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Highly enantioselective Michael addition of diethyl malonate to chalcone derivatives has been achieved under mild phase-transfer conditions
by the successful utilization of ~ N-spiro C,-symmetric chiral quaternary ammonium bromide 1 as a catalyst, which possesses diarylhydroxymethyl
functionalities as a recognition site for the prochiral electrophile. This simple asymmetric Michael addition process was found to be quite
effective for various chalcone derivatives, including those with heteroaromatic substituents.

During the past decade, the development of asymmetricization of glycinate Schiff basé&-9 This, in turn, indicates
phase-transfer catalysis based on the use of structurally well-the difficulty of controlling the stereochemical outcome of
defined chiral, nonracemic catalysts has resulted in notablethe additions of nucleophiles lacking prochiralitypimchiral
achievements, making it feasible to perform various bond electrophiles, on which new stereogenic centers are solely
formation reactions under mild phase-transfer-catalyzed created. Indeed, synthetically useful reactions of this type
conditionst The characteristic aspect of this success is that have been relatively restrictédc and the enantioselective
most of the highly stereoselective transformations involve oxidation of a,f-unsaturated ketones represents such rare
prochiral nucleophilegenolates) pairing with chiral onium  exampleg.+7 The asymmetric carbercarbon bond forma-
cations, as well-exemplified by the asymmetric functional- tion through the Michael addition of malonates to chalcone
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derivatives also belongs to this category, but only a few turned out to be quite promising (84% ee) (entry 1 in Table
reports have appeared in the literature with limited suctess. 1)2 This result prompted us to examine the effect of the
In conjunction with our recent effort toward finding a general
solution to this intrinsic problem by the rational molecular _
design of dual-functioning chiral phase-transfer catalysts of ) , .
type 1,7 we have been interested in evaluating the effective- Table 1. Effect c.’f.the. Ester Substl_tuent (Fon the Reactivity

f hin the Michael i f | t and Stereoselectivity in the Catalytic Asymmetric Michael
ness o our approach in the Michael reaction of malonates aygition of Dialkyl Malonate to Chalcone3@) under
and chalcones (Scheme 1). In this letter, we wish to describeppase-Transfer Conditiohs
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ArAr K2COgz in toluene at O°C for 24 h.? Isolated yield. Enantiopurity of the
1 (Ar = R = 3,5-Php-CgHg) 2 (Ar = R = 3,5-Phy-CgHg) Michael adductawas determined by HPLC analysis using a chiral column
(DAICEL Chiralpak AD-H) with hexane-ethanol as a solvent.Absolute
configuration was determined by comparison of the optical rotation with
the value previously reportéd. € Performed at-20 °C. f No reaction.
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the preliminary results of this study, demonstrating the
importance of the chiral catalyst with a recognition site for
the electrophile to control the absolute stereochemistry of ester substituent (R of malonates, which revealed that
the chiral carbon center generated on the prochiral chalconediethyl malonate appeared to be an optimal Michael donor
derivatives. in terms of both reactivity and selectivity (entry 2). The
We initiated this research program by examining the enantioselectivity reached 90% ee upon performing the
applicability of chiral quaternary ammonium bromide a addition at lower temperature-Q0 °C) (entry 3). On the
promising catalyst for the asymmetric epoxidationogf- other hand, the reaction with dibenzyl malonate resulted in
unsaturated ketonésp the addition of dimethyl malonate  a substantial decrease in the stereoselectivity, in contrast to
to chalcone 3a). Thus, a mixture of chalcone, dimethyl the previous report (entry 4},and no indication of the
malonate,1 (3 mol %), and potassium carbonate,(QOs) product formation was observed whentelit-butyl malonate
(10 mol %) in toluene was vigorously stirred at’G, and was employed (entry 6). Here, it is particularly emphasized
after 24 h, the desired Michael adduta (R' = Me) was that the control reaction with diethyl malonate by the use of
isolated quantitatively. Fortunately, its enantiomeric excess catalyst2 under otherwise identical conditions brought a
significant loss of enantiomeric excess (entry 7), indicating
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(7) Ooi, T.; Ohara, D.; Tamura, M.; Maruoka, K. Am. Chem. Soc. one under the influence dfproceeded slowly at €C to furnish the desired
2004,126, 6844. Michael adduct in 98% yield with 8% ee after 96 h.
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Finally, we found that dialkyl malonate was not a uniquely

Table 2. Catalytic Asymmetric Michael Addition of Diethyl effective Michael donor. For instance, malononitrile under-

Malonate to Chalcone Derivativésunder Phase-Transfer went smooth and highly enantioselective addition to chalcone
Conditiong catalyzed byl under similar phase-transfer conditions,
o Ot 1(3 mol%) o AR affording the corresponding Michael addé&cin 98% yield
Ar‘)l\/\Are Lo K,CO; (10 mol%) Ar1/L/jTCOZEt with 81% ee as shown in Schemé®.
t touene *
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1“ Ph 2-Naphthyl 94 91 4b 3a —50°C, 48 5 CN
98%, 81% ee
2 Ph 4-MeO-CH, 99 87 dc
& In summary, we have demonstrated that uniformly high
3 - m 99 % ad enantioselectivity can be attained in the Michael reaction of
diethyl malonate and various chalcone derivatives using a
4 Ph 4-CI-CH, 99 85 de chiral phase-transfer catalyst with dual functions. This
Michael addition chemistry also accommodates malononitrile
5* 4CL-CH, Ph 97 86 4f as a nucleophile. The present study further underscores the
6  Ph 5 Pyridvl 99 90 4 effectiveness of our strategy based on the design of new
yney g chiral phase-transfer catalysts equipped with an appropriate
7 Ph 2-Furyl 99 86 4h recognition site for a requisite prochiral electrophile.
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were obtained in excellent chemical yields with a high level

of enantiomeric excesses (entries 1—5). Notably, high oLos50902A
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