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General Methods. Unless stated otherwise, all reactions were carried out in 

flame-dried glassware under a dry argon atmosphere. All solvents were purified and 

dried according to standard methods prior to use. 1H and 13C NMR spectra were 

recorded on a Varian instrument (300 MHz and 75 MHz, 400 MHz and 100 MHz, 

respectively) and internally referenced to tetramethylsilane signal or residual protio 

solvent signals. Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), 

multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet or unresolved, br = 

broad singlet, coupling constant(s) in Hz, integration). Data for 13C NMR are reported 

in terms of chemical shift (δ, ppm).  
 
 

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers
This journal is © The Partner Organisations 2014



S3 
 

Procedures for preparation of substrate 1 

NH2
BnBr, K2CO3

r.t., 24 h

H
N N

O

Bn

Et3N

DCM

1  
N-allyl-benzyl-amine was synthesized from allylamine and benzyl bromide 

according to reported procedures.1 

Synthesis of diene 1: A solution of acryloylchloride (2.0 g, 22.4 mmol) in 

dichloromethane was added dropwise to a mixture of N-allyl-benzyl-amine (3.0 g, 

20.4 mmol) and triethylamine (2.5 g, 24.5 mmol) in dried dichloromethane (50 mL) at 

0 oC. The reaction was stirred at 0 oC for 1 h and then warmed to r.t. for 2 h. Then the 

reaction mixture was quenched with aqueous NaHCO3, the dichloromethane layer 

was washed with brine, dried over Na2SO4 and filtrated. After the solvent was 

removed under reduced pressure, the residue was purified by silica gel column 

chromatography (ethyl acetate / petroleum = 1/10, v/v) to afford 1 (4.0 g, 98% yield). 
1H NMR (300 MHz, CDCl3) δ 3.90 (m, J = 2.4 Hz, 1H), 4.07 (m, J = 5.7 Hz, 1H), 

4.58 (s, 1H), 4.66 (s, 1H), 5.11-5.29 (m, 2H), 5.67-5.83 (m, 2H), 6.45 (dd, J1 = 2.4 Hz, 

J2 = 16.5 Hz, 1H), 6.55 (dd, J1 = 9.9 Hz, J2 = 16.8 Hz, 1H), 7.17-7.38 (m, 5H). 

Spectroscopic data were in agreement with those previously reported.2 
 
Complete optimization data  
 
Table 1. Conditions Optimization 

N

O

Bn

Zhan-1B (5 mol%)
(S)-4a (5 mol%)

toluene
+

N
H

N

N
Bn

O1 2a 3a  

entrya temp (oC) time (day) yield (%)b ee (%)c 

1 rt 3 23 78 

2 rt 7 52 78 

a Reaction conditions: 1 (0.2 mmol), 2a (1.2 equiv), Zhan-1B (5 mol%), 4 or 5 (5 mol%) in 1.5 

mL toluene. b Isolated yield. c Determined by HPLC analysis. 
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General procedure for asymmetric cascade reaction 
 

 

Under argon, a round bottom flask was charged with N-allyl-N-benzylacrylamide 

1 (0.20 mmol), indole 2 (0.24 mmol), and chiral phosphoric acid (R)-5c (7.2 mg, 0.01 

mmol), then dry toluene (1.5 mL) were added. The mixture was heated to 50 oC and 

then Zhan-1B (7.3 mg, 0.01 mmol) was added. The reaction was stirred 50 oC for 24 

h. After the reaction was complete (monitored by TLC), the solvent was removed 

under reduced pressure. The residue was purified by flash chromatography to afford 

the product 3. 

 

N

N

O  
(R)-1-benzyl-5-(1H-indol-1-yl)pyrrolidin-2-one3 
White solid (44.1 mg, 76% yield, 92% ee). Analytical data for 3a: Mp = 41-43 oC; 

[α]D
20 = 105.4 (c = 0.2 CH2Cl2, 92% ee). 1H NMR (300 MHz, CDCl3) δ 2.18-2.26 (m, 

1H), 2.52-2.71 (m, 2H), 2.77-2.89 (m, 1H), 3.31 (d, J = 14.7 Hz, 1H), 5.07 (d, J = 

15.0 Hz, 1H), 5.77-5.80 (m, 1H), 6.60 (d, J = 3.0 Hz, 1H), 7.02-7.13 (m, 4H), 

7.13-7.17 (m, 2H), 7.26-7.30 (m, 3H), 7.64-7.67 (m, 1H); The enantiomeric excess 

was determined by Daicel Chiralcel AD-H (25 cm), Hexanes / IPA = 90 / 10, 0.6 

mL/min, λ = 254 nm, t (major) = 13.41 min, t (minor) = 15.46 min. 
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N

N

O  

(R)-1-benzyl-5-(5-methyl-1H-indol-1-yl)pyrrolidin-2-one3 

White solid (38.5 mg, 63% yield, 94% ee). Analytical data for 3b: Mp = 34-36 oC; 

[α]D
20 = 118.8 (c = 0.2 CH2Cl2, 94% ee). 1H NMR (300 MHz, CDCl3) δ 2.18-2.26 (m, 

1H), 2.47 (s, 3H), 2.53-2.68 (m, 2H), 2.76-2.89 (m, 1H), 3.30 (d, J = 14.7 Hz, 1H), 

5.08 (d, J = 14.7 Hz, 1H), 5.73-5.76 (m, 1H), 6.53 (d, J = 3.0 Hz, 1H), 6.98-7.01 (m, 

3H), 7.02-7.08 (m, 2H), 7.26-7.30 (m, 3H), 7.49 (s, 1H). The enantiomeric excess was 

determined by Daicel Chiralcel AD-H (25 cm), Hexanes / IPA = 95 / 5, 1.0 mL/min, λ 

= 254 nm, t (major) = 12.94 min, t (minor) = 14.23 min. 

 

N

N

O

O

 
(R)-1-benzyl-5-(5-methoxy-1H-indol-1-yl)pyrrolidin-2-one3 

White solid (55.3 mg, 86% yield, 93% ee). Analytical data for 3c: Mp = 94-96 oC; 

[α]D
20 = 102.0 (c = 0.2 CH2Cl2, 93% ee). 1H NMR (300 MHz, CDCl3) δ 2.09-2.20 (m, 

1H), 2.41-2.60 (m, 2H), 2.67-2.79 (m, 1H), 3.22 (d, J = 14.4 Hz, 1H), 3.77 (s, 3H), 

4.98 (d, J = 14.7 Hz, 1H), 5.61-5.64 (m, 1H), 6.43 (d, J = 2.1 Hz, 1H), 6.76 (d, J = 8.1 

Hz, 1H), 6.87-6.90 (m, 2H), 6.98 (brs, 2H), 7.03 (s, 1H), 7.20 (brs, 3H). The 

enantiomeric excess was determined by Daicel Chiralcel OD-H (25 cm) (25 cm), 

CH3CN / IPA = 90 / 10, 1.0 mL/min, λ = 254 nm, t (major) = 28.86 min, t (minor) = 

48.99 min. 

 

N

N

O

Br

 
(R)-1-benzyl-5-(5-bromo-1H-indol-1-yl)pyrrolidin-2-one3 
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White solid (51.3 mg, 70% yield, 88% ee). Analytical data for 3d: Mp = 40-42 oC; 

[α]D
20 = 67.8 (c = 0.2 CH2Cl2, 88% ee). 1H NMR (300 MHz, CDCl3) δ 2.17-2.29 (m, 

1H), 2.54-2.72 (m, 2H), 2.78-2.90 (m, 1H), 3.31 (d, J = 14.4 Hz, 1H), 5.18 (d, J = 

15.0 Hz, 1H), 5.74-5.76 (m, 1H), 6.56 (d, J = 2.7 Hz, 1H), 6.94 (d, J = 8.7 Hz, 1H), 

7.04-7.05 (m, 3H), 7.29-7.31 (m, 4H), 7.80 (s, 1H). The enantiomeric excess was 

determined by Daicel Chiralcel AD-H (25 cm), Hexanes / IPA = 90 / 10, 1.0 mL/min, 

λ = 254 nm, t (major) = 11.43 min, t (minor) = 13.49 min. 

 

 
(R)-1-benzyl-5-(4-bromo-1H-indol-1-yl)pyrrolidin-2-one3 

White solid (24 mg, 33% yield, 90% ee). Analytical data for 3e: Mp = 108-110 oC; 

[α]D
20 = 83.8 (c = 0.2 CH2Cl2, 90% ee). 1H NMR (300 MHz, CDCl3) δ 2.17-2.24 (m, 

1H), 2.55-2.71 (m, 2H), 2.77-2.89 (m, 1H), 3.30 (d, J = 14.7 Hz, 1H), 5.06 (d, J = 

14.7 Hz, 1H), 5.71-5.75 (m, 1H), 6.66 (d, J = 3.3 Hz, 1H), 7.02-7.04 (m, 4H), 

7.07-7.08 (d, J = 3.6 Hz, 1H), 7.26-7.34 (m, 4H). The enantiomeric excess was 

determined by Daicel Chiralcel IA (25 cm), Hexanes / IPA = 90 / 10, 1.0 mL/min, λ = 

254 nm, t (major) = 10.42 min, t (minor) = 11.33 min. 

 

N

N

O

Cl

 

(R)-1-benzyl-5-(6-chloro-1H-indol-1-yl)pyrrolidin-2-one3 

White solid (33.4 mg, 52% yield, 93% ee). Analytical data for 3f: Mp = 97-99 oC; 

[α]D
20 = 155.7 (c = 0.2 CH2Cl2, 93% ee). 1H NMR (300 MHz, CDCl3) δ 2.17-2.23 (m, 

1H), 2.55-2.70 (m, 2H), 2.76-2.87 (m, 1H), 3.32 (d, J = 14.4 Hz, 1H), 5.05 (d, J = 

15.0 Hz, 1H), 5.69-5.71 (m, 1H), 6.58 (d, J = 3.0 Hz, 1H), 7.00-7.02 (m, 4H), 7.11 (d, 
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J = 8.4 Hz, 1H), 7.28-7.30 (m, 3H), 7.53 (d, J = 8.4 Hz, 1H). The enantiomeric excess 

was determined by Daicel Chiralcel AD-H (25 cm), Hexanes / IPA = 90 / 10, 1.0 

mL/min, λ = 254 nm, t (major) = 16.32 min, t (minor) = 18.70 min. 

 

N

N

O  

(R)-1-benzyl-5-(2-methyl-1H-indol-1-yl)pyrrolidin-2-one3 

White solid (40.5 mg, 67% yield, 95% ee). Analytical data for 3g: Mp = 39-41 oC; 

[α]D
20 = 126.9 (c = 0.2 CH2Cl2, 95% ee). 1H NMR (300 MHz, CDCl3) δ1.91 (s, 3H), 

2.38-2.55 (m, 2H), 2.61-2.78 (m, 1H), 2.82-2.93 (m, 1H), 3.17 (d, J = 15.0 Hz, 1H), 

5.16 (d, J = 15.0 Hz, 1H), 5.65 (t, J = 6.9 Hz, 1H), 6.22 (s, 1H), 6.88-7.04 (m, 2H), 

7.08-7.15 (m, 3H), 7.20-7.30 (m, 3H), 7.53-7.56 (m, 1H). The enantiomeric excess 

was determined by Daicel Chiralcel IC (25 cm), CH3CN / IPA = 90 / 10, 1.0 mL/min, 

λ = 254 nm, t (major) = 23.62 min, t (minor) = 18.69 min. 

 

 

(R)-1-benzyl-5-(3-methyl-1H-indol-1-yl)pyrrolidin-2-one3 

White solid (56.0 mg, 92% yield, 85% ee). Analytical data for 3h: Mp = 75-77 oC; 

[α]D
20 = 90.2 (c = 0.2 CH2Cl2, 85% ee). 1H NMR (300 MHz, CDCl3) δ 2.19-2.21 (m, 

1H), 2.32 (s, 3H), 2.54-2.68 (m, 2H), 2.79-2.82 (m, 1H), 3.35 (d, J = 15.0 Hz, 1H), 

5.03 (d, J = 14.7 Hz, 1H), 5.73-5.77 (m, 1H), 6.79 (s, 1H), 7.02-7.06 (m, 3H), 

7.16-7.19 (m, 2H), 7.26-7.29 (m, 3H), 7.57-7.60 (m, 1H). The enantiomeric excess 

was determined by Daicel Chiralcel OJ-H (25 cm), Hexanes / IPA = 90 / 10, 0.8 

mL/min, λ = 254 nm, t (major) = 24.01 min, t (minor) = 35.22 min.  
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(R)-1-benzyl-5-(2,3-dimethyl-1H-indol-1-yl)pyrrolidin-2-one3 

White solid (54.2 mg, 85% yield, 89% ee). Analytical data for 3i: Mp = 90-92 oC; 

[α]D
20 = 128.7 (c = 0.2 CH2Cl2, 89% ee). 1H NMR (300 MHz, CDCl3) δ 1.90 (s, 3H), 

2.25 (s, 3H), 2.30-2.55 (m, 2H), 2.60-2.94 (m, 2H), 3.22 (d, J = 14.4 Hz, 1H), 5.16 (d, 

J = 15.0 Hz, 1H), 5.69 (dd, J1 = 6.6 Hz, J2 = 7.8 Hz, 1H), 6.89-7.08 (m, 2H), 

7.12-7.22 (m, 3H), 7.24-7.32 (m, 3H), 7.51-7.56 (m, 1H). The enantiomeric excess 

was determined by Daicel Chiralcel AD-H (25 cm), Hexanes / IPA = 90 / 10, 1.0 

mL/min, λ = 254 nm, t (major) = 7.01 min, t (minor) = 7.77 min. 

 

 

(R)-1-benzyl-5-(3,4-dihydro-1H-carbazol-9(2H)-yl)pyrrolidin-2-one3 

White solid (59.1 mg, 86% yield, 85% ee). Analytical data for 3j: Mp = 88-90 oC; 

[α]D
20 = 113.5 (c = 0.2 CH2Cl2, 85% ee). 1H NMR (300 MHz, CDCl3) δ 1.61-1.85 (m, 

5H), 2.10-2.49 (m, 2H), 2.52-2.70 (m, 4H), 2.74-2.85 (m, 1H), 3.10 (d, J = 14.7 Hz, 

1H), 5.05 (d, J = 14.7 Hz, 1H), 5.52 (t, J = 7.2 Hz, 1H), 6.84-6.96 (m, 2H), 7.03-7.13 

(m, 3H), 7.17-7.22 (m, 3H), 7.42-7.43 (m, 1H). The enantiomeric excess was 

determined by Daicel Chiralcel OD-H (25 cm), Hexanes / IPA = 90 / 10, 1.0 mL/min, 

λ = 254 nm, t (major) = 12.99 min, t (minor) = 11.32 min. 
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