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Michael reaction between silyl enolates and �,�-unsaturat-
ed carbonyl compounds by using a catalytic amount of Lewis
base such as lithium alkoxide in DMF proceeds smoothly to af-
ford the corresponding Michael-adducts in good yields with
moderate to high diastereoselectivities. This reaction can be rea-
sonably explained by considering an alkoxide anion-initiated au-
tocatalytic process.

In our preceding paper, new possibilities of various Lewis
base catalysts in synthetic reactions were demonstrated.1 There,
nitrogen- or oxygen-containing organic anions generated from
amines, amides, imides, and carboxylic acids were found to
work effectively as Lewis base catalysts for the activation of
commonly used trimethylsilyl (TMS) enolates. For example,
Lewis bases such as lithium benzamide,1g lithium succimide,1g

or lithium acetate1j efficiently catalyzed the Michael reaction
of TMS enolates with �,�-unsaturated carbonyl compounds in
N,N-dimethylformamide (DMF).

Then, in the course of our continuous investigations on the
usefulness of oxygen-containing organic anions for Lewis bases
in organic reactions, the use of alkoxide anions was focused
upon. It was reported in the previous report that the catalytic al-
dol reaction between TMS ketene acetals and aldehydes by using
alkoxide anion proceeded smoothly to afford the corresponding
aldol in DMF.2 It was demonstrated there that the in situ formed
aldolate anion worked as a useful catalyst of the above reaction.
Now, we would like to describe on Michael reaction between sil-
yl enolates and �,�-unsaturated carbonyl compounds by using a
catalytic amount of alkoxide anion in DMF at low temperatures.

In the first place, various lithium alkoxides were screened by
taking the Michael reaction of chalcone 1 with TMS enolate 2 in
DMF at �45 �C as a model (Table 1). In the case of lithium alk-
oxides generated from primary alcohols, the reactions proceeded
smoothly to afford the corresponding Michael-adducts in good
yields with high anti-diastereoselectivities even when 5mol%
of lithium benzylate was used (Entries 1–4). When the reaction
was carried out at 0 �C, the Michael-adduct was obtained in
quantitative yield, virtually without losing diastereoselectivity
(Entry 5). The desired Michael-adduct was not formed when
the reaction was tried in THF different from the cases attempted
in DMF (Entry 6). These results indicate that the alkoxide anions
promoted the catalytic Michael reaction as effective Lewis bases
and the solvent also played an important role on this reaction. On
the other hand, the use of lithium alkoxides generated from steri-
cally hindered secondary or tertiary alcohols was found to give
the products while the diasteroselectivities were lost (Entries 7
and 8). It was thought then that the sterically hindered alkoxide
anions would not only serve as Lewis bases to activate TMS eno-

lates by a nucleophilic attack, but also behave as Br�nsted bases
to promote the epimerization of the formed adducts.

Several examples of Michael reactions by using 10mol% of
lithium benzylate in DMF are summarized in Table 2.3 This
Lewis base-promoted reaction was more effective than the pre-
viously reported lithium acetate-catalyzed reaction1j when
TMS enolates derived from ketones were used. Actually, it
was observed that TMS enolates derived from ketones smoothly
reacted with various Michael-acceptors to give the correspond-
ing products in good to high yields with moderate to high dia-
stereoselectivities at low temperatures. On the other hand, higher
reaction temperature was still required in the lithium acetate-cat-
alyzed Michael reaction. It is noteworthy to point out that the
Michael-adducts were also obtained in good yields when �,�-
unsaturated carbonyl compounds having active hydrogen atoms
at �-position of carbonyl moiety or having sterically hindered
group were applied to this catalytic system (Entries 3 and 4).
In addition, the desired product was obtained in good yield with-
out diminution of the diastereoselectivity when triethylsilyl
(TES) enolate derived from propiophenone was employed in
place of the above TMS enolate 2 (Entry 7).

The present catalytic Michael reaction is assumed to pro-
ceed by a pathway similar to the previously reported product-

Table 1. Michael reaction of chalcone 1 with TMS enolate 2 in
the presence of a catalytic amount of lithium alkoxides
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1

aLithium alkoxides were prepared from alcohol and MeLi.
bIsolated yield. cDetermined by 1HNMR analysis (270MHz).
d5mol% of BnOLi was used. eReaction was carried out at
0 �C. fReaction was carried out in THF.
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catalyzed aldol reaction2 (Scheme 1), that is; an alkoxide anion
and a solvent coordinated to the silicon atom of TMS enolate to
form a highly nucleophilic hexacoordinated hypervalent silicate
A. Thus, the enolate became more reactive and attacked smooth-
ly the �,�-unsaturated carbonyl compounds to form lithium eno-
late B and TMS ether of alcohol. The alkoxide anion just served
as an initiator of the reaction and was not involved in the catalyt-
ic cycle. In the next step, lithium enolate B similarly activated
TMS enolate to form a silylated Michael-adduct via a hexacoor-
dinated hypervalent silicate C and then regenerated the lithium
enolate (enolate anion) B that behaved as a key species in the
above catalytic cycle.

Thus, Michael reaction between silyl enolates and �,�-
unsaturated carbonyl compounds by using a catalytic amount
of Lewis base such as lithium alkoxide in DMF at low temper-
atures proceeded smoothly to afford the corresponding
Michael-adducts. This reaction is induced by a readily available
alkoxide anion and then is further catalyzed by the in situ formed
enolate anion. It is noted that these two oxygen-containing
anions work effectively as Lewis base for the promotion of silyl
enolates. Further investigation on this reaction is now in
progress.
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3 Typical experimental procedure is as follows (Table 2, Entry 1):
a) Preparation of lithium benzylate; To a solution of benzyl alco-
hol (227mg, 2.1mmol) in Et2O (18mL) was added methyllithi-
um in Et2O (0.98M, 2.0mL, 2.0mmol) at 0 �C and the mixture
was stirred for 30min. b) General procedure of lithium alkox-
ide-promoted Michael reaction; An etheral solution containing
lithium benzylate (0.6mL, 0.06mmol) was concentrated under
reduced pressure and residual lithium reagent was dissolved in
DMF (1.2mL). The resulting solution was cooled to �45 �C
and then solutions of silyl enolate 2 (186mg, 0.9mmol) in
DMF (0.6mL) and chalcone (125mg, 0.6mmol) in DMF (1.2
mL) were added. The mixture was stirred for 4 h at the same tem-
perature, and quenched with saturated aqueous NH4Cl. The mix-
ture was extracted with EtOAc and the residue was dissolved in a
mixture of HCl (1.0M, 2mL) and THF (8mL) after evaporation
of the solvent. The mixture was stirred for 30min and was ex-
tracted with EtOAc. Organic layer was washed with brine and
dried over anhydrous Na2SO4. After filtration and evaporation
of the solvent, the crude product was purified by silica gel
column chromatography to give the corresponding Michael-
adduct (190mg, 93%).

Table 2. Lithium alkoxide-promoted Michael reaction using
various Michael acceptors and silyl enolates
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aIsolated yield. bDetermined by 1HNMR analysis (270MHz). c2
equivalents of 2 were used. dnd = not determined. eThe relative
configuration was not determined.
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