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Lithium Acetate Catalyzed Aldol Reaction between Aldehyde and Trimethylsilyl Enolate
in a Dimethylformamide-H,O Solvent
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Lithium acetate catalyzed aldol reaction between trimethyl-
silyl enolates and aldehydes in a DMF-H,0O (50:1) solvent pro-
ceeded smoothly to afford the corresponding aldols in good to
high yields. It is noted that trimethylsilyl enolates derived from
carboxylic esters behaved as excellent nucleophiles in the above
reaction.

Since the crossed aldol reaction between silyl enolates and
aldehydes by the promotion of Lewis acid was reported from
our laboratory,' the aldol reactions using silyl enolates have
widely been utilized for constructing carbon skeltons. Recently,
new Lewis base-catalyzed aldol reactions of trimethylsilyl
(TMS) enolates with aldehydes in a N,N-dimethylformamide
(DMF) solvent were reported, which afforded the corresponding
aldols in high yields by using lithium diphenylamide, lithium
pyrrolidone or lithium acetate (AcOLi).? It is interesting to note
that the nucleophilic attack of AcOLi onto silicon atom at low
temperatures effectively activated simple and commonly-em-
ployed TMS enolates though the above acetate is a weaker nu-
cleophile compared with lithium diphenylamide or pyrrolidone.
In order to exhibit the usefulness of a mild and readily-available
AcOLi catalyst, the aldol reaction in DMF that contained water
in the presence of the above catalyst was studied. An acetate
anion which is stable in water was then considered to work as
effective catalyst at low temperatures whereas the anion gener-
ated from Lewis bases such as lithium diphenylamide or pyrro-
lidone does not even exist nor exhibit any catalytic effects. In
this communication, we would like to report on lithium acetate
(AcOLi)-catalyzed aldol reaction between trimethylsilyl eno-
lates and aldehydes in a DMF-H,0 (50:1) solvent, which af-
forded the corresponding aldols in high yields.

The aldol reactions in water or water-containing organic
solvents attracted much attention in a sense related to econom-
ical and environmentally benign synthetic methods. Although
several methods of aldol reactions using silyl enolates in water
or water-containing organic solvents have been reported,®”’
there are few that used silyl enolates derived from carboxylic
esters due to their extreme sensitivity toward water.>’® Of the
few reactions, one was carried out in emulsified sphere using
surfactants® and the other proceeded with restrictive use of
highly reactive acceptor aldehydes.”®

In the first place, reaction of benzaldehyde and TMS eno-
late derived from methyl isobutyrate 1 was tried in the presence
of 10mol% of AcOLi at —45°C in DMF-H,O (10:1), and the
aldol adduct was obtained in 71% yield. Then, the reaction con-
ditions were carefully screened so as to improve the yields. Fi-
nally, the corresponding aldol was obtained in high yield when
the reaction was carried out by using two equivalents of 1 in

DMF-H,0 (50:1) (Eq 1). In the absence of the catalyst, on
the other hand, the aldol adduct was obtained only in 17% yield
under the same reaction conditions. These results indicated that
the AcOLi behaved as an effective Lewis base catalyst in this
aldol reaction.
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4Yield was determined by 'H-NMR analysis (270 MHz) using 1,1,2,2-
tetrachloroethane as an internal standard. Numbers in parentheses were
yields under non-aqueous condition (ref 2b). bisolated yield. “Reaction
temperature was gradually warmed up to rt.
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Next, the reactions of TMS enolate 1 with various alde-
hydes were tried (see Table 1).8 In every case, the aldol adducts
were obtained in high yields. It is remarkable that both aromatic
aldehydes having electron-withdrawing groups and an aliphatic
aldehyde, 3-phenypropionaldehyde, reacted smoothly to afford
the desired aldols in high yields while the corresponding aldols
were obtained in moderate yields in non-aqueous solvent (En-
tries 1-2 and 7).?® 2-Pyridinecarboxaldehyde afforded the aldol
adduct in high yield, on the other hand, the reaction did not gen-
erally proceed by using Lewis acids (Entry 8). One of the most
characteristic points of the present reaction carried out in a wa-
ter-containing DMF solvent is that the aldehydes having free
amide, hydroxy, or even carboxylic functions reacted smoothly
to afford the desired aldols in moderate to high yields although
such functions were incompatible with metal enolates or Lewis
acids (Entries 9-11).

Assumed catalytic cycle of the present reaction was illus-
trated in Scheme 1. The same reaction pattern may be consid-
ered until lithium aldolate is formed via a hexacoodinated hy-
pervalent silicate under non-aqueous conditions.” In case of
the reaction carried out in a water-containing DMF solvent,
the initially formed lithium aldolate and silyl acetate are rapidly
hydrolyzed to produce lithium hydroxide and acetic acid. Sub-
sequent neutralization should afford lithium acetate to establish
a catalytic cycle.

Under non-aqueous conditions, the initially formed lithium
aldolate was converted into its TMS ether with trimethylsilyl
acetate and the catalyst was regenerated.2 Aromatic aldehydes
having electron-withdrawing groups and 3-phenypropionalde-
hyde afforded silyl acetals as co-products via the reaction with
lithium aldolates because they were more electrophilic than
benzaldehyde.® Thereby, yields of the desired aldols were mod-
erate under non-aqueous conditions. In the presence of water,
on the other hand, lithium aldolates were rapidly hydrolyzed
and formations of the above-mentioned silyl acetals were re-
strained; therefore, the desired aldols were obtained in high
yields.

This catalytic aldol reaction can also be performed smooth-
ly by using other TMS enolates. For example, TMS enolates de-
rived from S-tert-butyl isobutanethioate and acetophenone af-
forded the corresponding aldols in good yields (Eqs 2 and 3).
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Thus, lithium acetate catalyzed aldol reaction between
TMS enolates and aldehydes in a water-containing DMF sol-
vent was established. This is the first example of Lewis base-
caralyzed aldol reaction which afforded aldol adducts even
when silyl enolates derived from carboxylic esters were used
in a water-containing organic solvent. This method is quite
practical and is applicable to the synthesis of various aldols
since the reaction is carried out under the conditions not strictly
anhydrous and uses such a mild, readily-available and inexpen-
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Scheme 1.

sive Lewis base catalyst. Further development of this reaction is
now in progress.
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