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Facile Synthesis of Cp,Mo,(u-SH),(u-S), and Its Use in
Heterobimetallic Cluster Synthesis
Sir:

Bimetallic sulfido clusters have become the focus of in-
creased research activity, due in part to their potential as
models for heterogeneous'? and biological catalysts.>
Sulfided clusters containing molybdenum and a group 8 metal,
e.g. Fe, Co, and Ni, are especially interesting as models for
the poorly understood hydrodesulfurization catalysts based on
“sulfided” iron, cobalt, or nickel molybdates on oxide sup-
ports.57

We have previously demonstrated that Mo—S clusters may
be synthesized in a rational manner from the interaction of
the Mo=M o triple bond in Cp,M0,(CO), and the sulfides
Fe,(CO)4S; and Cp,Mo,(SCH,CHRS), (1).! By analogy
with the rich chemistry displayed by derivatives of Fe,(u-
SH),(CO),,° we reasoned that Cp,Mo,(u-S),(u-SH), (2)
might be more reactive and useful in cluster synthesis than
the bridging dithiolate 1. However, any investigation of the
chemistry of 2 is hampered by its tedious, 14-day preparation
from (Cp,Mo,S,), and H,.!"* We here report an extremely
facile synthesis of 2 and its use in rational synthesis of sulfided
iron, cobalt, or nickel molybdenum clusters.

Complex 2 is easily prepared by reducing the readily
available, polymeric sulfide (Cp,Mo,S,), (3)!* with LiEt;BH
(ca. 11 equiv/g of 3) in THF for several hours. The mixture
is then carefully quenched with water and the THF stripped
out of the mixture. The solid is filtered and washed with water
until the washings are colorless. The dried solid is then ex-
tracted with CH,Cl, to give a deep purple solution. Removal
of the CH,Cl, gives pure 2 as black crystals (yield 75% based
on Mo used to prepare 3).

The hydrosulfide 2 reacts rapidly (<2 h) at room temper-
ature with the carbonyls Fe,(CO)g4, Co,(CO)g, and Ni(CO),,
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affording products 4-6, respectively. (Clusters 4 and 6 were
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formed in THF with reactant molar ratios of 1:1 (4) and 1:2.5
(2:Ni(CO),, 6), whereas toluene was used as solvent for the
formation of 5, again with a 1:1 mole ratio of reactants.)

The compounds 4-6 were isolated by elution chromatog-
raphy over alumina. In each case, the initial band contained
the cluster. The eluant, color, and yield for each cluster are
as follows: 4, CH,Cl,, emerald green, 20%; 5, hexane/toluene
(4:1), black, 50%; 6, CH,Cl,, pine green, 25%.

The structures of clusters 4-6 have been determined by
X-ray crystallography.!®!? Cluster 4 is centrosymmetric and
displays two nonbonding (3.612 (3) A) and two bonding (2.853
(3) A) Mo-Fe distances. This cluster is closely related to
Cp,Mo,(13-S),(u-CO),Fe(CO)¢ (7). in that two p-CO ligands
in 7 are replaced by two p,-S ligands in 4, resulting in an
increase in the number of cluster framework electrons from
62 in 7 to 66 in 4. The addition of two more antibonding
electron pairs would be expected to break two metal-metal
bonds as observed (in 7, all four Mo—~Fe bonds are ca. 2.8 A
long). The Mo~Mo bond length in 4 is 2.624 (2) A, which
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Figure 1. Molecular cores of the clusters Cp,Mo,{u3-S)4Ni(CO), (6) (right) and Cp,Mo,(14-S)(13-S),C0,(CO), (5) (left). Representative

distances are noted on the drawings.

is 0.20 A shorter than the Mo—Mo bond in 7. In 4, the
Mo—Mo bond is bridged by four sulfido ligands whereas there
are only two such bridges in 7. Apparently, the metal orbitals
used in Mo—S bridge bonds are also metal-metal bonding.!?

The structure of 6 (Figure 1) is also easily rationalized as
a cubane with five metal-metal bonds, i.e. a 62¢ butterfly with
Ni at the wingtips (Ni-~Ni = 2.962 (2) A, Mo-Ni = 2.720
(1)-2.724 (1) A, Mo—Mo = 2.829 (1) A). In this complex,
the Mo—Mo bond, bridged by two sulfido groups, has essen-
tially the same length as the Mo~Mo bond in 7, 2.821 (1) A
(vide supra).

The structure of 5 contains a relatively rare u,-S ligand
(Figure 1). The geometry of the u,-S ligand observed here
has been found previously in Chevrel chalcogenides!# and in
two other clusters.!> Square-pyramidal'® and tetrahedral'’
geometries have been observed also for u,-S bridges.

Clusters 4, 6, and 7 are electron precise, but the u,-S ligand
demands a delocalized description of the bonding in the
electron-deficient cluster 5. If it is assumed that the Mo uses
4 AQ’s for cluster bonding, then 5 AQ’s are left for ligand
bonding and nonbonding electrons. The CpMo fragment thus
donates 6 + 5~ 10 = 1le to the cluster framework, as does the
Co(CO), fragment (assuming Co uses only 3 AO’s for cluster
framework bonding, 9 + 4 — 12 = le).'® If each sulfur then
donates 4e to the framework, there is a total of 16e, which
predicts a closo structure for the seven-vertex Mo,Co,S,
cluster. The closo, seven-vertex structure adopted by B,H,>
and C,BsH; is the pentagonal bipyramid.'®® However, in these
examples, the B and C atoms use only 3 AO’s each for cluster
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bonding. Apparently, the greater connectivity permitted by
the use of 4 AQ’s in the CpMo fragment favors the bicap-
ped-trigonal-bipyramidal structure observed here. Alterna-
tively, if Mo is considered to use only 3 AO’s in cluster
framework bonding, then there are only 12¢ (6 pairs = S)
available for cluster bonding. In this case, S = N — 1, which
correctly predicts the bicapped-trigonal-bipyramidal structure
but fails to account for the high connectivity of Mo.!®

The triply bridged Mo—Mo bond in § is short (2.646 (1) A)
as it is in 4, again suggesting the presence of multiple-bond
character. The bonds between the metals and the p4-S ligand
are all statistically longer than the corresponding M—(y;-S)
bonds, consistent with S-center—6e delocalization around the
14-S ligand compared to the 4-center—6e bonding around the
u3-S ligand (see Figure 1) (we assume that the 3s? electrons
on sulfur are too low in energy to be used effectively in
bonding). It is also interesting to note that the sulfhydryl
complex 2 shows a reactivity with Co,(CO)j; different from
that reported for Cp*;Mo,S,."?

These results and others®!9? show that the reaction between
organometal sulfides and reactive carbonyls constitutes an
attractive pathway to heterobimetallic clusters. The surface
chemistry and catalytic properties of these clusters are cur-
rently under investigation.
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