes were characterized satisfactorily by IR, NMR, and 
mass spectroscopy and elemental analysis. The spectra 
of the disulfanes are similar but not identical with those 
of authentic samples of the corresponding thiolato com- 
plexes CpW(C0)3SR,g which are low yield byproducts of 
the above reaction. The disulfanes tend to lose sulfur 
slowly to give the thiolato complexes upon standing in 
solution, and they could not be isolated by chromatogra- 
phy; however, they are stable in the solid state. To prepare 
the trisulfane analogues, CpW(CO),SH was treated with 
RSSNpht'O in a similar manner. New complexes, which 
we have identified as the trisulfanes CpW(CO),SSSR, were 
characterized in solution, but they decomposed to com- 
plicated mixtures upon workup. The disulfane complexes 
were identified in the NMR spectra of the crude reaction 
products in 25% concentration relative to the trisulfanes. 
Use of the transfer reagent RS(0)Npht" gave cleanly the 
oxidized disulfanes CpW(CO),SS(O)R, which were isolated 
and characterized satisfactorily. We conclude that these 
tungsten polysulfanes are less stable than organic di- and 
trisulfanes; however, the oxidized tungsten disulfanes are 
more stable than the organic analogues RSS(0)R.12 

The sulfur-nitrogen bond in the reagent NphtSSNpht13 
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Figure 1. Perspective drawing of the solid-state structure of 
C~~-(PP~~)~P~(N~~~)SSCH(CH~)~ with the phenyl rings not shown 
for clarity. The atoms are represented by thermal vibration 
ellipsoids drawn to  encompass 30% of their electron density. 

Figure 2. Perspective drawing of the solid-state structure of 
(q5-C5H5) W(C0)3SS-p-C6H,CH3. The atoms are represented by 
thermal vibration ellipsoids drawn to  encompass 30% of their 
electron density. 

oxidatively adds to (PPh3),PtC2H4 to give the catenated 
species cis-(PPh,),Pt(Npht)(SSNpht) directly (eq 3). The 

P P h j  F PPh3 SSR '  

PPh3 / c  PPh, / 'Npht 
\Pt-l l + NphtSSR'  - \ P t /  (3 )  

H2 

reaction is general; thus use of R'S,Npht, where R' = Npht, 
CH2C6H5, p-C6H4CH3, CH2CH2CH3, and CH(CH,), and 
1: = 1 and 2, led to appropriate complexes which were 
isolated and fully ~haracterized.'~ The platinum di- 
sulfanes do not spontaneously desulfurize in solution, in 
contrast to the tungsten complexes. In contrast to organic 
 disulfide^,'^ the complexes CpW(CO),SSR and cis- 
(PPhszPt(Npht)(SSCH2C6H5) are desulfurized by tri- 
phenylphosphine to give the simple monosulfur thiolato 
compounds. 

The structures of the complexes cis-(PPh,),Pt(Npht)- 
SSCH(CH3)216 and C P W ( C ~ ) ~ S S - ~ - C ~ H ~ C H ~ ' '  have been 
determined and are shown in Figures 1 and 2, respectively. 
The platinum-to-sulfur distance of 2.353 (3) A is similar 
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slP NMR spectra. 

2437-2445. 

= 2.265 (3), Pt-P2 = 2.295 (3), Pt-N = 2.044 (9), and Pt-S1 = 2.353 (3). 
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to that for simple thiolate ligands.18 The novel Pt-S-S- 
CH(CH3) grouping features a sulfur-sulfur distance of 
2.037 (4) 1 and a torsion angle of 89.5'. In the tungsten 
c ~ m p l e x ' ~ ~ ~ ~  the W-S-S-C6H,CH3 fragment has a sulfur- 
sulfur distance of 2.053 (4) A and a torsion angle of 63.1'. 
The sulfur-sulfur bond distances in these two complexes 
are in the range found for most organic and inorganic 
disulfides.21 However, while the PtSSC torsion angle is 
close to  that found for open-chain organic disulfides (85 
f 20°)22 the WSSC angle is much smaller23 and outside 
this range. 

Book Reviews 
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(23) No significant intermolecular contacts were observed. 
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These compounds are among the first linear repre- 
sentatives of a potentially large new class of complexes 
containing catenated-sulfur ligands. The preparative 
routes reported here are suitable for general application. 
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Multiple Bonds Between Metal  Atoms. By F. A. Cotton and 
R. A. Walton. Wiley-Interscience, New York. 1982. xiv + 466 
pages. $47.50. 

This book, with a foreword by R. Hoffmann, is the first to be 
published dealing only with compounds containing multiple bonds 
between metal atoms and is written by two accomplished prac- 
titioners in the field. The authors have covered the literature 
through 1980, and some of the early literature of 1981 is also 
included. Spot checks against this reviewer's files indicate that 
the coverage is exceptionally complete. 

The book covers all aspects of the chemistry of compounds with 
metal-metal multiple bonds as indicated by the chapter headings: 
Chapter 1, Introduction and Survey (35 pp); Chapter 2, Quadruple 
Bonds Between Rhenium and Technetium (48 pp); Chapter 3, 
Quadruple Bonds between Molybdenum and Tungsten (66 pp); 
Chapter 4, Quadruple Bonds between Chromium Atoms (33 pp); 
Chapter 5,  Triple Bonds between Metal Atoms (82 pp); Chapter 
6, Double Bonds between Metal Atoms (46 pp); Chapter 7, Di- 
rhodium and Isoelectronic Compounds (28 pp); Chapter 8, 
Physical, Spectroscopic, and Theoretical Results (114 pp). Within 
each of the chapters, 2-7, the synthesis, structures, and reactivity 
of the various compounds are presented and discussed. Where 
possible, reactivity-structure correlations are made and tied in 
with the theoretical results. 

The organization of the material is built primarily around 
structural classes, which is understandable given the importance 
(indeed, necessity) of structural results to the field and the paucity 
of systematic reactivity studies. The text is clearly written, 
although in places the sheer rapidity with which the reader is 
bombarded with information makes casual reading difficult. Much 
of the f i s t  chapter is an interesting history of "How I t  All Began" 
and a polemic on "non-Wernerian" chemistry. 

The book is remarkably free of error (only two minor ones were 
noted). Material is readily accessible via the adequate index or 
the detailed Table of Contents. This book is highly recommended 
to  anyone who would like to see what the field of metal-metal 
multiple bonds entails, to  teachers and students of inorganic 
chemistry, and to researchers in the field. For the latter, a 
perspicacious reading will reveal many areas of potentially re- 
warding research. 

M. David Curt is ,  The University of Michigan 

Chemically Modified Surfaces  i n  Catalysis a n d  Electroca- 
talysis. Edited by J. S. Miller. ACS Symposium Series No. 192. 
American Chemical Society, Washington, D.C. 1982. ix + 301 
pp. $36.95. 

This volume contains 17 articles containing material that was 
presented a t  the American Chemical Society Meeting in New York 


