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Lithium acetate-catalyzed Michael reaction between trime-
thylsilyl enolates and �,�-unsaturated carbonyl compounds in
DMF proceeded smoothly to afford the corresponding Mi-
chael-adducts in good to high yields. Hindered �,�-unsaturated
ketones also behaved as an excellent Michael-acceptor in the
above reaction at room temperature.

Several effective Lewis base catalysts for the activation of
simple silyl enolates such as trimethylsilyl (TMS) enolate were
recently introduced from our laboratory, which were employed
successfully in aldol,1 Michael,2 and Mannich-type reactions3

via the formation of active hypervalent silicate (Eqs 1–3).
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It is interesting to note that the TMS enolate was activated
either by lithium succimide 3 or by lithium acetate (AcOLi) that
is a weaker nucleophile toward silicon atom compared with lith-
ium benzamide 2. From the synthetic point of view, AcOLi has
such advantages as easy availability, low cost and could be used
under mild conditions because of its weak basicity. Also, the
acetate can be prepared from AcOH by using weak bases such
as lithium carbonate (Li2CO3) while preparation of 2 or 3 from
amide or imide require strong bases such as alkyl lithium. In ad-
dition, from the environmental points of view, they would be
very useful for its low toxicity and is disposable without any spe-
cial treatment. In this communication, we would like to report on
AcOLi-catalyzed Michael reaction between TMS enolates and
�,�-unsaturated carbonyl compounds in order to demonstrate
the usefulness of AcOLi as a Lewis base catalyst.

In the first place, reaction of chalcone 4 and TMS enolate 1
in DMF was tried by using 10mol% of AcOLi at �45 �C, and
the Michael-adduct 5 was obtained in 93% yield together with
1,2-addition product, silyl ether 6, in 7% yield. In the above re-
action, the amount of 1,2-adduct increased when AcOK was

used instead of AcOLi. Next, the reaction conditions were care-
fully screened using AcOLi so as to reduce the amount of 1,2-ad-
ducts and the desired 1,4-addition proceeded at 0 �C to afford 5
exclusively in high yield (Scheme 1).4 In the absence of the cat-
alyst, on the other hand, 5 was not obtained at all, which indicat-
ed that AcOLi worked as an efficient Lewis base catalyst in this
Michael reaction.

Next, reactions of TMS enolate 1 with various Michael-ac-
ceptors were tried by using AcOLi as a catalyst (Table 1).5 Then,
the enolate 1 reacted smoothly with various Michael-acceptors
to give the corresponding Michael-adducts in high yields. In
the case when 3-nonene-2-one 9 was used, AcOLi worked more
effectively than the previously-reported 3 (Entry 3). One of the
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Scheme 1. AcOLi catalyzed Michael reaction between TMS
enolate 1 and chalcone.

Table 1. AcOLi catalyzed Michael reaction using various
Michael acceptors
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Reactions were carried out using Michael acceptor (0.4mmol) in
DMF (3mL). aYield was determined by 1HNMR analysis
(270MHz) using 1,1,2,2-tetrachloroethane or 2,4,6-trimethyl-
benzene (Entry 3) as an internal standard. bBy using 3 as a cata-
lyst at rt for 3 h (See Ref. 2). cBy using 3 as a catalyst under the
same reaction conditions. dIsolated yield. e2 equiv. of 1 was
used.
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most characteristic points of the present reaction is that the hin-
dered �,�-unsaturated ketones also behaved as an excellent
Michael-acceptor to form the corresponding Michael-adduct in
high yields at room temperature (Entries 4, 5). This Lewis
base-catalyzed reaction is effective especially when Michael-
acceptors having basic functions within the same molecule are
used. Actually, the reaction proceeded smoothly and the corre-
sponding Michael-adduct was afforded in high yield, as expected
(Entry 6).

Several methods were recently reported concerning Lewis
base-catalyzed Michael reaction. However, each of them had
worked only with limited kinds of silyl enolates, i.e. one worked
only with dimethylsilyl enolates derived from ketones,6,7 and an-
other was performed only with keten silyl acetals.8 On the other
hand, AcOLi-catalyzed Michael reaction also proceeded
smoothly to afford the corresponding Michael-adducts in good
to high yields even when various TMS enolates derived from es-
ters, thioesters or ketones were employed (Table 2).

This catalytic Michael reaction was also carried out by using
other lithium carboxylates that were prepared easily in situ by
treating carboxylic acids with Li2CO3. For example, Michel re-
action of 4with silyl enolate 1 gave the Michael-adduct 5 in high
yield when 10mol% of lithium isobutyrate prepared from isobu-
tyric acid and Li2CO3 in DMF was used (Scheme 2).9

Thus, AcOLi-catalyzed Michael reaction between trime-
thylsilyl enolates and �,�-unsaturated carbonyl compounds
was established. This is a useful method for the synthesis of var-
ious 1,5-dicarbonyl compounds since the reactions proceed

smoothly by using such a mild and readily-available Lewis base
catalyst. Further expansion of this reaction is now in progress.

This study was supported in part by the Grant of the 21st
Century COE Program from Ministry of Education, Culture,
Sports, Science and Technology (MEXT), Japan.
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Table 2. AcOLi catalyzed Michael reaction using various silyl
enolates

Entry Yielda /%Silyl enolates syn : anti 

bTemp /°C Time /hAcceptor
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Reactions were carried out using Michael acceptor (0.4mmol) in
DMF (3mL). aIsolated yield. bDetermined by GC. cReactions
were carried out using Michael acceptor (0.8 mmol) in DMF
(3mL). dYield was determined by 1HNMR analysis
(270MHz) using 1,1,2,2-tetrachloroethane as an internal stand-
ard. eDetermined by 1HNMR analysis (270 MHz). fRelative
configurations were not determined.
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Scheme 2. Michael Reaction by using i-PrCOOLi prepared
from i-PrCOOH and lithium carbonate.
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