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General Remarks 
1H NMR spectra were recorded on a VARIAN Mercury 300 MHz spectrometer in 

chloroform-d3. Chemical shifts are reported in ppm with the internal TMS signal at 

0.0 ppm as a standard. The data are reported as (s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet or unresolved, brs = broad singlet, coupling constant(s) in Hz, 

integration). 13C NMR spectra were recorded on a VARIAN Mercury 100 MHz 

spectrometer in chloroform-d3. Chemical shifts are reported in ppm with the internal 

chloroform signal at 77.0 ppm as a standard. Commercially obtained reagents were 

used without further purification. All reactions were monitored by TLC with silica 

gel-coated plates. Diastereomeric ratios were determined from crude 1H NMR or 

HPLC analysis. Enantiomeric ratios were determined by HPLC, using a chiralcel 

AD-H column, a chiralpak AS-H column with hexane and i-PrOH as solvents. The 

absoluted configurations of the products were determined as (2R,5R) by X-ray 

diffraction analysis, and those of other adducts were deduced on the basis of these 

results. Catalyst 1a-e1 and diethyl 2-(3,3-diphenylpropa-1,2-dienylidene) malonate 22 

were prepared according to the literature. 

 

General Procedure for the synthesis of α-imino esters 

To a suspension of the corresponding amino acid ester hydrochloride (12 mmol) 

and MgSO4 (16.0 mmol) in CH2Cl2 (20 mL) was added Et3N (2.0 mL, 14 mmol). The 

mixture was stirred at room temperature for 1h, and then the corresponding aldehyde 

(10.0 mmol) was added. The reaction was stirred at room temperature overnight, and 

then the resulting precipitate was removed by filtration. The filtrate was washed once 

with water (30 mL), the aqueous phase was extracted once with CH2Cl2 (15 mL) and 

the combined organic phase was washed with brine 3 times, dried over MgSO4 and 

concentrated. The resulting iminoesters were used in 1,3-dipolar cycloadditions 

without further purification. 
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General Procedure for Asymmetric 1,3-Dipolar Cycloaddition of Azomethine 

Ylides with diethyl 2-(3,3-diphenylpropa-1,2-dienylidene)malonate Catalyzed by 

Ag(I)/TF-BiphamPhos 1e Complex 

Under argon atmosphere (S)-TF-BiphamPhos 1e (6.0 mg, 0.0075 mmol) and 

AgOAc (1.2 mg, 0.007 mmol) were dissolved in 2mL DCM, and stirred at room 

temperature for about 1h. Then, imine substrate (0.40 mmol), K2CO3 (0.04 mmol) and 

diethyl 2-(3,3-diphenylpropa-1,2-dienylidene)malonate (0.23 mmol) were added 

sequentially. Once starting material was consumed (monitored by TLC), the mixture 

was filtered through celite and the filtrate was concentrated to dryness. The crude 

product was purified by column chromatography to give the corresponding 

cycloaddition product, which was then directly analyzed by chiral HPLC to determine 

the enantiomeric excess. 
 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

4a  

(2R,5R)-4,4-diethyl 2-methyl 3-(2,2-diphenylvinylidene)-5-phenylpyrrolidine- 

2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 90% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -53.1 (c 4.3, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.41-7.39 (m, 

3H), 7.27-7.19 (m, 12H), 5.23 (s, 1H), 4.72 (s, 1H), 4.03-4.00 (m, 1H), 3.90-3.88 (m, 

1H), 3.76-3.74 (m, 1H), 3.63-3.57 (m, 1H), 3.48 (s, 3H), 0.88-0.78 (m, 6H); 13C NMR 

(CDCl3, TMS, 100 MHz) δ 13.54, 13.64, 52.58, 61.64, 61.99, 62.09, 68.37, 68.69, 

77.66, 107.24, 116.46, 127.04, 127.83, 127.97, 128.24, 128.30, 128.43, 128.54, 

128.92, 135.47, 135.64, 135.96, 167.99, 168.49, 170.33, 200.63; IR (KBr) ν 3346, 

3059, 2981, 1736, 1222, 1202, 770, 696 cm-1. HRMS Calcd. For C32H31NO6+H+: 

526.2224, found 526.2238. The product was analyzed to determine the 

enantioselectivity of the reaction: 93% ee, determined by HPLC (Chiralcel AD-H, 
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i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 220 nm); tr = 5.06 and 6.05 min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

4b 

(2R,5R)-4,4-diethyl 2-methyl 3-(2,2-diphenylvinylidene)-5-p-tolylpyrrolidine- 

2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 92% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -71.2 (c 1.5, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.34-7.32 (m, 

12H), 7.16-7.13 (m, 2H), 5.25 (s, 1H), 4.76 (s, 1H), 4.10-4.07 (m, 1H), 3.99-3.96 (m, 

1H), 3.88-3.83 (m, 1H), 3.74-3.63 (m, 1H), 3.54 (s, 3H), 2.33 (s, 3H), 0.96-0.81 (m, 

6H); 13C NMR (CDCl3, TMS, 100 MHz) δ 13.39, 13.51, 21.02, 29.60, 52.34, 61.43, 

61.86, 68.24, 68.61, 107.31, 116.19, 126.79, 127.64, 127.79, 128.13, 128.25, 128.40, 

128.80, 132.86, 135.45, 135.61, 137.71, 167.87, 168.39, 170.25, 200.44; IR (KBr) 

ν 3338, 2981, 2925, 1736, 1254, 1201, 1050, 770, 696 cm-1. HRMS Calcd. For 

C33H33NO6+H+: 540.2381, found 540.2394. The product was analyzed to determine 

the enantioselectivity of the reaction: 90% ee, determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm); tr = 10.27 and 15.85 

min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

4c 

(2R,5R)-4,4-diethyl 2-methyl 3-(2,2-diphenylvinylidene)-5-m-tolylpyrrolidine- 

2,4,4- tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 90% yield. It was purified by flash chromatography to afford yellow oil. 
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[α]25
D = -53.5 (c 0.7, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.34-7.19 (m, 

13H), 7.12-7.09 (m, 1H), 5.25 (s, 1H), 4.77 (s, 1H), 4.13-4.07 (m, 1H), 3.99-3.93 (m, 

1H), 3.88-3.82 (m, 1H), 3.72-3.62 (m, 1H), 3.55 (s, 3H), 2.35 (s, 3H), 0.96-0.87 (m, 

6H); 13C NMR (CDCl3, TMS, 100 MHz) δ 12.40, 13.53, 21.42, 52.41, 61.45, 61.91, 

68.33, 68.56, 107.16, 116.32, 124.16, 127.49, 127.69, 127.82, 128.05, 128.14, 128.30, 

128.43, 128.86, 135.41, 135.58, 135.73, 137.68, 167.87, 168.31, 170.22, 200.52; IR 

(KBr) ν 3338, 2981, 2925, 1736, 1254, 1201, 1050, 696 cm-1. HRMS Calcd. For 

C33H33NO6+H+: 540.2381, found 540.2388.. The product was analyzed to determine 

the enantioselectivity of the reaction: 92% ee, determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm); tr = 8.93 and 13.18 

min. 
 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

Cl 4d 

(2R,5R)-4,4-diethyl 2-methyl 5-(4-chlorophenyl)-3-(2,2-diphenylvinylidene) 

pyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 85% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -46.4 (c 0.7, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.45-7.32 (m, 

13H), 7.27-7.26 (m, 1H), 5.24 (s, 1H), 4.76 (s, 1H), 4.14-4.08 (m, 1H), 3.99-3.93 (m, 

1H), 3.90-3.84 (m, 1H), 3.75-3.69 (m, 1H), 3.55 (s, 3H), 0.96-0.83 (m, 6H); 13C NMR 

(CDCl3, TMS, 100 MHz) δ 13.45, 52.40, 61.59, 61.80, 62.04, 67.60, 68.42, 106.91, 

116.41, 127.73, 127.85, 128.13, 128.28, 128.43, 133.90, 134.69, 135.33, 135.48, 

167.69, 168.33, 170.19, 200.53; IR (KBr) ν 3338, 2981, 2925, 1736, 1254, 1201, 

1050, 696 cm-1. HRMS Calcd. For C32H30ClNO6+H+: 560.1834, found 560.1841. The 

product was analyzed to determine the enantioselectivity of the reaction: 93% ee, 

determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm); tr = 11.30 and 15.26 min. 
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N
H

EtO2C

EtO2C

COOMe

Ph
Ph

Cl 4e  

(2R,5S)-4,4-diethyl 2-methyl 5-(2-chlorophenyl)-3-(2,2-diphenylvinylidene) 

pyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 90% yield. It was purified by flash chromatography to afford yellow oil; 

[α]25
D = -131.8 (c 1.6, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.60-7.57 (m, 

1H), 7.44-7.20 (m, 13H), 5.75 (s, 1H), 4.79 (s, 1H), 4.12-4.06 (m, 1H), 4.03-3.95 (m, 

1H), 3.89-3.83 (m, 1H), 3.69-3.62 (m, 1H), 3.58 (s, 3H), 1.01-0.84 (m, 6H); 13C NMR 

(CDCl3, TMS, 100 MHz) δ 13.28, 13.53, 29.57, 52.37, 61.43, 61.83, 62.04, 64.78, 

68.27, 106.17, 116.53, 126.59, 127.67, 127.78, 128.22, 128.34, 128.60, 128.80, 

129.17, 129.62, 134.39, 135.29, 135.65, 167.15, 167.98, 170.77, 200.93; IR (KBr) 

ν  3338, 2981, 2925, 1736, 1254, 1201, 1050, 696 cm-1. HRMS Calcd. For 

C32H30ClNO6+H+: 560.1834, found 560.1839. The product was analyzed to determine 

the enantioselectivity of the reaction: 92% ee, determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm); tr = 10.18 and 12.26 

min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

Cl 4f 

(2R,5R)-4,4-diethyl 2-methyl 5-(3-chlorophenyl)-3-(2,2-diphenylvinylidene) 

pyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 88% yield. It was purified by flash chromatography to afford yellow oil. 
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[α]25
D = -50.9 (c 1.7, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.49 (s, 1H), 

7.40-7.26 (m, 13H), 5.23 (s 1H), 4.76 (s, 1H), 4.15-4.09 (m, 1H), 4.00-3.96 (m, 1H), 

3.94-3.86 (m, 1H), 3.77-3.71 (m, 1H), 3.55 (s, 3H), 0.94-0.83 (m, 6H); 13C NMR 

(CDCl3, TMS, 100 MHz) δ 13.45, 13.51, 29.60, 52.43, 61.65, 61.80, 62.07, 67.66, 

68.45, 106.82, 116.50, 125.41, 127.24, 127.76, 127.88, 128.13, 128.22, 128.31, 

128.43, 129.41, 134.11, 135.30, 135.52, 138.29, 167.66, 168.24, 170.16, 200.59; IR 

(KBr) ν 3338, 2981, 2925, 1736, 1254, 1201, 1050, 696 cm-1. HRMS Calcd. For 

C32H30ClNO6+H+: 560.1834, found 560.1840. The product was analyzed to determine 

the enantioselectivity of the reaction: 90% ee, determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm); tr = 8.98 and 12.93 

min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

Br 4g 

(2R,5R)-4,4-diethyl 2-methyl 5-(4-bromophenyl)-3-(2,2-diphenylvinylidene) 

pyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 89% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -31.3 (c 2.1, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.49-7.46 (m, 

2H), 7.39-7.26 (m, 12H), 5.24 (s 1H), 4.78 (s, 1H), 4.14-4.07 (m, 1H), 3.99-3.95 (m, 

1H), 3.93-3.84 (m, 1H), 3.76-3.70 (m, 1H), 3.55 (s, 3H), 0.96-0.80 (m, 6H); 13C NMR 

(CDCl3, TMS, 100 MHz) δ 13.45, 52.37, 61.59, 61.74, 62.01, 67.63, 68.33, 106.85, 

116.41, 122.05, 127.70, 127.85, 128.10, 128.28, 128.40, 128.74, 131.18, 135.21, 

135.45, 167.63, 168.27, 170.13, 200.53; IR (KBr) ν  3338, 2981, 2925, 1736, 1254, 

1201, 1050, 770, 696 cm-1. HRMS Calcd. For C32H30BrNO6+H+: 604.1329, found 

604.1325. The product was analyzed to determine the enantioselectivity of the 

reaction: 91% ee, determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, 

flow rate 1.0 mL/min, λ = 220 nm); tr = 12.50 and 17.62 min. 
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N
H

EtO2C

EtO2C

COOMe

Ph
Ph

F3C 4h 

(2R,5R)-4,4-diethyl 2-methyl 3-(2,2-diphenylvinylidene)-5-(4-(trifluoromethyl) 

phenyl)pyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 88% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -52.2 (c 1.9, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.58-7.54 (m, 

5H), 7.32-7.18 (m, 9H), 5.21 (s, 1H), 4.68 (s, 1H), 4.07-4.01 (m, 1H), 3.92-3.86 (m, 

1H), 3.78-3.72 (m, 1H), 3.63-3.57 (m, 1H), 3.47 (s, 3H), 0.86 (t, J = 7.2, 3H), 0.77 (t, 

J = 7.2, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 13.30, 13.48, 52.43, 61.63, 61.78, 

62.14, 67.71, 68.47, 106.81, 116.59, 124.97, 125.02, 127.52, 127.79, 127.91, 128.14, 

128.33, 128.40, 128.46, 135.27, 135.47, 140.41, 167.58, 168.30, 170.19, 200.59; IR 

(KBr) ν 3338, 2981, 2925, 1736, 1254, 1201, 1050, 770, 696 cm-1. HRMS Calcd. For 

C33H30F3NO6+H+: 594.2098, found 594.2119. The product was analyzed to determine 

the enantioselectivity of the reaction: 93% ee, determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm); tr = 8.75 and 9.92 

min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

4i 

(2R,5R)-4,4-diethyl 2-methyl 3-(2,2-diphenylvinylidene)-5-(naphthalen-2-yl) 

pyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 85% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -24.8 (c 1.6, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.92 (s, 1H), 

7.82-7.79 (m, 3H), 7.63-7.48 (m, 1H), 7.48-7.26 (m, 11H), 5.44 (s, 1H), 4.82 (s, 1H), 
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4.15-4.10 (m, 1H), 4.01-3.96 (m, 1H), 3.79-3.71 (m, 1H), 3.65-3.57 (m, 4H), 0.95 (t, J 

= 6.9, 3H), 0.73 (t, J = 7.2, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 13.28, 13.51, 

52.38, 61.43, 61.97, 68.41, 68.71, 107.31, 116.32, 125.23, 125.66, 126.01, 127.44, 

127.67, 127.82, 128.01, 128.13, 128.28, 128.42, 132.97, 133.03, 133.61, 135.39, 

135.58, 167.83, 168.45, 170.30, 200.49; IR (KBr) ν 3338, 2981, 2925, 1736, 1254, 

1201, 1050, 770, 696 cm-1. HRMS Calcd. For C36H33NO6+H+: 576.2381, found 

576.2397. The product was analyzed to determine the enantioselectivity of the 

reaction: 91% ee, determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 30/70, 

flow rate 1.0 mL/min, λ = 220 nm); tr = 9.38 and 12.62 min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

O (4j) 

(2R,5S)-4,4-diethyl 2-methyl 3-(2,2-diphenylvinylidene)-5-(furan-2-yl) 

pyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 82% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -38.2 (c 1.4, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.38-7.33 (m, 

10H), 6.44 (s, 1H), 6.36 (s, 1H), 5.20 (s, 1H), 4.71 (s, 1H), 4.09-3.93(m, 4H), 3.54(s, 

3H), 1.09 (t, J = 6.9, 3H), 0.95 (t, J = 6.9, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 

13.56, 13.62, 52.41, 61.78, 61.97, 63.54, 67.05, 106.30, 108.70, 110.52, 116.36, 

127.70, 127.84, 128.14, 128.20, 128.28, 128.40, 128.45, 135.42, 135.55, 142.22, 

149.02, 167.69, 167.89, 170.02, 200.67; IR (KBr) ν 3338, 2981, 2925, 1736, 1254, 

1201, 1050, 770, 696 cm-1. HRMS Calcd. For C30H29NO7+H+: 516.2017, found 

516.2027. The product was analyzed to determine the enantioselectivity of the 

reaction: 90% ee, determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, 

flow rate 1.0 mL/min, λ = 220 nm); tr = 9.36 and 10.93 min. 
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N
H

EtO2C

EtO2C

COOMe

Ph
Ph

4k 

(2R,5R,E)-4,4-diethyl 2-methyl 3-(2,2-diphenylvinylidene)-5-styrylpyrrolidine- 

2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 85% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -50.3 (c 0.5, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.40-7.30 (m, 

15H), 6.78 (d, J = 16.2, 1H), 6.38-6.31 (m, 1H), 4.74 (s, 1H), 4.35 (d, J = 5.4, 1H), 

4.13-4.05 (m, 4H), 3.54(s, 3H), 1.09 (t, J = 7.2, 3H), 0.99 (t, J = 7.2, 3H); 13C NMR 

(CDCl3, TMS, 100 MHz) δ 13.89, 14.24, 52.69, 62.11, 62.22, 62.43, 67.05, 67.28, 

67.75, 106.69, 116.50, 124.49, 126.79, 127.96, 128.08, 128.42, 128.57, 128.70, 

128.76, 129.07, 132.73, 135.85, 136.74, 168.22, 168.36, 170.46, 200.93; IR (KBr) 

ν 3338, 2981, 2925, 1736, 1254, 1201, 1050, 770, 696 cm-1. HRMS Calcd. For 

C34H33NO6+H+: 552.2381, found 552.2400. The product was analyzed to determine 

the enantioselectivity of the reaction: 91% ee, determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 220 nm); tr = 12.68 and 19.14 

min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

4l, 

(2R,5R)-4,4-diethyl 2-methyl 5-cyclohexyl-3-(2,2-diphenylvinylidene) 

pyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 82% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -64.5 (c 1.4, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.36-7.29 (m, 
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10H), 4.66 (s, 1H), 4.22-4.14 (m, 2H), 4.06-3.93 (m, 2H), 3.82 (d, J = 8.7, 1H), 3.51 

(s, 3H), 2.05-1.65 (m, 11H), 0.90-0.74 (m, 6H); 13C NMR (CDCl3, TMS, 100 MHz) δ 

13.62, 13.86, 14.04, 22.62, 26.03, 26.19, 29.29, 29.61, 30.99, 31.14, 31.86, 39.94, 

52.21, 61.52, 61.66, 61.95, 66.48, 71.63, 109.08, 116.36, 127.61, 127.73, 128.25, 

128.37, 135.61, 168.25, 168.59, 170.33, 199.49; IR (KBr) ν 3338, 2981, 2925, 1736, 

1254, 1201, 1050, 770, 696 cm-1. HRMS Calcd. For C32H37NO6+H+: 532.2694, found 

532.2706. The product was analyzed to determine the enantioselectivity of the 

reaction: 88% ee, determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, 

flow rate 1.0 mL/min, λ = 220 nm); tr = 6.08 and 10.61 min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

4m 

(2R,5R)-4,4-diethyl 2-methyl 3-(2,2-diphenylvinylidene)-2-methyl-5- 

phenylpyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 88% yield. It was purified by flash chromatography to afford colorless oil. 

[α]25
D = +20.0 (c 0.3, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.47-7.45 (m, 

2H), 7.35-7.25 (m, 13H), 5.40 (s, 1H), 4.09-4.03 (m, 1H), 3.91-3.79 (m, 2H), 

3.71-3.63 (m, 1H), 3.47 (s, 3H), 1.77 (s, 3H), 0.92-0.85 (m, 6H); 13C NMR (CDCl3, 

TMS, 100 MHz) δ 13.70, 22.93, 26.79, 29.94, 32.17, 52.93, 61.75, 62.20, 66.78, 

67.97, 69.78, 113.02, 116.60, 127.21, 127.91, 128.06, 128.29, 128.48, 128.54, 128.79, 

135.61, 136.03, 168.06, 168.76, 173.26, 201.20; IR (KBr) ν 3338, 2981, 2925, 1736, 

1254, 1201, 1050, 770, 696 cm-1. HRMS Calcd. For C33H33NO6+H+: 540.2381, found 

540.2380. The product was analyzed to determine the enantioselectivity of the 

reaction: 93% ee, determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, 

flow rate 1.0 mL/min, λ = 220 nm); tr = 5.09 and 6.38 min. 
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N
H

EtO2C

EtO2C

COOMe

Ph
Ph

Cl 4n  

(2R,5R)-4,4-diethyl 2-methyl 5-(4-chlorophenyl)-3-(2,2-diphenylvinylidene)-2- 

methylpyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 85% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -15.6 (c 0.7, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.43-7.26 (m, 

14H), 5.35 (s, 1H), 4.06-4.04 (m, 1H), 3.91-3.79 (m, 2H), 3.74-3.72 (m, 1H), 3.46 (s, 

3H), 1.75 (s, 3H), 0.94-0.84 (m, 6H); 13C NMR (CDCl3, TMS, 100 MHz) δ 13.49, 

26.61, 52.63, 61.57, 62.01, 65.90, 67.63, 69.45, 112.61, 116.41, 127.69, 127.82, 

127.96, 127.99, 128.22, 128.28, 128.31, 128.34, 128.45, 128.53, 128.56, 129.01, 

133.90, 134.69, 135.33, 135.48, 167.64, 168.51, 173.00, 200.93; IR (KBr) ν 3338, 

2981, 2925, 1736, 1254, 1201, 1050, 770, 696 cm-1. HRMS Calcd. For 

C33H32ClNO6+H+: 574.1991, found 574.1983. The product was analyzed to determine 

the enantioselectivity of the reaction: 95% ee, determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm); tr = 5.05 and 6.43 min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

Br 4o  

(2R,5R)-4,4-diethyl 2-methyl 5-(4-bromophenyl)-3-(2,2-diphenylvinylidene)- 

2-methylpyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 85% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = -16.1 (c 1.0, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.48-7.45 (m, 

2H), 7.37-7.26 (m, 12H), 5.33 (s, 1H), 4.06-4.03 (m, 1H), 3.92-3.84 (m, 2H), 

3.72-3.71 (m, 1H), 3.46 (s, 3H), 1.75 (s, 3H), 0.94-0.83 (m, 6H); 13C NMR (CDCl3, 
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TMS, 100 MHz) δ 13.46, 26.57, 52.60, 61.56, 62.00, 65.94, 67.60, 69.38, 112.58, 

116.39, 122.04, 127.67, 127.81, 127.98, 128.25, 128.31, 128.49, 128.59, 128.75, 

131.23, 135.21, 135.30, 135.44, 167.60, 168.47, 172.97, 200.91; IR (KBr) ν 3338, 

2981, 2925, 1736, 1254, 1201, 1050, 770, 696 cm-1. HRMS Calcd. For 

C33H32BrNO6+H+: 618.1486, found 618.1488. The product was analyzed to determine 

the enantioselectivity of the reaction: 96% ee, determined by HPLC (Chiralcel AD-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 220 nm); tr = 6.03 and 8.03 min. 

 

N
H

EtO2C

EtO2C

COOMe

Ph
Ph

Ph

Br 4p 

(2R,5R)-4,4-diethyl 2-methyl 5-(4-bromophenyl)-3-(2,2-diphenylvinylidene)-2- 

phenylpyrrolidine-2,4,4-tricarboxylate 

The title compound was prepared according to the general procedure as described 

above in 82% yield. It was purified by flash chromatography to afford yellow oil. 

[α]25
D = +46.4 (c 1.7, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.58-7.56 (m, 

2H), 7.47-7.35 (m, 17H), 4.97 (s, 1H), 4.13-4.10 (m, 1H), 4.03-4.00 (m, 1H), 

3.80-3.77 (m, 1H), 3.67-3.61 (m, 1H), 3.48 (s, 3H), 0.96 (d, J = 6.9 Hz, 3H), 0.88 (d, 

J = 7.2 Hz, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 13.40, 13.54, 53.05, 61.69, 

62.03, 65.43, 69.89, 74.53, 110.18, 116.09, 121.90, 127.47, 127.75, 127.90, 127.96, 

128.04, 128.19, 128.36, 128.39, 128.75, 128.86, 131.10, 135.26, 135.30, 135.39, 

139.38, 168.02, 168.36, 171.06, 202.15; IR (KBr) ν 3338, 2981, 2925, 1736, 1254, 

1201, 1050, 770, 696 cm-1. HRMS Calcd. For C38H34BrNO6+H+: 680.1642, found 

680.1648. The product was analyzed to determine the enantioselectivity of the 

reaction: 96% ee, determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, 

flow rate 1.0 mL/min, λ = 220 nm); tr = 8.98 and 16.31 min. 
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N

EtO2C

EtO2C

COOMe

Ph
Ph

Br COPh

Me

5  

(2R,5R)-4,4-diethyl 2-methyl 1-benzoyl-5-(4-bromophenyl)-3-(2,2-diphenyl- 

vinylidene)-2-phenylpyrrolidine-2,4,4-tricarboxylate 

The compound 4o (0.23mmol) was dissolved in 2mL CH2Cl2 at room temperature, 

and then benzoyl chloride (0.46 mmol) and TEA (0.46 mmol) were added sequentially. 

Once starting material was consumed (monitored by TLC), It was purified by flash 

chromatography to afford white solid, 98% yield. [α]25
D = -193.4 (c 1.0, CHCl3); 1H 

NMR (CDCl3, TMS, 300 MHz) δ 7.55-7.53 (m, 2H), 7.45-7.16 (m, 10H), 7.01 (m, 

2H), 6.01 (s 1H), 4.23-4.16 (m, 2H), 3.66-3.57 (m, 1H), 3.53 (s, 3H), 3.49-3.41 (m, 

1H), 1.95 (s, 3H), 1.06 (t, J = 6.9 Hz, 3H), 0.68 (t, J = 7.2 Hz, 3H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 13.53, 13.89, 24.24, 52.76, 62.11, 63.45, 67.35, 67.85, 69.45, 

106.66, 118.12, 122.45, 126.48, 128.34, 128.51, 128.68, 128.98, 129.74, 130.74, 

131.21, 135.06, 135.34, 136.91, 164.93, 169.30, 169.89, 170.65, 202.73; IR (KBr) 

ν 3425, 1719, 1261 cm-1. HRMS Calcd. For C40H36BrNO7+Na+: 744.1567, found 

744.1576. The product was analyzed to determine the enantioselectivity of the 

reaction: 96% ee, determined by HPLC (Chiralcel AD-H, i-propanol/hexane = 10/90, 

flow rate 1.0 mL/min, λ = 220 nm); tr = 7.80 and 9.87 min. 
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The relative and absolute configuration of (2R,5R)-5 were determined by X-ray 

diffraction analysis 

 

Figure 1. X-ray Structure of (2R,5R)-5 

Crystal data for (2R,5R)-5: C40H36BrNO7, Mr = 722.60, T = 293 K, Orthorhombic, 

space group P212121, a = 13.323(2), b = 15.987(3), c = 17.448(3) Å, V = 3716.3(11) 

Å3, Z = 4, 3536 unique reflections, final R1 = 0.0503 and wR2 = 0.1444 for 4470 

observed [I>2σ(I)] reflections. Flack χ = 0.008(18) CCDC 809653 contains the 

supplementary crystallographic data for this paper. These data can be obtained free of 

charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge 

Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK; fax: (+44) 

1223-336-033; or deposit@ccdc.cam.ac.uk). 
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