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Asymmetric Michael reaction under PTC conditions without solvent
Importance of 7 interactions for the enantioselectivity
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Abstract : Michael addition of diethyl acetylaminomalonate to chalcone under Asymmetric Phase Transfer
Catalysis without solvent has been successfully carried out in the presence of ephedrinium salts. Substituent
effects on the benzyl moiety of the ammonium part of the catalyst revealed the importance of n-x attractive
interactions between the catalyst and the electrophile on enantioselectivity. The best result (82% ee) was
obtained with easy accessible (S) binaphthyl compound.

In a previous paper, we have reported that omitting solvent during the reaction of chalcone 1 with diethyl
acetylaminomalonate 2 under PTC conditions using (-) N-methyl N-benzy! ephedrinium bromide 4 as a chiral
catalyst has led to an enhancement of the enantiomeric excess of the compound 3! (scheme 1). In this paper we
wish to report our further investigations to maximize the enantioselectivity of this reaction.

Reaction of chalcone 1 with diethyl acetamidomalonate 2 in the presence of potassium hydroxide (6%
mol) and (-} N-methy! N-benzyl ephedrinium bromide (6% mol) leads to product 3 with 60% chemical yield and
60% enantiomeric excess, in favor of the S enantiomer (scheme 1).
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scheme 1
The attribution of the absolute configuration of the major enantiomer 3 has been carried out by chemical
correlation with a known compound 1-acetamido-1-(1,3-diphenylprop-2-enyl)-1,1'methyl dicarboxylate 52
(scheme 2). Compound § obtained from 3 by subsequent reduction with NaBH4 excess in methanol, followed
by dehydration by heating with anhydrous oxalic acid (82% yield)3. Comparative NMR studies in the presence
of Eu(hfc)3 have shown that the major enantiomer 3 was S.

scheme 2
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As we previously showedl, electronwithdrawing groups on the benzyl moiety of the catalyst lowers
enantiomeric excess. It is well known in the literature that asymmetric induction is sensitive to electronic effects.
Dolling et al. have thus shown that such ettects occur between the catalyst and the nucieophiie in an éxamplé of

asymmetric alkylation via PTC with N-benzyl cinchoninium halides as chiral catalysts4,

Consequently in order to optimize our previous results, we studied the behaviour of new ephedrinium
catalysts bearing an electrondonating group (OCH3) 8 and extended aryl groups to a-methylnaphthyl,
B-methylnaphthyl 9 and methylbinaphthyl 105 (scheme 3). The main results are given in Table L.
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Table 1: 1+2 o~ » 3 (R+S8)
canalyst 6%
entry catalyst a) yield % b) % © Or
1 Ia 56 20 0.81
2 Ib 54 34 0.7
3 I 42 46 0.53
4 8 51 76 -0.28
5 8 52 66 0.1
6 % 52 7
7 % 48 56
8 10a 52 66
9 10b 51 82

a) the counterion of the chiral catalyst has no significant effect on the enantioselectivity : N-methyl N-benzyl ephedrinium
chloride, tosylate, mesylate and trifluoromethylsulfonate lead to enantiomeric excesses of 62%, 58%, 56% and 60%

respectively.

b) isolated yield after flash chromatography on silica gel pentane/ethyl acetate 70/30.

c) the enantiomeric excess are evaluated by 1H NMR with Eu(hfc); and by chiral HPLCS.
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A Hammett plot of log ee/eeo vs the substituent constant 6 of the N benzyl catalysts demonstrates clearly
the linearity of the correlation except for the nitro group which lies apart from the line (scheme 4). The deviation
1o linearity with NO, could possibly be attributed to a contribution of mono-electronic transfer as this group is
known to induce such process? and as this kind of intervention was proposed for Michael reaction8.

Consequently, it scems well established that increasing electron donating power improves the catalyst
selectivity (entry 4). Unfortunately all our attempts to synthetize ephedrinium catalysts bearing a stronger
electrondonating group on the benzyl moiety such p-amino (o -0.57) and p-dimethylamino(c -0.63) have failed.
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scheme 4

This correlation suggests that a 7t interaction occurs between the benzyl moiety group of the catalyst and
at least one of the two phenyl groups of the electrophile 1. The = interaction should be such that an o
methylnaphthy] group increases the interaction (entry 6) whereas a B methylnaphthyl group has no significant
effect (entry 7). In our hands the best result is obtained with a catalyst bearing a S binaphthyl group (entry 9).

We concluded thus that n-n attractive interactions between aryl groups of catalyst and electrophile 1 are
responsible for the enantioselectivity of the reaction. They can be enhanced when reactions are performed in the
absence of solvent!. This conclusion is in agreement with recent observations showing that the origin of high
enantioselectivities in Diels Alder reaction9, nucleophilic additions10 or enolates alkylations!! probably lies in
attractive -7 interactions between aromatic groups of the two reactants.

scheme 5
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We believe that n-xt attractive interactions between the aryl group of the benzyl moiety of the catalyst and
one of the two phenyls of the electrophile 1 are responsible for the enantioselectivity of the reaction (scheme 5).

Further works and molecular mechanics calculations are under investigations to determinate the nature of
the interaction, including reactions with non-aryl substituted electrophiles and bulky nucleophiles.
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