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through the Fukuyama coupling reaction employing dialkylzincs
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Abstract—Treatment of thiol esters 1 with dialkylzincs 2 in the presence of zinc bromide, that was in situ prepared from zinc dust
and bromine, provided various functionalized ketones 3 in high yields. The reaction mechanism, which may shift the Schlenk equi-
librium from dialkylzincs 2 to reactive alkylzinc bromide 5, was postulated to account for the facile coupling reaction.
� 2004 Elsevier Ltd. All rights reserved.
2RZnX R2Zn + ZnX2
Multifunctional ketones have received considerable
attention due to the significance in the preparation of
drugs and natural products. Development of their effi-
cient synthetic method has thus been a subject of on-
going interest.1 We have reported a practical synthesis
of the ketones through heterogeneous Pd/C-catalyzed
Fukuyama coupling reaction2 of thiol esters with alkyl-
zinc iodides (RZnI).3 The use of dialkylzincs (R2Zn) for
the reactant can be an attractive alternative because of
the stability over the corresponding RZnX. However,
Fukuyama and co-workers have reported an unsuccess-
ful coupling reaction of thiol ester 1a with Et2Zn 2a
in the presence of homogeneous Pd catalyst,
PdCl2(PPh3)2.

2 They unexpectedly got a reduction prod-
uct, that is, aldehyde 4, instead of the desired ketone 3a.
We have recently reported an improved Fukuyama cou-
pling reaction of thiolactone 1b with alkylzinc iodide 5a
in the presence of ZnBr2 and heterogeneous Pd/C, and
have postulated a mechanism involving a shift of the
Schlenk equilibrium from inactive R2Zn 2 to the active
RZnX 5 (X = Br) species by the addition of ZnX2

(X = Br) (Scheme 1).3d If the hypothesis is true, the
Fukuyama coupling reaction employing R2Zn 2 would
take place in the presence of ZnBr2. Reported herein
are the successful results of the Fukuyama coupling
reaction of R2Zn 2 with thiol esters in the presence of
ZnBr2.
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In our initial study, the reaction of Et2Zn with thiol ester
1a was tested under various conditions. Treatment of 1a
with Et2Zn 2a4 in the presence of Pd/C5 in a mixed sol-
vent of THF and toluene provided the desired ketone 3a
albeit in a poor yield (36%, Table 1, entry 1). To
improve the yield, addition of ZnBr2 to the reaction
mixture was examined. Into a mixture of ZnBr2
(1.0equiv), freshly prepared from zinc dust (2.0equiv)
and bromine (1.0equiv) in THF and toluene, were
added thiol ester 1a and Pd/C followed by Et2Zn 2a.
After an initial exothermic reaction and stirring at
20 �C for 17h, the desired ketone 3a was obtained
expectedly in a much higher yield (84%) (Table 1, entry
2). Addition of DMF3a was effective for the coupling
active inactive

5 2

Scheme 1. The Schlenk equilibrium of zinc reagents and the utility for

the Fukuyama coupling reactions.

mailto:m-seki@tanabe.co.jp


Table 1. The Fukuyama coupling reaction of thiol ester 1a with Et2Zn

2a

MeO

SEt

O

MeO

Et

OEt2Zn 2a (1 equiv)a

Additive
THF, toluene

1a 3a20oC, 17 h

Pd/C (5 mol%)a

Entry Additive (equiv)b Yield (%)c

1 –– 36

2 ZnBr2 [Zn (2.0)/Br2 (1.0)] 84

3 ZnBr2 [Zn (2.0)/Br2 (1.0)], DMF (4.9) 95

aEquivalent relative to thiol ester 1a.
bEquivalent relative to Et2Zn 2a.
c Isolated yield.
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reaction: a complete conversion of the reaction was
accomplished by the addition of 4.9equiv of DMF to
the reaction mixture, providing 3a in an excellent yield
(95%) (Table 1, entry 3).6
Table 2. The Fukuyama coupling reaction employing R2Zn
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1 2 2

Pd/C

Entry Thiol ester 1 R2Zn 2 (1equivb)
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O
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Et2Zn

2a

3
SEt

O
1d

Et2Zn
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4
SEt

O
Cl

1e

Et2Zn

2a

5
SEt
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1f

Et2Zn

2a
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S(CH2)11CH3

O

MeO

1g

Et2Zn
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7
S(CH2)11CH3

O

MeO

1g

i-Pr2Zne

2b

a Equivalent relative to R2Zn 2.
b Equivalent relative to thiol ester 1.
c All new compounds were fully characterized by IR, NMR and MS spectra
d Isolated yield.
e 2.0 M toluene solution of i-Pr2Zn was employed for the reaction.
The present method was applied to the coupling reac-
tion of various substrates (Table 2). Thiol esters 1b,c
and 1e carrying a ketone, an ester and Cl group were
applicable to the coupling reaction to afford the corre-
sponding ethyl ketones 3b,c and 3e in high yields
(Table 2, entries 1, 2 and 4). Aromatic thiol esters 1d,
1e and 1f were less reactive than aliphatic counterparts
1a,b and 1c: longer reaction periods were required to ob-
tain a sufficient conversion (compare Table 1, entry 3
and Table 2, entries 1–2 with Table 2, entries 3–5). An
odorless thiol ester 1g,7 prepared from dodecane thiol,
gave the desired ethyl ketone 3a in good yield as well
(Table 2, entry 6). The use of sterically more hindered
diisopropylzinc 2b furnished isopropyl ketone 3g albeit
in a moderate yield (Table 2, entry 7).

In conclusion, a novel and efficient synthesis of function-
alized ketones through a coupling reaction of dialkyl-
zincs with thiol esters was worked out. Although
preparation of the ketones employing dialkylzincs in
the presence of homogeneous Pd or Cu catalyst has been
va), Br2 (1.0 equiva)

, DMF (4.9 equivb) R1 R3
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reported, they require unstable and corrosive acid chlo-
ride as the substrates.8 The present method can be an
attractive alternative to these methods. While, at the
present time, the dialkylzincs employed are limited to
simple commercially available one, that is, Et2Zn and
i-Pr2Zn, it should find a wide application to a practical
synthesis of functionalized ketones, when combined
with the recently developed versatile synthesis of dialkyl
and diarylzincs.9
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