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ABSTRACT

An aldol reaction of trimethoxysilyl enol ether catalyzed by lithium binaphtholate, in which water serves as an additive and plays a pivotal role
in stereoselectivities, was developed. This is the first example of an aldol reaction of trimethoxysilyl enol ether catalyzed by a chiral base.

The aldol reaction is a powerful method for forming carbon-
carbon bonds in organic synthesis.1 Controlling the absolute
configurations of the newly formed stereogenic centers is
important in natural product syntheses. Recent significant
developments in asymmetric aldol reactions are based on
the principles of conventional Mukaiyama-type catalysis
using various chiral Lewis acids.2,3 Lewis base-catalyzed
enantioselective aldol reactions of trichlorosilyl enol ethers
were developed by employing chiral phosphoramides4 or
N-oxides5 as catalysts and afford the corresponding adducts
with high diastereo- and enantioselectivities via hypervalent
silicate intermediates.6 Despite their high syn/anti selectivi-
ties, aldol reactions of trichlorosilyl enol ethers are not widely
utilized in organic synthesis since the enol ethers are not

easily handled. Thus, Lewis base-catalyzed aldol reactions
of silyl enol ethers other than trichlorosilyl enol ether are
not developed.

Recently, trimethoxysilyl compounds have attracted a lot
of attention7 because they possess unique reactivities that
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related compounds, trimethylsilyl derivatives, do not. Tri-
methoxysilyl enol ethers,8 which are easily prepared from
the corresponding lithium enolate with chlorotrimethoxysi-
lane9 or enone with trimethoxysilane, are so stable that they
survive the aqueous workup or silica gel column chroma-
tography. However, examples of base-catalyzed aldol reac-
tions of trimethoxysilyl enol ether have yet to be reported
and the reactivity of hypervalent silicate derived from the
trimethoxysilyl enol ether remains unknown. In our pursuit
of developing base-mediated reactions involving hypervalent
silicate,5,10we investigated the enantioselective aldol reaction
of trimethoxysilyl enol ethers catalyzed by Lewis bases.

Our initial studies examined the addition of trimethoxysilyl
enol ether2a derived from cyclohexanone (1.5 equiv) to
benzaldehyde using a variety of bases (10 mol %) in THF.
Among the various chiral bases surveyed, the corresponding
aldol adduct was obtained in high yield (98%) by employing
10 mol % lithium binaphtholate11 as a catalyst, which was
prepared in situ from the corresponding binaphthol and BuLi,
but diastereo- and enantioselectivity were not observed or
were barely observed. Screening binaphthol derivatives
revealed that the dilithium salt of 3,3′-dibromobinaphthol (1)
predominantly gave the anti adduct in high yield (97%, syn:
anti) 1:3.7), with moderate enantioselectivity (8% ee (syn),
51% ee (anti)).12 When optimizing the reaction conditions,
we were surprised to find that adding water (1.5 equiv to
aldehyde, i.e., 1.0 equiv to silyl enol ether) as an additive
predominantly resulted in the syn adduct (syn:anti) 3.2:1)
and dramatically increased the ee of the syn adduct (80% ee
(syn), 51% ee (anti))13-15 Stoichiometric studies revealed that
equimolar amounts of water to silyl enol ether were sufficient

to optimize diastereo- and enantioselectivity (Table 1), which
suggests that water (or hydroxy ion) may strongly coordinate
to the silicon atom of silyl enol ether. The trimethoxysilyl
enol ether, which is stable under anhydrous conditions even
in the presence of lithium binaphtholate, quickly decomposed
to the corresponding ketone in aqueous solutions in the
presence of lithium binaphtholate. This suggests that the
coordination of water (or hydroxy ion) to silicon atom may
increase the nucleophilicity of the silicate complex to afford
the syn adduct predominantly via an acyclic transition state,
while under anhydrous conditions the reaction proceeds via
a cyclic chairlike transition state4,5 to predominantly yield
the anti adduct, although the details are unclear.

Table 2 shows select results of the aldol reaction of
trimethoxysilyl enol ethers with benzaldehyde under hydrous
conditions. (E)-Enolates (entries 1, 2) and enolate without
substituents on theR-position (entry 3) gave good results,
while (Z)-enolate afforded low diastereo- and enantioselec-
tivities (entry 4). Triethoxysilyl enol ether18 gave similar
selectivities, though the reaction proceeded slowly (entry 5).
The aldol reactions of other aldehydes with2a or 2c were
investigated (Table 3). The reaction of aliphatic aldehydes
proceeded smoothly with high enantioselectivities of over
90% ee, although the diastereoselectivities decreased (entries
3-5). The best enantioselectivity (97% ee) was obtained for
the reaction of cyclohexanecarboxaldehyde (entry 4). It is
noteworthy that the aldol reaction of aliphatic aldehydes,
which often gives inferior results under Lewis base-catalyzed
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corresponding aldol adduct (90 mg, 94%) as a mixture of diastereomers.
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Table 1. Effect of Water as an Additive in Enantioselective
Aldol Reaction of Trimethoxysilyl Enol Ether

entry H2O (equiv) yield, %a syn:antib ee, % (syn, anti)b

1 0 97 1:3.7 8, 51
2 0.1 93 1:1.1 15, 46
3 0.5 97 1.7:1 60, 44
4 1.0 93 3.2:1 77, 52
5 1.5 94 3.1:1 80, 50

a Combined isolated yield.b Determined by HPLC (Daicel chiralcel OD-
H).
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condition,4,5,10 affords adducts in high yield and with high
enantioselectivity.

In conclusion, an aldol reaction of trimethoxysilyl enol
ether catalyzed by lithium binaphtholate, in which water
serves as an additive and plays a pivotal role in stereose-

lectivities, was developed. This is the first example of an
aldol reaction of trimethoxysilyl enol ether catalyzed by a
chiral base. Mechanistic studies as well as designing a chiral
catalyst to enhance the enantioselectivity are currently
underway.
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D +657°(c 1.0, THF), mp 235-237°C. See: Kobayashi, S.; Ishitani,
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Table 2. Enantioselective Aldol Reactions of Benzaldehyde
with Trimethoxysilyl Enol Ethers

a Combined isolated yield.b Determined by HPLC (Daicel chiralcel
OD-H or OB-H). Relative configurations of new compounds were assigned
on the basis of the splitting pattern of the hydroxyl-bearing methine.4b

Table 3. Enantioselective Aldol Reaction of Aldehydes with
Trimethoxysilyl Enol Ethers

entry
enol
ether aldehyde

yield,
%a syn:antib

ee, %
(syn, anti)b

1 2c 4-MeOC6H4CHO 89 7.0:1 89, 95
2 2c PhCHdCHCHO 98 3.4:1 73, 10
3 2c PhCH2CH2CHO 90 2.6:1 92, 47
4 2c cHexCHO 94 1.4:1 97, 84
5 2a PhCH2CH2CHO 75 1.2:1 91, 40

a Combined isolated yield.b Determined by HPLC (Daicel chiralcel OJ-H
or chiralpak AS-H). Relative configurations of new compounds were
assigned on the basis of the splitting pattern of the hydroxyl-bearing
methine.4b
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