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ABSTRACT

The reaction of R-thioketones and alkynes in the presence of a rhenium catalyst, [HRe(CO)4]n, gave γ-thio-R,β-unsaturated ketones in excellent
yields. The alkynes were inserted into the carbon�sulfur bond of the R-thioketones, and isomerization of a double bond provided the products
with high regio- and stereoselectivities. This reaction also proceeded in an intramolecular fashion.

Regio- and stereoselective insertion of alkynes into the
single bond of organic substrates is a useful and important
strategy for synthesizing multisubstituted alkenes. Utiliza-
tion of transition metal catalysts for such transforma-
tions is a promising method for practical uses; however,

problems of regio- and stereoselectivities should first be
solved. Recently, several transformations with high regio-
and stereoselectivities have been reported1 including ours.2

Many natural products, drugs, and organic functional
materials contain sulfur atoms and are used as reagents,
oxidants, and leaving groups in synthetic organic chemis-
try. When organosulfur compounds are synthesized by
the above-mentioned insertion method, several difficulties
arise. For example, the formation of radical species by
homolytic cleavage of the carbon�sulfur bond which can
sometimes react to produce regio- and stereoisomers, and
the organosulfur compounds can cause poisonining of
the transition metal catalysts. To overcome these difficul-
ties, rhodium, palladium, platinum, and gold salts (or
complexes) are usually employed as catalysts for insertion
of a molecule into a C�S bond (carbothiolation),3 such as
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alkynylthiolation,4 arylthiolation,5 alkenylthiolation,6 allyl-
thiolation,7 acylthiolation,8 iminothiolation,9 alkylthiola-
tion,10 intramolecular carbothiolation,11 and so on.12,13 We
report herein the first example of insertion of alkynes into
theC�S bond ofR-thioketones, followed by isomerization
of the olefinmoiety to give γ-thio-R,β-unsaturated ketones
with high regio- and stereoselectivity using a rhenium
catalyst.
Treatment of R-thioketone 1a with 1.2 equiv of alkyne

2a in the presence of a catalytic amount of the rhenium
catalyst, [HRe(CO)4]n, in toluene at 100 �C for 12 h gave
γ-thio-R,β-unsaturated ketone 3a in 99% yield (eq 1).14�16

The single product 3a was obtained in excellent yield
among the possible regio- and stereoisomers.

First, we investigated the scope of R-thioketones
(Table 1). R-Thioketones with an electron-donating or -
withdrawing group on the aromatic ring at the R1 position
gave γ-thio-R,β-unsaturated ketones 3b and 3c in 97%and

90% yields, respectively (entries 1 and 2). The desired
reaction proceeded well without loss of the bromine atom
(entry 2). When R-thioketone 1d having a methyl group at
the R1 position was employed, the conversion was quanti-
tative; however, amixture of three regio- and stereoisomers
3d, 4d, and 5d was formed (entry 3). The corresponding
γ-thio-R,β-unsaturated ketone 3e was obtained in 74%
yield using R-thioketone 1e bearing an aliphatic substitu-
ent at the R2 position (entry 4). In the case of using an
R-thioketone without a substituent at the R-position, 1f, a
mixture of three regio- and stereoisomers 3f, 4f, and 5fwas
generated (entry 5). The desired reaction did not occur
when 2-methyl-1-phenyl-2-(phenylthio)-1-propanone and
ethyl 2-(methylthio)acetate were used. The insertion reac-
tion did not proceedwhenusing 2-phenoxypropiophenone
and 2-phenoxyacetophenone (β-keto ethers) instead of
R-thioketones 1a and 1f.

Next, the scope of alkynes was investigated (Table 2).
The corresponding γ-thio-R,β-unsaturated ketones 3g and
3hwere provided in excellent yields when aryl alkynes with
an electron-donating or -withdrawing group at the para-
position,2band2c, respectively,were used (entries 1 and2).
Aryl acetylene bearing a bromine atom, 2d, afforded
γ-thio-R,β-unsaturated ketone 3i in 99%yield without loss
of the bromine atom (entry 3). The corresponding γ-thio-
R,β-unsaturated ketones 3j and 3k were produced when
aryl acetylenes having a methoxy group at the meta- or

Table 1. Reactions between Several R-Thioketones 1 and
Phenylacetylene (2a)a

a
2a (1.2 equiv). bThe ratio of 3d, 4d, and 5d is given in square

brackets. c 135 �C. d 2a (2.0 equiv), 135 �C. eThe ratio of 3f, 4f, and 5f is
given in square brackets.
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ortho-position, 2e and 2f, respectively, were used (entries 4
and 5). The insertion reaction also proceeded when a
terminal alkyne with a heteroaromatic ring, 2g, was em-
ployed as the substrate (entry 6). Enyne 2h and aliphatic
acetylene 2i also gave the corresponding γ-thio-R,β-
unsaturated ketones 3m and 3n in 92% and 78% yields,
respectively (entries 7 and 8). However, the desired reac-
tion did not proceed with the internal alkynes of di-
phenylacetylene, 1-phenyl-1-propyne, and 6-dodecyne, and
(triisopropylsilyl)acetylene even at a higher temperature.
Although insertion of unsaturated bonds into a C�C

bond of β-keto sulfones was observed in previous work,17

the insertion occurred at the C�S single bond based on the
structure of product 3a in eq 1.
The proposed mechanism for the formation of unsatu-

rated ketones 3 and 4 is as follows (Scheme 1): (1) oxidative
addition of R-thioketone 1 to the rhenium center (C�S
bond activation);18 (2-a) insertion of alkyne 2 to the formed
Re�S bond or (2-b) insertion of alkyne 2 to the formed
Re�C bond; (3) reductive elimination to give γ-thio-R,β-
unsaturated ketone 4; (4) isomerization of the olefinmoiety
of 4 to provide 3 and/or A; and (5) isomerization of A to 3

due to thermodynamic stability.

The insertion reaction also proceeded in an intramolec-
ular fashion (eq 2). By treating the R-thioketones having
a 5-hexynyl chain at the R-position, 6, with a catalytic
amount of the rhenium catalyst, intramolecular insertion
occurred and the corresponding cyclohexene derivative 7
was afforded in 60% yield.

In summary,wehave succeeded in the rhenium-catalyzed
regio-andstereoselective synthesis ofγ-thio-R,β-unsaturated
ketones from R-thioketones and alkynes by insertion of
alkynes into the C�S bond of R-thioketones. This is
the first example of carbothiolation of an alkyne by an
R-thioketone and subsequent isomerization. In addi-
tion, cyclic γ-thio-R,β-unsaturated ketones could be
synthesized by the intramolecular reaction. We hope
that this reaction will become a useful method to synthe-
size organosulfur compounds.
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Scheme 1. Proposed Mechanism for the Formation of
γ-Thio-R,β-unsaturated Ketones 3 and 4

Table 2. Reactions between R-Thioketone 1a and Several
Alkynes 2a

a
2 (1.2 equiv). b 24 h. c 2g (2.0 equiv). d Single product was obtained.

However, the stereochemistry of 3n was not determined.
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