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The greater stability of the platinum-pyridine complex 
5 relative to the palladium-nitrile complexes is not fully 
understood but may be due to the metal (Pt vs. Pd) or the 
enhanced lability of the nitrile that can more readily create 
coordinatively unsaturated, reactive species. 

We are currently broadening our studies of these com- 
plexes to include additional anti-Bredt olefins and metals 
(Fe, Ir, Rh) as well as further investigations into the re- 
activity of these unique complexes. In particular, these 
species are well suited to mechanistic studies of insertions 
because of their clear propensity to undergo such reactions 
and because of their inability to participate in competitive 
processes involving direct ligand attack, and we are fo- 
cusing additional studies in this area. 
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Summary: The reactions of the closo-sulfido osmium 
carbonyl cluster compounds OS~(CO) ,~ (~~-S) ,  I ,  and 
Os,(CO),,@,-S), 11, with H2S yield the open cluster com- 
pounds H20s4(CO),2(~3-S)2, I 11, and H20~5(C0)14(~3-S)2, 
IV ,  in yields of 55% and 94%,  respectively. In  each 
reaction one H2S molecule has been converted into a 
triply bridging sulfido ligand and two hydride ligands. 

The reaction of metal carbonyl cluster compounds with 
electron pair donors produces usually either ligand sub- 
stitution or degradation of the cluster via cleavage of the 
metal-metal bonds.14 However, if the added donor can 
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Figure 1. An ORTFZ plot of H20s6(C,0)14~3-S)Z, N ,  showing 
probability thermal-motion ellipsoids. 
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serve as a bridging ligand, it could help to preserve the 
integrity of the molecule even in the presence of extensive 
cleavage of the metal-metal bondse5 

The reactions of H2S with transition-metal complexes 
often yield complexes containing thiol or sulfido ligands 
as a result of cleavage of hydrogen-sulfur bonds in the H2S 
ligand.6-10 Sulfido ligands frequently coordinate as 
bridging, multielectron pair donors.ll We have now found 
that the closo-sulfido osmium carbonyl clusters Os4- 
(CO)12(b3-S), 1,12 and 0s5(CO),,(p4-S), 11,13 react with H2S 
to yield the open disulfido osmium carbonyl clusters 
H20s4(C0)12(~3-S)2, 111, and H ~ O S ~ ( C O ) I ~ ( P L ~ - S ) ~ ,  IV, re- 
spectively. 

When refluxed for 4 h in heptane solvent under an at- 
mosphere of H a ,  I is converted into the known compounds 
I11 and H20s3(C0)9(~3-S) in yields of 55% and 35%, re- 
~pective1y.l~ The structure of the selenium analogue of 

I I11 

111 has been determined previou~ly.'~ The molecule con- 
sists of a trigonal prismatic cluster containing four osmium 
atoms and two s a i d 0  ligands. Hydride ligands bridge two 
of the three metal-metal bonds. In this addition, the H2S 
molecule is converted into one triply bridging sulfido and 
two bridging hydride ligands. Collectively, these ligands 
donate six electrons to the cluster. Accordingly, compound 
I which contains six metal-metal bonds is converted into 
the open cluster I11 which contains only three. 
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When refluxed in nonane solvent under an atmosphere 
of H2S, I1 adds 1 mol of H2S and eliminates 1 mol of CO 
to form the new compound IV in 94% yield.15 

IV I1 

The structure of IV was determined by X-ray crystal- 
lographic methods, and an ORTEP diagram of the molecule 
is shown in Figure l.16J7 The molecule consists of a 
"bow-tie" cluster of five metal atoms arranged in the form 
of two triangular Os3 groupings which share the central 
metal atom 0s(1).l8 Each triosmium group contains a 
triply bridging sulfido ligand and one bridging hydride 
ligand. The Os-Os and Os-S internuclear separations are 
similar to those in H20s3(CO)g(p3-S).1g The elongated 
exterior Os-Os bonds Os(2)-Os(3) = 2.891 (1) A and Os- 
(4)-0s(5) = 2.885 (1) A probably contain the bridging 
hydride ligands. Overall, the molecule has C2 symmetry 
(not crystallographically imposed); thus, the hydride lig- 
ands are equivalent. The Os5 bow tie is not planar but is 
twisted to give a dihedral angle of 56.3' between the Os(l), 
Os(2), Os(3) and Os(l), Os(4), Os(5) planes. The cluster 
compounds Os5( CO) 19 and O S ~ ( C O ) ~ ~ [  P( OMe)& contain 
bow-tie structures in which the dihedral angles between 
the Os3 triangles are 21.2' and 24.8', respectively.20 

As in the reaction with I, the H2S molecule in this re- 
action is converted into one triply bridging sulfido ligand 
and two hydride ligands which collectively donate six 
electrons to the cluster. However, due to the loss of the 
one CO ligand, the net increase in the number of cluster 
electrons is only four, and the conversion of I1 into IV 
results in the cleavage of only two metal-metal bonds. I t  
is significant that the opening up of these closo clusters 
by H2S does not lead to their degradation. In contrast, 
Lewis et al. have recently reported that the cluster Os6- 
(CO)20 is converted into H20s3(C0)9(p3-S) upon reaction 
with HzSz1 Further studies on the addition of H2S to 
closo-metal carbonyl clusters are in progress. 
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Summary: Pyrolysis of the compound Ru,(CO),,(CN-t- 
Bu)(p,-CN-t-Bu), I ,  in nonane solvent for 2 h leads to 
formation of the hexaruthenium carbide cluster Flu&)- 
(Co),,(CN-t-Bu)(p-CO), I I .  

Considerable attention has been focused on the nature 
of the activation of small molecules by transition-metal 
cluster I t  has been suggested that the 
reduction of triple bonds will be facilitated by multinuclear 
coordination  interaction^.^ The activation of carbon 
monoxide, in particular, is a problem of great interest and 
i m p ~ r t a n c e , ~ * ~  and it has been shown that certain carbido 
clusters can be made by the abstraction of carbon from 
carbonyl ligands. However, the importance of polynuclear 
coordination in the activation of the ligand has not been 
a~cer ta ined .~-~  

Herein we report the synthesis of a hexaruthenium 
carbido cluster in which the carbide carbon atom was ab- 
stracted from an isocyanide ligand and the importance of 
polynuclear coordination of the isocyanide ligand is 
strongly implied. 

The compound RU~(CO)~~(CN-~-BU)(~~-CN-~-BU), I, was 
recently synthesized by Bruce et al. and shown to contain 
a quintuply bridging isocyanide ligand." When heated 
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