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ABSTRACT

In the presence of a catalytic amount of RhH(PPh3)4 and 1,2-bis(diphenylposphino)ethane (dppe), r-phenylthio ketones were methylthiolated
with p-cyano-r-methylthioacetophenone giving r-phenylthio-r-methylthio ketones. The methylthio transfer reaction between the ketone
r-positions was reversible and at equilibrium, and the methylthio group was transferred in preference to the phenylthio group. The reaction
of tertiary alkyl methylthiomethyl ketones proceeded in high yields; the reaction of diastereomeric 4-(tert-butyl)-2-phenylthiocyclohexanones
gave an axial 2-methylthiolated product.

Transition-metal-catalyzed reversible cleavage (or forma-
tion) of the C-S bond is a novel reaction that can be used
for the synthesis of organosulfur compounds. The orga-
nometallic intermediates possessing the C-M and/or M-S
structure formed by this process exhibit various reactivi-
ties, transferring either carbon or sulfur groups to other
organic molecules, and the overall processes result in the
formation of new C-S bonds as well as C-C, S-S, or
C-H bonds.1 The reversibility of the reaction broadens
the scope of the synthesis if the equilibrium can be shifted
to a desired product.

In addition, such reactions allow the organosulfur
synthesis to be carried out under mild conditions and in
an energy saving manner, when compared with the
conventional synthesis employing stoichiometric amounts
of bases and highly reactive sulfur reagents.To develop
such a novel and efficient method, understanding and control
of the reactivity of the C-M and/or M-S intermediates is
critical. During our investigations on the development of
rhodium-catalyzed transformations of organosulfur com-
pounds,2a we reported rhodium-catalyzed alkylthio exchange
reactions of 1-(alkylthio)alkynes2b and thioesters.2c The
reactions, a single-bond metathesis of C-S and S-S bonds,
contained reversible C-S bond cleavage and formation and
reached equilibrium rapidly. The C-C bond formation
reaction by the single-bond metathesis of C-S and C-S
bonds has also been developed.2d In this paper, we describe
a novel rhodium-catalyzed reaction containing reversible
C-S bond cleavage and C-H activation: the intermolecular
transfer of a methylthio group between the ketone R-positions
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and a single bond metathesis of C-S and C-H bonds to
form C-H and C-S bonds (Scheme 1). R-Phenylthio

ketones underwent methylthiolation reaction at the R-position
giving R-phenylthio-R-methylthio ketones, and R-methylthio-
p-cyanoacetophenone was found to be an efficient methylthio
transfer reagent for this reaction. This study revealed a novel
reactivity of the C-Rh and/or Rh-S intermediates formed
by reversible C-S bond cleavage.

When (2R*,4S*)-4-(tert-butyl)-2-thiophenylcyclohexanone
ax-1 (5 equiv) and R-methylthio-p-cyanoacetophenone 2a
were reacted in the presence of RhH(PPh3)4 (4 mol %) and
dppe (8 mol %) in refluxing THF for 4 h, (2R*,4S*)-4-(tert-
butyl)-2-methythio-2-phenylthiocyclohexanone 3 was ob-
tained in 45% yield based on 2a and p-cyanoacetophenone
5a in 84% yield (Table 1, entry 5). A 3:2 mixture of ax-1

and eq-1 was recovered quantitatively, which was ac-
companied by a very small amount of R-methylthiolated
cyclohexanone 4 (1%), a methylthio exchanged product of
ax-1. Other products isolated include R,R-dimethylthioac-
etophenone 6a (4%) and the recovery of 2a (11%). The
phenylthio C-S bond of ax-1 was not affected, and only
the methylthio C-S bond reacted. The product 3 was
obtained as a single isomer, and its stereochemistry was

determined by the presence of NOE between the 2-methylthio
protons and the axial-6-proton. When the molar ratio ax-
1/2 was changed from 5 to 1, the yields of 3 and 5a decreased
(entries 2 and 3). The use of 3 equiv of 2a decreased the
yield of 3 and increased the yield of 6a, the methylthio
transfer product from 2a to another 2a (entry 1). Two
methylthio transfer processes, the transformation of ax-1 to
3 and 2a to 6a, appear to compete. These results indicate
the formation of a C-Rh species at the R-position of 1,
which underwent methylthiolation with 2a liberating 5a. The
formation of 5a in larger amounts compared with 3 may be
partly due to reduction by the phosphine.3

The reversibility of the methylthio transfer reaction was
then examined. When equimolar amounts of 3 and 5a were
treated with rhodium catalyst in refluxing THF for 4 h, 1
was obtained in 61% yield as a mixture of ax-1 and eq-1
(Scheme 2). Regarding the acetophenone derivative, 2a

(17%) and 6a (9%) were obtained. Thus, the methylthio
transfer reaction between the ketone R-positions was con-
cluded to be an equilibrium. That 2a was formed from 5a
indicates the methylthio transfer reaction is not restricted to
the R-phenylthio ketones, and various carbonyl compounds
can be R-methylthiolated using appropriate combinations of
substrates and catalyst. The reaction of the equatorial isomer
eq-1 gave 3 in 30% yield along with 5a in 55% yield (Table
1, entry 4). That the same configuration of 3 was obtained
both from ax-1 and eq-1 indicated the involvement of the
same C-Rh intermediate. In addition, the methylthiolation
of the intermediate was shown to occur at the axial site. The
C-H activation and isomerization of 1 were confirmed to
be catalyzed by the rhodium complex. When ax-1 was treated
with RhH(PPh3)4 (2 mol %) in refluxing THF for 4 h, a 3:2
mixture of ax-1 and eq-1 was obtained (Scheme 3).4 No

Scheme 1

Table 1. R-Methylthio Transfer Reaction of ax-1 and 2a

yielda (%)

entry 1 (equiv) 3 5a 1b 4 2a 6a

1 0.33 12c 30c 79 7 48 19
2 1 21 58 85 1 35 10
3 3 37 70 87 2 40 6
4d 30 55 94 5 43 7
5 5 45 84 92 1 11 4
a Yield based on 2a. b Yield of 3:2 mixtures of ax-1 and eq-1 based on

1. c Yield based on 1. d The isomer eq-1 was used.

Scheme 2

Scheme 3
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reaction occurred in the absence of the complex, and dppe
was not required for this reaction.

To compare the methylthio transfer ability of other
ketones, several R-methylthioacetophenones with different
para substituents were reacted with ax-1 (5 equiv). When
R-methylthiolated acetophenenone 2d or p-methoxyace-
tophenone 2e was used, 3 was obtained in low yields (Table
2, entries 4 and 5). In the case of 2e, a substantial alkylthio

exchange reaction took place, as indicated by the formation
of 4 (43%) and R-phenylthioacetophenone (44%). p-Trif-
luoromethylacetophenone 2b gave 3 in 38% yield (entry 2).
The results indicated a higher methylthio transfer ability of
the acetophenone derivatives with electron-withdrawing para
groups. The reaction of dimethyl disulfide (1 equiv) and ax-1
gave 3 only in 2% yield with the recovery of 1 in 79% as a
3:2 mixture of diastereomers, which was accompanied by a
5:2 mixture of 4 and its isomer (14%).

The reaction of adamantyl phenylthiomethyl ketone, tert-
butyl phenylthiomethyl ketone, and 1-methylcyclohexyl
phenylthiomethyl ketone with 2a gave the methylthiolated
products in 87%, 78%, and 84% yields, respectively (Scheme
4). Although the yields in this methylthiolation reaction were
under thermodynamic control, these products were obtained
in high yields. The reaction of 2a and p-methoxy-R-
phenylthioacetophenone 7 is an interesting example of the
selective methylthio transfer giving p-methoxy-R-methylthio-

R-phenylthioacetophenone 8 (45%) and 5a (78%). Dithio-
acetals derived from 2a and p-methoxyacetophenone 5e were
not formed.
R,R-Dialkylthio ketones have been used as intermediates

in organic synthesis, and the conventional synthesis from
ketones and R-alkylthio ketones employed stoichiometric
amounts of bases to generate enolates or highly reactive
sulfenylating reagents such as sulfenyl sulfones.5 The
synthesis described herein has the advantage of not using
such high energy reagents, which irreversibly produce waste
byproducts. It should also be noted that unsymmetrical
thioacetals were obtained by this method.

A rhodium catalyst brings a single-bond metathesis reac-
tion of C-H and C-S bonds to equilibrium. Similar to
proton transfer at the ketone R-position via enol/enolates
under acidic/basic conditions, the methylthio group can be
transferred in an intramolecular fashion via rhodium inter-
mediates possessing C-Rh and/or Rh-S structures. We have
also shown that the methylthio group can be introduced to
and removed from organic molecules under equilibrium, and
studies to explore efficient methylthio transfer reagents,
catalysts, and systems to shift equilibrium are now underway.
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Table 2. Effect of the MethylthioTransfer Reagent

yielda (%)

entry X 3 5 1b 4 2 6

1 CN a 45 84 55 1 11 4
2 CF3 b 38 74 85 6 17 trace
3 Cl c 17 30 89 12 65 2
4 H d 6 67 82 8 7(65)c NDd

5 MeO e 2 29 88 43e 26(44)c NDd

a Yield based on 2. b Yield of 3:2 mixtures of ax-1 and eq-1 based on
1. c Yield of R-phenylthiolated acetophenone ArCOCH2SPh. d Not detected.
e A 6:1 mixture of 4 and its equatorial isomer.

Scheme 4
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