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Hydrogenation of Small Molecules by Transition
Metal Cluster Hydrides. Reaction of H,0s3(CO);9
with Carbon Disulfide

Sir:

The hydrogenation of small molecules by transition metal
cluster hydrides is presently an area of intense study.! In
connection with our studies on the hydrogenation abilities of
H,0s3(CO) 0,'9 we have investigated its reaction with carbon
disulfide. Here we report that we have found an unusual di-
cluster reaction in which two triosmium clusters cooperatively
attack and reduce a single molecule of carbon disulfide.

Over a period of 34 hr a solution of H,Os3(CO);q in re-
fluxing CS; solvent slowly changes color from purple to yellow.
This is accompanied by the formation of a brown precipitate.
From the solution we have isolated? (21% yield) a yellow
compound which we have analyzed as H,CS>[{HOs3(CO)0]2
on the basis of IR,3 'H NMR, and X-ray crystallographic
analyses.* The molecular structure is shown in Figure 1. Two
regular HOs3(CO); groupings are bridged by an S-CH>-S
ligand.>¢ Each sulfur atom bridges two osmium atoms in
separate cluster units. The S(u-H)Os3(CO);o units are
structurally similar to those observed in related monocluster
systems.” Although the hydrogen atoms were not observed
crystallographically, the presence of two hydrogen atoms on
the carbon atom of the S-CH>-S bridge is indicated by the
following considerations. The '"H NMR spectrum shows only
two resonances which are at 6 2.92 and —17.46 ppm with rel-
ative intensities of ~1:1. We assign the latter to a combination
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Figure 1. ORTEP diagram of (H,CS;)[(H)Os3(CO) ]2 showing 50%
probability ellipsoids.

of equivalent bridging hydride ligands (one from each cluster)
and the former to a methylene group. An alternative formu-
lation as a dithioformate is considered most unlikely since the
proton shifts in these ligands lie in the very characteristic region
8 10.0-15.0 ppm.® Structural considerations also support the
formulation as a gem-dithiamethylene group. The C-S dis-
tances of 1.82 (2) and 1.86 (2) A are similar to the distances
1.81-1.82 A found in both monothia-® and gem-dithiaal-
kanes!® and the 1.89 (4) A found for the compound (u-H)-
(1-SC3H;5)O0s3(CO)10.7° In contrast the C-S distances in di-
thioformate ligands are considerably shorter and lie in the
range 1.64-1.68 A,11.12

The ligand behavior of carbon disulfide has been demon-
strated in numerous metal complexes.!* Carbon disulfide
reacts with mononuclear metal hydrides to produce complexes
containing chelating dithioformate ligands.®!1:!5 Our reaction
shows that the cluster reduction proceeds one step farther to
a CH;S,2~ unit which might be viewed as a precursor of di-
thioacetal. The reason for this is presently unclear, but may
center on the tendency of sulfur atoms to favor bridging posi-
tions across two metal atoms. The greater reducing effects
produced by the bridging environment may promote reduction
reactions beyond the dithioformate stage. Efforts to produce
still further reduction of the CH,S; unit are currently in
progress.
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Selenium Stabilized Carbanions.! Ylide Formation
during Alkylation of Selenium and Sulfur
Substituted Enolates

Sir:

We report here unambiguous evidence that seleno- and
thio-substituted ketone enolates can undergo significant or even
predominant alkylation at the heteroatom. The key observa-
tions are shown in Scheme I. Treatment of the enolate of a-
(phenylseleno)acetophenone? with prenyl iodide or bromide
led to the unexpected material 3a (formally corresponding to
an SN2’ attack on the allyl halide), in addition to the normal
alkylation product 2a. Varying the reaction conditions gave
different amounts of the two products, 3a being formed in all
cases. It was convenient to analyze the deselenated or desul-
fenylated products 2b and 3b obtained by treatment with
benzene- or methanethiol and triethylamine in ethanol.’

Scheme 1
j’\/Y 1. LDA,THE, -78°C
Ph )=
= )kSL )%

1a Y =SePh

b yY=H

¢ Y=SPh .
1a, THF, 0°C 47.53 (60 %)
1a, THF, HMPA -78t0 25°  61:39 (66 %)
1c, THF, 0°C 69:31 (67 %)
1b, THF, 0°C >99:<1 (43 9,)

Two reasonable pathways for the formation of 3a can be
envisaged: (1) O-alkylation to give 4, followed by {3,3] sig-
matropic rearrangement, or (2) alkylation at selenium to give
the ylide 5 followed by {2,3] sigmatropic rearrangement. Direct

o). bg

Ph j’\/
SePh Ph7 ™y %e\Ph
4 5

S~2’ displacement is not considered likely with prenyl halides,
nor is any observed during alkylation of acetophenone enolate
(Scheme I).

Authentic 4 was prepared by the method outlined in Scheme
II. It is essential to perform the syn elimination of the sele-
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Scheme 11
SePh .78°
Ch T o
e .
SePh
3. %= Ph)\(
Br Se
HMPA “Ph
lm-CPBA

O/\)\
JAY /H/SePh
4 Et,NH Ph

0">%pn

6

noxide 6 in the presence of diethylamine to trap PhSeOH
which otherwise reacts with the enol ether.* Compound 4 re-
arranges to 3a slowly at 85 °C (k; = 3.6 X 1075 s~ ! in
THF-d3); it can therefore be ruled out as a precursor of 3a
during the alkylation of 1a since 3a is formed when the reaction
is carried out below room temperature.

Support for the ylide mechanism was provided by the
product mixture from alkylation of a-allylselenoacetophenone
(7).> The C-allyl product (8) must be formed by {2,3] sigma-

o]
1 LDA
Ph)J\/SQg Ph +

3. PhS‘
7 8

2b + 3b

35:58:6 (69 %)

tropic rearrangement of an intermediate (9) capable of allyl
migration.® When the selenium is highly hindered (as in the
mesitylene system 10), 63% of 2 and only trace amounts (~1%)
of abnormal product (3) are formed on alkylation with prenyl
iodide. An ylide intermediate analogous to 9 was also generated
by a different route. Treatment of diprenyl selenide with

e

0
Ph)k_/ sz)
9 10

phenacyl trifluoromethanesulfonate’ gave an intermediate
selenonium salt which was observed spectroscopically. De-
protonation with DBU led to rapid conversion to 3 (Y = Se-
prenyl). The ylide was not detected by NMR observation at
25 °C. After deselenation with PhASH/NEt;/EtOH a 61%
yield of 3b was isolated. The absence of 2b strongly suggests
that Stevens rearrangement does not compete with {2,3] sig-
matropic rearrangement of the intermediate ylide.

Reaction at the heteroatom is not limited to sefeno-substi-
tuted enolates, nor to unusual alkylating agents such as prenyl
iodide. a-(Phenylthio)acetophenone (1¢) gives 31% abnormal
product 3¢ with prenyl iodide. Alkylation of the enolate from
7 with methyl iodide (0 °C, THF) gives, after deselenation,
a 41:59 ratio of 8 and propiophenone.

Alkylation at sulfur has been suggested to account for un-
usual reactivity in reactions involving cycloalkylation of a
lithium reagent derived from a methylthiocarboxylic acid® and
methylation of a methylthiovinylcopper derivative.® Qur results
would indicate that anomalous alkylations are more common
than had been previously suspected. Moreover, it is likely that
low yields sometimes reported for alkylation of thio substituted
enolates are a consequence of the formation of stable ylides.
These are lost as water-soluble sulfonium salts upon protona-
tion and workup.10

Our survey of a number of thio- and seleno-substituted
lithium reagents has revealed few other cases of anomalous
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