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The Michael addition reaction is widely recognized as one 
of the most general and versatile methods for formation of 
C-C bonds in organic synthesis,1 and the development of 
enantioselective catalytic protocols for this reaction has been 
subject of intensive research.2 In addition to the great success 
catalyzed by metal complexes, the powerful and environ­
mentally friendly organocatalyst-mediated asymmetric Michael 
reaction has been explored intensively in recent years.3,4 
Michael reaction of nucleophiles to nitroalkenes represents a 
direct and most appealing approach to chiral nitroalkanes that 
are versatile intermediates in organic synthesis, which can be 
transformed into an amine, nitrile oxide, ketone, carboxylic 
acid, hydrogen etc.5 The conjugate addition of a-substituted 
dicarbonyl compounds to suitable acceptor represents an 
important approach to generate all-carbon quaternary stereo- 
genic centers. Takemoto et al. applied their bifunctional 
thiourea catalyst in asymmetric Michael addition of P- 
ketoester compounds to nitroolefins.6 Also, Deng et al. 
reported the construction of quaternary stereogenic centers by 
conjugate addition of P-ketoesters mediated by cinchona 
alkaloid catalyst.7

As part of research program related to the development of 
synthetic methods for the enantioselective construction of

stereogenic carbon centers,8 we recently reported chiral amine­
thiourea I (Fig. 1) to be a highly selective catalyst for the 
enantioselective amination of active methines.9 We envision
that the rigid binaphthyl structure can serve as an efficient 
stereocontrolling axial chiral element. Herein, we wish to 
describe the direct asymmetric Michael reaction of P-keto- 
esters to nitroalkenes with catalyzed by bifunctional organo- 
catalysts bearing both central and axial chiral elements.

A survey of some reaction parameters was performed, and
some representative results are presented in Table 1. Our
investigation began with the catalytic asymmetric Michael
addition of methyl cyclopentanone 2-carboxylate (1a) with
nitrostyrene (2a). When the reaction was performed in toluene
at room temperature in the presence of 10 mol% catalyst I,
product 3a was isolated in high yield with 85% ee (Table 1, 
entry 1). We first examined the impact of the structure of
catalysts I-IV on enantioselectivity (Table 1, 60-85% ee, 
entries 1-4). The best results have been obtained with catalysts 
I and IV. Concerning the solvent (entries 1, 5-7), the use of 
halogenated solvents, especially, dibromomethane gave the 
best result in the yield and the enantiomeric excess (> 99% ee,

Figure 1. Structure of chiral thiourea-tertiary amine catalysts.

entry 6).
We then explored the possibility of using wide range of 

para-substituted aromatic and heteroaromatic nitroalkenes 2 
with P-ketoester 1a under the optimized reaction condition.

Table 1. Optimazation of the reaction conditions

A^CO2Me + 〜NO2쯰爬竺性 A>LnO2

\_J 마We,r.t VJ'CzMe

1a 2a 3a

entry cat. time 
(h)

yielda 
(%)

dr‘ 

(syn/anti)
eec
(%)

1 I 12 95 85:15 85
2 II 32 93 90:10 73
3 III 48 92 77:23 60
4 IV 120 90 94:6 83
5d I 6 95 86:14 91
6e I 4 98 86:14 > 99
7f I 10 93 85:15 89

aRefers to the isolated mixture of diastereomers. ‘Determined from crude 
1H NMR spectra. 'Enantiomeric excess of the major isomer, determined 
by chiral HPLC analysis. dThe reaction was run in CH?Cl2 as solvent. 
eThe reaction was run in CHzBr? as solvent. fThe reaction was run in 
CHCl3 as solvent.
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Table 2. Variation of the nitroalkene

O O Ar
U 、 zc cat. I (10 m이%) JI : Kir.

CO2Me + Ar^스는/NO2---------------------------- ► /、/、/NO2
VJ Ar 아切「2，r.t [V'，co2Me

aRefers to the isolated mixture of diastereomers. "Determined from 
crude 1H NMR spectra. cEnantiomeric excess of the major isomer, 
determined by chiral HPLC analysis. dThis reaction was carried out 
at -40 oC.

1a 2 3

entry 2, Ar time
(h)

yielda 
(%)

dr" 

(syn/anti)
eec
(%)

1 2a, Ph 4 3a, 98 86:14 >99
2 2b, p-F-Ph 3 3b, 96 86:14 93
3 2c, p-Cl-Ph 3 3c, 97 84:16 95
4d 2d, p-Me-Ph 36 3d, 91 85:15 91
5 2e, p-MeO-Ph 18 3e, 90 82:18 88

Table 3. Variation of the p-ketoester

O Ph
CO2R + Ph〜NO2 淑. 1 (10 m이%),』*又次。2

CH2Br2，r.t r/’COzR

"Refers to the isolated mixture of diastereomers. "Determined from crude 
1H NMR spectra. cEnantiomeric excess of the major isomer, determined 
by chiral HPLC analysis.

1 2a 3

O O O OA,gMe /、/CO2Me II A
[] /"r

*，n
1

1b 1c : n = 0 1e ::R = Et
1d :n = 1 1f ::R = f-Bu

entry 1 time yielda dr" eec
(h) (%) (syn/anti) (%)

1 1b 144 3f, 75 92:8 96
2 1c 1 3g, 95 45:55 > 99
3 1d 96 3h, 89 92:8 95
4 1e 168 3i, 90 97:3 95
5 1f 192 3j, 85 56:44 97

As shown in Table 2, the products 3a-e were formed in high 
yields (90-98%), high diastereoselectivities, and excellent 
enatioselectivities (88 - > 99%).

To examine the generality of the catalytic asymmetric 
Michael reaction of p-ketoesters 1 by using new bifunctional 
organocatalyst I, we studied the addition of various p- 
ketoesters 1 to nitrostyrene (2a). As it can be seen by the 
results summarized in Table 3, the corresponding products 
3f-j were obtained in high to excellent yields, high diastereo- 
selectivities, and excellent enantioselectivities. The absolute 
configuration of adducts 3 has been determined for some 
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derivatives by comparison of their optical and HPLC pro­
perties with literature values.6,7

In conclusion, we have developed a highly efficient catalytic 
asymmetric Michael reaction of p-ketoesters to nitroalkenes 
using bifunctional organocatalyst I. The desired y-nitro 
carbonyl compounds were obtained in good to high yields, 
excellent diastereoselectivities (up to 86:14), and excellent 
enantioselectivities (up to > 99% ee) were observed. Further 
study of these bifunctional organocatalysts in asymmetric 
reactions is being under investigation.
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