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Abstract—Indium-mediated allylation reactions of �-ketoimides derived from Oppolzer’s sultam were accomplished in aqueous
THF in good yields and excellent diastereomeric excesses. It could be a useful method for the preparation of enantiopure
t-�-hydroxy acids. When the substituent of �-ketoimides was changed from phenyl to thiophenyl or furyl group, diastereoselectiv-
ity decreased in comparison to N-phenyl derivatives, but changing solvent to aqueous ethanol provided improved levels of
diastereoselectivity. © 2001 Elsevier Science Ltd. All rights reserved.

Much effort has been devoted to the preparation of
�-hydroxy acids in enatiomerically pure form of either
configuration, because of their important, diverse bio-
logical functions and the utility as chiral building
blocks.1 Several methods for the preparation of opti-
cally active �-hydroxy acids have been reported.2 Espe-
cially, Jurczak reported diastereoselective addition to
chiral �-ketoimides derived from Oppolzer’s sultam
with several allylic reagents.3

Herein, we report a highly diastereoselective indium-
mediated allylation to chiral �-ketoimides derived from
Oppolzer’s sultam (Scheme 1).

Indium-mediated allylation to N-phenylglyoxyloyl-(2R
or 2S)-bornane-10,2-sultam (1 and 2) with various allyl
bromides in aqueous THF (H2O/THF=3/1, v/v) at
room temperature for 1�3 h afforded the correspond-
ing homoallylic alcohols 3 and 4, respectively with
>99:1 dr at C2 in high yields. The results are summa-
rized in Table 1. The absolute configuration of homo-
allylic alcohol 3a (entry 1) was determined by X-ray
crystallography (Fig. 1). In the case of crotyl bromide
(entry 3 and 4), only a single isomer 3b and 4b of
expected four diastereomers were obtained, respec-
tively, and absolute configuration of 3b was also deter-
mined by X-ray crystallography (Fig. 2).

In entries 5 and 6, 4-bromo-2-methyl-2-butene also
provided a single isomer in lower yield compared to
other allyl bromides presumably due to the steric
crowding.

The high diastereoselectivity of allylation could be
explained by the chelated conformer A where allylation
prefers the less hindered face (Fig. 3).6 The origin of the
excellent selectivity of syn/anti in crotyl case (entries 3
and 4) is not entirely clear at this moment. However, if
the 6-membered ring chelation with indium as shown in
Fig. 3 is formed, structure B with methyl group of
crotyl indium in the axial position might be more
favored than structure C due to the interaction of
methyl group in the equatorial position and phenyl
group of �-ketoimide. All the addition products were

Scheme 1.
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Table 1. Allylation reactions of N-phenylglyoxyloyl-(2R/2S)-bornane-10,2-sultam (1, 2)

Figure 1. ORTEP drawing of 3a.4

tives under the same reaction conditions. In order to
enhance the diastereoselectivity, several solvents were
employed. Among them, 90% aqueous EtOH gave
improved diastereoselectivity compared to the 25%
aqueous THF condition as shown in Table 2. How-
ever, in the case of entry 4, 3-bromo-2-methylpropene,
high diastereoselectivity was achieved in 25% aqueous
THF, while no reaction occurred in 90% aqueous
EtOH. The lower diastereoselectivity of thiophenyl
and furyl �-ketoimides compared to the phenyl deri-

Figure 2. ORTEP drawing of 3b.5

obtained with excellent diastereoselectivity that showed
superiority over other allylic metal reagents reported3.

The indium-mediated allylations to N-thiophenylglyoxy-
loyl-(2R)-bornane-10,2-sultam 5 and N-furylglyoxy-
loyl-(2R)-bornane-10,2-sultam 7 were investigated
(Tables 2 and 3). In most cases, diastereoselectivity
decreased in comparison with the N-phenyl deriva-
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Figure 3. Plausible transition state model.

Table 2. Allylation reactions of N-thiophenylglyoxyloyl-(2R)-bornane-10,2-sultam

vatives might be due to the chelation of the sulfur or
oxygen atom of heterocylcles with indium, which, as
a result, could disturb a chelation of carbonyl and
indium.

In conclusion, indium-mediated allylation reactions of
�-ketoimides derived from Oppolzer’s sultam were
accomplished in aqueous media in good yields and
with high diastereoselectivity.7 When the substituent
of �-ketoimides was changed from phenyl to thio-
phenyl or furyl group, a decrease in diastereoselectiv-

ity was observed, but improvement could be achieved
by changing solvent to aqueous ethanol.
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Table 3. Allylation reactions of N-furylglyoxyloyl-(2R)-bornane-10,2-sultam
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