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Transition-metal clusters with phosphine ligands 
are a class of compounds of great current interest. 
These compounds are important because of their 
novel structural features [l-5] and their potential 
uses as heterogeneous catalysts [6, 71. The skeleton 
of the clusters may not be changed by addition or 
removal of the valence electrons, yet the metal-metal 
bond lengths are sensitive to the variation of the total 
electron count. Recently, several clusters with a 
Co$s core have been reported [8-lo] and the 
relationship between the bond length and the total 
electron count has been studied [8]. All of these 
clusters contain an almost regular Co6 core. We here- 
by report the synthesis and structural characteriza- 
tion of a new cluster, Co$s(PPh,),, with a slightly 
distorted Co6 octahedron. 

Experimental 

Synthesis 
To a stirred solution of (PhsP)zCoBrz obtained 

from 2.19 g (10 mmol) of anhydrous CoBrz and 
5.25 g (20 mmol) of PhsP in 40 ml of DMF was 
added a solution of Na& obtained from 2.40 g (10 
mmol) of NazS.9Hz0 and 0.32 g (10 mmol) of sulfur 
in 10 ml of DMF. The blue-green solution immedi- 
ately turned dark red on mixing. After stirring for 3 
days the microcrystals formed were collected, washed 
with water, acetone and THF:hexane 1: 1 (v/u) suc- 
cessively to give 2.6 g of dark red product. The com- 
pound was recrystallized from methylene chloride/ 
hexane. A cyclic voltammogram showed a reversible 
one-electron oxidation-reduction at +0.63 V versus 
SCE. The compound is paramagnetic with an effec- 
tive magnetic moment of 4.23 pn per Co&(PPh& 
at 301 K. Dark red crystals of the title compound 
suitable for X-ray crystallographic analysis were ob- 
tained by diffusion of a CHzClz solution with a top 
layer of hexane. 

*Author to whom correspondence should be addressed. 

Crystal Data 
A single crystal of dimensions 0.3 X 0.4 X 0.5 mm 

was mounted on a Regaku AFCSR four circle diffrac- 
tometer equipped with a MO ray source and graphite 
monochromator. The crystal is triclinic, space group 
P-l with a = 15.052(4), b = 15.219(4), c = 14.201(3) 
A, QI = 114.80(2), 0 = 92.59(3), y = 117.90(2)“, V= 
2488.5 A3, Z = 1, D, = 1.457 g/cm3. A total of 8776 
independent reflections were collected in the range 
2” < 28 <48’, of which 5577 reflections with Z> 30 
(Z) were used in the structure determination and re- 
finement after Lp and empirical absorption correc- 
tion with an AFCSR program. The coordinates of the 
three cobalt and four sulfur atoms were determined 
by direct methods and the remaining non-hydrogen 
atoms were located from successive difference 
Fourier maps. The structure was refined by a full- 
matrix least-squares technique with anisotropic tem- 
perature factors for the cobalt, sulfur and phospho- 
rus atoms and isotropic temperature factors for all 
carbon atoms. The final R and R, were 0.062 and 
0.078, respectively. 

Discussion 

A perspective view of the cluster is shown in_ 
Fig. 1. The cluster possesses crystallographic Cr-1 
symmetry and contains a slightly distorted octa- 
hedral Co6 core (the octahedron is elongated along 
the 3-fold axis through the Co(l)-CO(~)-CO(~) 
face). Each of eight Co3 faces is bridged by one p3-S 
atom lying 1.50 a above the Co3 face. In addition, 
each Co atom is terminally coordinated by one tri- 
phenylphosphine ligand. Therefore, each cobalt atom 
is surrounded by four sulfur atoms and one phos- 
phorus atom in a distorted square-pyramidal envi- 
ronment and is linked by four other cobalt atoms in 
a second nearest sphere. The atomic distances of 
Co-S, Co-P and Co-Co fall in the range 2.205- 
2.265, 2.142-2.169 and 2.849-2.894 A, respec- 
tively. The S-S distances are in the range 3.072 to 
3.120 A. Alternatively, the cluster can also be de- 
scribed as a slightly distorted Ss cube, and each Co 
atom is about 0.50 A above the corresponding Sq 
face. 

The cluster contains 98 valence electrons, which 
is 14 electrons more than those counted by the 18- 
electron rule [l l] and one electron more than 
those in the almost regular Co6 octahedron cluster 
[Co.&(PPh,),]+ [lo]. The average Co-Co atomic 
distance of 2.870 A in the title compound is dis- 
tinctly longer than that in [CO~(CO)~~]~- (2.50 A, 
86 e) [ 121 and slightly longer than that in the mono- 
valent cation [Co,Ss(PPh&,]+ [lo] (2.81 A, 97 e), 
i.e. the Co-Co distance is significantly increased by 
0.06 A owing to the addition of one electron. The 
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Fig. 1. Crystal structure of the cluster CoeSa(PPha)e without phenyl groups. P(l), P(2), P(3) and P’(l), P’(2), P’(3) are the P 

atoms of the PPha ligands. Important bond lengths (A): Co(l)-CO(~), 2.892(l); Co(l)-CO(~), 2.894(l); CO(~)-CO(~), 2.868(3); 

Co(l)-CO’(~), 2.858(l); Co(l)-CO’(~), 2.849(3); CO(~)-CO’(~), 2.860(3); Co(l)-S, 2.247(4); CO(~)-S, 2.240(4); CO(~)-S, 

2.227(3); Co(l)-P(l), 2.169(3); CO(~)-P(2), 2.158(4); CO(~)-P(3), 2.165(3); and bond angles (“): Co-Co-Co, 58.8-61.2, 
88.9-91.1; Co-Co-S, 48.7-51.3, 108.2-111.2; Co-Co-P, 126.5- 

P-Co-S, 93.1-113.0; Co-SCo, 78.1-80.9; S-S-S, 88.4-91.6. 

lengthening of the Co-Co distance in the neutral 
cluster with respect to the monovalent cation indi- 
cates that metal-metal bonding exists and that the 
extra electron occupies an antibonding orbital. As a 
matter of fact, the reversible one-electron oxidation- 
reduction at +0.63 V indicates that removal or addi- 
tion of one electron to the antibonding orbital of the 
[Co,S,(PPh3),]n’ (n = 0, 1) is feasible. The average 
Co-S and Co-P bond lengths in the title cluster are 
2.238 and 2. 165 A, respectively, which agree well 
with those reported in the monovalent cluster 
[Co&(PPhs),J+ and are not affected by the varia- 
tion of the total electron count. 
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