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simple experimental operation. Further studies on the
scope of this Cu(Il)-mediated reducing system, as well as
on the reaction mechanism, are in progress.
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Summary: The reaction of [(CsHs),M0,(CO)s] with 1
equiv of K,S; in 5:1 acetonitrile/DMF generates [(CsHs)-
Mo(C0),(S,)]~ (1), which has been isolated and charac-
terized as its (C¢Hs),P* salt. It contains a (CsHg)Mo(CO),"
fragment with a side-bonded S, ligand. Further reaction
of this compound with excess elemental sulfur results in
formation of [(CsHs)Mo(S,),]™ (I1), which has been char-
acterized both spectroscopically and structurally as its
(CeHs)P™ salt. Molecule II contains a Mo(IV) center in
a pseudo square-pyramidal geometry, with a (CgHs)”
group in the apical position and with two S,2- chelates
occupying the basal sites. This compound is unique be-
cause it is an organometallic member of the series [E=
Mo(S,),]% (E = O, S), affording an entry into the chem-
istry of organometallic metal sulfide anions.

The chemistry of transition-metal sulfides has been
under intense scrutiny because of their involvement in
important catalytic processes, particularly hydro-
desulfurization and hydrogenation reactions.! Thus binary
metal sulfide anions have received a great deal of attention?
because of their use as model compounds and because of
their structural diversity.® Also neutral organometallic
sulfides have been studied in detail as models for catalytic
processes*® and for their novel structural features.
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Figure 1. ORTEP view of anionic fragment of I, [(CsHyz)Mo-
(S9)(CO),]-, with thermal ellipsoids at 35% probability. Important
distances (A): S(1)-S(2) = 2.020 (2), Mo(1)-S(1) = 2.466 (2),
Mo(1)-S(2) = 2.471 (2), Mo(1)-C(1) = 1.923 (6), Mo(1)-C(2) =
1.917 (5), Mo(1)-C(3) = 2.338 (6), Mo(1)-C(4) = 2.387 (6), Mo-
(1)-C(5) = 2.372 (5), Mo(1)-C(8) = 2.324 (8), Mo(1)-C(7) = 2.305
(5), C(1)-0(1) = 1.170 (7), C(2)-0(2) = 1.181 (7). Important
angles: S(1)-Mo(1)-S(2) = 48.3 (1)°, Mo(1)-S(1)~S(2) = 66.0 (1)°,
Mo(1)-S(2)-S(1) = 65.7 (1)°, C(1)-Mo(1)-C(2) = 78.2 (2)°.

Recently there has been an upsurge of interest in high-
valent organometallic chemistry, particularly species in
which an oxo ligand has been replaced by a cyclo-
pentadienyl ligand.” We have begun directing our at-
tention to the chemistry of high-valent organometallic
chalcogenide complexes. The oxidative decarbonylation
of metal carbonyl complexes provides a particularly facile
entry to this area of chemistry.? In this communication,
we report preliminary results on the convenient prepara-
tion and structure of the cyclopentadienylbis(tetra-
sulfido)molybdenum anion [(CsHg)Mo(S,),]~ (IT) as well
as its precursor [(CsHg)Mo(CO),(Sg)]™ (I).

The precursor I can be prepared and isolated in
straightforward fashion by reaction of the dimer (C,-
H;)>:Mo,(CO)g with 2 equiv of K,S; dissolved in a 5:1
acetonitrile/DMF mixture. The choice of solvent is im-
portant because use of pure DMF leads to facile formation
of MoS,? as a contaminant. Compound I could be isolated
as an orange-red tetraphenylphosphonium salt by the
addition of (C4H;),PBr.® The compound was character-
ized by analytical, spectroscopic,!® and crystallographic
methods.!! It contains a side-bonded S,* ligand, along
with a cyclopentadienyl ring and two CO ligands (see
Figure 1). The S-S distance is 2.020 (2) A, which is typical
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Figure 2. ORTEP view of anionic fragment of II, [(CsHz)Mo(S,)s],
with thermal ellipsoids at 35% probability. Important distances
(A): Mo(1)-S(1) = 2.305 (2), Mo(1)-S(4) = 2.446 (2), Mo(1)-S(5)
= 2.430 (1), Mo(1)-S(8) = 2.336 (2), S(1)-S(2) = 2.141 (2), S-
(2)-S(3) = 2.031 (2), S(3)-S(4) = 2.061 (2), S(5)-S(6) = 2.073 (3),
S(6)-8(7) = 2.022 (3), S(7)-S(8) = 2.124 (2), Mo(1)-C(1) = 2.310
(7), Mo(1)-C(2) = 2.286 (8), Mo(1)-C(3) = 2.334 (6), Mo(1)-C(4)
= 2.368 (5), Mo(1)-C(5) = 2.349 (6). Some important angles:
S(1)-Mo(1)-S(4) = 86.2 (1)°, S(1)-Mo(1)-S(5) = 76.4 (1)°, S-
(4)-Mo(1)-S(8) = 74.5 (1)°, S(5)-Mo(1)-S(8) = 87.1 (1)°, Mo-
(1)-S(1)-S(2) = 114.7 (1)°, Mo(1)-S(4)-S(3) = 101.8 (1)°, Mo-
(1)-8(5)-S(6) = 104.0 (1)°, Mo(1)~-S(8)-S(7) = 113.7 (1)°, S-
(1)~-8(2)-S(3) = 100.4 (1)°, S(2)-S(3)-S(4) = 101.0 (1)°, S(5)-S-
(6)-S(7) = 100.3 (1)°, S(6)-S(7)-S(8) = 99.3 (1)°.

for side-bonded disulfide ligands. The compound is iso-
structural with the previously reported [(C;H;)Mo(CO),-
(Sey)]” anion,'? and the neutral (C;H;)Re(C0)4(S,),'® and
is otherwise unremarkable.

Reaction of I with Sg, either in situ or after isolation and
redissolving in acetonitrile, results in formation of [(Cs-
H;)Mo(S,),]" (II) as a dark red-purple compound. It can
be isolated as well-formed dark purple crystals in the
presence of (C¢H;) ,PBr.'* Compound II has been char-
acterized both analytically'? and crystallographically.’® It
contains a well-separated (CgH;),P* cation and II in the
unit cell. Compound II has a Mo(IV) central atom in a
pseudo square-based pyramid, with the two S, chelates
occupying the basal positions and the cyclopentadienyl
ligand occupying the axial site (see Figure 2). Alterna-
tively, the geometry could be defined as a piano-stool
configuration'® with the sulfide ligands as four legs of the
stool.

The Mo-S distances in compound II show considerable
variation, ranging from 2.305 (2) to 2.446 (2) A. The S-S
distances show a real but not very pronounced bond al-
ternation around the rings, varying from 2.022 (3) to 2.141
(2) A. This variation has been fully discussed previously."
The five-membered rings are in an envelope configuration
and do not appear to be perturbed by the presence of the
cyclopentadienyl ring. Similarly, the molybdenum-ring
carbon distances average 2.33 A, which is typical for these
types of complexes. Thus the cyclopentadienyl group does
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not appear to exert any steric strain upon the complex.

The bis(tetrasulfido) complex II is of considerable in-
terest as it extends the homologous series [S=Mo(S,),])*
and [0=Mo(S),]* " to [(Cp)Mo(Sy).]".
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In addition to providing a comparison between the re-
activity of oxo, sulfido, and cyclopentadienyl groups, it is
one of the very few organic derivatives of a molybdenum
sulfide anion. It should be noted that two very interesting
high-valent complexes of rhenium and vanadium have
been reported, which contain cyclopentadienyl, oxo, and
tetrasulfido ligands.’®* The chemistry of the molybdenum
sulfide anions is extensive, as is that of the neutral or-
ganometallic sulfides. However, to our knowledge no cy-
clopentadienyl anion has been previously isolated and
characterized. Compound II can be conveniently prepared
and may provide an entry into some unusual and useful
metal sulfide chemistry.
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Summary: Evidence is presented that the reaction of
{methoxymethylcarbene)pentacarbonylchromium(0) with
OH~ and piperidine leads to reversible deprotonation of
the methyl group and has a pK, = 12.3. The rate con-
stants are found to be remarkably low, even for a proton
transfer from carbon that leads to the formation of a
resonance-stabilized carbanion.

We wish to report a kinetic study of the proton transfer
from (methoxymethylcarbene)pentacarbonylchromium(0)
(1).2 11is a prototype Fischer transition-metal carbene
complex.>* It has been known for ca. 20 years that the
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