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The Michael addition of alkenyl trichloroacetates to p-ben-
zoquinone was achieved using dibutyltin dimethoxide as a cata-
lyst in a mixed solvent consisting of THF and MeOH. Various
monoalkylated benzoquinone derivatives were obtained from
cyclic and acyclic trichloroacetates in moderate yield. trans-�-
Nitrostyrene was also a favorable electrophile in this catalytic
process, which gave an expected Michael adduct.

The Michael addition of enolates to �,�-unsaturated
carbonyl compounds is a beneficial method to prepare 1,5-dike-
tones.1 Since the 1,5-dicarbonyl moiety is not only found in
many natural products, but is also capable of being transformed
into �-hydroxycyclohexanones and other useful compounds,
efficient ways of obtaining this structure are desired for organic
synthesis.2 Numerous examples of the Lewis acid-catalyzed
Mukaiyama-type Michael addition of silyl enolates to enones
have so far been reported,3 however the method has difficulty
in applying to acid-labile substrates. We report here a novel
conjugate addition reaction of alkenyl trichloroacetates to
Michael acceptors catalyzed by dibutyltin dimethoxide under
almost neutral reaction conditions (Scheme 1).

We have previously shown that dibutyltin dimethoxide
[Bu2Sn(OMe)2] behaves as a catalyst in aldol reaction of alkenyl
trichloroacetates with aldehydes in the presence of methanol.4

In this reaction, a nucleophilic attack of methoxide ion of the
tin reagent to the alkenyl esters efficiently generates the corre-
sponding tin enolates. We envisioned that this tin dimethoxide
might promote the Michael addition reaction of alkenyl tri-
chloroacetates to �,�-unsaturated carbonyl compounds via a
formation of tin enolates.5 Thus, we initially examined the
reaction of cyclohexanone-derived alkenyl trichloroacetate 1a
with chalcone in the presence of a stoichiometric amount of
Bu2Sn(OMe)2 at room temperature for 2 h, however the targeted
Michael adduct was not obtained at all. Then, we tested various
Michael acceptors and among them, p-benzoquinone (2) showed
remarkable reactivity toward an in situ generated tin enolate, and
unexpected monosubstituted benzoquinone derivative 3a, which
is considered to be formed by the Michael addition reaction and
subsequent oxidation by coexisting p-benzoquinone (2), was
obtained in 43% yield (Entry 1, Table 1). Furthermore, the same
compound was given in moderate yield under the influence of a
catalytic amount of the tin methoxide and an excess amount of

MeOH6 (Entry 2). According to this catalytic procedure, various
alkenyl trichloroacetates 1b–1e were transformed into the corre-
sponding benzoquinone derivatives 3b–3e (Entries 3–6).7 Not
only cyclic substrates 1a–1d, but acyclic 1e also afforded the ad-
duct 3e. Use of fully substituted 1-trichloroacetoxycyclohexene
1d resulted in a lower yield (Entry 5). Noteworthy is the fact that
a significant amount of hydroquinone formed in these reactions,
for example, the reduced compound was isolated in 43% yield in
the case of Entry 2, which is good evidence for occurrence of the
above-mentioned oxidation of the Michael adduct by p-benzo-
quinone (2). However, even when 1a was treated with 2 equiv
of 2, the isolated yield of 3a was not improved (38% yield based
on 1a).

A plausible catalytic mechanism of the Michael addition re-
action is shown in Figure 1. First, an alkenyl trichloroacetate 1
reacts with Bu2Sn(OMe)2 generating the dibutylmethoxytin eno-
late 4 and methyl trichloroacetate. Then, conjugate addition of
the tin enolate 4 to p-benzoquinone (2) occurs to produce the
tin enolate of Michael adduct 5. Protonation of 5 by MeOH af-
fords the Michael product 6 as an intermediate and regenerates
the tin dimethoxide. Finally, oxidation of 6 with p-benzoquinone
(2) results in the formation of the benzoquinone derivative 3
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Scheme 1. Dibutyltin dimethoxide catalyzed conjugate addi-
tion reaction of alkenyl trichloroacetates to Michael acceptors.

Table 1. Catalytic Michael addition of various alkenyl tri-
chloroacetates 1 to p-benzoquinone (2)a
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Yield/%b

OCOCCl3

1 3

3a

3a
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3 3b
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+
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Alkenyl trichloroacetate

4 3c

5 3d

6 3e

OCOCCl3

1c

OCOCCl3

1d

OCOCCl3

1e
(E/Z = 1/4)

2
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39

23

35

aAn alkenyl trichloroacetate 1 (1.1 equiv) reacted with 1 equiv of p-benzo-
quinone (2). bIsolated yield based on 2 (1mmol). cThe reaction was
performed using 100mol% of Bu2Sn(OMe)2 without MeOH for 2 h.

1092 Chemistry Letters Vol.37, No.10 (2008)

Copyright � 2008 The Chemical Society of Japan



accompanied by hydroquinone (7).
Next, we attempted the tin methoxide-catalyzed Michael

addition of alkenyl trichloroacetate 1a to �-nitrostyrene (8)
and the results are summarized in Table 2. First, we studied sol-
vent effect in the stoichiometric reaction and found that DMF
was superior to THF for obtaining the desired Michael adduct
9 in satisfactory yield (Entries 1 and 2). However, the reaction
took place more effectively in THF even at �20 �C when tetra-
butylammonium bromide was used as an additive (Entry 3).5f As
a consequence, two kinds of solvent system (DMF, and THF
with Bu4NBr) were applied to the catalytic version, however,
the reactions were sluggish even in the presence of MeOH
(Entries 5 and 6) and highest yield (38% yield) was attained
when the reaction was performed in DMF without MeOH
(Entry 4).

In summary, we have demonstrated an application of
Bu2Sn(OMe)2 as a catalyst for the conjugate addition of alkenyl
trichloroacetates to Michael acceptors. The catalytic reaction
with p-benzoquinone proceeds smoothly at room temperature

to give monosubstituted benzoquinones in moderate yields
owing to the Michael addition and subsequent oxidation. In
the reaction of �-nitrostyrene, a typical Michael adduct is
predominantly formed. These procedures are operationally sim-
ple employing readily available chemicals and can be performed
under almost neutral conditions.
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Figure 1. A plausible reaction mechanism for the Michael
addition of alkenyl trichloroacetates 1 to p-benzoquinone (2)
catalyzed by Bu2Sn(OMe)2.

Table 2. Michael addition of alkenyl trichloroacetate 1a to
trans-�-nitrostyrene (8) promoted by Bu2Sn(OMe)2

a

1a 8
additive, solvent

+

OCOCCl3

Ph
NO2

Bu2Sn(OMe)2
O

NO2

Ph

9

Entry
Bu2Sn(OMe)2

/mol%
Solvent

Temp
/�C

Additive
Yield
/%b

1 100 THF rt — 63
2 100 DMF rt — 79
3 100 THF �20 Bu4NBr (1 equiv) 93
4 20 DMF rt — 38
5 20 DMF rt MeOH (5 equiv) 28
6 20 THF �20 Bu4NBr (1 equiv) 28

MeOH (5 equiv)

aAlkenyl trichloroacetate 1a (1.1 equiv) reacted with 1 equiv of trans-�-ni-
trostyrene (8). bIsolated yield based on 8.
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