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Abstract—Enyne metathesis of sulfur-containing alkynes and ethylene has been achieved. High yields were obtained by use of
thiol esters in the alkyne partner for the cross metathesis with ethylene. The necessary reactivity and functional group
compatibility were achieved through the use of the Grubbs’ second generation benzylidene carbene catalyst. © 2002 Elsevier
Science Ltd. All rights reserved.

There have been tremendous advances in alkene
metathesis due largely to functional group compatibility
of the ruthenium carbenes developed by Grubbs. With
the supporting dihydroimidazole carbene ligand, the
ruthenium carbenes are more active in alkene
metathesis1 and more tolerant of potentially coordinat-
ing functional groups like alcohols and ethers. Despite
these recent advances and the widespread utilization of
metathesis, there has been little application of metathe-
sis to unsaturated organosulfur compounds.2,3 The ear-
liest examples2a,b described ring-closing metathesis
(RCM) using both the Grubbs and Schrock catalysts.
To the best of our knowledge, there have been no
applications using sulfur-containing alkynes. The lim-
ited number of examples of metathesis with sulfur-con-
taining substrates can be partly explained by the fact
that middle to late transition metals used as catalysts

may interact favorably with the soft sulfur atom (e.g.
Pearson hard–soft acid–base theory).4 In metathesis,
any stabilization of species on the catalytic reaction
coordinate could deplete active catalyst and shut down
catalysis. Previous work suggested that the Grubbs’
catalyst 1, possessing the strong sigma-donating N-het-
erocyclic carbene ligand, could overcome coordination
by oxygen in enyne metathesis.5 In this communica-
tion, cross metathesis of sulfur-containing alkynes with
ethylene employing ruthenium carbene 1 is reported
(Scheme 1).

Lack of reactivity or lack of turnover in some alkenes
bearing coordinating functionality has been attributed
to chelated metal carbenes.6 Coordination depends on
the proximity of functional groups to the intermediate
metal carbenes and can result in stabilized chelated
structures or result in catalyst decomposition. How
catalyst 1 overcomes or averts these problems in enyne
metathesis is not well understood, although recent
mechanistic studies explaining the high activity of 1 in
alkene metathesis1b,c provide some important clues. Our
investigation was prompted by the question whether
potentially coordinating sulfur functionality could be
tolerated by the new catalyst 1 as it pertains to syn-
thetic effort in our group directed toward the synthesis
of sulfur-containing natural products. Of more general
interest is the question under what circumstances is
sulfur permissible in ruthenium-catalyzed alkene–
alkyne metathesis.

Initial enyne metathesis of propargyl thioethers with
ethylene gas7 gave disappointing results. Using catalyst
1 (5 mol%), the benzyl ether 4A gave only 3% conver-
sion (gc) after 6 h, reaction conditions that result in
complete conversion of the ether 6 to its diene.5 This is

Scheme 1.
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Scheme 2.

trated in Table 1, thiol esters provide a sufficiently
attenuated electronic environment on sulfur to permit
catalyst turnover as evidenced by the excellent chemical
yields. The thiol acetates and thiol benzoates were
prepared by Mitsunobu reaction on the alkynols.8 Eth-
ylene metatheses were conducted using 60–80 psi ethyl-
ene and 5 mol% 1.9 2-Propyne thiol benzoate 7 reacted
to complete conversion after 24 h, which provides the
standard reaction time used throughout the table. In
entry 3, the catalyst 210 gave similarly high conversion
compared to 1, although catalyst 3 performed poorly
(entry 4). Propargylic substitution was well tolerated
for normal alkyl groups (entries 2–3, 6–8). With the
cyclohexenyl substituent (entry 5), higher temperatures
were necessary; however only 64% conversion was real-
ized with 5 mol% catalyst 1 and 70 psi ethylene after 24
h. The rate of conversion slowed considerably after just
a few hours, probably due to accelerated rate of cata-
lyst decomposition at this temperature.6b,c Higher con-
version was achieved simply by spiking the reaction
with an additional 5 mol% 1 after 3 h and then stop-
ping the reaction after 7 h total reaction time. In this
way, 99% conversion was achieved to provide 12 in
98% isolated yield obtained as a 1:1 mixture of
diastereomers. No difference between thiol benzoates
and thiol acetates was apparent (entries 6, 7). Because
of the potential for racemization due to the hard–soft
Lewis acid–base interaction of the sulfur atom with the
ruthenium catalyst, metathesis of an enantiomerically-
enriched thiol ester was investigated. Thiol ester 17
(77% e.e., HPLC, Chiracel OD-H) was converted to its
diene 18, which was obtained of the same enantiomeric
purity as the alkyne substrate as determined by HPLC
(Whelk-o, entry 8).

The diene products of Table 1 are useful substrates for
the Diels–Alder reaction. The thermal [4+2] cycloaddi-
tion of crude 10 with dimethylacetylene dicarboxylate
(DMAD) gave a 97% yield of the 1,4-cyclohexadiene 19
(Scheme 3).11 Similarly, cycloaddition of 10 with N-
methylmaleimide gave a 1:1.5 mixture of diastereomers
20 in quantitative yield (Eq. (4) in Scheme 3).

In conclusion, the first examples of sulfur-containing
alkynes undergoing intermolecular metathesis with
ethylene have been documentated. Sulfur located in
the propargylic position was selected as a test case to
explore the viability of enyne metathesis in sulfur-con-
taining natural product synthesis. Applications of

plausibly explained by coordinative stabilization of the
regioisomeric ruthenium vinylidene intermediates, A
and B (Scheme 2). Even the bulky trityl protecting
group gave poor conversion. Trityl ether 4B provided a
10% conversion after 24 h. The Lewis basicity of sulfur
is thought to be responsible for the stability of the
putative chelates. Reduction of the Lewis basicity of
sulfur was believed to be possible through choice of
protecting group. In particular, we considered thiol
esters because of their ready availability and because of
their facile conversion into other sulfur-containing
functionality.

The results for ethylene metathesis for a group of
alkyne thiol esters are presented in Table 1. As illus-

Table 1. Ethylene metathesis with alkyne thiol esters

Scheme 3.
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metathesis to the synthesis of sulfur-containing natural
products are in progress.
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