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Abstract

The one-pot reaction of cyclohexenone, arylthiol andN-tosylimines provides Michael±imino aldol tandem
reaction products in high yields and stereoselectivities. # 2000 Elsevier Science Ltd. All rights reserved.

The Michael±aldol reaction has been widely investigated, and many excellent results with high
diastereoselectivity and enantioselectivity have been achieved over the past few years.1 In this
reaction various kinds of nucleophiles have been used,2ÿ4 but the electrophiles, which are used to
capture the products of the Michael addition, are mainly aldehydes.5 Although b-amino ketones
or analogues, the useful intermediates in organic synthesis, will be obtained if imines are used as
the electrophile, only a few reports of using imines as the electrophiles in these reactions have
appeared.6 In the course of studies of applications of imines in organic synthesis,7 we studied the
use of imines as electrophiles in tandem Michael±aldol reactions. Herein, we would like to report
our results on tandem Michael±aza-aldol reactions with high trans±anti-stereoselectivity.
Reaction of thiolate 1 and cyclohexenone gives rise to enolate 2 which is trapped by imine 3 to

a�ord the corresponding b-amino ketone 4 as the ®nal product (Scheme 1). Various reaction
conditions have been investigated and the results are summarized in Table 1.
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Scheme 1.
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The reaction exhibits several interesting features. Firstly, it provides only two stereoisomers
(two pairs of enantiomers), although four stereoisomers are possible. The con®guration of the
major stereoisomer was determined to be trans±anti 4a by X-ray crystallography. To our surprise,
the large a-aminobenzyl and phenylthio groups are axial with respect to the cyclohexenone,
consistent with predominantly axial attack.8 Secondly, it shows a dependence on the solvent used.
The reaction gives more trans±anti product when it is run in CH2Cl2, but in THF more trans±syn
product is obtained while 50:50 trans±anti and trans±syn products are a�orded in hexane (Entries
1, 2 and 3). It is worthwhile to point out that a high yield of products is obtained when THF is
used as solvent. This may be caused by the higher reactivity of the separated lithium enolate ion
pair formed in ethereal solvents. Thirdly, the presence of hexamethylphosphoramide (HMPA)
dramatically a�ects the stereochemistry of the reaction. The stereoisomer ratio of 4a:5a was 38:62
when the reaction proceeded in THF without addition of HMPA. The ratio was changed to 85:15
when 2 equiv. of HMPA were added. The ratio was raised to 96:4 when 10 equiv. HMPA were
used (Entry 6). Although HMPA is a strong cation-solvating reagent and favors the formation of
separated ion pairs,9 other cation-solvating reagents, such as 12-crown-4 and TMEDA, did not
change the stereochemistry of reaction when used as additive (Entries 7 and 8). So HMPA plays
not only the role of separating the lithium ion and enolate anion. In addition, it was found that
the base used could a�ect the stereoselectivity (Entries 5, 9 and 10). Among these cases, butyl-
lithium was the best.
On the basis of the above, various imines and thiolates were investigated (Scheme 2) and the

results obtained are summarized in Table 2.10,11 From Table 2, it was found that the inactivated
imine 3g did not give any product because of its low reactivity (Entry 10). However, the imines
activated by a p-tolylsulfonyl group reacted well with the enolate intermediate 2 and provide
Michael±aldol products 4 and 5 in high yields and stereoselectivities. The yields of the reactions
decreased slightly with decreasing reactivity of the imine and the thiolates (Entries 4, 6 and 8).
On the other hand, the stereoselectivities of the reactions increased with decreasing the reactivity
of the thiol anions (Entries 1, 8 and 9). Possibly with the increasing reactivity of the thiol
anions, the Michael addition intermediates 2 become more reactive and the stereoselectivities
decreases.

Table 1
The optimization of the three-component condensation of thiolate, cyclohexenone and iminea
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In conclusion, we have demonstrated a one-pot Michael±imino aldol tandem reaction of three
components, i.e. thiolates, cyclohexenone and imines, with high yields and stereoselectivities.
Further investigations of this novel Michael±imino aldol tandem reaction using other nucleo-
philes and its asymmetric version are underway.
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