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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 = single, d = double, t = triple, q = 

quarte, m = multiple or unresolved, brs = broad single, 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. 

Ligands 1a-e were prepared according to the literature procedure reported by us.1 

Alkylidene Malonates were prepared according to the literature procedure.2 The 

racemic adducts were attained by using AgOAc/PPh3 as the catalyst. The relative 

exo-configuration of 4dh and the absolute (2S,3S,5S)-configuration of 4fd achieved 

by AgOAc/(R)-TF-BiphamPhos was determined unequivocally according to the X-ray 

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

results. 
 

General Procedure for racemic 1,3-Dipolar Cycloaddition of Azomethine Ylides 

with Alkylidene Malonates Catalyzed by AgOAc/PPh3 Complex 

Under argon atmosphere, PPh3（14.4 mg, 0.055 mmol) and AgOAc (8.6 mg, 0.05 

mmol) were dissolved in 2 mL DCM, and stirred at room temperature for about 1h. 

Then, imine substrate (0.5 mmol), Et3N (0.5 mmol) and alkylidene malonate (0. 3 

mmol) were added sequentially. Once starting material was consumed (monitored by 

TLC), the organic solvent was removed and the residue was purified by column 

chromatography to give the cycloaddition product (65-85% yield), which was used as 

the racemic sample for the chiral HPLC analysis. 
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General Procedure (A) for Asymmetric 1,3-Dipolar Cycloaddition of Azomethine 

Ylides with Alkylidene Malonates Catalyzed by Ag(I)/(S)-TF-BiphamPhos 

Complex in the Presence of Et3N as Base 

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

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

temperature for about 1h. Then, imine substrate (0.45 mmol), Et3N (0.035 mmol) and 

alkylidene 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 analyzed by 1H NMR to 

determine the exo/endo ratio, and then the residue was purified by column 

chromatography to give the corresponding cycloaddition product, which was then 

directly analyzed by chiral HPLC to determine the enantiomeric excess. 
 

General Procedure (B) for Asymmetric 1,3-Dipolar Cycloaddition of Azomethine 

Ylides with Alkylidene Malonates Catalyzed by Ag(I)/(R)-TF-BiphamPhos 

Complex in the Presence of K2CO3 as Base 

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

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

temperature for about 1h. Then, imine substrate (0.45 mmol), K2CO3 (62 mg, 0.46 

mmol) and alkylidene 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 analyzed by 1H 

NMR to determine the exo/endo ratio, and then the residue 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

COOCH3

C2H5OOC COOC2H5
Ph

 

(4aa) 
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(2R,3R,5R)-4,4-diethyl 2-methyl 3,5-diphenylpyrrolidine-2,4,4-tricarboxylate 

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

above in 88% yield. It was purified by flash chromatography to afford white solid. 

m.p. 80-82 oC; [α]25
D = +42.9 (c 0.7, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.51-7.48 (m, 2H), 7.33-7.30 (m, 8H), 5.34 (s 1H), 4.42 (d, J = 6.6 Hz, 1H), 4.21 (d, J 

= 6.6 Hz, 1H), 3.83-3.78 (m, 5H), 3.47-3.35 (m, 2H), 0.80 (t, J = 7.2 Hz, 3H), 0.71 (t, 

J = 7.2 Hz, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 12.94, 13.05, 52.12, 55.91, 

60.69, 60.98, 66.01, 67.81, 70.64, 128.02, 128.40, 128.84, 138.00, 138.55, 168.45; 

169.26, 172.87; IR (KBr) ν 3423, 3055, 2985, 1720, 1265, 739 cm-1. HRMS Calcd. 

For C24H27NO6: 425.1838, found 425.1835. The product was analyzed by HPLC to 

determine the enantiomeric excess: 67% ee (Chiralcel AS-H, i-propanol/hexane = 

30/70, flow rate 1.5 mL/min, λ = 220 nm); tr = 2.61 and 3.29 min. 

 

N
H

COOCH3

PhH2COOC COOCH2Ph
Ph

 
 

(4ba) 

(2R,3R,5R)-4,4-dibenzyl 2-methyl 3,5-diphenylpyrrolidine-2,4,4-tricarboxylate 

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

above in 90% yield. It was purified by flash chromatography to afford white solid. 

m.p. 96-98 oC; [α]25
D = +20.2 (c 0.6, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.53-7.51 (m, 2H), 7.33-7.13 (m, 15H), 6.78-6.71 (m, 3H), 5.40 (s 1H), 4.84-4.70 (m, 

2H), 4.45 (d, J = 6.6 Hz, 1H), 4.25 (d, J = 6.6 Hz, 1H), 4.15-4.04 (m, 2H), 3.77 (s, 

3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 50.44, 54.33, 64.31, 65.17, 65.29, 66.32, 

69.17, 125.55, 125.67, 125.98, 126.06, 126.14, 126.20, 126.31; 126.44, 126.91, 

132.49, 136.09, 136.55, 166.49, 167.32, 171.08; IR (KBr) ν 3425, 1719, 1458, 1261 

cm-1. HRMS Calcd. For C34H31NO6: 549.2151, found 549.2157. The product was 

analyzed by HPLC to determine the enantiomeric excess: 65% ee (Chiralcel AS-H, 

i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 220 nm); tr = 5.62 and 7.38 min. 
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N
H

COOCH3

PhOOC COOPh
Ph

 

(4ca) 

(2R,3R,5R)-2-methyl 4,4-diphenyl 3,5-diphenylpyrrolidine-2,4,4-tricarboxylate 

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

above in 90% yield. It was purified by flash chromatography to afford white solid. 

m.p. 146-148 oC; [α]25
D = +97.8 (c 0.7, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.66-7.41 (m, 10H), 7.20-7.15 (m, 7H), 6.36-6.26 (m, 3H), 5.58 (s 1H), 4.65 (d, J = 

6.6 Hz, 1H), 4.33 (d, J = 6.0 Hz, 1H), 3.77 (s, 3H); 13C NMR (CDCl3, TMS, 100 MHz) 

δ 52.61, 56.99, 66.83, 68.72, 70.97, 120.93, 120.97, 126.11, 128.02, 128.48, 128.73, 

128.94, 129.24, 129.28; 129.39, 137.76, 138.86, 149.94, 149.97, 167.49, 168.16, 

172.71; IR (KBr) ν 3415, 3054, 1741, 1265, 739 cm-1. HRMS Calcd. For C32H27NO6: 

521.1838, found 521.1837. The product was analyzed by HPLC to determine the 

enantiomeric excess: 78% ee (Chiralcel AS-H, i-propanol/hexane = 30/70, flow rate 

1.0 mL/min, λ = 220 nm); tr = 6.89 and 10.49 min. 
 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

 
(4da) 
(2R,3R,5R)-4,4-di-tert-butyl2-methyl 

3,5-diphenylpyrrolidine-2,4,4-tricarboxylate 

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

above in 83% yield. It was purified by flash chromatography to afford white solid. 

m.p. 120-122 oC; [α]25
D = +42.0 (c 1.1, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.58-7.51 (m, 2H), 7.36-7.28 (m, 8H), 5.31 (s 1H), 4.36 (d, J = 6.6 Hz, 1H), 4.15 (d, J 

= 3.6 Hz, 1H), 3.77 (s, 3H), 1.00 (s, 18H); 13C NMR (CDCl3, TMS, 100 MHz) δ 

27.23, 27.24, 52.36, 56.43, 66.67, 67.81, 71.21, 81.48, 81.83, 127.31, 127.61, 128.03, 

128.07, 128.37, 129.50, 138.52, 140.00, 167.93, 168.57, 173.20; IR (KBr) ν 3415, 
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3054, 2983, 1739， 1714，1265， 739 cm-1. HRMS Calcd. For C28H35NO6: 481.2464, 

found 481.2462. The product was analyzed by HPLC to determine the enantiomeric 

excess: 82% ee (Chiralcel AS-H, i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ 

= 210 nm); tr = 4.30 and 5.67 min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

 
4da: This product was obtained in 83 yield and 81% ee from the reaction catalyzed by 

AgOAc/(R)-1e (3 mol %) at 25 °C; [ α]25D = -41.0 (c 0.7, CHCl3) 

 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

 

(4db)  

(2S,3S,5S)-4,4-di-tert-butyl2-methyl 3-phenyl-5-p-tolylpyrrolidine-2,4,4- 

Tricarboxylate 

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

above in 88% yield. It was purified by flash chromatography to afford white solid. 

m.p. 110-112 oC; [α]25
D = -54.4 (c 1.4, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.46-7.44 (m, 2H), 7.35-7.27 (m, 5H), 7.14-7.11 (m, 2H), 5.27 (s 1H), 4.34 (d, J = 6.6 

Hz, 1H), 4.14 (d, J = 6.3 Hz, 1H), 3.75 (s, 3H), 2.33 (s, 3H), 1.00 (s, 9H), 0.99 (s, 9H); 

13C NMR (CDCl3, TMS, 100 MHz) δ 21.06, 27.23, 27.26, 52.35, 56.51, 66.66, 67.68, 

71.31, 81.41, 81.78, 127.27, 127.91, 128.35, 128.63, 129.51, 135.38, 137.16, 140.03, 

167.99, 168.66, 173.22; IR (KBr) ν 3420, 1719, 1264, 748 cm-1. HRMS Calcd. For 

C29H37NO6: 495.2621, found 495.2619. The product was analyzed by HPLC to 

determine the enantiomeric excess: 84% ee (Chiralcel AS-H, i-propanol/hexane = 

10/90, flow rate 1.0 mL/min, λ = 210 nm); tr = 4.12 and 5.24 min. 
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N
H

COOCH3

t-BuOOC COOt-Bu
Ph

 
(4dc) 
(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 3-phenyl-5-m-tolylpyrrolidine-2,4,4- 

Tricarboxylate 

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

above in 81% yield. It was purified by flash chromatography to afford colorless oil. 

[α]25
D = -53.7 (c 1.6, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.38-7.18 (m, 

8H), 7.10-7.07 (m, 1H), 5.27 (s 1H), 4.35 (d, J = 7.2 Hz, 1H), 4.15 (d, J = 6.3 Hz, 1H), 

3.75 (s, 3H), 2.34 (s, 3H), 1.00 (s, 18H); 13C NMR (CDCl3, TMS, 100 MHz) δ 20.45, 

26.19, 51.31, 55.46, 65.59, 66.82, 70.24, 80.40, 80.68, 124.33, 126.26, 126.94, 127.28, 

127.31, 127.40, 128.50, 136.29, 137.30, 138.92, 166.96, 167.59, 172.11; IR (KBr) 

ν3424, 1739, 1713, 1265， 739 cm-1. HRMS Calcd. For C29H37NO6: 495.2621, found 

495.2619. The product was analyzed by HPLC to determine the enantiomeric excess: 

83% ee (Chiralcel AS-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 

nm); tr = 4.57 and 6.74 min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

O
 

(4dd) 
(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 5-(4-methoxyphenyl)-3-phenylpyrrolidine- 

2,4,4-tricarboxylate 

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

above in 81% yield. It was purified by flash chromatography to afford white solid. 

m.p. 120-122 oC; [α]25
D = -51.3 (c 1.7, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.52-7.49 (m, 2H), 7.38-7.27 (m, 5H), 6.88-6.85 (m, 2H), 5.26 (s 1H), 4.33 (d, J = 6.3 

Hz, 1H), 4.33 (d, J = 6.6 Hz, 1H), 3.81 (s, 3H), 3.75 (s, 3H), 1.04 (s, 9H), 0.99 (s, 9H); 
13C NMR (CDCl3, TMS, 100 MHz) δ 27.22, 27.34, 52.36, 55.34, 56.44, 66.66, 67.39, 
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71.24, 81.41, 81.79,113.37, 127.28, 128.36, 129.14, 129.48, 130.62, 140.09, 159.12, 

168.02, 168.71, 173.23; IR (KBr) ν 3425, 2979， 1740， 1716, 1250, 738 cm-1. 

HRMS Calcd. For C29H37NO7: 511.2570, found 511.2568. The product was analyzed 

by HPLC to determine the enantiomeric excess: 86% ee (Chiralcel AS-H, 

i-propanol/hexane = 10/90, flow rate 1.0 mL/min, λ = 210 nm); tr = 5.14 and 6.84 

min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

F
 

(4de) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 5-(4-fluorophenyl)-3-phenylpyrrolidine- 

2,4,4-tricarboxylate 

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

above in 88% yield. It was purified by flash chromatography to afford white solid. 

m.p. 93-95 oC; [α]25
D = -49.4 (c 1.1, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.59 (m, 2H), 7.35-7.32 (m, 5H), 7.05-7.00 (m, 2H), 5.28 (m 1H), 4.35 (d, J = 5.4 Hz, 

1H), 4.13 (m, 1H), 3.76 (s, 3H), 1.04 (s, 9H), 0.99 (s, 9H); 13C NMR (CDCl3, TMS, 

100 MHz) δ 26.19, 26.31, 51.38, 55.17, 65.64, 66.03, 70.02, 80.60, 81.00, 113.62, 

113.83, 126.35, 127.40, 128.43, 128.70, 128.78, 133.37, 133.40, 139.04, 160.12, 

162.56, 166.84, 167.46, 172.16; IR (KBr) ν 3423, 1712, 1638, 1265， 738 cm-1. 

HRMS Calcd. For C28H34FNO6: 499.2370, found 499.2375. The product was 

analyzed by HPLC to determine the enantiomeric excess: 85% ee (Chiralcel AS-H, 

i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 nm); tr = 5.28 and 7.15 min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

Cl  

(4df)  

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 5-(2-chlorophenyl)-3-phenylpyrrolidine- 
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2,4,4-tricarboxylate  

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

above in 69% yield. It was purified by flash chromatography to afford white solid. 

m.p. 96-98 oC; [α]25
D = -11.6 (c 1.3, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.76-7.74 (m, 1H), 7.42-7.20 (m, 8H), 5.82 (s, 1H), 4.55 (d, 1H), 4.46 (d, J = 11.7 Hz, 

1H), 3.64(s, 3H), 1.07 (s, 9H), 0.99 (s, 9H); 13C NMR (CDCl3, TMS, 100 MHz) δ 

25.84, 26.08, 50.96, 52.78, 60.64, 61.83, 69.12, 80.39, 80.81, 125.75, 125.97, 126.72, 

127.51, 127.80, 128.17, 128.88, 133.83, 134.29, 137.97, 166.48, 167.42, 171.25; IR 

(KBr) ν 3425, 1736, 1712, 1265, 739 cm-1. HRMS Calcd. For C28H34ClNO6: 

515.2075, found 515.2079. The product was analyzed by HPLC to determine the 

enantiomeric excess: 78% ee (Chiralcel AD-H, i-propanol/hexane = 5/95, flow rate 

1.0 mL/min, λ = 210 nm); tr = 11.90 and 15.05 min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

Cl  

(4dg) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 5-(3-chlorophenyl)-3-phenylpyrrolidine- 

2,4,4-tricarboxylate  

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

above in 98% yield. It was purified by flash chromatography to afford colorless oil. 

[α]25
D = -49.5 (c 1.7, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.60-7.53 (m, 

3H), 7.35-7.32 (m, 6H), 5.28 (s, 1H), 4.38 (d, J = 6.3 Hz, 1H), 4.14 (d, J = 5.7 Hz, 

1H), 3.76(s, 3H), 1.05 (s, 9H), 1.00 (s, 9H); 13C NMR (CDCl3, TMS, 100 MHz) δ 

27.20, 27.30, 52.40, 55.94, 66.56, 67.09, 70.99, 81.73, 82.14, 126.42, 127.40, 127.72, 

128.23, 128.42, 129.30, 129.48, 133.88, 139.90, 140.87, 167.71, 168.23, 173.00; IR 

(KBr) ν 3339, 1719, 1597, 1078, 738 cm-1. HRMS Calcd. For C28H34ClNO6: 

515.2075, found 515.2064. The product was analyzed by HPLC to determine the 

enantiomeric excess: 80% ee (Chiralcel AS-H, i-propanol/hexane = 5/95, flow rate 1.0 
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mL/min, λ = 210 nm); tr = 5.11 and 9.34 min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

 

(4dh) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 5-(naphthalen-1-yl)-3-phenylpyrrolidine- 

2,4,4-tricarboxylate 

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

above in 80% yield. It was purified by flash chromatography to afford white solid. 

m.p. 134-136 oC; [α]25
D = +20.0 (c 1.2, CHCl3); After simple recrystallization from 

petroleum ether, the enantionmic excess is improved to 99%, [α]25
D = +26.1 (c 1.1, 

CHCl3). 1H NMR (CDCl3, TMS, 300 MHz) δ 8.23-8.20 (m, 1H), 7.90-7.77 (m, 3H), 

7.52-7.41(m, 5H), 7.29-7.26 (m, 3H), 6.23 (s, 1H), 4.66 (d, J = 11.1 Hz, 1H), 4.47 (d, 

J = 11.1 Hz, 1H), 3.67 (s, 3H), 1.04 (s, 9H), 0.49 (s, 9H); 13C NMR (CDCl3, TMS, 

100 MHz) δ 26.64, 27.26, 52.25, 55.12, 62.18, 62.41, 70.94, 81.12, 82.02, 124.64, 

125.42, 125.49, 125.59, 125.89, 127.21, 128.07, 128.21, 128.41, 129.44, 132.91, 

133.51, 136.21, 137.24, 167.98, 169.32, 172.43; IR (KBr) ν 3426, 1707, 1639, 1265, 

739 cm-1. HRMS Calcd. For C32H37NO6: 531.2621, found 531.2620. The product was 

analyzed by HPLC to determine the enantiomeric excess: 82% ee (Chiralcel AS-H, 

i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 nm); tr = 5.70 and 9.42 min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

 

(4di) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 5-(naphthalen-2-yl)-3-phenylpyrrolidine- 

2,4,4-tricarboxylate  

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

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2010



 11

above in 74% yield. It was purified by flash chromatography to afford white solid. 

m.p. 126-128 oC; [α]25
D = -73.5 (c 1.5, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.99 (s, 1H), 7.82-7.78(m, 4H), 7.47-7.29(m, 7H), 5.47(s, 1H), 4.43(d, J = 7.5 Hz, 

1H), 4.21(d, J = 6.6 Hz, 1H), 3.79(s, 3H), 1.00(s, 9H), 0.81(s, 9H); 13C NMR (CDCl3, 

TMS, 100 MHz) δ 26.07, 26.19, 51.36, 55.37, 65.71, 66.81, 70.35, 80.50, 80.80, 

124.77, 124.86, 125.10, 125.83, 126.30, 126.32, 126.37, 127.09, 127.37, 128.53, 

131.95, 132.09, 135.06, 139.03, 166.93, 167.53, 172.11; IR (KBr) ν 3417, 1637 cm-1. 

HRMS Calcd. For C32H37NO6: 531.2621, found 531.2618. The product was analyzed 

by HPLC to determine the enantiomeric excess: 80% ee (Chiralcel AS-H, 

i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 nm); tr = 5.75 and 10.60 

min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
Ph

 

(4dj) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 5-cyclohexyl-3-phenylpyrrolidine-2,4,4- 

tricarboxylate  

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

above in 18% yield with 3 mol% catalyst and in 80% yield with 20 mol% catalyst. It 

was purified by flash chromatography to afford colorless oil. [α]25
D = -28.0 (c 0.8, 

CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.24 (s, 5H), 4.09 (d, J = 5.4 Hz, 1H), 

3.94 (d, J = 5.1 Hz, 1H), 3.72 (m, 4H), 2.02-1.98(m, 2H), 1.77-1.67(m, 3H), 1.50 (s, 

9H), 1.46-1.04(m, 6H), 0.96 (s, 9H); 13C NMR (CDCl3, TMS, 100 MHz) δ 26.33, 

26.48, 26.52, 27.18, 27.96, 31.16, 31.98, 40.19, 52.27, 58.53,68.01, 69.81, 70.73, 

80.99, 82.50, 127.24, 128.30, 129.63, 141.06, 167.68, 170.06, 172.91; IR (KBr) 

ν 3425, 3054, 1740, 1710, 1265 cm-1. HRMS Calcd. For C28H41NO6: 487.2934, found 

487.2939. The product was analyzed by HPLC to determine the enantiomeric excess: 

99% ee (Chiralcel AD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 

nm); tr = 4.18 and 4.99 min. 
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N
H

COOCH3

t-BuOOC
COOt-Bu

H3CO

OCH3

 
(4ed) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 3,5-bis(4-methoxyphenyl)pyrrolidine-2,4,4- 

Tricarboxylate  

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

above in 94% yield. It was purified by flash chromatography to afford white solid. 

m.p. 142-144 oC; [α]25
D = -51.3 (c 1.3, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 

7.50-7.47 (m, 2H), 7.30-7.27 (m, 3H), 6.87-6.84 (m, 3H), 5.22 (s, 1H), 4.29 (d, J = 

7.5 Hz , 1H), 4.09 (d, J = 6.6 Hz , 1H), 3.80 (s, 6H), 3.75 (s, 3H), 1.04 (s, 18H); 13C 

NMR (CDCl3, TMS, 100 MHz) δ 27.33, 52.34, 55.30, 55.32, 55.67, 66.62, 67.25, 

71.25, 81.37, 81.69, 113.35, 113.69, 129.12, 130.49, 130.75, 132.02, 158.84, 159.09, 

168.15, 168.72, 173.29; IR (KBr) ν 3430, 2979, 1716, 1612, 1035 cm-1. HRMS Calcd. 

For C30H39NO8: 541.2676, found 541.2673. The product was analyzed by HPLC to 

determine the enantiomeric excess: 78% ee (Chiralcel AS-H, i-propanol/hexane = 

10/70, flow rate 1.0 mL/min, λ = 210 nm); tr = 6.52 and 8.73 min. 

 

N
H

COOCH3

t-BuOOC
COOt-Bu

H3CO

Br

 

(4fd) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 3-(4-bromophenyl)-5-(4-methoxyphenyl) 

pyrrolidine-2,4,4-tricarboxylate  

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

above in 84% yield. It was purified by flash chromatography to afford white solid. 

m.p. 116-118 oC; [α]25
D = -32.4 (c 1.2, CHCl3); After simple recrystallization from 

petroleum ether, the enantionmic excess is improved to 99%; [α]25
D = -40.0 (c 1.3, 
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CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.50-7.44 (m, 4H), 7.27-7.24 (m, 2H), 

6.88-6.85 (m, 2H), 5.20 (s, 1H), 4.30 (d, J = 6.6 Hz , 1H), 4.08 (d, J = 7.2 Hz , 1H), 

3.80 (s, 3H), 3.74 (s, 3H), 1.04 (s, 9H), 1.03 (s, 9H); 13C NMR (CDCl3, TMS, 100 

MHz) δ 27.29, 27.31, 52.40, 55.33, 55.49, 66.06, 67.33, 71.09, 81.76, 81.95, 113.42, 

121.25, 129.17, 130.68, 131.22, 131.36, 138.74, 159.20, 167.97, 168.40, 172.87; IR 

(KBr) ν 3430, 1711, 1638, 1265, 739 cm-1. HRMS Calcd. For C29H36BrNO7: 

589.1675, found 589.1678. The product was analyzed by HPLC to determine the 

enantiomeric excess: 82% ee (Chiralcel AD-H, i-propanol/hexane = 5/95, flow rate 

1.0 mL/min, λ = 210 nm); tr = 17.49 and 25.86 min. 

 

N
H

COOCH3

C2H5OOC COOC2H5
C2H5

 

(4ga) 

(2S,3S,5S)-4,4-diethyl 2-methyl 3-ethyl-5-phenylpyrrolidine-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 colorless oil. 

[α]25
D = -41.6 (c 0.8, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.50-7.44 (m, 

2H), 7.31-7.24 (m, 3H), 5.01 (s 1H), 4.31-4.14 (m, 2H), 3.84 (s, 3H), 3.81-3.73 (m, 

2H), 3.47-3.41 (m, 1H), 3.14-3.09 (m, 1H), 1.62-1.27 (m, 2H), 1.25 (t, J = 7.2 Hz , 

3H), 1.02 (t, J = 7.5 Hz , 3H), 0.82 (t, J = 6.0 Hz , 3H); 13C NMR (CDCl3, TMS, 75 

MHz) δ 12.09, 13.27, 13.97, 23.42, 50.60, 52.34, 60.93, 61.20, 64.01, 67.20, 69.23, 

127.73, 127.93, 139.33; 169.18, 169.60, 174.36; IR (KBr) ν 3425, 1719, 1261 cm-1. 

HRMS Calcd. For C20H27NO6: 377.1838, found 377.1843. The product was analyzed 

by HPLC to determine the enantiomeric excess: 82% ee (Chiralcel AS-H, 

i-propanol/hexane = 30/70, flow rate 1.0 mL/min, λ = 220 nm); tr = 3.87 and 5.02 

min. 
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N
H

COOCH3

t-BuOOC COOt-Bu
C2H5

 
(4ha) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 3-ethyl-5-phenylpyrrolidine-2,4,4-Tricarb- 

oxylate 

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

above in 85% yield. It was purified by flash chromatography to afford white solid. 

[α]25
D = -26.9 (c 0.8, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.48-7.46 (m, 

2H), 7.31-7.23 (m, 3H), 4.91 (s, 1H), 3.82 (s, 3H), 3.63 (d, J = 8.4 Hz, 1H), 3.10-3.09 

(m, 1H), 1.73-1.63 (m, 2H), 1.51 (s, 9H), 1.08-1.02 (m , 12H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 12.59, 23.10, 27.15, 27.95, 50.63, 52.23, 64.26, 67.09, 69.83, 

81.24, 82.25, 127.50, 127.97, 128.53; 140.88, 167.73, 169.33, 174.54; IR (KBr) 

ν 3425, 1719, 1261 cm-1; MS (EI) m/e 434 (M++1); The product was analyzed by 

HPLC to determine the enantiomeric excess: 83% ee (Chiralcel AS-H, 

i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 nm); tr = 4.3 and 5.5 min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
CH2CH2CH3

 
(4ia) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 5-phenyl-3-propylpyrrolidine-2,4,4-tricarb- 

oxylate  

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

above in 87% yield. It was purified by flash chromatography to afford white solid. 

[α]25
D = -19.5 (c 1.2, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.48-7.46 (m, 

2H), 7.31-7.23 (m, 3H), 4.91 (s, 1H), 3.80 (s, 3H), 3.63 (d, J = 8.4 Hz, 1H), 3.19-3.17 

(m, 1H), 1.62 (m, 2H), 1.50 (s, 9H), 1.44-1.40 (m , 2H), 1.01 (s, 9H), 0.92 (t , J = 6.9 

Hz, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 14.29, 21.02, 27.21, 27.99, 32.63, 

48.78, 52.28, 64.57, 67.12, 69.86, 81.25, 82.23, 127.51, 128.00, 128.55, 133.84 
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140.87, 167.77, 169.37, 174.51; IR (KBr) ν 3425, 1719, 1261 cm-1; MS (EI) m/e 448 

(M++1); The product was analyzed by HPLC to determine the enantiomeric excess: 

82% ee (Chiralcel AS-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 

nm); tr = 4.1 and 5.3 min. 

 

N
H

COOCH3

t-BuOOC COOt-Bu
CH2CH(CH3)2

 
(4ja) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 3-isobutyl-5-phenylpyrrolidine-2,4,4- 

tricarboxylate  

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

above in 80% yield. It was purified by flash chromatography to afford white solid. 

[α]25
D = -34.7 (c 1.3, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.52-7.49 (m, 

2H), 7.32-7.23 (m, 3H), 4.93 (s, 1H), 3.81 (s, 3H), 3.63 (d, J = 6.6 Hz, 1H), 3.27-3.25 

(m, 1H), 1.49 (s, 9H), 1.39 (t , J = 6.9 Hz, 2H), 1.06-0.88 (m, 16H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 21.41, 23.87, 25.59, 27.19, 27.42, 27.95, 39.88, 46.88, 52.25, 

64.66, 66.91, 69.84, 81.21, 82.04, 127.45, 127.72, 127.97, 128.44, 140.55, 167.81, 

169.20, 174.63; IR (KBr) ν 3425, 1719, 1261 cm-1; MS (EI) m/e 462 (M++1); The 

product was analyzed by HPLC to determine the enantiomeric excess: 82% ee 

(Chiralcel AS-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 nm); tr = 

3.9 and 5.6 min. 

 

N
H

COOCH3

t-BuOOC
COOt-Bu Br

 

(4fk) 

(2S,3S,5S)-4,4-di-tert-butyl 2-methyl 3-(4-bromophenyl)-2-methyl-5-phenyl- 

pyrrolidine-2,4,4-tricarboxylate  

The title compound was prepared according to the general procedure as described 
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above in 72% yield. It was purified by flash chromatography to afford white solid. 

[α]25
D = -37.8 (c 1.1, CHCl3); 1H NMR (CDCl3, TMS, 300 MHz) δ 7.77-7.75 (m, 

2H), 7.50-7.47 (m, 2H), 7.35-7.24 (m, 5H), 5.54 (s, 1H), 4.45 (s, 1H), 3.90 (s, 3H), 

0.99 (s, 9H), 0.95(s, 9H); 13C NMR (CDCl3, TMS, 75 MHz) δ 26.66, 27.11, 52.89, 

55.82, 67.04, 68.87, 71.46, 81.30, 81.88, 121.22, 127.42, 128.13; 128.23, 131.20, 

132.26, 137.10, 139.54, 167.34, 168.56, 178.65; IR (KBr) ν 3425, 1719, 1261 cm-1; 

MS (EI) m/e 574 (M++1); The product was analyzed by HPLC to determine the 

enantiomeric excess: 76% ee (Chiralcel OD-H, i-propanol/hexane = 5/90, flow rate 

1.0 mL/min, λ = 210 nm); tr = 3.8 and 4.6 min. 

 

Procedure for N-methylation of Cycloadduct 4aa 

 

4aa

N
H

CO2MePh

PhButO2C
ButO2C MeI, K2CO3

DMF

5

N CO2MePh

PhButO2C
ButO2C

90% yield  

 

To a solution of 4aa (100 mg, 0.21 mmol) and K2CO3 (29 mg, 0.21 mmol) in DMF (2 

mL) was added MeI (60mg, 0.42 mmol) at room temperature. The mixture was stirred 

for 4 h and then CH2Cl2 (10 mL) was added. The mixture was washed with H2O and 

the aqueous phase was extracted with CH2Cl2. The combined organic phase was dried 

over Na2SO4. The solvent was removed under reduced pressure, and the residue was 

purified by flash cromathography to afford 5 as white solid; yield:94 mg (90%).1H 

NMR (CDCl3, TMS, 300 MHz): δ 7.46 (m, 2H), 7.32-7.15 (m, 8H), 4.58-4.53 (m, 

2H), 3.65 (dd, J = 9.3 Hz, 1H ), 3.59 (s, 3H), 2.56 (s, 3H), 0.92 (s, 9H), 0.90 (s, 

9H ).13C NMR (CDCl3, TMS, 75 MHz): δ 172.3, 168.4, 167.6, 139.5, 137.8, 129.5, 

128.1, 127.9, 127.5, 127.1, 81.6, 81.4, 77.4, 77.0, 69.8, 52.6, 52.0, 39.6, 27.1, 27.0. 
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Procedure for deprotecting of tert-butyl group from 4aa 

 

4aa

N
H

CO2MePh

PhButO2C
ButO2C TFA

rt

6

N
H

CO2MePh

PhHO2C
HO2C

95% yield  

To 4aa (400 mg, 0.83 mmol) was added TFA (1ml) at room temperature. The mixture 

was stirred for 1 h. Then TFA was removed under reduced pressure affording 6 as 

white solid; yield: 284 mg (95%). 1H NMR (D6-DMSO, TMS, 300 MHz): δ 7.39-7.25 

(m, 10H), 5.31 (s, 1H), 5.11 (dd, J = 9.9, 1H), 4.34 (dd, J = 10.5, 1H), 3.69(s, 3H). 13C 

NMR (D6-DMSO, TMS, 75 MHz): δ 172.1, 171.91, 168.9, 133.8, 132.1, 129.5, 129.1, 

128.8, 128.5, 127.6, 68.9, 65.7, 61.6, 56.1, 54.0. 

 

The relative configuration of the exo-adduct 4dh and the absolute configuration 

of exo-(2S,3S,5S)-4fd and exo-(2S,3S,5S)-4fk were determined by X-ray 

diffraction analysis  

 
Figure 1. X-ray structure of racemic exo-4dh (relative configuration) 
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Crystal data for racemic exo-4dh: C32H37NO6, Mr = 531.63, T = 293 K, Triclinic, 

space group P-1, a = 10.0784(12), b = 12.2383(14), c = 12.8767(15) Å, V = 1463.4(3) 

Å3, Z = 2, 5649 unique reflections, final R1 = 0.0462 and wR2 = 0.1175 for 4300 

observed [I>2σ(I)] reflections. CCDC 747638 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). 

 

 

Figure 2. X-ray structure of (2S,3S,5S)-exo-4fd (absolute configuration) 

 

Crystal data for (2S,3S,5S)-4fd: C29H36BrNO7, Mr = 590.50, T = 293 K, 

Orthorhombic, space group P212121, a = 9.7742(8), b = 15.7902(13), c = 18.9829(16) 

Å, V = 2929.8(4) Å3, Z = 4, 5717 unique reflections, final R1 = 0.0437 and wR2 = 

0.1127 for 4283 observed [I>2σ(I)] reflections. CCDC 739450 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 
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Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK; fax: (+44) 

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

 

Figure 3. X-ray structure of (2S,3S,5S)-exo-4fk (absolute configuration) 

 

Crystal data for (2S,3S,5S)-4fk: C29H36BrNO6, Mr = 574.50, T = 293 K, 

Orthorhombic, space group P212121, a = 11.202(2), b = 11.863(2), c = 22.167(5) Å, V 

= 2945.5(10) Å3, Z = 4, 17768 unique reflections, final R1 = 0.0523 and wR2 = 0.1338 

for 6077 observed [I>2σ(I)] reflections. CCDC 761891 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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Proposed Transition States of the endo-selectivity for Dimethyl Maleate and the 

exo-selectivity for Alkylidene malonates 

 

CF3

F3C
F3C

CF3

N

N
H

P

H
H

Cu
O

OMe

NO

RO

OR
O

(S)-TF-BiphamPhos

endo-product
(2R,3S,4R,5S)

C6H5 N
H

MeO2C CO2Me

CO2Me

Figure 3. Proposed transition states leading to endo-adducts while using dimethyl maleate as the dipolar.

C6H5

N

CO2Me

MeO2C

MeO2C

+

C6H5 N
H

MeO2C CO2Me

CO2Me

CuBF4/(S)-TF-BiphamPhos (3 mol%)

Et3N (15 mol%), DCM

endo-product
(2R,3S,4R,5S)

J. Am. Chem. Soc. 2008, 130, 17250.

> 98:2 endo-selectivity
> 99% ee

 

 

CF3

F3C
F3C

CF3

N

N
H

P

H
H

Ag
O

OMe

N

Ph

O

RO O

RO

exo-product
(2R,3R,5R)

(S)-TF-BiphamPhos

AgOAc/(R)-TF-BiphamPhos

N
H

CO2MePh

PhRO2C
RO2C

N
H

CO2MePh

PhRO2C
RO2C

exo-product
(2S,3S,5S)

Figure 4. Proposed transition states leading to exo-adducts while using alkylidene malonate as the dipolar.

AgOAc/(R)-TF-BiphamPhos (3 mol%)

K2CO3, DCM+

NPh CO2Me

N
H

CO2MePh

PhButO2C

ButO2C

PhButO2C
ButO2C

exo-product
(2R,3R,5R)

AgOAc/(S)-TF-BiphamPhos (3 mol%)

K2CO3, DCM
+

NPh CO2Me

N
H

CO2MePh

PhButO2C

ButO2C

PhButO2C
ButO2C

exo-product
(2S,3S,5S)

(Table 3, entry 2)

(Table 3, entry 1)
> 98:2 exo-selectivity

81% ee

> 98:2 exo-selectivity
82% ee
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The carbonyl group of the alkylidene malonate or dimethyl maleate could 

coordinate with the Ag center, which can stabilize the negatively charged oxygen 

atom in the proposed transition states.3 It could not rule out the possible hydrogen 

bond interaction between the carbonyl groups and the NH2 group of the chiral ligand, 

which also facilitates stabilizing the proposed transition states.4,5 
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