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Abstract—Synthetically useful �,�-unsaturated carbonyl compounds having a quaternary carbon at the �-position were prepared
with high stereoselectivity by the reaction of a dienolate anion derived from �,�-unsaturated imide having a chiral auxiliary and
electrophiles (ethyl acetate and allyl iodide as the C2 and C3 unit, respectively). This method was applied to a short asymmetric
synthesis of (+)-ethosuximide.
© 2003 Elsevier Ltd. All rights reserved.

During the course of our total synthesis of madindoline
A,1 stereochemical control of the quaternary chiral
center in the cyclopentene moiety was achieved by
developing a highly diastereo- and regioselective �-alkyl-
ation of the �,�-unsaturated chiral imide (Scheme 1).
While a number of methodologies have been developed
for the construction of a quaternary chiral center,2

efficient and general methods are still required. As
demonstrated by the successful total synthesis of
madindoline A, the resulting �,�-unsaturated imides are
considered valuable synthetic intermediates for the syn-
thesis of a variety of biologically significant compounds
utilizing both a carbon–carbon double bond and a
carboxyl group. The electrophiles employed in the pre-
vious investigation were limited to benzyloxymethyl
chloride (BOMCl) or methoxymethyl chloride
(MOMCl) aiming at the madindoline synthesis, and the

stereoselectivities were moderate, ranging from 6:1 to
11:1.1 In order to expand the scope of this methodol-
ogy, it seemed necessary to demonstrate the reaction of
�,�-unsaturated chiral imide with other alkyl halides. In
this paper we wish to describe the alkylation with
iodoacetate and allyl iodide as the C2 and C3 units,
respectively.

Our method to construct a quaternary chiral center is
shown in Scheme 2. The �-proton of �,�-unsaturated
imide 1 was deprotonated with sodium hexamethyldi-
silazide, and the resulting dienolate was reacted with
electrophiles at the �-position in a regio- and stereose-
lective manner.1,3,4

At first, alkylation with allyl iodide was examined
(Table 1).5 The alkylation proceeded regioselectively at

Scheme 1.
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the �-position, and the corresponding �-allyl-�,�-unsat-
urated imides were obtained with high stereoselectivi-
ties. In the case of �,�-disubstituted products (entries
4–6), only E-isomers were obtained. The �,�-disubsti-
tuted olefins (entries 5 and 6) were obtained in higher
yield than the bis(exo-olefin) products (entries 2 and 3).

The stereochemistry of the newly formed quaternary
center was determined as shown in Scheme 3. Thus, 5a
was transformed into the known 2-ethyl-2-methylpen-
tanoic acid 66 by hydrolysis and subsequent hydrogena-
tion. The absolute configuration of 5b was confirmed to
be R by correlating to the caboxyacetal 7 ([� ]26

D +24.6°)
by a four-step sequence: (i) iodolactonization of unsatu-
rated imide; (ii) ozonolysis of the remaining car-
bon�carbon double bond; (iii) acetalization of the
resulting aldehyde; and (iv) reductive elimination of
iodolactone. The carboxyacetal 7 was found to be
identical with the carboxyacetal 7 ([� ]26

D +23.2°) derived
from the stereochemically established 5a in a similar
sequence of reactions.

Next, we attempted the alkylation with ethyl iodoac-
etate as a C2 unit (Table 2). The reaction proceeded

Scheme 3.

smoothly to afford a chiral quaternary center with
excellent stereoselectivity. Stereochemistry was tenta-
tively assigned as shown in analogy to the case of the
reaction with allyl iodide. In order to demonstrate the
usefulness of this methodology as well as to confirm the
stereochemistry, the product shown in entry 1 was
converted to (+)-ethosuximide,7,8 commonly used in the
treatment of petit mal epilepsy. (Scheme 4). Heating a
mixture of imide 8 and urea without a solvent gave
cyclic imide 9 which was subjected to hydrogenation in
the presence of a Pt catalyst. Thus, only three-step
synthesis of (+)-ethosuximide from 1 was accomplished.

Scheme 2.

Table 2. Alkylation with ICH2CO2Et

SelectivityaYield (%)XNEntry R

1 31:176ValH
IleH 672 38:1

3 Bu Ile 85 >50:1

a Determined by 1H NMR.

Table 1. Alkylation with allyliodide

Entry R XN Solvent Yield (%) Selectivitya

1 H Val Toluene 27 42:1
H Val2 THF 61 27:1

19:162THFIleH3
Bu Val4 Toluene 30 29:1

5 76 22:1Bu Val THF
6 29:1Bu Ile THF 71

a Determined by HPLC. Scheme 4.
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In conclusion, we were able to develop a concise and
highly stereoselective method for the construction of a
quaternary carbon and accomplish a short synthesis of
(+)-ethosuximide. The stereochemical course of the
present alkylation is the same in all cases. The present
methodology can provide a useful synthetic intermedi-
ate having a quaternary chiral carbon substituted with
multifunctional groups (vinyl, allyl, and acetate). Fur-
ther application of this methodology toward natural
products is now in progress.
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