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The Interaction of Hy0s3(CO)yo with Alkenes.,
Intermediates in Hydrogenation and Carbon-Hydrogen
Bond Activation!

Sir:

The reactivity of unsaturated species is expected to be as
important for the chemistry of polynuclear organotransition
metal compounds as it is for mononuclear compounds.? As
part of our exploration of the chemistry of the unsaturated
metal cluster compound H»Os3(CO);p, we recently re-
ported that it reacts with 2 equiv of ethylene to give ethane
and the hydridovinyl cluster HOs3(CO)o(CH=CH,).?
Further study has shown that analogous reactions obtain
for a variety of 1-alkenes and that hydrogenation can be
catalytic. Moreover, we have isolated and characterized a
relatively stable class of hydridoalkyltriosmium clusters
that are model intermediates for the hydrogen transfer pro-
cess. Elimination of alkane from these compounds provides
the unsaturated cluster species responsible for activation of
H-H and vinylic C~H bonds.

The reactivity of an alkene toward H2Os3(CO); is quite
sensitive to steric and electronic effects. For example, ethyl
acrylate and vinyl acetate react faster than ethylene, where-
as propene and isobutylene react slower, and no reaction is
observed for cyclooctene or norbornene. The interaction of
excess l-alkene with HyOs3(CO);o commonly provides the
corresponding alkane and HOs3(CO)o(alkenyl) cluster,*
with no detectable intermediates. However, treatment of
H,0s3(CO)y0 with 1 equiv of diethyl fumarate or diethyl
maleate readily forms (2 h, 25°) a hydridoalkyl intermedi-
ate, HOs3(CO);o(CH(CH,CO;Et)CO,Et) (1), which is
sufficiently stable to allow purification by chromatography
and isolation in a good yield as a yellow solid. A closely re-
lated compound, HOs3(C0O),0(CH(CH,CO)COO0) (2), is
obtained from maleic anhydride, and ethyl acrylate pro-
vides HOs3(CO);o(CH(CH;3)CO;Et) (3), which is less sta-
ble than 1 or 2. In solution these compounds decompose
within 12-48 h at 25° to give the alkane and, in the absence
of added substrates, numerous osmium-containing prod-
ucts. A primary alkyl species HOs3(CO);0(CH>CO,EL)
(4), prepared for comparison with compounds 1-3, is ob-
tained quantitatively from the combination of
H,0s3(C0O) o with ethyl diazoacetate at room tempera-
ture.b

Figure 1 depicts the general structure proposed for com-
pounds 1-4 on the basis of spectroscopic data.” Coordina-
tion of the ester or anhydride carbonyl must contribute to
their unusual stability, since this forms a relatively un-
strained five-membered ring and the cluster as a whole is
electronically saturated.® Compounds 1-3 exist as isomers,
indicated by the two distinct hydride NMR signals ob-
served for each, due to orientation of the a-carbon substitu-
ent (R) either syn or anti to the third osmium atom. Iso-
meric configurations are not possible for 4, and only one hy-
dride signal is found.!® Although only one set of alkyl reso-
nances is apparent under normal conditions, addition of a
small amount of Eu(fod)s to a solution of 1 allows observa-
tion of both sets of resonances with appropriate relative in-
tensities and essentially identical coupling constants. The
vicinal coupling constants suggest predominance of one ro-
tamer; that with the carboethoxy group on the 3-carbon ori-
ented trans to the Os-C bond is assumed.!! Reaction of di-
ethyl fumarate with D;0s3(CO) ;0! provides 1 with Hy, re-
placed by D, consistent with highly stereoselective cis addi-
tion. However, treatment of D20s3(CO);o with diethyl ma-
leate did not give the pure diastereomer, due to concurrent
maleate-fumarate isomerization. Interestingly, kinetic con-
trol obtains for the insertion of maleic anhydride, in that
the isomer of 2 preferentially formed early in the reaction is

Figure 1. Proposed structure for HOs3(CO)¢(alkyl) compounds (1, R
= CH,CO,Et, R’ = Et; 2, R = CH,CO = R”; 3,R = CH3, R’ = Et; 4,
R = H, R’ = Et).

not the one favored at the end.
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Decomposition of 1 at 25-50°, in the presence of an ex-
cess of 1-alkene, including ethylene, propene, isobutylene,
styrene, and hexene, provides the corresponding HOs3-
(CO)yo(alkenyl) cluster in high yield.* For example, HOs;-
(CO)19(CH=CHPh) is formed in over 80% yield from sty-
rene, although H>0s3(CO), does not react directly with
styrene under the same conditions. Furthermore, 2,2-disub-
stituted alkenyl compounds, such as HOs;(CO);p-
(CH=CMe,), which are formed rather slowly from
H;0s3(C0O),0 and the alkene and which cannot be formed
from H,0s3(CO)10 and an alkyne, are readily obtained in
this manner, Preliminary kinetic data indicate that the rate
of decomposition of 1 is unaffected by the addition of a
large excess of styrene or hexene.

When decomposition of 1 is conducted under hydrogen
(50 psig, 50°), Hy0s3(CO);1p and diethyl succinate are the
only products detected, each in high yield. This activation
of molecular hydrogen closes the cycle of hydrogen transfer
from H,0s3(CO) ¢ to diethyl fumarate. Catalytic hydroge-
nation of diethyl fumarate or ethyl acrylate by
H>0s3(CO);q is observed under similar conditions, but the
number of cycles is limited by destructive side reactions. A
much cleaner catalytic system is established with 1-hexene.
Interaction of HyOs3(CO);p with 100 equiv of 1-hexene (50
psig Hj, 50°, octane, 35 h) results in 31 equiv of hexane and
69 equiv of internal hexenes, and essentially all of the cata-
lyst is recovered at the end of the reaction. The high degree
of isomerization indicates reversibility of the insertion and
coordination steps, whereas buildup of the internal hexenes
is consistent with the observed failure of H;Os3(CQO)p to
hydrogenate other internal alkenes, such as cyclooctene.

These observations on the interaction of H;0s3(CO);g
with alkenes are accommodated compactly by the scheme
of reactions shown in Figure 2. The involvement of Hj-
Os3(CO) o(alkene) intermediates (II in the scheme) is pro-
posed by analogy with the adducts H2Os3(CO)jol (L =
CO, PR3, CNR, etc.) previously characterized,’ and com-
pounds 1-3 typify the hydridoalkyl species (I1I) formed by
alkene insertion. The key presumptive intermediate in this
scheme is the highly unsaturated, 44-electron species
0s3(CO)10 (IV), which reacts with H-H or vinylic C-H
bonds, if available, or decomposes by presently unknown
pathways. An alternative possibility for the active species is
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Figure 2. Reaction scheme for the interaction of HyOs3(CO) o (1) with
alkenes (I[, HOs3(CO)jp(alkene); III, HOs3(CO)jp(alkyl); IV,
0s3(CO)10; V, HOs3(CO) o(alkenyl)).

alkane

0s3(CO) gL, where L is an adventitious donor, such as an
ester or an additional alkene. This question is being exam-
ined in ongoing work, but we note at this point the recent
reports on the characterization and reactivity of
[(CsHs)Mo(CO)1)2,'* a molecule with the same level of
unsaturation as the proposed intermediate IV.
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General Base Catalysis in Nucleophilic Attack at sp3
Carbon of Methylase Model Compounds
Sir.

Despite the apparent simplicity of the overall reaction,
there are little data available in the literature on the mecha-
nism of enzyme-catalyzed transmethylation reactions in
which the sulfonium compound, S-adenosyl-L-methionine
(SAM) serves as the alkyl donor.!:2 In this communication,
we report a facile intramolecular transalkylation involving
general-base-catalyzed attack of an alcohol on carbon
bonded to trivalent sulfur.

Over the past several years, we have studied intermolecu-
lar and intramolecular transalkylation reactions as nonen-
zymic models for SAM-requiring methylases.2~¢ General
base catalysis of nucleophilic attack at sp® carbon is a rare
phenomenon, the only example being the cyclization of 4-
chlorobutanol.>¢ We have synthesized 17 with the expecta-
tion that proximity effects would result in a facile intramo-
lecular transalkylation reaction, in spite of the fact that 4-
chlorobutanol is ca. 10° more reactive than the correspond-
ing sulfonium compound.? These expectations were real-
ized, and the decomposition of 1 (eq 1) could be followed

St
1 NO
+ CHSS—<: :>—N02 + H* O

spectrophotometrically over a wide range of pH in water at
25°. The pH-rate profile shown in Figure 1 fits the general
rate law, ko = ku,0 + kou[OH™], where &, is the kopsq €X-
trapolated to zero buffer concentration. However, the fol-
lowing facts suggest the apparent kou term is really a term
associated with the ionization of the secondary hydroxyl
group. We have previously studied the reactions of several
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