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Communications

Four- and Five-Coordinate Cobalt(II) Thiolate Complexes:
Models for the Catalytic Site of Alcohol Dehydrogenase
Sir:

The catalytic zinc in liver alcohol dehydrogenase (LADH) is
coordinated by two cysteines, a histidine, and a water molecule.!?
There is a controversy whether the substrate displaces the water
molecule with the zinc remaining four-coordinate or whether the
substrate binds without displacement of H,O to give a five-co-
ordinate intermediate state.>*® Many spectroscopic studies
relating to this mechanistic question have been made on the
cobalt-substituted LADH, whose structure and activity are quite
similar to the native zinc enzyme.>* Spectroscopic evidence
supporting five-coordinate intermediate states comes from the
proposed relationship of the zero-field splitting of Co(IT) complexes
with coordination number and from !"O relaxation studies.’
Electronic spectroscopy provides a major argument against the
five-coordinate states: there are no significant differences in the
extinction coefficients of the ligand field bands in the spectrum
of the cobalt enzyme upon transition from the initial tetrahedral
state to the proposed five-coordinate intermediate states.® We
report the synthesis and structure determination of a series of
bis(thiolate)cobalt complexes, which are spectroscopic models for
the catalytic center in LADH.

The reaction of Co(SR), (SR = S-2,4,6-i-Pr,C¢H,; or S-2,6-
i-Pr,C¢H;)? with 2 equiv of pyridine or 1-methylimidazole in
CH,CN gives Co(SR),L, complexes in high yield.®® [Co(S-
2,4,6-i-Pr;CsH,)1(py),) (1) was previously shown to have a dis-
torted tetrahedral structure by X-ray diffraction.” The structure
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of 1 closely reproduces the [(cys-S),;Zn(imid)(his)] coordination
unit of the structurally characterized imidazole inhibited enzyme;
in both structures the rings of the nitrogen donor ligands are nearly
orthogonal.!®

When bidentate ligands such as bipyridine or phenanthroline
are substituted for the monodentate nitrogen bases, five-coordinate
complexes of formulation [Co(SR),(L)(CH;CN)] (L = bpy,
phen) are obtained.!! The X-ray crystal structure of [Co(S-
2,6-i-PryC¢H;),(bpy) (CH;CN)] (2) reveals it to be monomeric
with a distorted trigonal-bipyramidal geometry (Figure 1).2 The
two thiolates occupy equatorial positions, the bpy ligand spans
an axial-equatorial edge and the CH,;CN, which comes from the
solvent, occupies an axial position. Well-characterized examples
of five-coordinate Co(II) complexes are limited in number.

When the same reaction was performed with a less sterically
hindered thiolate ligand, the resultant complex is a dimer, [Co-
(S8-2,3,5,6-Me,CH),(bpy)], (3) (Figure 1).1* The cobalt ions
are five-coordinate with an asymmetric dithiolate bridge.!* The
difference in the nuclearity of compounds 2 and 3 reflects the
reduced tendency of the more steric thiolates to bridge metal
centers.!5 The structures of 2 and 3 also indicate the tendency
of cobalt to become five coordinate.

Complexes 1 and 2 and their respective derivatives are mo-
nomeric four- and five-coordinate complexes with very similar
ligand sets. They should make a good test case for spectroscopic
methods that claim to be able to distinguish differences in the
coordination number in Co(II) complexes and proteins.>!5 The
electronic spectra of [Co(S-2,4,6-i-Pr;C4H,),(1-Me-imid),] in
toluene and in CH;CN (Figure 2) are similar; the position and
extinction of the ligand field bands are consistent with tetrahedral
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Figure 1.
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Figure 2. Electronic spectra (CH;CN solutions) of [Co(S-2,4,6-i-

Pr,C.H,),(1-Me-imid),} (--+), [Co(S-2,6-i-Pr,C¢H;)2(phen)(CH;CN)]

(=), and [Co(S-2,6-i-Pr,C¢H3),(2,9-Me,phen)] (---).

coordination.'® Moreover, the spectra are very similar to the
spectrum of the [(cys-S),Co(pyrazole)(his)] unit of the pyra-
zole-inhibited cobalt(IT)-substituted catalytic center of LADH.?®
The electronic spectra of 2 and its phen analogue in CH,;CN show
markedly reduced extinctions for ligand field bands in the visible
and in the near-infrared regions (Figure 2).!! Reduced extinction
for the ligand field bands in five- vs. four-coordinate Co(II)
complexes is well established for complexes with nitrogen and
oxygen donor ligands.®'6 This result indicates that five-coordinate
[Co'l(S-cys),] centers should also be expected to have reduced
extinction coefficients. The electronic spectrum of 2 in CH;CN
is very similar to that of the Co enzymes to which bpy has been
added.'” On the basis of the analogy of the structure of the
phen-bound Zn enzyme,'® the bpy-bound Co(LADH) is also
five-coordinate.

In nondonor solvents, the spectra of 2 and its phen analogue
show extinctions that indicate tetrahedral coordination. This result
is consistent with the dissociation of the coordinated CH,CN to
give a four-coordinate complex. A further control experiment was
done in which the phen ligand was replaced by 2,9-dimethyl-
1,10-phenanthroline. It was anticipated that the steric effect of
the two methyl groups ortho to the nitrogens would discourage
five-coordination. X-ray crystallography established that [Co-
(S-2,6-i-Pr,CqH3),(2,9-Me,phen)] (4) is indeed four-coordinate
in the solid state even though it was crystallized from CH,CN
(Figure 1).'%20  The electronic spectra of 4 in both CH;CN
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Structural diagrams (left to right) of [Co(S-2,6-i-Pr,CsH;),(bpy)(CH;CN)], [Co(S-2,3,5,6-Me,CsH),(bpy)]2, and [Co(S-2,6-i-

(Figure 1) and in CHCl, are similar to the spectra of 2 in nondonor
solvents with extinction coefficients that are in agreement with
tetrahedral coordination.!?

We have demonstrated that suitable modifications of the ligands
can control the coordination geometry of bis(thiolate)cobalt(II)
complexes. Our model studies support the view that the catalytic
metal center in LADH remains four-coordinate during the en-
zymatic mechanism.
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(CH;C:H,),TiS,SiMe,: A Reactive Complex Containing
an Si-S Ligand
Sir:

While the coordination chemistry of carbon—sulfur ligands is
vast, very little is known about silicon-sulfur ligands.! Such
species are of interest because they should prove as structurally
variable as their carbon-based analogues but more reactive.

Silanethiolates represent a bridge between organic thiolates and
the thiometalates.? This paper summarizes our preliminary
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