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双官能团硫脲催化吲哚-3-酮对 β,γ-不饱和酮酯的不对称 Michael 

加成反应研究 

刘耀宗*,a    许鹏飞 b    马建军 a    李晓明 a    梁睿渊 a    滕志君 a 
(a甘肃银光聚银化工有限公司  甘肃白银 730900) 

(b兰州大学化学化工学院  功能有机分子化学国家重点实验室  兰州 730000) 

摘要  通过双官能团硫脲催化的吲哚-3-酮对不饱和酮酯的不对称 Michael 加成反应研究, 以很高的产率、很好的对映

选择性和非常好的非对映选择性得到了手性的 2-取代吲哚-3-酮类化合物, 对吲哚类化合物的手性合成具有积极意义.  
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Bifunctional Thioureas Catalyzed Asymmetric Michael Addition of 
1-Acetylindolin-3-ones to β,γ-Unsaturated α-Keto Esters  
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Abstract  The asymmetric Michael addition of 1-acetylindolin-3-ones to β,γ-unsaturated α-keto esters catalyzed by bifunc-
tional thioureas has been developed. Enantio-pure 2-substituted indolin-3-one derivatives were obtained easily in excellent
yields (up to 99%) with good diastereoselectivity (up to 10∶1) and excellent enantioselectivities (up to 99.5%), which would 
be useful for the chiral synthesis of indole-related compounds.  
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1  Introduction 

The catalytic asymmetric Michael addition reaction is 
one of the most important organic reactions for the car-
bon-carbon bond-formation in organic synthesis. Remark-
able progress has been made in the organocatalytic version 
of this reaction in recent years.[1,2] The development of 
novel and effective transformations of this reaction is still 
under exploring. Compared to other Michael acceptors, the 
reactions using β,γ-unsaturated α-keto esters were very 
limited.[3] So the enantioselective version of β,γ-unsatu- 
rated α-keto esters should be explored due to the fact that 
the adducts can be functionalized readily to corresponding 
amino acid esters or α-hydroxy acid esters.[4] 

2-Substituted indolin-3-ones exist widely in biologically 
active natural products and pharmaceutical compounds, 
and have been used as versatile intermediates in organic 
and natural-product synthesis.[5] Although a lot of prepara-

tive methods have been developed,[6] the enantioselective 
synthesis of these structures is much less explored.[7] Then 
the development of an enantioselective, metal-free and 
highly effective approach for the asymmetric synthesis of 
enantio-pure 2-substituted indolin-3-one derivatives ap-
peared to be of great significance. As a part of our contin-
uing interest in exploring the preparation of 2-substituted 
indolin-3-ones,[7e～7f] bifunctional thioureas were found to 
be efficient catalysts for the asymmetric Michael addition 
of indolin-3-ones with β,γ-unsaturated α-keto esters, which 
provides a direct access to optically pure 2-substituted in-
dolin-3-ones.   

2  Results and discussion 

The reaction of 1-acetylindolin-3-one (2a) with β,γ-un- 
saturated α-keto ester 3a catalyzed by thiourea-tertiary 
amine catalyst 1a (10 mol%) derivated from quinine in 
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dichloromethane (DCM) was first investigated.[8] To our 
delight, the desired product 4a was obtained in 91% yield 
with 6∶1 dr and 98% ee (Table 1, Entry 1). Then different 
bifunctional thiourea catalysts 1a～1f were screened under 
the same reaction conditions (Table 1, Entries 1～6). All 
thiourea-tertiary amine catalysts gave excellent yields and 
enantioselectivities, while the thiourea-primary amine cat-
alyst 1e and thiourea-secondary amine catalyst 1f gave 
disappointing results. The catalyst 1a provided the best dr 
with excellent yield and ee value, therefore, catalyst 1a 
was chosen to further optimize the reaction. 

Table 1  Optimization of the reaction conditionsa  

 

Entry Cat. Solvent t/h Yieldb/% drc eed/%

1 1a DCM 6 91 6∶1 98 
2 1b DCM 6 95 4∶1 －98 
3 1c DCM 6 87 3∶1 －99 
4 1d DCM 6 94 5∶1 96 
5 1e DCM 24 ＜20 1∶1 44 
6 1f DCM 12 89 4∶1 －60 
7 1a CHCl3 6 92 5∶1 97 
8 1a Toluene 6 82 6∶1 97 
9 1a THF 24 93 6∶1 98 
10 1a CH3CN 24 95 6∶1 96 
11 1a Acetone 24 84 6∶1 98 
12e 1a DCM 10 93 6∶1 98.5 
13f 1a DCM 12 95 6∶1 99 

a The reaction was performed using 2a (0.2 mmol), 3a (0.3 mmol), catalyst 1 
(10 mol%) in 0.4 mL of solvent. b Isolated yields. c Determined by 1H NMR 
spectroscopic analysis. d Determined by HPLC on a chiral stationary phase.   
e Reaction at 0 ℃. f Reaction at －10 ℃. 

Then, different organic solvents with 10% catalyst 1a 
were screened, all the solvents led to excellent enantio-
meric excess values, and CH2Cl2 was identified as the most 
ideal solvent which afforded the best result (Table 1, Entry 
1). When the reaction temperature was decreased from 
room temperature to 0 ℃, a little higher ee value of 98.5% 

was obtained (Table 1, Entry 12). When the reaction tem-
perature was reduced to －10 ℃, the best result was ob-
tained in 95% yield with 6∶1 dr and 99% ee (Table 1, 
Entry 13). 

Under the optimized reaction conditions, a wide range of 
β,γ-unsaturated α-keto esters 3 and 1-acetylindolin-3-ones 
2 were investigated in this asymmetric Michael addition 
reaction. The results are summarized in Table 2. Good dr, 
excellent yields and ee values were obtained for the desired 
products. Structural variation of keto esters could be well 
tolerated (Table 2). β,γ-Unsaturated α-keto esters bearing 
either electron-withdrawing (Table 2, Entries 2, 4, 5, 7, 8) 
or electron-donating (Table 2, Entries 3, 6, 9, 10) groups 
on the γ-phenyl rings were found to proceed well. These 
transformations gave the corresponding products 4b～4j in 
86%～99% yields with high levels of enantioselectivity 
(92%～99.5% ee). The position and electronic properties 
of substituents on aromatic rings of α-keto esters had lim-
ited influence on the stereochemical outcome. Heteroaro-
matic 2-furyl substituted keto ester 3k was also effectively 
engaged in the reaction under the optimized reaction con-
ditions (85% yield, 4∶1 dr, 99% ee; Table 2, Entry 11). 
Unfortunately, cyclohexyl substituted keto ester 3l (Table 
2, Entry 12) proceeded very slowly under the optimized 
reaction conditions and even at room temperature. Substi-
tuted 1-acetyl-indolin-3-ones containing an electron-dona- 

Table 2  Catalytic asymmetric Michael addition of 1-acetyl- 
indolin-3-ones to β,γ-unsaturated α-keto estersa 

 

Entry R1 R2 t/h Yieldb% (4) drc ee/%

1 H Ph 12 95 (4a) 6∶1 99
2 H 2-ClC6H4 6 95 (4b) 9∶1 97
3 H 2-MeOC6H4 6 99 (4c) 9∶1 92
4 H 2,4-Cl2C6H3 12 99 (4d) 10∶1 99
5 H 3-ClC6H4 12 89 (4e) 7∶1 98
6 H 3,4-(CH3)2C6H3 12 93 (4f) 6∶1 92
7 H 4-ClC6H4 4 94 (4g) 7∶1 99
8 H 4-BrC6H4 4 94 (4h) 7∶1 99.5
9 H 4-MeC6H4 12 94 (4i) 6∶1 98

10 H 4-MeOC6H4 24 86 (4j) 6∶1 92
11 H 2-Furyl 24 85 (4k) 4∶1 99
12 H Cyclohexyl 24 Trace NDe ND
13 5-Br Ph 4 98 (4l) 8∶1 98
14 5-Cl Ph 4 88 (4m) 6∶1 98
15 5-Me Ph 12 89 (4n) 6∶1 98
16 7-Me Ph 4 86 (4o) 9∶1 90

a The reaction was performed using 2 (0.2 mmol), 3 (0.3 mmol), catalyst 1a 
(10 mol%) in 0.4 mL of solvent. b Isolated yields. c Determined by 1H NMR 
spectroscopic analysis. d Determined by HPLC on a chiral stationary phase.   
e Reaction at 0 ℃. f Reaction at －10 ℃. 
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ting group or an electron- withdrawing group were also 
tested in the reaction, and satisfying results were obtained 
(Table 2, Entries 13～16). With this protocol, highly enan-
tio-enriched 2-substituted 1-acetylindolin-3-ones could be 
easily obtained. 

The absolute configuration of the product was deter-
mined by the crystals of compound 5a (CCDC 842611) 
bearing a chlorine atom, which was obtained from the re-
duction of 4e. As shown in Figure 1, the newly formed 
srereogenic centers in the Michael adducts were confirmed 
as (1S,11R). 

 

Figure 1  X-Ray crystal structure of 5a 

On the basis of the observed reactivity and experimental 
results of the Michael addition reactions, it was proposed 
that the reaction proceeds via a dual activation model. As 
shown in Figure 2, a thiourea moiety of the catalyst 1a 
interacts through hydrogen bonding with two adjacent 
carbonyl groups of the keto ester and enhances their elec-
trophilicity while the tertiary amine deprotonates an acidic 
proton of 1-acetylindolin-3-one, generating a ternary com-
plex. This proposed dual activation model might be re-
sponsible for the stereochemical outcome of the Michael 
adducts. 

 

Figure 2  Propsed transition state model in the Michael addition 

3  Conclusions 

In summary, a bifunctional thiourea-tertiary amine cata-
lyzed asymmetric Michael addition of 1-acetylindolin- 
3-ones to β,γ-unsaturated α-keto esters was developed in 
excellent yields, good diastereoselectivities and excellent 

enantioselectivities, providing a practical method to syn-
thesize highly enantiopure 2-substituted indolin-3-ones. 
Further investigation and application of this methodology 
are ongoing. 

4  Experimental section 

4.1  Representative procedure for the catalytic 
asymmetric Michael addition reaction 

To a solution of β,γ-unsaturated α-keto ester 3 (0.3 
mmol, 1.5 equiv.) and catalyst 1a (12 mg, 0.02 mmol, 0.1 
equiv.) in dry CH2Cl2 (0.4 mL) cooled at －10 ℃ was 
added 1-acetylindolin-3-one 2 (0.2 mmol, 1.0 equiv.). The 
solution was stirred at －10 ℃ until 2 was consumed and 
monitored by thin-layer chromatography (TLC). The reac-
tion mixture was concentrated in vacuo and purified by 
flash column chromatography (petroleum ether/ ethyl ace-
tate as eluent) to afford the product. 

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-2-oxo-4- 
phenylbutanoate (4a): colorless oil, 72 mg (95% yield, 
99% ee). 20

D[ ]α －169 (c 1.0, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 8.16 (s, 1H), 7.40～7.34 (m, 2H), 6.96～
6.94 (m, 6H), 4.59 (s, 1H), 4.39～4.34 (m, 3H), 4.03 (s, 
1H), 3.43 (s, 1H), 2.64 (s, 3H), 1.40 (t, J＝7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 198.0, 193.2, 168.5, 160.2, 
153.2, 136.6, 135.3, 128.1, 127.8, 127.5, 125.1, 123.6, 
122.6, 118.2, 66.1, 62.6, 41.8, 38.6, 23.9, 13.8; IR (KBr) ν: 
3402.0, 2983.5, 1726.5, 1675.7, 1606.3, 1464.2, 1380.3, 
1282.5, 1068.8, 761.7 cm － 1; HRMS (ESI) calcd for 
C22H22NO5 [M＋H]＋ 380.1492, found 380.1483. The en-
antiomeric excess was determined by HPLC with an AS-H 
column (hexane/i-PrOH, V∶V＝70∶30), 1.0 mL/min; 
minor enantiomer tR＝15.0 min, major enantiomer tR＝
21.4 min.  

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-4-(2-chloro- 
phenyl)-2-oxobutanoate (4b): colorless oil, 78 mg (95% 
yield, 97% ee). 20

D[ ]α －205 (c 1.0, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 8.21 (s, 1H), 7.46 (d, J＝8.0 Hz, 1H), 
7.40 (t, J＝8.0 Hz, 1H), 7.13 (dd, J＝2.0, 8.0 Hz, 1H), 
7.03～6.87 (m, 4H), 4.79 (s, 1H), 4.66 (s, 1H), 4.40～4.32 
(m, 3H), 3.34 (s, 1H), 2.66 (s, 3H), 1.40 (t, J＝6.8 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ: 198.6, 192.9, 169.1, 160.2, 
153.5, 137.0, 134.7, 133.8, 129.5, 128.9, 128.7, 126.5, 
125.2, 123.8, 122.8, 118.4, 66.3, 62.8, 39.2, 37.2, 24.0, 
14.0; IR (KBr) ν: 3339.8, 2983.2, 1726.7, 1680.0, 1606.3, 
1465.8, 1378.9, 1277.2, 1040.6, 759.3 cm－1; HRMS (ESI) 
calcd for C22H21ClNO5 [M ＋ H] ＋  414.1103, found 
414.1109. The enantiomeric excess was determined by 
HPLC with an AD-H column (hexane/i-PrOH, V∶V＝
90∶10), 1.0 mL/min; major enantiomer tR＝33.3 min, 
minor enantiomer tR＝38.5 min.  

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-4-(2-meth- 
oxyphenyl)-2-oxobutanoate (4c): colorless oil, 81 mg (99% 
yield, 92% ee). 20

D[ ]α －423 (c 1.0, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 8.18 (s, 1H), 7.44 (d, J＝7.6 Hz, 1H), 
7.38～7.34 (m, 1H), 6.96～6.89 (m, 3H), 6.61～6.56 (m, 
2H), 4.80～4.75 (m, 1H), 4.62 (s, 1H), 4.46～4.34 (m, 
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3H), 3.71 (s, 3H), 3.26 (d, J＝19.6 Hz, 1H), 2.66 (s, 3H), 
1.41 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
198.8, 193.7, 169.2, 160.4, 157.0, 153.6, 136.6, 128.6, 
128.3, 125.1, 124.3, 123.3, 122.6, 120.2, 117.8, 110.0, 
66.1, 62.7, 55.1, 38.5, 33.2, 23.7, 14.0; IR (KBr) ν: 3342.3, 
2935.7, 1726.0, 1676.4, 1464.0, 1380.8, 1283.1, 1245.0, 
1077.8, 1025.9, 757.6 cm － 1; HRMS (ESI) calcd for 
C23H24NO6 [M＋H]＋ 410.1598, found 410.1589. The en-
antiomeric excess was determined by HPLC with an AS-H 
column (hexane/i-PrOH, V∶V＝90∶10), 1.0 mL/min; 
minor enantiomer tR＝24.0 min, major enantiomer tR＝
27.5 min.  

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-4-(2,4-di- 
chlorophenyl)-2-oxobutanoate (4d): colorless oil, 88 mg 
(99% yield, 99% ee). 20

D[ ]α －213 (c 1.0, CH2Cl2); 
1H 

NMR (400 MHz, CDCl3) δ: 8.21 (s, 1H), 7.48～7.44 (m, 
2H), 7.16 (d, J＝2.4 Hz, 1H), 7.02 (t, J＝7.6 Hz, 1H), 6.96 
(d, J＝8.8 Hz, 1H), 6.88 (dd, J＝2.4 Hz, 8.8 Hz, 1H), 4.74 
(s, 1H), 4.66 (s, 1H), 4.40～4.32 (m, 3H), 3.31 (d, J＝5.2 
Hz, 1H), 2.65 (s, 3H), 1.40 (t, J＝6.8 Hz, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 198.4, 192.6, 168.9, 160.1, 153.4, 
137.2, 135.4, 133.8, 132.6, 129.2, 126.8, 124.9, 124.0, 
122.8, 118.5, 66.2, 62.8, 39.2, 36.8, 24.0, 13.9; IR (KBr) ν: 
3404.6, 2983.8, 1729.1, 1681.5, 1605.3, 1466.3, 1379.7, 
1275.2, 1050.3, 761.7 cm － 1; HRMS (ESI) calcd for 
C22H20Cl2NO5 [M＋H]＋ 448.0713, found 448.0724. The 
enantiomeric excess was determined by HPLC with an 
AS-H column (hexane/i-PrOH, V∶V＝70∶30), 1.0 mL/ 
min; major enantiomer tR＝12.6 min, minor enantiomer  
tR＝16.4 min.  

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-4-(3-chloro- 
phenyl)-2-oxobutanoate (4e): colorless oil, 73 mg (89% 
yield, 98% ee). 20

D[ ]α －139 (c 1.0, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 8.18 (s, 1H), 7.46～7.40 (m, 2H), 7.02～
6.91 (m, 4H), 6.86 (d, J＝7.2 Hz, 1H), 4.61 (s, 1H), 4.40～
4.35 (m, 3H), 4.03 (s, 1H), 3.43 (s, 1H), 2.63 (s, 3H), 1.41 
(t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 197.8, 
192.8, 168.4, 160.2, 153.0, 137.6, 136.9, 133.8, 129.1, 
128.3, 127.8, 126.5, 125.1, 124.0, 122.9, 118.2, 66.0, 62.8, 
41.5, 38.5, 24.0, 13.9; IR (KBr) ν: 3403.4, 2984.2, 1723.8, 
1676.5, 1603.6, 1465.6, 1379.9, 1282.8, 1077.6, 1043.7, 
761.2 cm－1; HRMS (ESI) calcd for C22H21ClNO5 [M＋H]＋ 
414.1103, found 414.1104. The enantiomeric excess was 
determined by HPLC with an AS-H column (hex-
ane/i-PrOH, V∶V＝70∶30), 1.0 mL/min; minor enanti-
omer tR＝14.8 min, major enantiomer tR＝21.4 min.  

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-4-(3,4-di- 
methylphenyl)-2-oxobutanoate (4f): colorless oil, 76 mg 
(93% yield, 92% ee). 20

D[ ]α －117 (c 1.0, CH2Cl2); 
1H 

NMR (400 MHz, CDCl3) δ: 8.18 (s, 1H), 7.44～7.35 (m, 
2H), 6.95 (t, J＝7.6 Hz, 1H), 6.74～6.66 (m, 3H), 4.57 (s, 
1H), 4.40～4.34 (m, 3H), 3.96 (s, 1H), 3.36 (d, J＝18.0 
Hz, 1H), 2.62 (s, 3H), 2.00 (s, 3H), 1.98 (s, 3H), 1.40 (t,  
J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 198.3, 
193.4, 168.5, 160.3, 153.3, 136.5, 136.0, 135.7, 132.7, 
129.3, 129.1, 125.5, 125.2, 123.6, 122.6, 118.2, 66.2, 62.6, 
41.4, 38.9, 23.9, 19.3, 19.0, 13.9; IR (KBr) ν: 3406.7, 

2980.2, 1725.2, 1676.8, 1606.2, 1464.5, 1381.2, 1282.4, 
1087.9, 1047.1, 762.5 cm － 1; HRMS (ESI) calcd for 
C24H26NO5 [M＋H]＋ 408.1815, found 408.1815. The en-
antiomeric excess was determined by HPLC with an AS-H 
column (hexane/i-PrOH, V∶V＝70∶30), 1.0 mL/min; 
minor enantiomer tR＝10.4 min, major enantiomer tR＝
15.2 min.  

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-4-(4-chloro- 
phenyl)-2-oxobutanoate (4g): colorless oil, 78 mg (94% 
yield, 99% ee). 20

D[ ]α －143 (c 1.0, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 8.20 (s, 1H), 7.44 (t, J＝8.0 Hz, 2H), 
7.03～6.97 (m, 3H), 6.91 (d, J＝8.0 Hz, 2H), 4.61 (s, 1H), 
4.40～4.35 (m, 3H), 4.03 (s, 1H), 3.41 (s, 1H), 2.65 (s, 
3H), 1.40 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 197.9, 192.9, 168.5, 160.3, 153.3, 137.1, 134.0, 
133.6, 129.5, 128.1, 125.0, 124.0, 122.9, 118.2, 66.0, 62.8, 
41.2, 38.7, 24.1, 13.9; IR (KBr) ν: 3441.4, 2984.2, 1729.0, 
1677.0, 1606.5, 1465.7, 1380.3, 1282.6, 1086.6, 1043.8, 
761.2 cm－1; HRMS (ESI) calcd for C22H21ClNO5 [M＋H]＋ 
414.1103, found 414.1111. The enantiomeric excess was 
determined by HPLC with an AD-H column (hexane/ 
i-PrOH, V∶V＝70∶30), 1.0 mL/min; major enantiomer  
tR＝15.3 min, minor enantiomer tR＝18.9 min. 

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-4-(4-bromo- 
phenyl)-2-oxobutanoate (4h): colorless oil, 86 mg (94% 
yield, 99.5% ee). 20

D[ ]α －113 (c 1.0, CH2Cl2); 
1H NMR 

(400 MHz, CDCl3) δ: 8.18 (s, 1H), 7.44 (t, J＝7.6 Hz, 2H), 
7.13 (d, J＝8.8 Hz, 2H), 7.02 (t, J＝7.6 Hz, 1H), 6.85 (d,  
J＝8.8 Hz, 2H), 4.61 (s, 1H), 4.40～4.35 (m, 3H), 4.04 (s, 
1H), 3.43 (s, 1H), 2.63 (s, 3H), 1.40 (t, J＝7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 197.9, 192.9, 168.5, 160.3, 
153.2, 137.1, 134.7, 131.1, 129.9, 125.0, 124.0, 122.9, 
121.7, 121.0, 118.2, 66.0, 62.8, 41.4, 38.7, 24.2, 13.9; IR 
(KBr) ν: 3405.4, 2983.8, 1723.5, 1676.2, 1605.1, 1465.2, 
1380.4, 1282.8, 1078.1, 1042.6, 760.9 cm－1; HRMS (ESI) 
calcd for C22H21BrNO5 [M ＋ H] ＋  458.0598, found 
458.0606. The enantiomeric excess was determined by 
HPLC with an AD-H column (hexane/i-PrOH, V∶V＝
70∶30), 1.0 mL/min; major enantiomer tR＝14.4 min, 
minor enantiomer tR＝18.2 min. 

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-2-oxo-4-p- 
tolylbutanoate (4i): colorless oil, 74 mg (94% yield, 98% 
ee). 20

D[ ]α  －149 (c 1.0, CH2Cl2); 
1H NMR (400 MHz, 

CDCl3) δ: 8.18 (s, 1H), 7.44～7.36 (m, 2H), 6.96 (t, J＝7.6 
Hz, 1H), 6.85～6.79 (m, 4H), 4.59 (s, 1H), 4.40～4.34 (m, 
3H), 4.01 (s, 1H), 3.38 (d, J＝16.4 Hz, 1H), 2.63 (s, 3H), 
2.09 (s, 3H), 1.42 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 198.2, 193.4, 168.6, 160.3, 153.3, 137.2, 136.7, 
132.3, 128.6, 128.0, 125.1, 123.7, 122.7, 118.2, 66.2, 62.7, 
41.5, 38.9, 24.0, 20.7, 13.9; IR (KBr) ν: 3404.4, 2983.0, 
1726.9, 1676.1, 1464.5, 1380.1, 1282.2, 1043.9, 761.5  
cm － 1; HRMS (ESI) calcd for C23H24NO5 [M＋H] ＋ 
394.1649, found 394.1655. The enantiomeric excess was 
determined by HPLC with an AS-H column (hex-
ane/i-PrOH, V∶V＝70∶30), 1.0 mL/min; minor enanti-
omer tR＝11.6 min, major enantiomer tR＝14.9 min. 

(R)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-4-(4-meth- 
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oxyphenyl)-2-oxobutanoate (4j): colorless oil, 70 mg (86% 
yield, 92% ee). 20

D[ ]α －116 (c 1.0, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 8.21 (s, 1H), 7.45～7.39 (m, 2H), 6.98 (t, 
J＝7.6 Hz, 1H), 6.88 (t, J＝8.8 Hz, 1H), 6.53 (t,  J＝8.8 
Hz, 1H), 4.58 (s, 1H), 4.40～4.35 (m, 3H), 4.00 (s, 1H), 
3.61(s, 3H), 3.42 (d, J＝8.4 Hz, 1H), 2.65 (s, 3H), 1.40 (t, 
J＝7.2 Hz, 3H); 13C NMR (100 MHz,CDCl3) δ: 198.4, 
193.5, 168.8, 160.4, 158.9, 136.8, 131.0, 129.3, 127.4, 
125.2, 123.9, 122.8, 118.2, 114.6, 113.4, 66.4, 62.8, 55.1, 
41.2, 39.0, 24.0, 14.0; IR (KBr) ν: 3400.9, 2932.5, 1725.2, 
1675.0, 1464.4, 1380.5, 1252.9, 1040.9, 762.0 cm － 1; 
HRMS (ESI) calcd for C23H24NO6 [M＋H]＋ 410.1598, 
found 410.1587. The enantiomeric excess was determined 
by HPLC with an AS-H column (hexane/i-PrOH, V∶V＝
70∶30), 1.0 mL/min; minor enantiomer tR＝18.6 min, 
major enantiomer tR＝24.9 min.  

(S)-Ethyl 4-((S)-1-acetyl-3-oxoindolin-2-yl)-4-(furan-2- 
yl)-2-oxobutanoate (4k): colorless oil, 63 mg (85% yield, 
99% ee). 20

D[ ]α －104 (c 0.5, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 8.30 (s, 1H), 7.55～7.49 (m, 2H), 7.07 (t, 
J＝8.0 Hz, 1H), 6.96 (s, 1H), 5.97～5.94 (m, 2H), 4.58 (s, 
1H), 4.38 (dd, J＝7.2, 14.4 Hz, 2H), 4.20 (s, 2H), 3.42 (d, 
J＝15.6 Hz, 1H), 2.56 (s, 3H), 1.41 (t, J＝7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 197.4, 192.6, 168.4, 160.1, 
153.2, 149.9, 141.9, 136.8, 124.6, 123.8, 123.1, 118.4, 
109.8, 108.2, 65.2, 62.8, 37.6, 36.0, 24.0, 13.9; IR (KBr) ν: 
3396.2, 2983.6, 1726.2, 1676.8, 1604.9, 1466.8, 1379.8, 
1292.2, 1070.7, 760.8 cm － 1; HRMS (ESI) calcd for 
C20H20NO6 [M＋H]＋ 370.1285, found 370.1291. The en-
antiomeric excess was determined by HPLC with an AS-H 
column (hexane/i-PrOH, V∶V＝70∶30), 1.0 mL/min; 
minor enantiomer tR＝15.7 min, major enantiomer tR＝
23.0 min.  

(R)-Ethyl 4-((S)-1-acetyl-5-bromo-3-oxoindolin-2-yl)-2- 
oxo-4-phenylbutanoate (4l): colorless oil, 90 mg (98% 
yield, 98% ee). 20

D[ ]α －212 (c 1.0, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 8.10 (s, 1H), 7.52 (s, 1H), 7.45 (dd, J＝
2.0, 8.8 Hz, 1H), 7.05～7.03 (m, 3H), 6.96～6.94 (m, 2H), 
4.63 (s, 1H), 4.42～4.36 (m, 3H), 4.01 (s, 1H), 3.40 (d, J＝
20.0 Hz, 1H), 2.67 (s, 3H), 1.41 (t, J＝7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 196.8, 193.5, 168.7, 160.2, 
152.1, 139.2, 135.0, 129.0, 129.0, 128.2, 128.0, 126.7, 
125.3, 119.9, 116.8, 66.4, 62.9, 42.0, 38.6, 23.9, 14.0; IR 
(KBr) ν: 3419.8, 2982.8, 1723.3, 1677.7, 1459.5, 1375.7, 
1287.0, 1264.8, 1068.2, 1043.4, 701.3 cm－1; HRMS (ESI) 
calcd for C22H21BrNO5 [M ＋ H] ＋  458.0598, found 
458.0605. The enantiomeric excess was determined by 
HPLC with an AD-H column (hexane/i-PrOH, V∶V＝
70∶30), 1.0 mL/min; major enantiomer tR＝11.4 min, 
minor enantiomer tR＝15.0 min.  

(R)-Ethyl 4-((S)-1-acetyl-5-chloro-3-oxoindolin-2-yl)-2- 
oxo-4-phenylbutanoate (4m): colorless oil, 73 mg (88% 
yield, 98% ee). 20

D[ ]α  －229 (c 1.0, CH2Cl2); 
1H NMR 

(400 MHz, CDCl3) δ: 8.15 (s, 1H), 7.36 (s, 1H), 7.31 (dd,  
J＝2.0, 8.8 Hz, 1H), 7.04～7.02 (m, 3H), 6.96～6.93 (m, 
2H), 4.64 (s, 1H), 4.41～4.36 (m, 3H), 4.01 (s, 1H), 3.40 
(d, J＝19.2 Hz, 1H), 2.67 (s, 3H), 1.41 (t, J＝7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ: 197.0, 193.4, 168.6, 160.2, 
151.8, 136.4, 135.0, 129.4, 128.2, 128.1, 127.9, 126.2, 
122.1, 119.5, 116.8, 66.5, 62.8, 42.0, 38.5, 23.8, 13.9; IR 
(KBr) ν: 3440.6, 2984.3, 1726.4, 1678.8, 1605.5, 1463.3, 
1377.3, 1286.6, 1263.5, 1068.9, 1044.7, 835.6, 701.7   
cm－1; HRMS (ESI) calcd for C22H21ClNO5 [M＋H]＋ 
414.1103, found 414.1113. The enantiomeric excess was 
determined by HPLC with an AS-H column. (hexane/ 
i-PrOH, V∶V＝70∶30), 1.0 mL/min; major enantiomer tR

＝10.2 min, minor enantiomer tR＝13.4 min. 
(R)-Ethyl 4-((S)-1-acetyl-5-methyl-3-oxoindolin-2-yl)-2- 

oxo-4-phenylbutanoate (4n): colorless oil, 70 mg (89% 
yield, 98% ee). 20

D[ ]α －197 (c 1.0, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 8.07 (s, 1H), 7.20 (d, J＝8.0 Hz, 2H), 
7.01～6.95 (m, 5H), 4.58 (s, 1H), 4.40～4.35 (m, 3H), 
4.02 (s, 1H), 3.42 (s, 1H), 2.64 (s, 3H), 2.22 (s, 3H), 1.40 
(t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 198.1, 
193.4, 168.4, 160.4, 151.6, 137.9, 135.4, 133.7, 128.2, 
128.0, 127.6, 125.2, 122.3, 118.0, 66.3, 62.7, 41.9, 38.8, 
23.9, 20.5, 13.9; IR (KBr) ν: 3397.2, 2926.3, 1728.0, 
1673.0, 1487.7, 1378.8, 1282.5, 1068.5, 1043.0, 704.2  
cm － 1; HRMS (ESI) calcd for C23H24NO5 [M＋H] ＋ 
394.1649, found 394.1659. The enantiomeric excess was 
determined by HPLC with an AS-H column (hexane/ 
i-PrOH, V∶V＝70∶30), 1.0 mL/min; minor enantiomer 
tR＝15.5 min, major enantiomer tR＝19.9 min.  

(R)-Ethyl 4-((S)-1-acetyl-7-methyl-3-oxoindolin-2-yl)-2- 
oxo-4-phenylbutanoate (4o): colorless oil, 68 mg (86% 
yield, 90% ee). 20

D[ ]α －291 (c 1.0, CH2Cl2); 
1H NMR (400 

MHz, CDCl3) δ: 7.28 (d, J＝7.2 Hz, 1H), 7.16 (d, J＝7.2 
Hz, 1H), 6.96～6.93 (m, 6H), 4.62 (d, J＝8.8 Hz, 1H), 
4.38 (dd, J＝7.2, 14.4 Hz, 2H), 4.23 (dd, J＝10.4, 20.0 Hz, 
1H), 3.35 (dd, J＝3.6, 20.0 Hz, 1H), 2.56 (s, 3H), 2.07 (s, 
3H), 1.40 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 199.0, 193.4, 168.8, 160.3, 153.0, 138.5, 135.7, 130.6, 
128.4, 128.1, 127.7, 127.6, 125.3, 120.2, 68.0, 62.8, 42.7, 
38.5, 23.2, 20.2, 14.0; IR (KBr) ν: 3442.0, 2981.8, 2927.7, 
1726.6, 1713.4, 1686.6, 1590.6, 1453.7, 1375.2, 1274.2, 
1038.2, 1044.2, 701.0 cm － 1; HRMS (ESI) calcd for 
C23H24NO5 [M＋H] ＋  394.1649, found 394.1638. The 
enantiomeric excess was determined by HPLC with an 
AD-H column. (hexane/i-PrOH, V∶V＝70 V∶V 30), 1.0 
mL/min; major enantiomer tR＝11.1 min, minor enan- 
tiomer tR＝15.8 min.  

4.2  Representative procedure for the synthesis of 
compound 5  

To a solution of 4e (0.1 mmol, 1.0 equiv.) in 1.0 mL of  
tetrahydrofuran (THF) cooled to 0 ℃ were added 0.125 
mL of concentrated AcOH and 11 mg (0.2 mmol, 2.0 
equiv.) of NaCNBH3. The reaction mixture was warmed 
up to room temperature. After 4e was consumed, 3 mL of 
brine was added and the pH was adjusted to 7 with satu-
rated NaHCO3 solution. The aqueous layer was extracted 
with ethyl acetate (10 mL×3) and the combined organic 
layers were dried over Na2SO4. After evaporation of the 
solvents under vacuum, the residue was purified by flash 
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column chromatography to obtain (4R)-ethyl 4-((S)-1-ace- 
tyl-3-oxoindolin-2-yl)-4-(3-chlorophenyl)-2-hydroxybuta- 
noate (5) (5a∶5b＝1∶1, 75% yield). Colorless oil. 1H 
NMR (400 MHz, CDCl3) δ: 8.17 (s, 2H), 7.51 (s, 1H), 
7.46～7.40 (m, 2H), 7.04～6.84 (m, 10H), 4.68 (s, 2H), 
4.55 (s, 1H), 4.31～4.23 (m, 2H), 4.21～4.11 (m, 1H), 
4.06～3.95 (m, 2H), 3.83～3.67 (m, 2H), 3.16 (s, 1H), 
2.96 (s, 2H), 2.77～2.71 (m, 1H), 2.51 (s, 3H), 2.49 (s, 
3H), 2.38～2.27 (m, 2H), 1.33 (t, J＝7.2 Hz, 3H), 1.27 (t,  
J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 198.0, 
174.7, 174.5, 168.8, 168.1, 152.8, 138.6, 136.8, 133.9, 
133.6, 129.2, 128.9, 128.8, 128.5, 127.6, 127.6, 127.0, 
126.8, 123.9, 123.0, 118.3, 68.5, 68.5, 68.0, 67.0, 62.0, 
42.9, 42.5, 33.9, 33.0, 24.8, 24.0, 14.1, 14.0; IR (KBr) ν: 
3413.9, 2933.3, 1717.4, 1673.7, 1466.9, 1383.3, 1295.2, 
1210.3, 1108.3, 1024.6, 761.5 cm－1; HRMS (ESI) calcd 
for C22H23ClNO5 [M＋H]＋ 416.1259, found 416.1248.  

 
Supporting Information  Crystallography data, copies of 
NMR and HRMS as well as chiral HPLC chromatograms of 
the prepared active 2-substituted 1-acetylindolin-3-ones. 
The Supporting Information is available free of charge via 
the Internet at http://sioc-journal.cn. 
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