
Communications to the Editor  Bull. Korean Chem. Soc. 2012, Vol. 33, No. 11     3537

http://dx.doi.org/10.5012/bkcs.2012.33.11.3537

Organocatalytic Asymmetric Michael Addition of 1,3-Cyclohexanedione to 

β,γ-Unsaturated α-Keto Esters 

Hyun Joo Lee and Dae Young Kim*

Department of Chemistry, Soonchunhyang University, Asan, Chungnam 336-745, Korea. *E-mail: dyoung@sch.ac.kr 

Received July 17, 2012, Accepted August 11, 2012

Key Words : Asymmetric catalysis, Organocatalysis, Michael addition, 1,3-Cyclohexanedione 

The Michael reaction is widely recognized as one of the

most fascinating and powerful methods for the formation of

C-C bonds in organic synthesis,1 and the development of

asymmetric version of this reaction has been subject of

intensive research.2 In addition to the great success catalyzed

by metal complexes, the powerful and environmentally

friendly organocatalyst-mediated asymmetric Michael addition

has been explored intensively in recent years.3,4 Enantio-

selective organocatalytic Michael addition of cyclic 1,3-di-

carbonyl compounds to α,β-unsaturated carbonyl compounds

represents a direct and most appealing approach to chiral

1,5-dicarbonyl compounds that are versatile intermediates in

organic synthesis.5 Compared with α,β-unsaturated carbonyl

compounds, reactions with β,γ-unsaturated α-keto esters as

Michael acceptors are limited. Recently, several groups have

reported the asymmetric Michael addition of cyclic 1,3-

dicarbonyl compounds to β,γ-unsaturated α-keto esters cata-

lyzed by cinchona-derived organocatalyst, chiral N,N'-di-

oxide copper complexes, and chiral squaramide.6 There are

still some drawbacks in the previously reported procedures,

such as high catalyst loading and long reaction time for high

enantioselectivity. Therefore, the development of alternative

catalysts for enantioselective Michael addition of cyclic 1,3-

dicarbonyl compounds to β,γ-unsaturated α-keto esters

would be highly desirable.

As part of our research program related to the develop-

ment of synthetic methods for the enantioselective con-

struction of stereogenic carbon centers,7 we recently report-

ed asymmetric Michael addition of active methylenes and

methines.8 Herein, we wish to describe the enantioselective

asymmetric Michael addition of 1,3-cyclohexanedione to

β,γ-unsaturated α-keto esters promoted by binaphthyl-modi-

fied organocatalyst. 

Validation of the feasibility of the proposed Michael

addition process started by evaluating a model reaction bet-

ween 1,3-cyclohexanedione (1) and (E)-ethyl 2-oxo-4-

phenylbut-3-enoate (2a) in the presence of 10 mol % bi-

functional catalysts (Fig. 1) at room temperature. As shown

in Table 1, quinine-derived thiourea catalyst I effectively

promoted the reaction with moderate enantioselectivity

(entry 1). While binaphthyl-modified organocatalyst II bear-

ing both central and axial chiral elements gave high enantio-

selectivity (entry 2). Different solvents were then tested in

the presence of 10 mol% of catalyst II together with 1,3-

cyclohexanedione (1) and (E)-ethyl 2-oxo-4-phenylbut-3-

enoate (2a) in order to further improve the selectivity of the

reaction. Aprotic solvents such as toluene, dichloromethane,

acetonitrile, THF were well tolerated in this Michael addi-

tion without a significant decrease of enantioselectivities

(93-80% ee, entries 2-5). Remarkably, MeOH also afforded

products with good yields, however, the selectivity dropped

significantly (entry 6). Among the solvents probed, the best

results (95% yield and 93% ee) were achieved when the

Figure 1. Structure of chiral bifunctional organocatalysts.

Table 1. Optimization of the reaction conditions

Entry Cat. Solvent Yield (%)a ee (%)b

1 I PhMe 93 45

2 II PhMe 95 93

3 II CH2Cl2 92 86

4 II CH3CN 95 87

5 II THF 82 80

6 II MeOH 81 43

7c II PhMe 94 93

8d II PhMe 94 93

9e II PhMe 93 93

10f II PhMe 73 81

11e,g II PhMe 93 97

aIsolated yield. bEnantiopurity was determined by HPLC analysis using
chiralpak AD-H column. c5 mol % catalyst loading. d1 mol % catalyst
loading. e0.5 mol % catalyst loading. f0.25 mol % catalyst loading. gThis
reaction was carried out at −40 oC



3538     Bull. Korean Chem. Soc. 2012, Vol. 33, No. 11 Communications to the Editor

reaction was conducted in toluene (entry 2). The present

catalytic system tolerates catalyst loading down to 0.5 mol %

without compromising both the yield and enantioselectivity

(entries 2 and 7-10). Lowering the temperature to −40 oC

with catalyst II improved the enantioselectivity (97% ee,

entry 11).

With optimal reaction conditions, the asymmetric Michael

addition of 1,3-cyclohexanedione to several other β,γ-un-

saturated α-keto esters was examined, and the results are

summarized in Table 2.9 As demonstrated, organocatalyst II

catalyzed Michael addition of 1,3-cyclohexanedione (1) to

β,γ-unsaturated α-keto esters 2 proved to be a general

approach for the synthesis of dihydropyran derivatives 3.

Notably, good to high enantiomeric excess was obtained (up

to 97% ee). The β,γ-unsaturated α-keto esters 2 bearing

substituted aryl and heteroaromatic group in γ-position could

effectively participate in this process. Absolute configu-

ration was determined comparison of the optical rotation and

chiral HPLC data of the corresponding dihydropyran deriva-

tives 3.6 

In conclusion, we have developed organocatalytic enantio-

selective Michael addition reaction of 1,3-cyclohexanedione

(1) to β,γ-unsaturated α-keto esters 2 to afford biologically

valuable dihydropyran derivatives 3. Significantly, only 0.5

mol % of binaphthyl-modified organocatalyst II is highly

effective to give high yields with excellent enantioselec-

tivities (up to 97% ee) under mild reaction conditions. 
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  9. General procedure for asymmetric conjugate addition 1,3-

cyclohexanedione (1) to β,γ-unsaturated α-keto esters 2: To a

stirred solution of β,γ-unsaturated α-keto esters 2 (0.5 mmol),
binaphthyl-modified organocatalyst (II, 1.6 mg, 0.0025 mmol) in

toluene (2 mL) was added 1,3-cyclohexanedione (1, 56.0 mg, 0.5

mmol) at −40 oC. The reaction mixture was stirred at −40 oC for a
specified reaction time period. The reaction mixture was purified

by column chromatography on silica gel, eluted by hexane/EtOAc

= 1:1 to give the desired product 3. 

Table 2. Enantioselective Michael addition of 1,3-cyclohexanedi-
one (1) to β,γ-unsaturated α-keto esters 2

Entry 2, R Time (h) Yield (%)a ee (%)b

1 2a, Ph 2 3a, 93 97

2 2b, 4-MeC6H4 2 3b, 95 93

3 2c, 4-OMeC6H4 6 3c, 90 93

4 2d, 4-FC6H4 6 3d, 96 90

5c 2e, 4-ClC6H4 9 3e, 89 91

6 2f, 2-thienyl 2 3f, 93 95

7c 2g, 2-naphthyl 2 3g, 93 87

aIsolated yield. bEnantiopurity was determined by HPLC analysis using
chiralpak AD-H column. c2.5 mol % catalyst loading.


