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Perhaps the higher pH at which our incubations were performed!
deprotonates this lysine (pK, ~ 9-10) and renders it sufficiently
nucleophilic to compete with other nucleophilic residues in the
active site. To our knowledge, this is the first report of a lysine
residue in E,-HSD modified by an active-site-directed alkylating
agent.
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The reaction of the dinuclear hydrosulfido-bridged molybdenum
complex with thiophosgene has been reported to yield a Mo(III)
derivative with a u-n’trithiocarbonate ligand (eq 1).! Although
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several mononuclear and dinuclear trithiocarbonate complexes
have been prepared,””’ we have not found previous reports of the
n*-bridging mode for this ligand. We have, therefore, begun a
study of the reactivity of the thiocarbonyl functional group in
complex I. We report here an interesting result which reveals
reactivity characteristics of the molybdenum ions in these systems
in thic1}(; sulfur ligand reactivity normally dominates the chem-
istry.®”
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Unlike the thiocarbonyl functional group in organic molecules,
the C=S bond of the trithiocarbonate ligand is resistant to hy-
drolysis. Complex I was recovered nearly quantitatively from an
aqueous/ THF solvent mixture which had been refluxed for 3
weeks. The addition of a small amount of trifluoroacetic acid did
not alter these results. However, when complex I was reacted with
2-3 equiv of methyl iodide at room temperature in THF, a reaction
did occur to form an 80% yield of an orange product.!! The
complex was formulated as the salt [(MeCpMo),-
(SC,H,S)S,CSMe]I (II). Elemental analyses are consistent with
the proposed composition.!! The room temperature proton NMR
spectrum in CDClI; shows sharp resonances at 2.87 and 7.2 ppm
which are consistent with a SMe group and the alkenedithiolate
ligand, respectively. However, the methylcyclopentadienyl res-
onances at 6.06 and 2.2 ppm are broad singlets at room tem-
perature. A variable-temperature NMR study confirms that there
is a fluxional process occurring in solution. At -54 °C, two singlets
are observed for the Cp ring protons at 6.41 and 5.66 ppm and
for the Cp—Me protons at 2.49 and 1.89 ppm. As the temperature
is increased, these resonances broaden with coalescence for the
Cp—Me resonances occurring at 0 °C and for the Cp signals at
6 °C. On the basis of these coalescence temperatures, the free
energy of activation for the fluxional process is calculated to be
56 kJ/mol.l? The 3C NMR spectrum also shows a variation
with temperature.!?

The process which results in inequivalent cyclopentadienyl
resonances at low temperatures was proposed to involve the in-
teraction of the methylated ligand with a molybdenum ion in the
cation. The nature of this interaction has been established by an
X-ray diffraction study. The complex crystallized in space group
P21 /c with four molecules per unit cell.' A perspective drawing
of the molecule is shown in Figure 1. The structure consists of
discrete cations and anions. The structure of the cationic dinuclear
molybdenum complex confirms that the terminal sulfur atom of
the trithiocarbonate ligand has been methylated. The C-S bond
distances around this terminal sulfur atom lie within the normal
range for single bonds. The ligand is coordinated to Mo, through
the other two sulfur atoms S, and S; and to Mo, through sulfur
atoms 2 and 3 and the carbon atom (C,) of the ligand. The Mo-C
distance of 2.195 (6) A is typical of a single bond between these
atoms.!* The CS; portion of the ligand retains its planarity, and
by chelating to Moy, the ligand forms a planar four-membered
metallocycle. All three of the C-S distances in the ligand are
identical within standard deviation. The structure, therefore,
involves an unusual bridging coordination mode for a thioxanthate
ligand.'® Upon expanding the coordination sphere around Mo,,
all the Mo-S and Mo-C,, distances have increased slightly. For
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Figure 1. Perspective view and numbering scheme for [(MeCpMo),-

(SC,H,S)(S,CSMe)]1. Thermal ellipsoids are shown at the 50% prob-
ability level. Selected bond distances (A): Mo;~Mo,, 2.623 (1); Mo,-C,,
2.195 (6); C,-S;, 1.749 (7); C,-S,, 1.754 (6); C;-Ss, 1.755 (6); Ss—C,,
1.789 (8); Mo,=S,, 2.423 (2); Mo,-S,, 2.438 (2); Mo,-S,, 2.452 (2);
Mo,-S,, 2.442 (2). Angles (deg): S;—C,-S,, 108.4 (3); S,—C,-S;, 124.3
(4); S;-C,-S;, 125.7 (4); Mo,~C,-S;, 126.5 (3).

example, the average Mo,—Cg, distance of 2.327 A is approxi-
mately 0.03 A longer than the Mo;—Cc, average distance (2.292
A); Mo,-Sy) (2473 (2) A) is 0.04 X longer than Mo;—S;4).
Other structural features of the Cp,Mo,S, core are similar to those
observed for related cations, including the Mo-Mo distance of
2,623 (1) A&7

In a somewhat related example of unusual coordination ge-
ometries, a 1,2-alkenedithiolate ligand has been found to display
an p-n%,n*-bonding interaction in a neutral dinuclear ruthenium
complex.!® The dithiolene ligand bonds to one Ru ion through
the two sulfur atoms and to the second Ru ion through the two
sulfur and two carbon atoms. In this system, the formation of
the dithiolate ligand with the unusual bonding mode was induced
by phosphine abstraction of a disulfido ligand. In contrast, the
formation of complex II appears to be induced by the generation
of a positive charge on the dithio ligand and results in an expansion
of the molybdenum coordination sphere.l® The complex provides
a rare example of verified reactivity of 2 molybdenum ion in these
tetrasulfur-bridged complexes and suggests that the characteristic
reactivity of the Mo ion in complexes of this type is that of a Lewis
base. This permits the stabilization of unusual types of elec-
tron-deficient ligands. The basicity of the metal ion may also have
important implications for the reactions of related molybdenum
complexes which result in the heterolytic cleavage of the hydrogen
molecule.?
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We have recently reported that cationic dinuclear molybdenum
complexes of the type [(CpMo),(S,CH,)(u-S)(u-SR)]* undergo
unusual reactions with molecular hydrogen to form protons and
types of molybdenum and organic products which vary depending
on the nature of R.1? We report here extensions of this reactivity
which result in the reductive cleavage of the C=0 and C=N
bonds in acyl halides and nitriles, respectively, under mild ho-
mogeneous conditions.

Although many organic halides react with (CpMoy-S),S,CH,
(I) to form the cationic derivatives of the type discussed above,!*
acyl halides do not form isolable sulfur-acylated cations. However,
when a solution containing complex I and excess acyl halide is
placed under an atmosphere of hydrogen at room temperature,
two competing reactions are observed by 'H NMR spectroscopy.
One is the hydrogenolysis of the acyl halide to the corresponding
aldehyde catalyzed by I. The second competing reaction eventually
consumes all of T to form a catalytically inactive molybdenum
product. The final molybdenum products have been isolated (in
ca. 80% yield) from reactions with acetyl halides and benzoyl
chloride and identified by NMR as derivatives of low symmetry.
For example, the NMR spectrum for the product of the reaction
with acetyl bromide shows two cyclopentadienyl resonances at
6.74 and 5.69 ppm. The methanedithiolate ligand is represented
by an AX pattern with doublets at 7.16 and 5.31 ppm. A singlet
at 2.57 ppm is assigned as the methyl resonance.

Single crystals of the bromide salt of this product were obtained
by addition of pentane to an ethanol solution, and an X-ray
diffraction study has been completed.* The product, which is
pictured in Figure 1, is a salt of composition [(CpMo),-
(S,CH,)(S,CCH;)]Br-!/,EtOH (II). The cation contains a
bridging dithioacetate ligand which is coordinated to Mo(2)
through the two sulfur atoms and to Mo(1) through the two sulfur
atoms and the chelated carbon atom of the ligand. The ligand
is approximately planar. Selected bond distances and angles are
presented with Figure 1. The structural parameters are similar
to those observed for a related cationic complex.* The structure
provides another example of the ability of the molybdenum ion
in these complexes to function as a Lewis base and thereby stabilize
the formation of an unusual electron-deficient dithiolate ligand.?

A possible mechanism for the cleavage of the carbon—oxygen
bond in the acyl group is shown in Scheme I. The cationic
derivative A has been detected by NMR spectroscopy in the
presence of excess acyl halide and in the absence of hydrogen.
Intermediate A is proposed to react with hydrogen by a pathway
analogous to those of related cations.’? Intramolecular S-H
addition to the carbonyl group would form a ethanol-1,1-dithiolate
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