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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. 13C NMR spectra were recorded on a VARIAN Mercury 75 

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

internal chloroform signal at 77.0 ppm as a standard. 31P NMR spectra were recorded 

on a VARIAN Mercury 242 MHz spectrometer in chloroform-d3, chemical shifts are 

reported in ppm with the external 85% H3PO4 signal at 0.0 ppm as a standard. 

Commercially obtained reagents were used without further purification. All reactions 

were monitored by TLC with silica gel-coated plates. Enantiomeric ratios were 

determined by chiral HPLC using a chiralpak AS-H column, a chiralpak AD-H 

column ,a chiralpak OD-H or a chiralcel OJ-H column with hexane and i-PrOH as 

solvents, or determined by chiral GC using a Supelco chiral Select 1000 column. The 

absolute configurations of the known products were determined by comparing optical 

rotation with the reported data. The absolute configurations of the known products 

4a-4l and 4p were assigned by HPLC and optical rotation comparisons with the 

reported data,1-3 and those of other adducts were deduced on the basis of these results. 

 
Synthesis of Chiral TF-BiphamPhos 1a-e 

Synthesis of (S)-N-(6'-Amino-4,6,2',4'-tetrakis-trifluoromethyl-biphenyl-2-yl)- 

acetamide 
CF3

F3C NHAc
F3C

CF3

NH2

CF3

F3C NH2
F3C

CF3

NH2

Ac2O, HOAc

DCM, 0 oC

 
To a solution of (S)-TF-BIPHAM (456 mg, 1.0 mmol) and AcOH (0.6 mL, 10.0 

mmol) in 10 mL of dried CH2Cl2 was added acetic anhydride (142 μL, 1.5 mmol) at 0 
oC. The resulting solution was stirred for overnight at room temperature, then 2N 



NaOH aqueous solution was added until pH >7. The reaction mixture was extracted 

with CH2Cl2 and the combined organic phases were washed with saturated NaHCO3, 

brine, and dried over Na2SO4. The solvent was removed under reduced pressure and 

the crude product was purified by flash chromatography. (Ethyl acetate/petroleum 

ether = 1:2) to afford the product as a white solid (293 mg, 90 % yield based on the 

recovered starting material). IR (KBr) ν 3584, 3431, 1702, 1530, 1491, 1445, 1370, 

1276, 1177, 1129 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 8.86 (s, 1H), 7.84 (s, 1H), 

7.45 (s, 1H), 7.27(s, 1H), 6.70 (s, 1H), 3.93 (br, 2H), 1.99 (s, 3H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ  168.6, 146.4, 138.3, 131.4-133.8 (m), 127.1-129.1 (m), 

124.7-125.1 (m), 122.7, 121.1, 116.7, 115.6, 113.0, 24.3; HRMS Calcd. for 

C18H10F12N2O: 498.0602, found: 498.0596. 

 

Synthesis of (S)-N-Ethyl-4,6,4',6'-tetrakis-trifluoromethyl-biphenyl-2,2'-diamine 
CF3

F3C NHAc
F3C

CF3

NH2

LiAlH4, THF

reflux

CF3

F3C NHEt
F3C

CF3

NH2

 
To a stirred suspension of LAH (61 mg, 1.6 mmol) in 5 mL of THF was added 

dropwise a solution of (S)-N-(6'-Amino-4,6,2',4'-tetrakis- trifluoromethyl-biphenyl- 

2-yl)-acetamide (270 mg, 0.54 mmol) in 10 mL of THF at 0 oC. After refluxed for 1 h, 

the mixture was cooled in an ice-bath and the remaining hydride was carefully 

quenched by dropwise addition of water (10 mL) and then 15% NaOH (5 mL). A 

white precipitate was filtered off and thoroughly washed with ether. The combined 

filtrate and ether washings were washed with saturated NaHCO3, brine and dried over 

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

purified through flash chromatography to afford the product as yellow oil. (190 mg, 

75.2% yield). 1H NMR (CDCl3, TMS, 300 MHz) δ 7.42 (s, 1H), 7.34 (s, 1H), 7.22 (s, 

1H), 7.09 (s, 1H), 3.85 (br, 2H), 3.53 (br, 1H), 3.20 (m, 2H), 1.14 (t, J = 7.5 Hz, 3H); 
13C NMR (CDCl3, TMS, 75 MHz) δ  147.3, 146.6, 138.5, 131.1-133.2 (m), 

124.9-125.4 (m), 121.3-121.8 (m), 118.6, 117.7 (m), 115.3, 113.2, 111.1, 110.1, 38.3, 



13.9; HRMS Calcd. for C18H12F12N2: 484.0809, found: 484.0803. 

 

Synthesis of (S)-N-(6'-Dimethylamino-4,6,2',4'-tetrakis-trifluoromethyl-biphenyl- 

2-yl)-acetamide 
CF3

F3C NHAc
F3C

CF3

NH2

HCHO/HCOOH

reflux

CF3

F3C NHAc
F3C

CF3

NMe2

 
To a three-necked flask containing (S)-N-(6'-Amino-4,6,2',4'-tetrakis-trifluoro- 

methyl-biphenyl-2-yl)-acetamide (300 mg, 0.6 mmol) were added 85% formic acid 

(0.45 mL, 10.0 mmol) and 37% formaldehyde solution (0.45 mL, 6.0 mmol) under Ar. 

The flask is connected to a reflux condenser and is placed in an oil bath which has 

been heated to 100 oC. A vigorous evolution of carbon dioxide begins after 2-3 

minutes, at which time the flask is removed from the bath until the gas evolution 

notably subsides (about 10 minutes), then it is returned to the bath and heated at 100 
oC for 24 hour. The reaction mixture was extracted with CH2Cl2 and the combined 

organic phases were washed with saturated NaHCO3, brine, and dried over Na2SO4. 

The solvent was removed under reduced pressure and the crude product was purified 

by flash chromatography (ethyl acetate/petroleum ether = 1:5) afford a white solid 

(278 mg, 88% yield). 1H NMR (CDCl3, TMS, 300 MHz) δ 8.82 (s, 1H), 7.77 (s, 1H), 

7.68 (s, 1H), 7.57(s, 1H), 6.79 (s, 1H), 2.55 (s, 6H), 2.01 (s, 3H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 168.1, 154.6, 138.0, 131.8-133.0 (m), 127.4, 125.0, 121.9, 120.6, 

119.5, 116.6, 43.3, 24.4; HRMS Calcd. for C20H14F12NO2: 526.0915, found: 

526.0908. 

 

Synthesis of (S)-N,N'-Dimethyl-4,6,4',6'-tetrakis-trifluoromethyl-biphenyl-2,2'- 

diamine. 



CF3

F3C NHAc
F3C

CF3

NMe2

4N HCl, EtOH

reflux

CF3

F3C NH2
F3C

CF3

NMe2

 

To a solution of (S)-N-(6'-Dimethylamino-4,6,2',4'-tetrakis-trifluoromethyl- 

biphenyl-2-yl)-acetamide (220 mg, 0.42 mmol) in 15 ml of EtOH was added 4N HCl 

(6.0 mL), the resulting solution was stirred for overnight at room temperature, the 2N 

NaOH aqueous solution was added until pH > 7. The reaction mixture was extracted 

by CH2Cl2 and the combined organic phases were washed with saturated NaHCO3, 

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

crude product was purified by flash chromatography (ethyl acetate/petroleum ether = 

1:5) to afford a colorless oil. (S)-7 (160 mg, 80% yield). 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.62 (s, 1H), 7.52 (s, 1H), 7.39 (s, 1H), 7.15(s, 1H), 3.85 (br, 2H), 2.61 (s, 

6H); 13C NMR (CDCl3, TMS, 75 MHz) δ 155.1, 146.3, 131.4-132.6 (m), 129.1, 

125.0, 122.2, 121.4, 120.4, 116.4, 114.7, 113.4, 43.2; HRMS Calcd. for C18H12F12N2: 

484.0809, found: 484.0807. 

 

Synthesis of (S)-3,3'-Dibromo-4,6,4',6'-tetrakis-trifluoromethyl-biphenyl-2,2'- 

diamine 
CF3

F3C NH2
F3C

CF3

NH2

Br

Br

CF3

F3C NH2
F3C

CF3

NH2

Br2/Fe

HOAc

 

To a round-bottom flask containing (S)-TF-BIPHAM (2.28 g, 5.0 mmol) were 

added 40 mL glacial acetic acid, iron powder (20 mg) and bromine (1.03 mL, 20.0 

mmol). The mixture was stirred at room temperature for 4 hour, then 2N NaOH 

aqueous solution was added until pH > 8. The reaction mixture was extracted with 

CH2Cl2, and the combined organic phases were washed with saturated NaHCO3, brine, 

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

crude product was purified by flash chromatography (ethyl acetate/petroleum ether = 



1:5) to afford a brown solid (2.95 g, 96% yield). [α] 25
D = +126.6 (c 0.85, CHCl3); IR 

(KBr) ν 3504, 1610, 1428, 1378, 1330, 1275, 1198, 1234, 1075, 960, 874 cm-1; 1H 

NMR (CDCl3, TMS, 300 MHz) δ 7.51 (s, 2H), 4.47 (br, 4H); 13C NMR (CDCl3, TMS, 

75 MHz) δ 145.1, 132.5 (q, J = 32.2 Hz), 129.8 (q, J = 34.4 Hz), 122.6 (q, JC-F = 

272.7 Hz), 122.3 (q, JC-F = 272.8 Hz), 120.4, 114.5, 110.4; HRMS Calcd. for 

C16H6Br2F12N2: 611.8706, found: 611.8714. 

 

General Procedure for the Synthesis of Chiral TF-BiphamPhos 1a-e 

To a solution of corresponding (S)-TF-BIPHAM derivative (1.0 mmol) in 

CH2Cl2 (10 mL) was added DMAP (12.2 mg, 0.1 mmol), Et3N (1.0 mL, 7.2 mmol) 

and diphenylphosphine chloride or dicyclohexylphosphine chloride (1.5 mmol) at 0 
oC. The reaction mixturre was stirred overnight at room temperature. Then the solvent 

was removed under reduced pressure and the residue was purified by flash alumina 

chromatography. 
CF3

F3C NH2
F3C

CF3

NHPPh2

 (1a) 

The pure product was obtained as a white solid in 74% yield. 

[α] 25
D = +82.2 (c 0.53, CHCl3).; IR (KBr) ν 3498, 3401, 2925, 1619, 1585, 1508, 

1442, 1388, 1276, 1175, 1133, 972, 958, 873, 748, 696, 688 cm-1; 1H NMR (CDCl3, 

TMS, 300 MHz) δ 7.90 (d, J = 3.6 Hz, 1H), 7.50 (s, 1H), 7.23-7.34 (m, 11H), 7.10 (s, 

1H), 4.21 (d, J = 6.3 Hz, 1H), 3.75 (br, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

147.2, 147.0, 146.5, 139.2, 139.0, 138.4, 138.3, 131.8-133.2 (m), 131.4, 130.6-131.4 

(m), 129.7, 129.6, 128.8, 128.7, 123.3 (q, JC-F = 271.7 Hz), 123.2 (q, JC-F = 271.6 Hz), 

121.9, 121.2, 118.1, 115.8, 115.4, 115.2, 114.2, 113.0; 31P NMR (CDCl3, 85% H3PO4, 

242.86 MHz) δ  32.17; HRMS Calcd. for C28H17F12N2P+H+: 641.1011, found: 

641.1023. 

 



CF3

F3C NHEt
F3C

CF3

NHPPh2

(1b) 

The pure product was obtained as colorless oil in 68% yield. 

IR (KBr) ν 3428, 3367, 2977, 1619, 1585, 1521, 1491, 1439, 1390, 1352, 1285, 1177, 

1132, 997, 973, 810, 743, 696 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 7.94 (s, 1H), 

7.49 (s, 1H), 7.16-7.33 (m, 11H), 6.95 (s, 1H), 4.25 (d, J = 6.6 Hz, 1H), 3.40 (s, 1H), 

2.92-3.09 (m, 2H), 1.03 (t, J = 6.6, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 147.3, 

147.1, 139.1, 139.0, 138.5, 138.4, 128.7-133.4 (m), 124.7-125.2 (m), 121.5, 121.0, 

117.9, 115.5, 115.2, 111.1, 111.0, 109.8, 109.7, 38.1, 13.9; 31P NMR (CDCl3, 85% 

H3PO4, 242.86 MHz) δ 31.49; HRMS Calcd. for C30H21F12N2P+H+: 669.1324, found: 

669.1332.  

 
CF3

F3C NMe2
F3C

CF3

NHPPh2

(1c) 

The pure product was obtained as a white solid in 63% yield. 

IR (KBr) ν 3483, 3329, 2925, 2853, 1619, 1589, 1503, 1484, 1440, 1384, 1274, 1131, 

1000, 982, 878, 726, 684 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 7.77 (s, 1H), 7.48 

(s, 1H), 7.36 (s, 1H), 7.12-7.29 (m, 11H), 4.84 (d, J = 5.7 Hz, 1H), 2.33 (s, 6H); 13C 

NMR (CDCl3, TMS, 75 MHz) δ 154.4, 147.0, 146.8, 138.8-139.3 (m), 128.8-133.0 

(m), 125.3, 124.8, 121.8, 121.2, 120.1, 118.1, 116.6, 107.8, 43.5; 31P NMR (CDCl3, 

85% H3PO4, 242.86 MHz) δ 31.38; HRMS Calcd. for C30H21F12N2P +H+: 669.1324, 

found: 669.1332. 

 



CF3

F3C NH2
F3C

CF3

NHPCy2

(1d) 

The pure product was obtained as a white solid in 48% yield. 

IR (KBr) ν 3485, 3370, 2930, 2855, 1618, 1584, 1446, 1389, 1277, 1175, 1133, 999, 

974, 958, 869, 730, 684 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) δ 7.92 (d, J = 4.2 

Hz, 1H), 7.45 (s, 1H), 7.38 (s, 1H), 7.25 (s, 1H), 3.92 (s, 2H), 3.68 (d, J = 9.0 Hz, 1H), 

1.46-1.71 (m, 9H), 1.43-1.46 (m, 2H), 0.99-1.28 (m, 9H), 0.75-0.89 (m, 2H); 13C 

NMR (CDCl3, TMS, 75 MHz) δ 149.2, 149.0, 146.5, 130.9-133.2 (m), 117.1-128.8 

(m), 120.1, 118.6, 36.3, 36.2, 35.6, 29.7, 28.8, 28.6, 28.4, 28.1, 26.6, 26.3, 26.1; 31P 

NMR (CDCl3, 85% H3PO4, 242.86 MHz) δ 32.17. 

 
CF3

F3C NH2
F3C

CF3

NHPPh2

Br

Br

(1e) 

The pure product was obtained as a white solid in 72% yield. 

[α] 25
D = +160.8 (c 0.60, CHCl3); IR (KBr) ν 3494, 3398, 2928, 1611, 1435, 1378, 

1355, 1277, 1195, 1142, 970, 745, 696 cm-1; 1H NMR (CDCl3, TMS, 300 MHz) 

δ 7.70 (s, 1H), 7.23-7.32 (m, 8H), 7.15-7.17 (m, 2H), 7.12 (s, 1H), 4.84 (d, J = 4.5 Hz, 

1H), 4.26 (br, 2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 147.2, 147.0, 145.4, 

139.3-139.8 (m), 131.6, 130.5-131.0 (m), 129.8, 129.3, 128.5, 128.4, 126.2, 123.9, 

110.3, 119.9, 118.8, 118.3, 113.9, 110.4; 31P NMR (CDCl3, 85% H3PO4, 242.86 MHz) 

δ 41.09; HRMS Calcd. for C28H15Br2F12N2P+H+: 796.9221, found: 796.9214. 

 

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. 

 

N COOCH3

 
(E)-(Benzylidene-amino)-acetic acid methyl ester: 

light yellow oil, yield : 90%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.25 (s, 1H), 

7.75-7.77 (m, 2H), 7.37-7.42 (m, 3H), 4.39 (s, 2H), 3.74 (s, 3H); 13C NMR (CDCl3, 

TMS, 100 MHz) δ 168.7, 163.6, 133.7, 129.4, 126.8, 126.2, 60.1, 50.3. 

 

N COOCH3

Cl  
(E)-[(4-Chloro-benzylidene)-amino]-acetic acid methyl ester: 

light yellow solid, yield : 85%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.13 (s, 1H), 

7.60 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 4.30 (s, 2H), 3.66 (s, 3H); 13C NMR 

(CDCl3, TMS, 100 MHz) δ 170.4, 164.0, 137.2, 134.0, 129.7, 128.9, 61.7, 52.1. 

 

N COOCH3

H CO3  

(E)-[(4-Methoxy-benzylidene)-amino]-acetic acid methyl ester: 

light yellow solid, yield : 89%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.20 (s, 1H), 

7.72 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, 2H), 4.37 (s, 2H), 3.82 (s, 3H), 3.76 (s, 

3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 170.8, 164.7, 162.1, 130.1, 128.5, 114.0, 

61.9, 55.3, 52.1. 

 

N COOCH3

 
(E)-[(4-Methyl-benzylidene)-amino]-acetic acid methyl ester: 



light yellow solid, yield : 92%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.24 (s, 1H), 

7.66 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 7.9 Hz, 2H), 4.39 (s, 2H), 3.76 (s, 3H), 2.37 (s, 

3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 170.7, 165.4, 141.7, 132.9, 129.4, 128.5, 

62.0, 52.1, 21.6. 

 

N COOCH3

F  
(E)-[(4-Fluoro-benzylidene)-amino]-acetic acid methyl ester: 

colorless oil, yield : 86%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.25 (s, 1H), 

7.76-7.79 (m, 2H), 7.08-7.12 (m, 2H), 4.40 (s, 2H), 3.77 (s, 3H); 13C NMR (CDCl3, 

TMS, 100 MHz) δ 170.5, 163.9, 130.5, 130.4, 116.2, 115.8. 115.6, 61.7, 64.1. 

 

N COOCH3

NC  
(E)-[(4-Cyano-benzylidene)-amino]-acetic acid methyl ester: 

yellow solid, yield : 94%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.35 (s, 1H), 7.90 (d, 

J = 8.3 Hz, 2H), 7.72 (d, J = 8.2 Hz, 2H), 4.48 (s, 2H), 3.79 (s, 3H); 13C NMR (CDCl3, 

TMS, 100 MHz) δ 170.1, 163.6, 139.2, 132.4, 128.9, 118.4, 114.4, 61.7, 52.3. 

 

N COOCH3

 

(E)-[(Naphthalen-2-ylmethylene)-amino]-acetic acid methyl ester: 

yellow solid, yield : 94%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.36 (s, 1H), 

8.00-8.02 (m, 2H), 7.80-7.86 (m, 2H), 7.47-7.51 (m, 2H), 4.44 (s, 2H), 3.77 (s, 3H); 
13C NMR (CDCl3, TMS, 100 MHz) δ 170.7, 165.5, 134.9, 133.2, 130.0, 128.7, 128.6, 

127.9, 127.5, 126.6, 123.8, 62.1, 52.2. 

 

N COOCH3

 

(E)-[(Naphthalen-1-ylmethylene)-amino]-acetic acid methyl ester: 

light yellow oil, yield : 87%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.87 (d, J = 8.6 Hz, 

1H), 8.83 (s, 1H), 7.81-7.88 (m, 3H), 7.43-7.57 (m, 3H), 4.47 (s, 2H), 3.76 (s, 3H); 



13C NMR (CDCl3, TMS, 100 MHz) δ 170.7, 165.1, 133.8, 131.7, 131.3, 131.0, 129.4, 

128.7, 127.4, 126.2, 125.2, 124.3, 62.7, 52.2. 

 

N

N COOCH3

 
(E)-[(Pyridin-3-ylmethylene)-amino]-acetic acid methyl ester: 

light yellow oil, yield : 90%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.90 (s, 1H), 8.66 

(d, J = 4.8 Hz, 1H), 8.35 (s, 1H), 8.15-8.18 (d, J = 8.0 Hz, 1H), 7.35-7.38 (m, 1H), 

4.46 (s, 2H), 3.77 (s, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 170.1, 162.6, 151.9, 

150.3, 134.6, 131.0, 123.6, 61.7, 52.0. 

 

N COOCH3

 

(E)-(Cyclohexylmethylene-amino)-acetic acid methyl ester: 

light yellow oil, yield : 83%; 1H NMR (CDCl3, TMS, 400 MHz) δ 7.54 (s, 1H), 4.16 

(s, 2H), 3.74 (s, 3H),2.19-2.27 (m, 1H), 1.65-1.88 (m, 5H), 1.18-1.35 (m, 5H); 13C 

NMR (CDCl3, TMS, 100 MHz) δ 173.8, 170.7, 61.7, 51.9, 43.5, 29.3, 25.8, 25.2. 

 

Cl

N COOCH3

 
(E)-[(2-Chloro-benzylidene)-amino]-acetic acid methyl ester: 

light yellow oil, yield : 90%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.72 (s, 1H), 8.09 

(d, J = 7.4 Hz, 1H), 7.29-7.36 (m, 3H), 4.46 (s, 2H), 3.77 (s, 3H); 13C NMR (CDCl3, 

TMS, 100 MHz) δ 170.3, 162.1, 135.4, 132.5, 132.1, 129.8, 128.6, 127.0, 62.0, 52.2. 

 

N COOCH3

 
(E)-[(2-Methyl-benzylidene)-amino]-acetic acid methyl ester: 

light yellow solid, 95%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.55 (s, 1H), 7.91 (d, J 

= 7.6 Hz, 1H), 7.26-7.31 (m, 1H), 7.19-7.23 (m, 1H), 7.15 (d, J = 7.5 Hz, 1H), 4.40 (s, 

2H), 3.74 (s, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 170.7, 164.0, 138.0, 133.6, 

130.8, 127.7, 126.2, 62.4, 52.1,19.3. 



N COOCH3

 

(E)-2-(Benzylidene-amino)-propionic acid methyl ester: 

light yellow oil, yield : 87%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.31 (s, 1H), 

7.76-7.79 (m, 2H), 7.39-7.44 (m, 3H), 4.16 (q, J = 6.8 Hz, 1H), 3.74 (s, 3H), 1.53 (d, 

J = 6.9 Hz, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 173.0, 163.0, 131.1, 129.7, 

129.0, 128.6, 128.5, 68.0, 52.2, 19.5. 

 

N COOCH3

H3CO  

(E)-2-[(4-Methoxy-benzylidene)-amino]-propionic acid methyl ester: 

light yellow oil, yield : 87%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.23 (s, 1H), 7.72 

(d, J = 8.8 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 4.12 (q, J = 6.8 Hz, 1H), 3.82 (s, 3H), 

3.73 (s, 3H), 1.51 (d, J = 6.8 Hz, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 173.2, 

162.3, 162.0, 130.1, 129.0, 113.9, 65.0, 55.3, 53.2, 19.6. 

 

N COOCH3

Cl  

(E)-2-[(4-Chloro-benzylidene)-amino]-propionic acid methyl ester: 

light yellow oil, yield : 81%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.27 (s, 1H), 7.71 

(d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 4.16 (q, J = 6.8 Hz, 1H), 3.74 (s, 3H), 

1.52 (d, J = 6.8 Hz, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 172.8, 161.6, 137.0, 

134.1, 130.9, 128.9, 67.9, 52.2, 19.4. 

 

N COOCH3

Br  

(E)-[(4-Bromo-benzylidene)-amino]-phenyl-acetic acid methyl ester: 

white solid, yield : 81%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.27 (s, 1H), 7.68 (d, J 



= 8.4 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.49-7.52 (m, 2H), 7.24-7.39 (m, 3H), 5.19 (s, 

1H), 3.73 (s, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 171.4, 162.6, 137.9, 134.5, 

131.9, 130.1, 128.8, 128.3, 127.9, 125.8, 76.4, 52.6. 

 

N COOCH3

 

(E)-2-(Benzylidene-amino)-4-methyl-pentanoic acid methyl ester: 

light yellow oil, yield : 91%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.28 (s, 1H), 

7.77-7.79 (m, 2H), 7.40-7.42 (m, 3H), 7.49-7.52 (m, 2H), 4.09 (t, J = 3.0 Hz, 1H), 

3.73 (s, 3H), 1.82-1.88 (m, 2H), 1.55-1.59 (m, 1H), 0.95 (d, J = 6.4 Hz, 3H), 0.90 (d, 

J = 6.2 Hz, 3H); 13C NMR (CDCl3, TMS, 100 MHz) δ 172.9, 163.1, 135.6, 131.1, 

128.6, 128.5, 71.6, 42.0, 24.4, 23.1, 21.4. 

 

N COOCH3

 

(E)-2-(Benzylidene-amino)-3-phenyl-propionic acid methyl ester: 

white solid, yield : 96%; 1H NMR (CDCl3, TMS, 400 MHz) δ 7.89 (s, 1H), 7.66-7.68 

(m, 2H), 7.35-7.40 (m, 3H), 7.14-7.24 (m, 5H), 4.17 (dd, J = 5.0, 5.0 Hz, 1H), 3.72 (s, 

3H), 3.37 (dd, J = 5.0, 5.0 Hz, 1H), 3.14 (dd, J = 8.9, 8.9 Hz, 1H); 13C NMR (CDCl3, 

TMS, 100 MHz) δ 172.2, 164.0, 137.4, 135.5, 131.2, 129.8, 128.6, 128.5, 128.4, 

126.6, 75.1, 52.3, 39.8. 

 

N COOCH3

NH

 

(E)-2-(Benzylidene-amino)-3-(1H-indol-3-yl)-propionic acid methyl ester: 

brown oil, yield : 95%; 1H NMR (CDCl3, TMS, 400 MHz) δ 8.62 (br, 1H), 7.82 (s, 



1H), 7.61-7.66 (m, 2H), 7.26-7.36 (m, 4H), 7.09-7.15 (m, 2H), 6.85 (s, 1H), 4.25 (dd, 

J = 4.9, 4.9 Hz, 1H), 3.72 (s, 3H), 3.45 (dd, J = 4.8, 4.8 Hz, 1H), 3.22 (dd, J = 8.6, 8.7 

Hz, 1H); 13C NMR (CDCl3, TMS, 100 MHz) δ 172.8, 163.7, 136.2, 135.6, 131.1, 

128.55, 128.52, 127.3, 123.8, 121.9, 119.3, 118.7, 111.3, 110.9, 73.8, 46.1, 29.7. 

 

Screening Studies of the Asymmetric Cu-Catalyzed 1,3-Dipolar Cycloaddition of 

Azomethine Ylide 3a with Dimethyl Maleate 2a 

 

p-ClC6H4

N

COOCH3

MeO2C

MeO2C

+

p-ClC6H4 N
H

H3COOC COOCH3

COOCH3

Cu /L (3 mol%)

Et3N (15 mol%)

2a 3a

1
2
3

8

Entry yield ee

77

93 82
92 77
90 79

5

a All of the reaction was carried out with 0.33 mmol of 2a and 0.40 mmol
of 3a in 2 mL of solvent. b CuClO4 = Cu(CH3CN)4ClO4; CuBF4 =
Cu(CH3CN)4BF4.

c  Isolated yield. d Determined by chiral HPLC analysis.
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General Procedure for Asymmetric 1,3-Dipolar Cycloaddition of Azomethine 

Ylides Catalyzed by CuI/TF-BiphamPhos 1e Complex  

Under argon atmosphere the solution of ligand (S)-TF-BiphamPhos 1e（8.0 mg, 

0.01 mmol) and Cu(CH3CN)4BF4 (3.1 mg, 0.01 mmol) was stirred at room 

temperature for about 1h. After it was cooled to the indicated temperature, imine 

substrate (0.40 mmol) was added as a solution in 0.5 mL CH2Cl2 followed by Et3N 

(0.06 mmol) and dimethyl maleate (0.33 mmol). 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 endo/exo ratio, and then the residue was purified by column chromatography to 

give the corresponding cycloaddition product, which was then directly analyzed by 

chiral HPLC or chiral GC to determine the enantiomeric excess.  

 

(2R,3S,4R,5S)-trimethyl 5-(4-chlorophenyl)pyrrolidine-2,3,4-tricarboxylate (4a) 

(table 2, entry 1) 

N
H

H3COOC
COOCH3

COOCH3

Cl  

White solid, yield: 97%; [α] 25
D = -53.5 (c 0.80, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) 1H NMR (CDCl3, TMS, 300 MHz) δ 7.30 (s, 4H), 4.45 (d, J = 5.1 Hz, 1H), 

4.15 (d, J = 8.1 Hz, 1H), 3.80 (s, 3H), 3.69-3.75 (m, 1H), 3.69 (s, 3H), 3.55-3.60 (m, 

1H), 3.28 (s, 3H), 3.06 (br, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 171.2, 171.0, 

136.1, 133.7, 128.7, 128.4, 64.8, 62.3, 52.7, 52.4, 51.7, 51.1; >99% ee, HPLC 

(Chiralpak AS-H column, i-PrOH/hexane 50/50, detector: 205 nm, 0.8 mL/min, tr = 

10.23 and 16.04 min). 

 

(2R,3S,4R,5S)-trimethyl 5-p-tolylpyrrolidine-2,3,4-tricarboxylate (4b) (table 2, 

entry 2) 

N
H

H3COOC
COOCH3

COOCH3

 

White solid, yield:97%; [α] 25
D = -69.8 (c 0.69, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.22 (d, J = 7.5 Hz, 2H), 7.12 (d, J = 8.1 Hz, 2H), 4.44 (d, J = 6.6 Hz, 1H) 

3.80 (s, 3H), 3.69-3.74 (m, 1H), 3.69 (s, 3H), 3.52-3.57 (m, 1H), 3.26 (s, 3H), 2.31 (s, 

3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 171.4, 171.2, 171.1, 137.6, 134.2, 129.2, 

126.8, 65.5, 62.4, 52.7, 52.3, 51.6, 51.3, 21.3; >99% ee, HPLC (Chiralpak AS-H 

column, i-PrOH/hexane 50/50, detector: 205 nm, 1.0 mL/min, tr = 6.00 and 14.47 



min). 

 

(2R,3S,4R,5S)-trimethyl 5-o-tolylpyrrolidine-2,3,4-tricarboxylate (4c) (table 2, 

entry 3) 

N
H

H3COOC
COOCH3

COOCH3

 

Colorless oil, yield : 98%; [α] 25
D = -74.2 (c 1.0, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.36-7.39 (m, 1H), 7.14-7.18 (m, 3H), 4.61 (d, J = 6.6 Hz, 1H), 4.11 (d, J = 

8.7 Hz, 1H), 3.83 (s, 3H), 3.71-3.77 (m, 1H), 3.67 (s, 3H), 3.64-3.69 (m, 1H), 3.12 (s, 

3H), 2.34 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 171.5, 171.0, 135.8, 135.1, 

130.4, 127.8, 126.2, 62.2, 61.9, 52.6, 52.3, 51.6, 51.4, 51.0; >99% ee, HPLC 

(Chiralpak AS-H column, i-PrOH/hexane 50/50, detector: 205 nm, 0.8 mL/min, tr = 

7.74 and 20.69 min). 

 

(2R,3S,4R,5S)-trimethyl 5-(4-methoxyphenyl)pyrrolidine-2,3,4-tricarboxylate (4d) 

(table 2, entry 4) 

N
H

H3COOC
COOCH3

COOCH3

MeO  

White solid, yield: 98%; [α] 25
D = -68.0 (c 0.87, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.26 (d, J = 8.7 Hz, 2H), 6.85 (d, J = 8.1 Hz, 2H), 4.44 (d, J = 7.2 Hz, 1H), 

4.14 (d, J = 8.7 Hz, 1H), 3.80 (s, 3H), 3.78 (s, 3H), 3.68-3.73 (m, 1H), 3.69 (s, 3H), 

3.52-3.56 (m, 1H), 3.27 (s, 3H), 3.06 (br, 1H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

171.3, 171.2, 159.3, 129.3, 128.2, 113.9, 65.1, 65.5, 62.4, 55.4, 52.8, 52.6, 52.3, 51.6, 

51.1; >99% ee, HPLC (Chiralpak AS-H column, i-PrOH/hexane 50/50, detector: 205 

nm, 0.8 mL/min, tr = 10.65 and 21.68 min). 

 

(2R,3S,4R,5S)-trimethyl 5-phenylpyrrolidine-2,3,4-tricarboxylate (4e) (table 2, 

entry 5) 



N
H

H3COOC
COOCH3

COOCH3

 

White solid, yield: 93%; [α] 25
D = -68.2 (c 0.52, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.27-7.34 (m, 5H), 4.49 (d, J = 6.6 Hz, 1H), 4.17 (d, J = 8.7 Hz, 1H) 3.82 (s, 

3H), 3.70-3.75 (m, 1H), 3.70 (s, 3H), 3.55-3.60 (m, 1H), 3.24 (s, 3H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 171.3, 171.1, 171.0, 137.3, 128.5, 128.0, 126.9, 65.6, 62.4, 

52.7, 52.6, 52.3, 51.7, 51.2; >99% ee, HPLC (Chiralpak AS-H column, 

i-PrOH/hexane 50/50, detector: 205 nm, 0.8 mL/min, tr = 7.98 and 17.66 min). 

 

(2R,3S,4R,5S)-trimethyl 5-(2-chlorophenyl)pyrrolidine-2,3,4-tricarboxylate (4f) 

(table 2, entry 6) 

N
H

H3COOC
COOCH3

COOCH3

Cl  

Colorless oil, yield: 98%; [α] 25
D = -44.1 (c 0.43, CHCl3); 1H NMR (CDCl3, TMS, 

300 MHz) δ 7.48-7.51 (m, 1H), 7.34-7.37 (m, 1H), 7.22-7.28 (m, 2H), 4.75 (d, J = 6.6 

Hz, 1H), 4.14 (d, J = 8.7 Hz, 1H), 3.86-3.91 (m, 1H), 3.83 (s, 3H), 3.75-3.80 (m, 1H), 

3.66 (s, 3H), 3.18 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 171.4, 170.9,  170.7, 

134.8, 133.4, 129.4, 129.1, 127.6, 127.0, 62.1, 61.4, 52.6, 52.3, 51.5, 51.0, 50.3; 

>99% ee, HPLC (Chiralpak AS-H column, i-PrOH/hexane 50/50, detector: 205 nm, 

0.8 mL/min, tr = 9.34 and 19.99 min). 

 

(2R,3S,4R,5S)-trimethyl 5-(4-fluorophenyl)pyrrolidine-2,3,4-tricarboxylate (4g) 

(table 2, entry 7) 

N
H

H3COOC
COOCH3

COOCH3

F  

White solid , yield :97%; [α] 25
D = -66.0 (c 0.86, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.31-7.36 (m, 2H), 6.99-7.04 (m, 2H), 4.47 (d, J = 5.4 Hz, 1H), 4.15 (d, J = 

9.0 Hz, 1H), 3.81 (s, 3H), 3.70-3.74 (m, 1H), 3.70 (s, 3H), 3.54-3.59 (m, 1H), 3.27 (s, 



3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 171.2, 171.1, 164.1, 160.8, 133.3, 128.8, 

128.7, 115.6, 115.3, 64.9, 62.4, 52.7, 52.4, 51.7, 51.0; >99% ee, HPLC (Chiralpak 

AS-H column, i-PrOH/hexane 50/50, detector: 205 nm, 0.8 mL/min, tr = 8.93 and 

14.81 min). 

 

(2R,3S,4R,5S)-trimethyl 5-(4-cyanophenyl)pyrrolidine-2,3,4-tricarboxylate (4h) 

(table 2, entry 8) 

N
H

H3COOC
COOCH3

COOCH3

NC  

Colorless solid, yield: 96%; [α] 25
D = -62.5 (c 0.80, CHCl3); 1H NMR (CDCl3, TMS, 

300 MHz) δ 7.63 (d, J = 8.1 Hz, 2H), 7.51 (d, J = 7.8 Hz, 2H), 4.54 (d, J = 6.3 Hz, 

1H), 4.18 (d, J = 8.7 Hz, 1H), 3.80 (s, 3H), 3.73-3.79 (m, 1H), 3.69 (s, 3H), 3.61-3.67 

(m, 1H), 3.27 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 171.0, 170.8, 170.6, 

143.3, 132.2, 128.0, 118.8, 111.7, 64.8, 62.2, 52.7, 52.5, 52.2, 51.8, 51.0; >99% ee, 

HPLC (Chiralpak AD-H column, i-PrOH/hexane 50/50, detector: 205 nm, 0.8 

mL/min, tr = 25.71 min). 

 

(2R,3S,4R,5S)-trimethyl 5-(1-naphthyl)pyrrolidine-2,3,4-tricarboxylate (4i) (table 

2, entry 9) 

N
H

H3COOC COOCH3

COOCH3

 

White solid, yield：98%；[α] 25
D = -168.0 (c 0.84, CHCl3); 1H NMR (CDCl3, TMS, 

300 MHz) δ 7.93 (d, J = 8.1 Hz, 1H), 7.85 (d, J = 7.2 Hz, 1H), 7.76 (d, J = 8.1 Hz, 

1H), 7.61 (d, J = 7.2 Hz, 1H), 7.41-7.51 (m, 3H), 5.17 (d, J = 3.6 Hz, 1H), 4.22 (d, J = 

5.1 Hz, 1H), 3.85-3.87 (m, 2H), 3.85 (s, 3H), 3.38 (br, 1H), 2.93 (s, 3H); 13C NMR 

(CDCl3, TMS, 75 MHz) δ 171.6, 171.0, 170.8, 133.7, 132.6, 131.2, 129.2, 128.6, 

126.5, 125.8, 125.4, 123.4, 122.8, 61.5, 52.7, 52.3, 52.2, 51.3; >99％ ee, HPLC 

(Chiralpak AS-H column, i-PrOH/hexane 50/50, detector: 205 nm, 0.8 mL/min, tr = 



13.73 and 31.14 min). 

 

(2R,3S,4R,5S)-trimethyl 5-(2-naphthyl)pyrrolidine-2,3,4-tricarboxylate (4j) (table 

2, entry 10) 

N
H

H3COOC COOCH3

COOCH3

 

White solid, yield:98%; [α] 25
D = -66.6 (c 0.62, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.78-7.83 (m, 4H), 7.41-7.48 (m, 3H), 7.76 (d, J = 8.1 Hz, 1H), 4.62 (d, J = 

6.6 Hz, 1H), 4.22 (d, J = 9.0 Hz, 1H), 3.83 (s, 3H), 3.75-3.81 (m, 1H), 3.70 (s, 3H), 

3.65-3.70 (m, 1H), 3.15 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 171.4, 171.2, 

171.0, 134.7, 133.4, 128.3, 128.2, 127.8, 126.4, 126.3, 125.7, 125.0, 65.7, 62.3, 52.7, 

52.4, 51.9, 51.4; >99% ee, HPLC (Chiralpak AS-H column, i-PrOH/hexane 50/50, 

detector: 205 nm, 0.8 mL/min, tr = 10.51 and 25.52 min). 

 

(2R,3S,4R,5S)-trimethyl 5-(pyridin-3-yl)pyrrolidine-2,3,4-tricarboxylate (4k) 

(table 2, entry 11) 

N
H

H3COOC COOCH3

COOCH3

N  

Yellow solid, yield:85%; [α] 25
D = -52.1 (c 0.68, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 8.59 (s, 1H), 8.51 (d, J = 3.6 Hz, 3H), 7.78 (d, J = 8.1 Hz, 1H), 7.26-7.30 (m, 

1H), 4.53 (d, J = 7.2 Hz, 1H), 4.18 (d, J = 8.7 Hz, 1H), 3.80 (s, 3H), 3.73-3.79 (m, 

1H), 3.62-3.67 (m, 1H), 3.27 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 171.0, 

170.9, 171.8, 149.2, 149.0, 134.5, 133.4, 62.9, 52.6, 52.3, 51.7, 50.9; 98% ee, HPLC 

(Chiralpak AS-H column, i-PrOH/hexane 50/50, detector: 205 nm, 0.8 mL/min, tr = 

11.11 and 12.99 min). 

 

(2R,3S,4R,5R)-trimethyl 5-cyclohexylpyrrolidine-2,3,4-tricarboxylate (4l) (table 2, 

entry 12) 



N
H

H3COOC COOCH3

COOCH3

 

White solid, yield:41%; [α] 25
D = -3.2 (c 0.64, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 4.07 (d, J = 9.3 Hz, 2H), 3.76 (s, 3H), 3.69 (s, 3H), 3.67 (s, 3H), 3.55 (dd, J = 

10.5, 7.2 Hz,1H), 3.19 (m, 1H), 2.81 (m, 2H), 2.07 (m, 1H), 1.68-1.80 (m, 4H), 

0.95-1.39 (m, 6H); 13C NMR (CDCl3, TMS, 75 MHz) δ 172.3, 171.4, 170.8, 68.9, 

61.5, 52.5, 52.2, 52.0, 51.7, 49.0, 39.3, 31.7, 31.1, 26.4, 26.0, 25.8; 97% ee, Chiral 

GC: Chiral seleet 1000, 30 m x 0.25 mm, column temperature: 200 oC, carrier gas: N2, 

1 mL/min, tr = 47.22 and 48.70 min. 

 

(2R,3S,4R,5S)-trimethyl 2-methyl-5-phenylpyrrolidine-2,3,4-tricarboxylate (4m) 

(table 3, entry 1) 

N
H

H3COOC COOCH3

COOCH3

 

Colorless oil, yield: 95%; [α] 25
D = -95.7 (c 1.39, CHCl3); 1H NMR (CDCl3, TMS, 

300 MHz) δ 7.25-7.35 (m, 5H), 4.61 (d, J = 6.0 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H), 

3.67 (d, J = 10.2 Hz, 1H), 3.46 (m, 1H), 3.27 (s, 3H), 1.69 (s, 3H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 174.1, 170.8, 137.1, 128.0, 127.4, 126.4, 68.2, 63.3, 57.5, 52.7, 

52.3, 51.7, 50.9, 28.1; >99% ee, HPLC (Chiralpak OD-H column, i-PrOH/hexane 

15/85, detector: 210 nm, 0.8 mL/min, tr = 20.56 and 23.68 min). HRMS Calcd. for 

C17H21NO6: 335.1369, found: 335.1368. 

 

(2R,3S,4R,5S)-trimethyl 5-(4-methoxyphenyl)-2-methylpyrrolidine-2,3,4-tricarb 

-oxylate (4n) (table 3, entry 2) 

N
H

H3COOC COOCH3

COOCH3

H3CO  

Colorless oil, yield:72%; [α] 25
D = -17.9 (c 0.68, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.26 (d, J = 8.7 Hz, 2H), 6.83 (d, J = 8.7 Hz, 2H), 4.55 (d, J = 5.7 Hz, 1H), 



3.78 (s, 3H), 3.76 (s, 3H), 3.74 (s, 3H), 3.42 (m, 1H), 3.29 (s, 3H), 3.27 (d, J = 9.6 Hz, 

1H), 1.66 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 174.2, 170.9, 158.8, 129.1, 

127.7, 113.4, 68.3, 62.9 57.4, 54.9, 52.8, 52.3, 51.7, 51.0, 28.1; >99% ee, HPLC 

(Chiralpak OD-H column, i-PrOH/hexane 15/85, detector: 210 nm, 0.8 mL/min, tr = 

15.30 min). HRMS Calcd. for C18H23NO7: 365.1475, found: 365.1473. 

 

(2R,3S,4R,5S)-trimethyl 5-(4-chlorophenyl)-2-methylpyrrolidine-2,3,4- tricarbox- 

ylate (4o) (table 3, entry 3) 

N
H

H3COOC COOCH3

COOCH3

Cl  

colorless solid,92% yield; [α] 25
D = -30.4 (c 0.30, CHCl3); 1H NMR (CDCl3, TMS, 

300 MHz) δ 7.29 (m, 4H), 4.58 (d, J = 6.0 Hz, 1H), 3.79 (s,3H), 3.75 (s, 3H), 3.46 (m, 

1H), 3.30 (s, 3H), 3.26-3.30 (m, 1H), 1.67 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) 

δ 174.1, 170.8, 170.7, 136.0, 133.3, 128.3, 128.2, 128.1, 128.0, 68.4, 62.8, 57.6, 52.6, 

52.5, 51.9, 51.2, 28.1; >99% ee, HPLC (Chiralpak OD-H column, i-PrOH/hexane 

15/85, detector: 210 nm, 0.8 mL/min, tr = 17.46 min). HRMS Calcd. for C17H20ClNO6: 

369.0979, found: 369.0982. 

N
H

H3COOC COOCH3

COOCH3

Ph

Br  
 

(2S,3S,4R,5S)-trimethyl 5-(4-bromophenyl)-2-phenylpyrrolidine-2,3,4- tricarbox- 

ylate (4p) (table 3, entry 4) 

Colorless solid, yield: 87%; [α] 25
D = -17.8 (c 0.57, CHCl3); 1H NMR (CDCl3, TMS, 

300 MHz) δ 7.83 (d, J = 8.1 Hz, 2H), 7.31-7.47 (m, J = 8.1 Hz, 7H), 4.46 (br, 1H), 

3.91 (d, J = 8.1 Hz, 1H), 3.82 (s, 3H), 3.70 (s, 3H), 3.46 (dd, J = 8.1, J = 8.7 Hz, 1H), 

3.20 (s, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 173.0, 171.3, 170.5, 139.2, 136.9, 

131.3, 129.4, 128.6, 128.2, 126.4, 121.7, 75.9, 63.1, 57.0, 53.2, 52.8, 52.3, 51.4; 

>99% ee, HPLC (Chiralpak OJ-H column, i-PrOH/hexane 30/70, detector: 210 nm, 



0.8 mL/min, tr = 15.30 min). HRMS Calcd. for C22H22BrNO6: 475.0630, found: 

475.0634. 

 

(2R,3S,4R,5S)-trimethyl 2-benzyl-5-phenylpyrrolidine-2,3,4-tricarboxylate (4q) 

(table 3, entry 5) 

N
H

H3COOC COOCH3

COOCH3

Bn

 

Colorless oil, yield:90%; [α] 25
D = -43.0 (c 0.49, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.32-7.46 (m, 2H), 7.23-7.30 (m, 2H), 4.06 (d, J = 5.7 Hz, 1H), 3.83 (s, 3H), 

3.76 (s, 3H), 3.23-3.33 (m, 1H), 3.23 (s, 3H), 3.17-3.21 (m, 1H), 3.20 (s, 2H); 13C 

NMR (CDCl3, TMS, 75 MHz) δ 173.98, 171.38, 170.75, 137.42, 135.90, 131.17, 

131.00, 130.97, 130.92, 128.48, 128.43, 128.31, 128.25, 128.20, 128.17, 128.14, 

127.97, 127.77, 127.60, 126.94, 126.88, 126.74, 126.48, 126.45, 126.42, 126.36, 

72.39, 63.74, 57.42, 54.09, 53.41, 52.52, 52.40, 52.15, 52.06, 51.09, 44.85; 99% 

ee,HPLC (Chiralpak OD-H column, i-PrOH/hexane 15/85, detector: 210 nm, 0.8 

mL/min, tr = 9.16 min and 13.38 min). HRMS Calcd. for C23H25NO6: 411.1682, found: 

411.1681. 

 

(2R,3S,4R,5S)-trimethyl 2-isobutyl-5-phenylpyrrolidine-2,3,4-tricarboxylate (4r) 

(table 3, entry 6) 

N
H

H3COOC COOCH3

COOCH3

iBu

 

Colorless oil, yield: 89%; [α] 25
D = +23.0 (c 0.13, CHCl3); 1H NMR (CDCl3, TMS, 

300 MHz) δ 7.25-7.37 (m, 5H), 4.52 (d, J = 6.0 Hz, 2H), 3.77 (s, 3H), 3.74 (s, 3H), 

3.68-3.72 (m, 1H), 3.43 (m, 1H), 3.25 (s, 3H), 2.07-2.13 (dd, J = 5.7, J = 6.0 Hz, 1H), 

1.77-1.81 (m, 1H), 1.60-1.67 (m, 1H),1.02 (d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 

2H); 13C NMR (CDCl3, TMS, 75 MHz) δ 173.8, 171.3, 171.0, 137.6, 128.3, 127.6, 

126.8, 72.4, 64.0, 58.2, 52.8, 52.3, 52.0, 51.1, 48.9, 25.3, 24.3, 23.5; 98% ee,HPLC 



(Chiralpak OD-H column, i-PrOH/hexane 15/85, detector: 210 nm, 0.8 mL/min, tr = 

7.73 min and 11.93 min). HRMS Calcd. for C20H27NO6: 377.1838, found: 377.1839. 

 

(2R,3S,4R,5S)-trimethyl 2-((1H-indol-3-yl)methyl)-5-phenylpyrrolidine-2,3,4- 

tricarboxylate (4s) (table 3, entry 7) 

N
H

H3COOC COOCH3

COOCH3

E

E = 3-indolymethyl  

white solid, yield: 80%; [α] 25
D = -60.0 (c 0.11, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 8.17 (s, 1H), 7.87 (d, J = 8.1 Hz, 1H), 7.12-7.38 (m, 9H), 4.08 (d, J = 5.1 Hz, 

1H), 3.86 (s, 3H), 3.77 (s, 3H), 3.55 (br, 1H), 3.44 (d, J = 6.6 Hz, 1H), 3.43 (dd, J = 

14.1, 11.7Hz, 2H), 3.29 (s, 3H), 3.16 (dd, J = 6.0, 5.7Hz, 1H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 174.6, 171.7, 171.1, 137.7, 135.8, 128.5, 128.2, 127.5, 126.4, 

125.0, 121.8, 119.5, 111.0, 109.7, 72.5, 63.8, 54.1, 52.7, 52.3, 52.1, 51.1, 35.1; 97%ee, 

(Chiralpak OD-H column, i-PrOH/hexane 15/85, detector: 210 nm, 0.8 mL/min, tr = 

25.79 min and 41.75 min). HRMS Calcd. for C23H25NO6: 450.1791, found: 450.1792. 

 

(2R,3S,4R)-2-ethyl 3,4-dimethyl 5,5-diphenylpyrrolidine-2,3,4-tricarboxylate (4t) 

(table 3, entry 8) 

Ph

Ph N
H

H3COOC COOCH3

COOEt
 

Colorless oil, yield: 75%; [α] 25
D = +7.0 (c 0.05, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.60 (d, J = 6.9 Hz, 2H), 7.15-7.45 (m, 8H), 4.30 (d, J = 3.3 Hz, 1H), 

4.12-4.26 (m, 2H), 3.72 (s, 3H), 3.63 (s, 3H), 3.34-3.54 (m, 1H), 2.81-2.90 (m, 1H), 

2.52-2.59 (m, 1H), 1.26 (t, J = 7.8 Hz, 3H); 13C NMR (CDCl3, TMS, 75 MHz) δ 

172.3, 172.1 170.1, 138.9, 135.8, 130.6, 129.0, 128.9, 128.5, 128.0, 127.5, 65.6, 61.3, 

52.0, 51.7, 44.8, 32.5, 14.1; 97% ee, (Chiralpak OD-H column, i-PrOH/hexane 15/85, 

detector: 210 nm, 0.8 mL/min, tr = 8.95 min and 10.35 min). 

 



(2R,4R,5S)-dimethyl 5-phenylpyrrolidine-2,4-dicarboxylate (4u) (table 3, entry 9) 

N
H

H3COOC

COOCH3

 

white solid, yield: 90%;[α] 25
D = -9.0 (c 0.57, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.26-7.33 (m, 5H), 4.55 (d, J = 7.5 Hz, 1H), 4.00 (t, J = 6.3 Hz, 1H), 3.83 (s, 

3H), 3.32 (q, J = 7.2 Hz, 1H), 3.22 (s, 3H), 2.43 (dd, J = 7.2 and 7.5 Hz, 2H); 13C 

NMR (CDCl3, TMS, 75 MHz) δ 173.5, 172.8, 138.7, 128.0, 127.4, 126.5, 65.5, 59.6, 

52.0, 51.0, 49.4, 33.0; 97% ee, HPLC (Chiralpak AS-H column, i-PrOH/hexane 50/50, 

detector: 210 nm, 1.0 mL/min, tr = 12.93 and 20.83 min). 

 

(2R,4R,5S)-4-butyl 2-methyl 5-phenylpyrrolidine-2,4-dicarboxylate (4v) (table 3, 

entry 10) 

N
H

COOCH3

O

O

 

Colorless solid, yield: 94%, [α] 25
D = -45.6 (c 0.44, CHCl3); 1H NMR (CDCl3, TMS, 

300 MHz) δ 7.23-7.37 (m, 5H), 4.47 (d, J = 8.1 Hz, 1H), 3.95 (t, J = 8.1Hz, 1H), 3.81 

(s, 3H), 3.26 (q, J = 7.2Hz, 1H), 2.31-2.45 (m, 2H), 1.02 (s, 9H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 173.7, 171.8, 139.2, 128.1, 127.3, 127.2, 80.6, 65.6, 59.9, 52.2, 

50.2, 34.2, 27.5; 97% ee, HPLC (Chiralpak AS-H column, i-PrOH/hexane 50/50, 

detector: 210 nm, 1.0 mL/min, tr = 7.12 and 10.76 min). 

 

(2R,3R,4R,5S)-trimethyl 5-phenylpyrrolidine-2,3,4-tricarboxylate (4w) 

N
H

H3COOC

COOCH3

COOCH3

 

yellow oil, yield: 95%; [α] 25
D = -31.9 (c 0.38, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.26-7.31 (m, 5H), 4.67 (d, J = 8.1 Hz, 1H), 4.22 (d, J = 7.2 Hz, 1H), 3.85 (s, 



3H), 3.78 (s, 3H), 3.55-3.76 (m, 2H), 3.21 (s, 3H), 2.66 (br, 1H); 13C NMR (CDCl3, 

TMS, 75 MHz) δ 172.5, 171.9, 171.5, 137.8, 128.2, 127.8, 126.7, 65.2, 63.1, 53.6, 

52.5, 51.5, 50.5; d.r. = 86:14, 90% ee, HPLC (Chiralpak OD-H column, i-PrOH/ 

hexane 30/70, detector: 210 nm, 0.8 mL/min, tr = 18.33 and 28.73 min). 

 

(1R,3S,3aR,6aS)-methyl 5-methyl-4,6-dioxo-3-phenyl-octahydro-pyrrolo[3,4-c] 

pyrrole-1-carboxylate (4x)  

N
H

N

COOCH3

O
O

 

white solid, yield: 85%;[α] 25
D = -34.3 (c 0.80, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.34-7.35 (m, 5H), 4.50 (d, J = 8.7 Hz, 1H), 4.06 (d, J = 6.6 Hz, 1H), 3.89 (s, 

3H), 3.59 (dd, J = 6.9, 6.9 Hz, 1H), 3.44 (dd, J = 7.8, 7.8 Hz, 1H), 2.88 (s, 3H), 2.43 

(br, 1H,); 13C NMR (CDCl3, TMS, 75 MHz) δ 176.0, 174.7, 170.2, 136.6, 128.4, 

128.3, 127.0, 64.0, 61.6, 52.3, 49.5, 48.2, 25.0; 86% ee, HPLC (Chiralpak AS-H 

column, i-PrOH/hexane 50/50, detector: 220 nm, 1.5 mL/min, tr = 7.15 and 18.50 

min). 

 

(1R,3S,3aR,6aS)-methyl 4,6-dioxo-3,5-diphenyl-octahydro-pyrrolo[3,4-c]pyrrole- 

1-carboxylate (4y)  

N
H

N

COOCH3

O
O

Ph

 

white solid, yield: 95%; [α] 25
D = -59.5 (c 0.72, CHCl3); 1H NMR (CDCl3, TMS, 300 

MHz) δ 7.10-7.26 (m, 8H), 6.90-7.12 (m, 2H), 4.36 (d, J = 8.7 Hz, 1H), 3.93 (d, J = 

6.6 Hz, 1H), 3.66 (s, 3H), 3.48 (dd, J = 7.2, 7.5 Hz, 1H), 3.31 (dd, J = 8.7, 8.7 Hz, 

1H), 2.30 (br, 1H,); 13C NMR (CDCl3, TMS, 75 MHz) δ 175.2, 173.7, 170.2, 136.8, 

131.7, 129.1, 128.5, 127.2, 126.2, 64.2, 61.9, 52.4, 49.4, 48.4; 88% ee, HPLC 

(Chiralpak AS-H column, i-PrOH/hexane 50/50, detector: 220 nm, 1.5 mL/min, tr = 



8.66 and 20.64 min). 
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