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1. General information. 

Reagents were purchased from commercial sources and were used as received unless 

mentioned otherwise. Reactions were monitored by TLC. 
1
H NMR (300 or 400 MHz) and 

13
C 

NMR (75 or 100 MHz) spectra were recorded in CDCl3 and DMSO-d6. 
1
H NMR chemical shifts are 

reported in ppm relative to tetramethylsilane (TMS) with the solvent resonance employed as the 

internal standard (CDCl3 at 7.26 ppm, DMSO-d6 at 2.50 ppm). Data are reported as follows: 

chemical shift, multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet), coupling constants (Hz) and integration. 
13

C NMR chemical shifts are reported in ppm 

from tetramethylsilane (TMS) with the solvent resonance as the internal standard (CDCl3 at 77.20 

ppm, DMSO-d6 at 39.52 ppm). The ee were determined by chiral HPLC analysis. HRMS was 

recorded on Bruker Q TOF. Optical rotations were measured with a Perkin-Elmer-341 polarimeter. 

Melting points were recorded on a Büchi Melting Point B-545. 

2. General procedure for the synthesis of compounds 3 in Table 2 and Table 3. 

Under Ar atmosphere, AgOAc (1.7 mg, 0.01 mmol) and ligand B (7.3 mg, 0.012 mmol) were 

dissolved in toluene (2.0 mL) in a flame dried glass tube, and stirred at room temperature for 30 

min. Then, azomethine ylides 2 (0.15 mmol) and Cs2CO3 (3.25 mg, 0.01mmol) were added, the 

mixture was further stirred at 0 °C for 15 min before the addition of α,β-unsaturated 7-azaindoline 

amides 1 (0.10 mmol). Once starting material 1 was consumed (monitored by TLC), the mixture 

was concentrated and the residue was purified by column chromatography (petroleum ether/ethyl 

acetate 8:1 to 4:1) on silica gel to afford the corresponding product 3. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine- 

1-carbonyl)-5-(4-methoxyphenyl)-3-phenylpyrrolidine-2-carboxylat

e (3aa). White solid; 44.8 mg, 98% yield; >20:1 dr, 96% ee; [α]D
20

 = 

-68.9 (c 1.00, CH2Cl2); mp 163.5-164.9 ºC; The ee was determined by 

HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tmajor = 10.69 min, tminor = 17.24 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.19 (d, J = 

4.4 Hz, 1H), 7.59-7.50 (m, 1H), 7.37-7.25 (m, 4H), 7.23-7.14 (m, 1H), 7.02-6.90 (m, 3H), 6.68 (d, 

J = 8.7 Hz, 2H), 5.26 (t, J = 9.7 Hz, 1H), 4.93 (d, J = 9.5 Hz, 1H), 4.12 (t, J = 10.0 Hz, 1H), 4.01 

(d, J = 10.0 Hz, 1H), 3.67 (s, 3H), 3.64-3.54 (m, 4H), 3.43 (s, 1H), 3.28-3.14 (m, 1H), 2.85-2.69 

(m, 1H), 2.67-2.51 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.4, 168.8, 158.2, 155.0, 145.7, 

140.4, 134.0, 133.8, 128.5, 128.2, 127.9, 126.7, 126.6, 118.3, 112.8, 66.4, 62.2, 57.1, 55.0, 51.7, 

50.1, 45.5, 23.4; HRMS (ESI-TOF) calcd. for C27H28N3O4 [M + H]
+
 458.2074; found: 458.2081. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine- 

1-carbonyl)-5-(4-methoxyphenyl)-3-(o-tolyl)pyrrolidine-2-carboxyla

te (3ba). White solid; 46.2 mg, 98% yield; >20:1 dr, 98% ee; [α]D
20

 = 

-24.2 (c 1.00, CH2Cl2); mp 154.0-155.3 ºC; The ee was determined by 

HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tmajor = 7.35 min, tminor = 13.14 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.24-8.15 (m, 

1H), 7.54 (d, J = 7.3 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H), 7.22-7.13 (m, 1H), 7.13-7.02 (m, 2H), 

7.01-6.89 (m, 3H), 6.68 (d, J = 8.6 Hz, 2H), 5.25 (t, J = 9.7 Hz, 1H), 4.97 (d, J = 9.5 Hz, 1H), 4.42 

(t, J = 10.0 Hz, 1H), 3.98 (d, J = 10.0 Hz, 1H), 3.81-3.63 (m, 4H), 3.63-3.51 (m, 4H), 3.27-3.12 

(m, 1H), 2.84-2.67 (m, 1H), 2.65-2.51 (m, 1H), 2.37 (s, 3H); 
13

C NMR (100 MHz, DMSO-d6) δ 

173.5, 169.1, 158.3, 155.0, 145.7, 138.9, 136.9, 134.0, 133.6, 130.1, 128.2, 126.6, 126.3, 126.2, 

118.3, 112.7, 66.9, 62.3, 58.1, 55.0, 51.8, 45.5, 45.3, 23.4, 19.4; HRMS (ESI-TOF) calcd. for 
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C28H30N3O4 [M + H]
+
 472.2231; found: 472.2225. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine- 

1-carbonyl)-5-(4-methoxyphenyl)-3-(m-tolyl)pyrrolidine-2-carboxyl

ate (3ca). White solid; 46.5 mg, 99% yield; >20:1 dr, 95% ee; [α]D
20

 = 

-73.3 (c 1.00, CH2Cl2); mp 52.0-53.3 ºC; The ee was determined by 

HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ 

= 254 nm, major diastereomer: tmajor = 8.17 min, tminor = 13.93 min); 
1
H NMR (300 MHz, 

DMSO-d6) δ 8.24-8.10 (m, 1H), 7.59-7.46 (m, 1H), 7.21-7.06 (m, 3H), 7.06-6.86 (m, 4H), 6.67 (d, 

J = 8.7 Hz, 2H), 5.22 (t, J = 9.6 Hz, 1H), 4.92 (d, J = 9.4 Hz, 1H), 4.16-3.92 (m, 2H), 3.66 (s, 3H), 

3.62-3.52 (m, 4H), 3.42 (s, 1H), 3.27-3.09 (m, 1H), 2.87-2.67 (m, 1H), 2.68-2.51 (m, 1H), 2.26 (s, 

3H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.4, 168.9, 158.2, 155.0, 145.7, 140.4, 137.4, 134.0, 

133.8, 128.6, 128.4, 128.2, 127.4, 126.6, 125.0, 118.3, 112.7, 66.4, 62.3, 57.1, 55.0, 51.7, 50.1, 

45.5, 23.4, 21.1; HRMS (ESI-TOF) calcd. for C28H30N3O4 [M + H]
+
 472.2231; found: 472.2229. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine- 

1-carbonyl)-5-(4-methoxyphenyl)-3-(p-tolyl)pyrrolidine-2-carboxyla 

te (3da). White solid; 46.2 mg, 98% yield; >20:1 dr, 95% ee; [α]D
20

 = 

-17.6 (c 1.00, CH2Cl2); mp 48.8-49.9 ºC; The ee was determined by 

HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ 

= 254 nm, major diastereomer: tmajor = 7.66 min, tminor = 14.93 min); 
1
H NMR (300 MHz, 

DMSO-d6) δ 8.23-8.15 (m, 1H), 7.60-7.50 (m, 1H), 7.19 (d, J = 8.0 Hz, 2H), 7.08 (d, J = 8.0 Hz, 

2H), 7.02-6.89 (m, 3H), 6.67 (d, J = 8.7 Hz, 2H), 5.22 (t, J = 9.7 Hz, 1H), 4.92 (d, J = 9.5 Hz, 1H), 

4.07 (t, J = 10.0 Hz, 1H), 3.97 (d, J = 10.1 Hz, 1H), 3.66 (s, 3H), 3.64-3.54 (m, 4H), 3.42 (s, 1H), 

3.28-3.14 (m, 1H), 2.85-2.70 (m, 1H), 2.68-2.51 (m, 1H), 2.23 (s, 3H); 
13

C NMR (100 MHz, 

DMSO-d6) δ 173.4, 168.8, 158.2, 155.0, 145.7, 137.3, 135.7, 133.9, 133.8, 129.0, 128.2, 127.7, 

126.5, 118.3, 112.7, 66.3, 62.16, 57.1, 55.0, 51.6, 49.8, 45.5, 23.3, 20.6; HRMS (ESI-TOF) calcd. 

for C28H30 N3O4 [M + H]
+
 472.2231; found: 472.2213. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine- 

1-carbonyl)-3-(2-methoxyphenyl)-5-(4-methoxyphenyl)pyrrolidine-2

-carboxylate (3ea). White solid; 48.1 mg, 99% yield; >20:1 dr, 99% ee; 

[α]D
20

 = -29.8 (c 1.00, CH2Cl2); mp 54.3-56.0 ºC; The ee was 

determined by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tmajor = 8.55 min, tminor = 18.46 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.13 

(d, J = 4.5 Hz, 1H), 7.51 (d, J = 7.3 Hz, 1H), 7.31-7.24 (m, 1H), 7.23-7.15 (m, 1H), 7.03-6.84 (m, 

5H), 6.66 (d, J = 8.6 Hz, 2H), 5.59 (t, J = 8.8 Hz, 1H), 4.80 (d, J = 9.1 Hz, 1H), 4.28 (t, J = 9.0 Hz, 

1H), 3.95 (d, J = 9.5 Hz, 1H), 3.76 (s, 3H), 3.66 (s, 3H), 3.64-3.55 (m, 4H), 3.31-3.12 (m, 2H), 

2.84-2.67 (m, 1H), 2.61-2.45 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.6, 170.2, 158.2, 

157.6, 155.1, 145.5, 133.8, 132.9, 128.5, 128.4, 128.1, 127.9, 126.5, 120.5, 118.1, 112.7, 111.3, 

65.0, 63.2, 55.4, 55.0, 54.3, 51.6, 46.7, 45.5, 23.3; HRMS (ESI-TOF) calcd. for C28H30N3O5 [M + 

H]
+
 488.2180; found: 488.2183. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine- 

1-carbonyl)-3-(3-methoxyphenyl)-5-(4-methoxyphenyl)pyrrolidine-2

-carboxylate (3fa). White solid; 47.8 mg, 98% yield; >20:1 dr, 95% ee; 

[α]D
20

 = -47.2 (c 1.00, CH2Cl2); mp 145.4-147.0 ºC; The ee was 

determined by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 
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1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 8.39 min, tminor = 41.62 min); 
1
H NMR (300 

MHz, DMSO-d6) δ 8.22-8.16 (m, 1H), 7.59-7.51 (m, 1H), 7.21 (t, J = 7.9 Hz, 1H), 7.02-6.87 (m, 

4H), 6.85 (s, 1H), 6.81-6.73 (m, 1H), 6.67 (d, J = 8.6 Hz, 2H), 5.27 (t, J = 9.6 Hz, 1H), 4.91 (d, J 

= 9.5 Hz, 1H), 4.09 (t, J = 9.9 Hz, 1H), 4.00 (d, J = 10.2 Hz, 1H), 3.71 (s, 3H), 3.66 (s, 3H), 

3.65-3.56 (m, 4H), 3.53-3.41 (m, 1H), 3.28-3.15 (m, 1H), 2.85-2.70 (m, 1H), 2.67-2.51 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.3, 168.9, 159.2, 158.2, 155.0, 145.7, 142.0, 134.0, 133.7, 

129.5, 128.2, 126.6, 120.0, 118.3, 114.0, 112.7, 111.7, 66.2, 62.3, 56.8, 55.0, 54.9, 51.7, 50.1, 45.5, 

23.4; HRMS (ESI-TOF) calcd. for C28H30N3O5 [M + H]
+
 488.2180; found: 488.2166. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-3,5-bis(4-methoxyphenyl)pyrrolidine-2-carboxylate (3ga). 

White solid; 48.2 mg, 99% yield; >20:1 dr, 96% ee; [α]D
20

 = -30.9 (c 

1.00, CH2Cl2); mp 45.4-46.8 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 

nm, major diastereomer: tmajor = 10.78min, tminor = 20.55 min); 
1
H NMR (300 MHz, DMSO-d6) δ 

8.15 (d, J = 4.9 Hz, 1H), 7.51 (d, J = 7.4 Hz, 1H), 7.20 (d, J = 8.5 Hz, 2H), 6.98-6.87 (m, 3H), 

6.81 (d, J = 8.4 Hz, 2H), 6.64 (d, J = 8.4 Hz, 2H), 5.16 (t, J = 9.7 Hz, 1H), 4.89 (d, J = 9.5 Hz, 1H), 

4.03 (t, J = 10.0 Hz, 1H), 3.94 (d, J = 10.2 Hz, 1H), 3.66 (s, 3H), 3.63 (s, 3H), 3.61-3.50 (m, 4H), 

3.45-3.35 (m, 1H), 3.24-3.10 (m, 1H), 2.82-2.66 (m, 1H), 2.64-2.48 (m, 1H); 
13

C NMR (100 MHz, 

DMSO-d6) δ 173.3, 168.8, 158.2, 158.0, 155.0, 145.7, 134.0, 133.8, 132.1, 128.9, 128.2, 126.5, 

118.3, 113.9, 112.7, 66.3, 62.1, 57.1, 55.0, 54.9, 51.7, 49.3, 45.5, 23.4; HRMS (ESI-TOF) calcd. 

for C28H30N3O5 [M + H]
+
 488.2180; found: 488.2171. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-3-(2-fluorophenyl)-5-(4-methoxyphenyl)pyrrolidine-2-car

boxylate (3ha). White solid; 47.1 mg, 99% yield; >20:1 dr, 90% ee; 

[α]D
20

 = -54.4 (c 1.00, CH2Cl2); mp 54.2-56.0 ºC; The ee was determined 

by HPLC (Chiralpak IC-H, EtOH /hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tmajor = 6.88 min, tminor = 11.54 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.22-8.14 (m, 

1H), 7.59-7.51 (m, 1H), 7.49-7.39 (m, 1H), 7.31-7.20 (m, 1H), 7.20-7.07 (m, 2H), 7.03-6.91 (m, 

3H), 6.68 (d, J = 8.7 Hz, 2H), 5.41 (t, J = 9.7 Hz, 1H), 4.93 (d, J = 9.4 Hz, 1H), 4.32 (t, J = 10.0 

Hz, 1H), 3.99 (d, J = 10.2 Hz, 1H), 3.66 (s, 3H), 3.64-3.54 (m, 4H), 3.48 (s, 1H), 3.28-3.14 (m, 

1H), 2.85-2.69 (m, 1H), 2.65-2.51 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.1, 168.8, 160.8 

(J = 243.4 Hz, 1C), 158.3, 155.0, 145.7, 134.0, 133.2, 129.7 (J = 4.6 Hz, 1C), 128.7 (J = 8.5 Hz, 

1C), 128.2, 127.0 (J = 13.4 Hz, 1C), 126.6, 124.6 (J = 3.1 Hz, 1C), 118.4, 115.5 (J = 22.2 Hz, 1C), 

112.7, 65.3, 62.3, 55.5, 55.0, 51.8, 45.5, 44.3, 23.4; HRMS (ESI-TOF) calcd. for C27H27FN3O4 [M 

+ H]
+
 476.1980; found: 476.1970. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-3-(4-fluorophenyl)-5-(4-methoxyphenyl)pyrrolidine-2-car

boxylate (3ia). White solid; 47.1 mg, 99% yield; >20:1 dr, 95% ee; 

[α]D
20

 = -33.5 (c 1.00, CH2Cl2); mp 51.7-52.8 ºC; The ee was determined 

by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, 

λ = 254 nm, major diastereomer: tmajor = 8.21 min, tminor = 11.84 min); 
1
H NMR (300 MHz, DMSO) 

δ 8.19 (d, J = 4.4 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.41-7.30 (m, 2H), 7.11 (t, J = 8.8 Hz, 2H), 

7.02-6.89 (m, 3H), 6.68 (d, J = 8.6 Hz, 2H), 5.19 (t, J = 9.7 Hz, 1H), 4.94 (d, J = 9.5 Hz, 1H), 4.10 

(t, J = 10.1 Hz, 1H), 4.02 (d, J = 10.3 Hz, 1H), 3.70-3.53 (m, 8H), 3.27-3.12 (m, 1H), 2.85-2.69 
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(m, 1H), 2.66-2.51 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.3, 168.7, 161.1 (J = 241.0 Hz, 

1C), 158.3, 155.0, 145.7, 136.5, 136.5, 133.9 (J = 23.9 Hz, 1C), 129.8 (J = 8.0 Hz, 1C), 128.3, 

126.6, 118.4, 115.2 (J = 21.0 Hz, 1C), 112.7, 66.2, 62.1, 57.3, 55.0, 51.7, 49.4, 45.5, 23.4; HRMS 

(ESI-TOF) calcd. for C27H27 FN3O4 [M + H]
+
 476.1980; found: 476.1961. 

Methyl (2S,3R,4S,5R)-3-(2-chlorophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-5-(4-methoxyphenyl)pyrrolidine-

2-carboxylate (3ja). White solid; 48.6 mg, 99% yield; >20:1 dr, 88% ee; 

[α]D
20

 = -22.7 (c 1.00, CH2Cl2); mp 45.8-47.2 ºC; The ee was determined 

by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tmajor = 6.78 min, tminor = 11.10 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.18-8.10 (m, 

1H), 7.64-7.55 (m, 1H), 7.55-7.47 (m, 1H), 7.44-7.36 (m, 1H), 7.36-7.29 (m, 1H), 7.28-7.19 (m, 

1H), 7.03-6.90 (m, 3H), 6.67 (d, J = 8.6 Hz, 2H), 5.46 (t, J = 8.9 Hz, 1H), 4.91 (d, J = 9.1 Hz, 1H), 

4.58 (t, J = 9.1 Hz, 1H), 3.96 (d, J = 9.5 Hz, 1H), 3.71-3.53 (m, 7H), 3.32-3.09 (m, 2H), 2.83-2.67 

(m, 1H), 2.61-2.51 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.1, 169.2, 158.4, 154.9, 145.6, 

138.2, 133.9 (2C), 132.7, 129.5, 128.9, 128.3, 128.1, 127.6, 126.5, 118.3, 112.8, 66.2, 63.0, 56.4, 

55.0, 51.9, 47.4, 45.5, 23.4; HRMS (ESI-TOF) calcd. for C27H27ClN3O4 [M + H]
+
 492.1685; 

found: 492.1673. 

Methyl (2S,3R,4S,5R)-3-(4-chlorophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-5-(4-methoxyphenyl)pyrrolidine-

2-carboxylate (3ka). White solid; 48.7 mg, 99% yield; >20:1 dr, 93% ee; 

[α]D
20

 = -16.2 (c 1.00, CH2Cl2); mp 50.9-52.5 ºC; The ee was determined 

by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, 

λ = 254 nm, major diastereomer: tmajor = 8.22 min, tminor = 11.72 min); 
1
H NMR (300 MHz, 

DMSO-d6) δ 8.18 (d, J = 3.8 Hz, 1H), 7.78-7.47 (m, 1H), 7.34 (s, 4H), 7.08-6.82 (m, 3H), 6.67 (d, 

J = 8.7 Hz, 2H), 5.20 (t, J = 9.6 Hz, 1H), 4.94 (d, J = 9.2 Hz, 1H), 4.22-3.94 (m, 2H), 3.66 (s, 3H), 

3.64-3.52 (m, 4H), 3.42 (s, 1H), 3.29-3.12 (m, 1H), 2.89-2.68 (m, 1H), 2.69-2.52 (m, 1H); 
13

C 

NMR (100 MHz, DMSO-d6) δ 173.2, 168.6, 158.3, 155.0, 145.7, 139.4, 134.0, 133.7, 131.3, 129.9, 

128.4, 128.2, 126.6, 118.4, 112.7, 66.0, 62.1, 57.2, 55.0, 51.7, 49.5, 45.5, 23.4; HRMS (ESI-TOF) 

calcd. for C27H27 ClN3O4 [M + H]
+
 492.1685; found: 492.1705. 

Methyl (2S,3R,4S,5R)-3-(2-bromophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-5-(4-methoxyphenyl)pyrrolidine-

2-carboxylate (3la). White solid; 53.0 mg, 99% yield; >20:1 dr, 91% ee; 

[α]D
20

 = -5.3 (c 1.00, CH2Cl2); mp 55.1-56.9 ºC; The ee was determined 

by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, 

λ = 254 nm, major diastereomer: tmajor = 8.62 min, tminor = 14.48 min); 
1
H NMR (300 MHz, 

DMSO-d6) δ 8.18-8.08 (m, 1H), 7.65-7.55 (m, 2H), 7.54-7.47 (m, 1H), 7.45-7.35 (m, 1H), 

7.21-7.10 (m, 1H), 7.04-6.90 (m, 3H), 6.66 (d, J = 8.7 Hz, 2H), 5.43 (t, J = 8.6 Hz, 1H), 4.90 (d, J 

= 8.9 Hz, 1H), 4.57 (t, J = 8.8 Hz, 1H), 3.94 (d, J = 9.2 Hz, 1H), 3.72-3.55 (m, 7H), 3.32-3.15 (m, 

2H), 2.84-2.67 (m, 1H), 2.61-2.50 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.1, 169.2, 158.4, 

154.9, 145.6, 140.2, 133.9, 132.7, 132.5, 128.9, 128.6, 128.2, 128.1, 126.5, 125.1, 118.3, 112.7, 

66.5, 63.1, 56.7, 55.0, 51.9, 50.1, 45.5, 23.3; HRMS (ESI-TOF) calcd. for C27H27BrN3O4 [M + 

H]
+
 536.1179; found: 536.1186. 



S5 
 

Methyl (2S,3R,4S,5R)-3-(3-bromophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-5-(4-methoxyphenyl)pyrrolidine-

2-carboxylate (3ma). White solid; 52.5 mg, 98% yield; >20:1 dr, 87% 

ee; [α]D
20

 = -36.5 (c 1.00, CH2Cl2); mp 49.7-50.4 ºC; The ee was 

determined by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 

1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 6.92 min, tminor = 10.22 min); 
1
H NMR (300 

MHz, DMSO-d6) δ 8.19 (d, J = 4.4 Hz, 1H), 7.58-7.49 (m, 2H), 7.43-7.32 (m, 2H), 7.25 (t, J = 7.8 

Hz, 1H), 7.02-6.95 (m, 1H), 6.92 (d, J = 8.6 Hz, 2H), 6.67 (d, J = 8.7 Hz, 2H), 5.25-5.11 (m, 1H), 

4.94 (d, J = 9.5 Hz, 1H), 4.15-4.02 (m, 2H), 3.73-3.53 (m, 8H), 3.26-3.13 (m, 1H), 2.84-2.68 (m, 

1H), 2.65-2.52 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.0, 168.5, 158.3, 154.9, 145.7, 

143.3, 134.0, 133.5, 130.8, 130.7, 129.7, 128.3, 127.2, 126.6, 121.7, 118.4, 112.7, 65.7, 62.1, 57.2, 

55.0, 51.8, 49.7, 45.5, 23.4; HRMS (ESI-TOF) calcd. for C27H27BrN3O4 [M + H]
+
 536.1179; 

found: 536.1174. 

Methyl (2S,3R,4S,5R)-3-(4-bromophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-5-(4-methoxyphenyl)pyrrolidine-

2-carboxylate (3na). White solid; 52.6 mg, 98% yield; >20:1 dr, 92% ee; 

[α]D
20

 = -11.3 (c 1.00, CH2Cl2); mp 58.7-60.2 ºC; The ee was determined 

by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, 

λ = 254 nm, major diastereomer: tmajor = 8.53 min, tminor = 12.03 min);
 1

H NMR (300 MHz, 

DMSO-d6) δ 8.18 (d, J = 5.0 Hz, 1H), 7.55 (d, J = 7.3 Hz, 1H), 7.47 (d, J = 8.1 Hz, 2H), 7.29 (d, J 

= 8.2 Hz, 2H), 7.02-6.97 (m, 1H), 6.97-6.89 (m, 2H), 6.67 (d, J = 8.3 Hz, 2H), 5.19 (t, J = 9.5 Hz, 

1H), 4.94 (d, J = 9.3 Hz, 1H), 4.14-3.95 (m, 2H), 3.66 (s, 3H), 3.64-3.53 (m, 4H), 3.42 (s, 1H), 

3.29-3.13 (m, 1H), 2.86-2.69 (m, 1H), 2.67-2.52 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 

173.2, 168.6, 158.3, 154.9, 145.7, 139.9, 134.0, 133.7, 131.3, 130.3, 128.2, 126.6, 119.8, 118.4, 

112.7, 66.0, 62.1, 57.2, 55.0, 51.7, 49.5, 45.5, 23.4; HRMS (ESI-TOF) calcd. for C27H27BrN3O4 

[M + H]
+
 536.1179; found: 536.1199. 

Methyl (2S,3R,4S,5R)-3-(4-cyanophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-5-(4-methoxyphenyl)pyrrolidine

-2-c arboxylate (3oa). White solid; 47.7 mg, 99% yield; >20:1 dr, 82% 

ee; [α]D
20

 = -9.9 (c 1.00, CH2Cl2); mp 113.8-115.2 ºC; The ee was 

determined by HPLC (Chiralpak IC-H, EtOH /hexane = 50/50, flow rate 

1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 11.74 min, tminor = 17.95 min); 
1
H NMR (300 

MHz, DMSO-d6) δ 8.22-8.14 (m, 1H), 7.76 (d, J = 8.2 Hz, 2H), 7.56 (d, J = 8.0 Hz, 3H), 

7.03-6.96 (m, 1H), 6.92 (d, J = 8.6 Hz, 2H), 6.68 (d, J = 8.6 Hz, 2H), 5.22 (t, J = 9.4 Hz, 1H), 4.96 

(d, J = 9.5 Hz, 1H), 4.23-4.07 (m, 2H), 3.80-3.63 (m, 4H), 3.64-3.54 (m, 4H), 3.27-3.13 (m, 1H), 

2.85-2.70 (m, 1H), 2.66-2.52 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 172.8, 168.4, 158.3, 

154.9, 146.4, 145.7, 134.1, 133.3, 132.4, 129.2, 128.3, 126.6, 118.8, 118.5, 112.7, 109.6, 65.6, 

62.1, 57.2, 55.0, 51.8, 50.0, 45.5, 23.4; HRMS (ESI-TOF) calcd. for C28H27N4O4 [M + H]
+
 

483.2027; found: 483.2014. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-5-(4-methoxyphenyl)-3-(2-(trifluoromethyl)phenyl)pyrrol

idine-2-carboxylate (3pa). White solid; 52.0 mg, 99% yield; >20:1 dr, 

86% ee; [α]D
20

 = -49.5 (c 1.00, CH2Cl2); mp 50.4-52.0 ºC; The ee was 

determined by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 



S6 
 

1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 6.27 min, tminor = 10.37 min); 
1
H NMR (300 

MHz, DMSO-d6) δ 8.03-7.97 (m, 1H), 7.93 (d, J = 7.9 Hz, 1H), 7.74 (t, J = 7.6 Hz, 1H), 7.65 (d, J 

= 7.9 Hz, 1H), 7.49-7.39 (m, 2H), 6.97 (d, J = 8.7 Hz, 2H), 6.88 (dd, J = 7.3, 5.1 Hz, 1H), 6.63 (d, 

J = 8.7 Hz, 2H), 5.53-5.43 (m, 1H), 4.90 (d, J = 8.5 Hz, 1H), 4.43-4.33 (m, 1H), 4.02 (d, J = 8.3 

Hz, 1H), 3.68-3.60 (m, 3H), 3.61-3.52 (m, 4H), 3.35-3.14 (m, 2H), 2.78-2.61 (m, 1H), 2.47-2.35 

(m, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 172.5, 169.9, 158.4, 154.9, 145.3, 141.2, 133.9, 133.2, 

130.9, 129.5, 128.0, 127.6 (q, J = 28.5 Hz, 1C), 127.2, 126.5, 125.7 (q, J = 5.5 Hz, 1C), 124.4 (q, J 

= 272.4 Hz, 1C),118.3, 112.7, 68.5, 64.7, 57.7, 55.0, 51.7, 47.9, 45.6, 23.3; HRMS (ESI-TOF) 

calcd. for C28H27F3N3O4 [M + H]
+
 526.1948; found: 526.1954. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-3-(3,4-dimethoxyphenyl)-5-(4-methoxyphenyl)pyrrolidi

ne-2-carboxylate (3qa). White solid; 50.1 mg, 97% yield; >20:1 dr, 

96% ee; [α]D
20

 = -18.4 (c 1.00, CH2Cl2); mp 46.9-48.1 ºC; The ee was 

determined by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow 

rate 1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 11.17 min, tminor = 24.44 min); 
1
H NMR 

(600 MHz, DMSO-d6) δ 8.23-8.16 (m, 1H), 7.59-7.52 (m, 1H), 7.03-6.92 (m, 3H), 6.91-6.80 (m, 

3H), 6.68 (d, J = 8.7 Hz, 2H), 5.28 (t, J = 9.5 Hz, 1H), 4.91 (d, J = 9.4 Hz, 1H), 4.09-3.92 (m, 2H), 

3.72 (s, 3H), 3.69 (s, 3H), 3.67 (s, 3H), 3.65-3.56 (m, 4H), 3.39 (s, 1H), 3.29-3.15 (m, 1H), 

2.87-2.72 (m, 1H), 2.69-2.53 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.6, 169.0, 158.2, 

155.0, 148.5, 147.6, 145.7, 134.0, 133.9, 132.7, 128.2, 126.6, 119.5, 118.3, 112.7, 111.9 (2C), 66.4, 

62.2, 56.8, 55.5, 55.4, 55.0, 51.7, 49.9, 45.5, 23.4; HRMS (ESI-TOF) calcd. for C29H32N3O6 [M + 

H]
+
 518.2286; found: 518.2268. 

Methyl (2S,3S,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-5-(4-methoxyphenyl)-3-(thiophen-2-yl)pyrrolidine-2-carb

oxylate (3ra). White solid; 44.9 mg, 97% yield; >20:1 dr, 95% ee; 

[α]D
20

 = -67.4 (c 1.00, CH2Cl2); mp 129.4-130.6 ºC; The ee was 

determined by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tmajor = 10.74 min, tminor = 15.89 min); 
1
H NMR (300 MHz, DMSO-d6) δ 

8.24-8.16 (m, 1H), 7.58 (d, J = 7.2 Hz, 1H), 7.36-7.29 (m, 1H), 7.04-6.97 (m, 1H), 6.96-6.86 (m, 

4H), 6.67 (d, J = 8.5 Hz, 2H), 5.22 (t, J = 9.9 Hz, 1H), 4.90 (d, J = 9.6 Hz, 1H), 4.42 (t, J = 10.1 

Hz, 1H), 3.97 (d, J = 10.0 Hz, 1H), 3.75-3.61 (m, 7H), 3.59 (s, 1H), 3.30-3.16 (m, 1H), 2.91-2.74 

(m, 1H), 2.72-2.55 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.0, 168.3, 158.3, 154.9, 145.8, 

143.4, 134.1, 133.7, 128.2, 127.0, 126.6, 124.7, 124.2, 118.4, 112.7, 66.7, 61.8, 57.7, 55.0, 51.9, 

45.5, 44.8, 23.4; HRMS (ESI-TOF) calcd. for C25H26N3O4S [M + H]
+
 464.1639; found: 464.1639. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-5-(4-methoxyphenyl)-3-(naphthalen-1-yl)pyrrolidine-2-ca

rboxylate (3sa): White solid; 49.6 mg, 98% yield; >20:1 dr, 97% ee; 

[α]D
20

 = +32.0 (c 1.00, CH2Cl2); mp 62.5-63.4 ºC; The ee was 

determined by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tmajor = 8.96 min, tminor = 16.74 min); 
1
H NMR (300 MHz, DMSO-d6) δ 

8.29-8.21 (d, J = 8.4 Hz, 1H), 8.16 (d, J = 4.5 Hz, 1H), 7.89 (d, J = 7.9 Hz, 1H), 7.78 (d, J = 8.1 

Hz, 1H), 7.70 (d, J = 7.1 Hz, 1H), 7.61-7.45 (m, 4H), 7.05 (d, J = 8.5 Hz, 2H), 6.99-6.92 (m, 1H), 

6.70 (d, J = 8.5 Hz, 2H), 5.50 (t, J = 9.3 Hz, 1H), 5.11-4.96 (m, 2H), 4.14 (d, J = 9.4 Hz, 1H), 3.67 

(s, 3H), 3.61-3.46 (m, 2H), 3.42 (s, 3H), 3.30-3.15 (m, 1H), 2.80-2.64 (m, 1H), 2.61-2.52 (m, 1H); 
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13
C NMR (100 MHz, DMSO-d6) δ 173.6, 169.3, 158.3, 154.9, 145.6, 137.2, 133.9, 133.5, 133.4, 

132.0, 128.6, 128.3, 127.0, 126.5, 125.9, 125.7, 125.6, 124.2, 123.4, 118.3, 112.7, 67.3, 62.8, 57.6, 

55.0, 51.7, 45.5, 44.9, 23.2; HRMS (ESI-TOF) calcd. for C31H30N3O4 [M + H]
+
 508.2231; found: 

508.2224. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-5-(4-methoxyphenyl)-3-(naphthalen-2-yl)pyrrolidine-2-ca

rboxylate (3ta). White solid; 49.1 mg, 97% yield; >20:1 dr, 94% ee; 

[α]D
20

 = -1.2 (c 1.00, CH2Cl2); mp 104.8-106.5 ºC; The ee was 

determined by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tmajor = 9.38 min, tminor = 16.57 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.20 

(d, J = 4.6 Hz, 1H), 7.91-7.78 (m, 4H), 7.53 (d, J = 8.0 Hz, 2H), 7.50-7.40 (m, 2H), 7.03-6.93 (m, 

3H), 6.70 (d, J = 8.5 Hz, 2H), 5.34 (t, J = 9.7 Hz, 1H), 5.02 (d, J = 9.5 Hz, 1H), 4.29 (t, J = 10.0 

Hz, 1H), 4.18 (d, J = 10.1 Hz, 1H), 3.67 (s, 3H), 3.64-3.45 (m, 5H), 3.29-3.15 (m, 1H), 2.81-2.66 

(m, 1H), 2.65-2.51 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.4, 168.8, 158.3, 155.0, 145.7, 

138.0, 133.9, 133.8, 133.0, 132.0, 128.2, 128.0, 127.6, 127.4, 126.6, 126.5, 126.2, 126.1, 125.6, 

118.3, 112.7, 66.2, 62.3, 57.4, 55.0, 51.7, 50.5, 45.5, 23.3; HRMS (ESI-TOF) calcd. for 

C31H30N3O4 [M + H]
+
 508.2231; found: 508.2212. 

Methyl (2S,3S,4S,5R)-3-cyclohexyl-4-(2,3-dihydro-1H-pyrrolo[2,3- 

b]pyridine-1-carbonyl)-5-(4-methoxyphenyl)pyrrolidine-2-carboxyla

te (3ua). White solid; 44.9 mg, 97% yield; >20:1 dr, 96% ee; [α]D
20

 = 

-14.6 (c 1.00, CH2Cl2); mp 34.5-36.0 ºC; The ee was determined by 

HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tmajor = 7.84 min, tminor = 13.30 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.18-8.10 (m, 

1H), 7.53-7.47 (m, 1H), 6.94 (dd, J = 7.3, 5.1 Hz, 1H), 6.87 (d, J = 8.7 Hz, 2H), 6.58 (d, J = 8.7 

Hz, 2H), 5.27-5.13 (m, 1H), 4.40 (d, J = 8.9 Hz, 1H), 3.75-3.68 (m, 3H), 3.67-3.56 (m, 5H), 

3.30-3.07 (m, 2H), 2.94-2.68 (m, 2H), 2.48-2.35 (m, 1H), 1.79-1.38 (m, 6H), 1.22-0.90 (m, 5H); 
13

C NMR (100 MHz, DMSO-d6) δ 174.0, 171.4, 158.1, 155.2, 145.4, 133.8, 132.2, 128.0, 126.5, 

118.1, 112.4, 64.1, 63.1, 55.0, 51.8, 51.6, 51.1, 45.6, 31.2, 30.2, 26.1, 26.0, 23.3; HRMS 

(ESI-TOF) calcd. for C27H34N3O4 [M + H]
+
 464.2544; found: 464.2556. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-3-phenyl-5-(o-tolyl)pyrrolidine-2-carboxylate (3ab). White 

solid; 43.6 mg, 99% yield; >20:1 dr, 96% ee; [α]D
20

 = -13.6 (c 1.00, 

CH2Cl2); mp 41.8-43.0 ºC; The ee was determined by HPLC (Chiralpak 

IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tmajor = 6.92 min, tminor = 13.70 min); 
1
H NMR (300 MHz, 

DMSO-d6) δ 8.08-8.01 (m, 1H), 7.44 (m, 1H), 7.41-7.29 (m, 5H), 7.27-7.19 (m, 1H), 7.17-7.08 (m, 

1H), 7.06-6.97 (m, 1H), 6.93-6.85 (m, 1H), 6.79 (d, J = 7.3 Hz, 1H), 5.53-5.43 (m, 1H), 5.06 (d, J 

= 9.0 Hz, 1H), 4.20-4.10 (m, 1H), 3.98 (d, J = 9.1 Hz, 1H), 3.65 (s, 3H), 3.63-3.53 (m, 1H), 

3.34-3.19 (m, 2H), 2.75-2.60 (m, 1H), 2.45-2.29 (m, 1H), 1.95 (s, 3H); 
13

C NMR (100 MHz, 

DMSO-d6) δ 172.9, 170.1, 154.9, 145.4, 141.6, 138.1, 135.2, 133.7, 129.2, 128.6, 127.8, 127.0, 

126.7 (2C), 126.4, 125.1, 118.2, 67.1, 60.4, 55.7, 52.0, 51.8, 45.8, 23.3, 18.6; HRMS (ESI-TOF) 

calcd. for C27H28N3O3 [M + H]
+
 442.2125; found: 442.2135. 
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Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-3-phenyl-5-(m-tolyl)pyrrolidine-2-carboxylate (3ac). White 

solid; 43.2 mg, 98% yield; >20:1 dr, 93% ee; [α]D
20

 = -29.6 (c 1.00, 

CH2Cl2); mp 49.0-50.7 ºC; The ee was determined by HPLC (Chiralpak 

IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 6.21 

min, tminor = 8.88 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.23-8.16 (m, 1H), 7.58-7.50 (m, 1H), 

7.39-7.25 (m, 4H), 7.24-7.15 (m, 1H), 7.06-6.84 (m, 4H), 6.69 (s, 1H), 5.33 (t, J = 9.6 Hz, 1H), 

4.88 (d, J = 9.6 Hz, 1H), 4.13 (t, J = 9.8 Hz, 1H), 4.02 (d, J = 10.0 Hz, 1H), 3.61 (s, 3H), 

3.60-3.50 (m, 1H), 3.45 (s, 1H), 3.22-3.07 (m, 1H), 2.82-2.65 (m, 1H), 2.49-2.38 (m, 1H), 2.07 (s, 

3H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.1, 169.0, 155.1, 145.7, 141.4, 140.6, 136.1, 133.9, 

128.5, 128.0, 127.9, 127.4, 127.2, 126.7, 126.5, 124.2, 118.2, 66.5, 63.0, 57.0, 51.7, 50.2, 45.5, 

23.3, 20.9; HRMS (ESI-TOF) calcd. for C27H28N3O3 [M + H]
+
 442.2125; found: 442.2139. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-3-phenyl-5-(p-tolyl)pyrrolidine-2-carboxylate (3ad). White 

solid; 43.3 mg, 98% yield; >20:1 dr, 95% ee; [α]D
20

 = -59.8 (c 1.00, 

CH2Cl2); mp 53.1-54.9 ºC; The ee was determined by HPLC (Chiralpak 

IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 13.24 

min, tminor = 17.13 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.19 (d, J = 4.5 Hz, 1H), 7.53 (d, J = 

7.2 Hz, 1H), 7.38-7.23 (m, 4H), 7.22-7.13 (m, 1H), 7.01-6.87 (m, 5H), 5.29 (t, J = 9.7 Hz, 1H), 

4.96 (d, J = 9.5 Hz, 1H), 4.13 (t, J = 10.0 Hz, 1H), 4.03 (d, J = 10.2 Hz, 1H), 3.70-3.51 (m, 5H), 

3.24-3.10 (m, 1H), 2.82-2.66 (m, 1H), 2.62-2.47 (m, 1H), 2.19 (s, 3H); 
13

C NMR (100 MHz, 

DMSO-d6) δ 173.3, 168.8, 155.0, 145.7, 140.4, 138.8, 135.9, 133.9, 128.5, 128.0, 127.9, 127.1, 

126.7, 126.6, 118.3, 66.4, 62.6, 57.1, 51.7, 50.2, 45.5, 23.3, 20.6; HRMS (ESI-TOF) calcd. for 

C27H28N3O3 [M + H]
+
 442.2125; found: 442.2127. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine- 

1-carbonyl)-5-(2-methoxyphenyl)-3-phenylpyrrolidine-2-carboxylate 

(3ae). White solid; 45.1 mg, 99% yield; >20:1 dr, 94% ee; [α]D
20

 = +14.0 (c 

1.00, CH2Cl2); mp 50.8-52.0 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tmajor = 7.17 min, tminor = 9.60 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.14 (d, 

J = 4.8 Hz, 1H), 7.53 (d, J = 7.4 Hz, 2H), 7.36-7.25 (m, 4H), 7.24-7.16 (m, 1H), 7.16-7.08 (m, 1H), 

6.99-6.91 (m, 1H), 6.86 (t, J = 7.4 Hz, 1H), 6.65 (d, J = 8.2 Hz, 1H), 5.58 (t, J = 9.1 Hz, 1H), 5.23 

(d, J = 9.0 Hz, 1H), 4.12-3.94 (m, 2H), 3.75-3.48 (m, 5H), 3.31-3.20 (m, 1H), 3.16 (s, 3H), 

2.85-2.69 (m, 1H), 2.68-2.52 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.4, 169.3, 155.8, 

155.4, 145.6, 140.4, 133.5, 129.4, 128.7, 128.5, 127.8, 126.7, 126.2, 119.5, 117.8, 109.2, 66.6, 

56.7, 55.6, 54.2, 51.7, 50.8, 45.6, 23.3; HRMS (ESI-TOF) calcd. for C27H28N3O4 [M + H]
+
 

458.2074; found: 458.2072. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-5-(3-methoxyphenyl)-3-phenylpyrrolidine-2-carboxylate 

(3af). White solid; 45.3 mg, 99% yield; >20:1 dr, 96% ee; [α]D
20

 = -43.2 

(c 1.00, CH2Cl2); mp 109.3-110.5 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: 

tmajor = 7.78 min, tminor = 11.70 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.21 (d, J = 4.7 Hz, 1H), 

7.56 (d, J = 7.2 Hz, 1H), 7.37-7.24 (m, 4H), 7.23-7.14 (m, 1H), 7.09-6.93 (m, 2H), 6.74-6.66 (m, 
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2H), 6.58 (d, J = 7.5 Hz, 1H), 5.30 (t, J = 9.7 Hz, 1H), 4.97 (d, J = 9.6 Hz, 1H), 4.12 (t, J = 10.0 

Hz, 1H), 4.03 (d, J = 10.2 Hz, 1H), 3.67-3.52 (m, 8H), 3.26-3.11 (m, 1H), 2.86-2.70 (m, 1H), 

2.68-2.52 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.4, 168.6, 158.5, 155.0, 145.8, 143.7, 

140.3, 134.0, 128.4, 128.3, 127.9, 126.7, 126.5, 119.2, 118.3, 112.8, 112.5, 66.4, 62.6, 57.0, 54.6, 

51.7, 50.0, 45.5, 23.3; HRMS (ESI-TOF) calcd. for C27H28N3O4 [M + H]
+
 458.2074; found: 

458.2076. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-5-(2-fluorophenyl)-3-phenylpyrrolidine-2-carboxylate (3ag). 

White solid; 44.0 mg, 99% yield; >20:1 dr, 95% ee; [α]D
20

 = -16.5 (c 1.00, 

CH2Cl2); mp 48.7-49.8 ºC; The ee was determined by HPLC (Chiralpak 

IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tmajor = 7.93 min, tminor = 11.13 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.20-8.11 (m, 

1H), 7.79-7.68 (m, 1H), 7.53 (d, J = 7.3 Hz, 1H), 7.38-7.25 (m, 4H), 7.24-7.09 (m, 3H), 7.00-6.92 

(m, 1H), 6.88-6.77 (m, 1H), 5.51 (t, J = 9.5 Hz, 1H), 5.28 (d, J = 9.1 Hz, 1H), 4.19-4.00 (m, 2H), 

3.75 (s, 1H), 3.71-3.56 (m, 4H), 3.35-3.23 (m, 1H), 2.87-2.73 (m, 1H), 2.72-2.57 (m, 1H); 
13

C 

NMR (100 MHz, DMSO-d6) δ 173.5, 168.4, 159.4 (J = 243.2 Hz, 1C), 155.1, 145.7, 139.9, 133.9, 

130.2 (J = 3.9 Hz, 1C), 129.2 (J = 12.8 Hz, 1C), 128.6 (J = 8.4 Hz, 1C), 128.5, 127.9, 126.8, 126.2, 

123.7 (J = 3.1 Hz, 1C), 118.2, 114.1 (J = 46.1 Hz, 1C), 66.3, 56.1, 55.2 (J = 3.4 Hz, 1C), 51.7, 

49.8, 45.6, 23.3; HRMS (ESI-TOF) calcd. for C26H25FN3O3 [M + H]
+
 446.1874; found: 446.1863. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-5-(4-fluorophenyl)-3-phenylpyrrolidine-2-carboxylate (3ah). 

White solid; 44.1 mg, 99% yield; >20:1 dr, 96% ee; [α]D
20

 = -27.2 (c 1.00, 

CH2Cl2); mp 52.6-53.8 ºC; The ee was determined by HPLC (Chiralpak 

IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major 

diastereomer: tmajor = 7.66 min, tminor = 11.21 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.24-8.18 (m, 

1H), 7.61-7.53 (m, 1H), 7.35-7.23 (m, 4H), 7.22-7.14 (m, 1H), 7.14-7.05 (m, 2H), 7.03-6.90 (m, 

3H), 5.26 (t, J = 9.9 Hz, 1H), 5.03 (d, J = 9.7 Hz, 1H), 4.13 (t, J = 10.2 Hz, 1H), 4.04 (d, J = 10.2 

Hz, 1H), 3.78-3.51 (m, 5H), 3.27-3.13 (m, 1H), 2.88-2.72 (m, 1H), 2.72-2.57 (m, 1H); 
13

C NMR 

(100 MHz, DMSO-d6) δ 173.3, 168.4, 161.2 (J = 241.0 Hz, 1C), 154.9, 145.9, 140.1, 138.4, 138.4, 

134.1, 129.1 (J = 8.0 Hz, 1C), 128.5, 127.9, 126.6 (J = 18.7 Hz, 1C), 118.4, 114.0 (J = 21.0 Hz, 

1C), 66.2, 61.6, 56.9, 51.7, 49.6, 45.4, 23.3; HRMS (ESI-TOF) calcd. for C26H25FN3O3 [M + H]
+
 

446.1874; found: 446.1867. 

Methyl (2S,3R,4S,5R)-5-(2-chlorophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-3-phenylpyrrolidine-2-carboxylate 

(3ai). White solid; 45.2 mg, 98% yield; >20:1 dr, 93% ee; [α]D
20

 = +27.2 (c 

1.00, CH2Cl2); mp 46.3-47.6 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tmajor = 8.65 min, tminor = 10.20 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.14 

(d, J = 4.6 Hz, 1H), 7.93-7.83 (m, 1H), 7.52 (d, J = 7.1 Hz, 1H), 7.38-7.25 (m, 5H), 7.23-7.08 (m, 

3H), 6.98-6.90 (m, 1H), 5.75 (t, J = 9.4 Hz, 1H), 5.36-5.25 (m, 1H), 4.14 (t, J = 9.8 Hz, 1H), 

4.08-3.98 (m, 1H), 3.81 (s, 1H), 3.69-3.55 (m, 4H), 3.41-3.26 (m, 1H), 2.86-2.55 (m, 2H); 
13

C 

NMR (100 MHz, DMSO-d6) δ 173.4, 168.6, 155.3, 145.6, 139.8, 139.6, 133.9, 131.7, 130.6, 128.5, 

128.4, 128.2, 127.8, 126.9, 126.4, 126.3, 118.2, 66.5, 58.8, 54.8, 51.7, 50.3, 45.6, 23.3; HRMS 

(ESI-TOF) calcd. for C26H25ClN3O3 [M + H]
+
 462.1579; found: 462.1564. 
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Methyl (2S,3R,4S,5R)-5-(4-chlorophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-3-phenylpyrrolidine-2-carboxylate 

(3aj). White solid; 45.6 mg, 99% yield; >20:1 dr, 96% ee; [α]D
20

 = -74.9 (c 

1.00, CH2Cl2); mp 138.8-139.4 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tmajor = 8.00 min, tminor = 9.50 min); 
1
H NMR (300 MHz, DMSO-d6) δ 

8.25-8.17 (m, 1H), 7.62-7.54 (m, 1H), 7.33-7.23 (m, 4H), 7.23-7.14 (m, 3H), 7.10 (d, J = 8.5 Hz, 

2H), 7.01 (m, 1H), 5.27 (t, J = 9.8 Hz, 1H), 5.03 (d, J = 9.3 Hz, 1H), 4.16-3.98 (m, 2H), 3.73 (s, 

1H), 3.68-3.55 (m, 4H), 3.28-3.15 (m, 1H), 2.89-2.74 (m, 1H), 2.74-2.59 (m, 1H); 
13

C NMR (100 

MHz, DMSO-d6) δ 173.4, 168.2, 154.9, 145.8, 141.5, 139.9, 134.2, 131.4, 129.1, 128.5, 127.9, 

127.3, 126.8, 126.6, 118.5, 66.2, 61.6, 56.9, 51.7, 49.5, 45.5, 23.3; HRMS (ESI-TOF) calcd. For 

C26H25ClN3O3 [M + H]
+
 462.1579; found: 462.1586. 

Methyl (2S,3R,4S,5R)-5-(2-bromophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-3-phenylpyrrolidine-2-carboxylate 

(3ak). White solid; 49.0 mg, 97% yield; >20:1 dr, 93% ee; [α]D
20

 = +50.6 

(c 1.00, CH2Cl2); mp 49.0-50.4 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tmajor = 8.95 min, tminor = 10.29 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.14 

(d, J = 5.0 Hz, 1H), 7.89-7.80 (m, 1H), 7.51 (d, J = 7.3 Hz, 1H), 7.40-7.24 (m, 6H), 7.23-7.15 (m, 

1H), 7.12-7.04 (m, 1H), 6.98-6.88 (m, 1H), 5.78 (t, J = 9.3 Hz, 1H), 5.27-5.16 (m, 1H), 4.14 (t, J = 

9.6 Hz, 1H), 4.07-3.96 (m, 1H), 3.90-3.75 (m, 1H), 3.69-3.54 (m, 4H), 3.36-3.28 (m, 1H), 

2.84-2.70 (m, 1H), 2.69-2.54 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.4, 168.7, 155.3, 

145.7, 141.0, 139.9, 133.8, 131.5, 130.8, 128.8, 128.6, 127.8, 127.0, 126.9, 126.4, 122.4, 118.2, 

66.6, 61.7, 54.6, 51.7, 50.5, 45.7, 23.3; HRMS (ESI-TOF) calcd. for C26H25BrN3O3 [M + H]
+
 

506.1074; found: 506.1085. 

Methyl (2S,3R,4S,5R)-5-(4-bromophenyl)-4-(2,3-dihydro-1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)-3-phenylpyrrolidine-2-carboxylate 

(3al). White solid; 50.1 mg, 99% yield; >20:1 dr, 96% ee; [α]D
20

 = -103.4 

(c 1.00, CH2Cl2); mp 128.9-130.2 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: 

tmajor = 10.98 min, tminor = 12.31 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.26-8.14 (m, 1H), 

7.64-7.53 (m, 1H), 7.39-7.22 (m, 6H), 7.22-7.11 (m, 1H), 7.09-6.94 (m, 3H), 5.27 (t, J = 9.7 Hz, 

1H), 5.02 (d, J = 9.5 Hz, 1H), 4.18-3.98 (m, 2H), 3.95-3.72 (m, 1H), 3.72-3.54 (m, 4H), 3.30-3.15 

(m, 1H), 2.91-2.74 (m, 1H), 2.74-2.56 (m, 1H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.3, 168.2, 

154.9, 145.8, 141.9, 139.9, 134.2, 130.2, 129.4, 128.5, 127.9, 126.8, 126.6, 119.9, 118.5, 66.2, 

61.6, 56.8, 51.7, 49.5, 45.5, 23.3; HRMS (ESI-TOF) calcd. for C26H25BrN3O3 [M + H]
+
 506.1074; 

found: 506.1089. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-5-(naphthalen-2-yl)-3-phenylpyrrolidine-2-carboxylate 

(3am). White solid; 46.7 mg, 98% yield; >20:1 dr, 94% ee; [α]D
20

 = -75.3 

(c 1.00, CH2Cl2); mp 66.5-67.8 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, 

major diastereomer: tmajor = 7.16 min, tminor = 9.35 min); 
1
H NMR (300 MHz, DMSO-d6) δ 

8.29-8.22 (m, 1H), 7.84-7.77 (m, 1H), 7.69 (d, J = 8.6 Hz, 1H), 7.62-7.55 (m, 1H), 7.51-7.46 (m, 
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1H), 7.46-7.39 (m, 3H), 7.39-7.25 (m, 5H), 7.24-7.16 (m, 1H), 7.05-6.97 (m, 1H) 5.41 (t, J = 9.8 

Hz, 1H), 5.15 (d, J = 9.6 Hz, 1H), 4.22 (t, J = 10.0 Hz, 1H), 4.11 (d, J = 10.2 Hz, 1H), 3.82 (s, 1H), 

3.65 (s, 3H), 3.55-3.42 (m, 1H), 3.04-2.91 (m, 1H), 2.70-2.54 (m, 1H), 2.23-2.07 (m, 1H); 
13

C 

NMR (100 MHz, DMSO-d6) δ 173.3, 168.7, 155.0, 145.9, 140.3, 139.6, 134.0, 132.3 (2C), 128.5, 

128.0, 127.5, 127.4, 126.8, 126.7, 126.5, 125.9, 125.8, 125.7, 125.6, 118.4, 66.4, 62.7, 56.9, 51.7, 

49.9, 45.4, 23.2; HRMS (ESI-TOF) calcd. for C30H28N3O3 [M + H]
+
 478.2125; found: 478.2118. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-3-phenyl-5-(thiophen-2-yl)pyrrolidine-2-carboxylate (3an). 

White solid; 42.4 mg, 98% yield; >20:1 dr, 96% ee; [α]D
20

 = -3.4 (c 1.00, 

CH2Cl2); mp 46.5-47.9 ºC; The ee was determined by HPLC (Chiralpak 

IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 8.61 

min, tminor = 12.29 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.21 (d, J = 4.3 Hz, 1H), 7.64-7.57 (m, 

1H), 7.34-7.22 (m, 5H), 7.21-7.13 (m, 1H), 7.05-6.96 (m, 1H), 6.83-6.76 (m, 1H), 6.47 (d, J = 3.1 

Hz, 1H), 5.34 (d, J = 8.8 Hz, 1H), 5.17 (t, J = 10.0 Hz, 1H), 4.12 (t, J = 10.5 Hz, 1H), 4.01 (d, J = 

10.2 Hz, 1H), 3.93 (s, 1H), 3.78-3.64 (m, 1H), 3.59 (s, 3H), 3.46-3.37 (m, 1H), 2.95-2.70 (m, 2H); 
13

C NMR (100 MHz, DMSO-d6) δ 172.9, 167.8, 155.1, 147.5, 145.9, 139.9, 134.2, 128.4, 128.1, 

126.7, 126.6, 126.3, 124.6, 123.2, 118.4, 65.8, 57.6, 57.2, 51.7, 49.1, 45.6, 23.4; HRMS (ESI-TOF) 

calcd. for C24H24N3O3S [M + H]
+
 434.1533; found: 434.1528. 

Methyl (2S,3R,4S,5S)-5-cyclohexyl-4-(2,3-dihydro-1H-pyrrolo[2,3- 

b]pyridine-1-carbonyl)-3-phenylpyrrolidine-2-carboxylate (3ao). White 

solid; 12.6 mg, 29% yield; >20:1 dr, 93% ee; [α]D
20

 = +7.8 (c 1.00, 

CH2Cl2); mp 116.9-117.8 ºC; The ee was determined by HPLC (Chiralpak 

IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 6.38 

min, tminor = 7.48 min); 
1
H NMR (300 MHz, DMSO-d6) δ 7.96 (d, J = 4.9 Hz, 1H), 7.57 (d, J = 7.3 

Hz, 1H), 7.30-7.20 (m, 4H), 7.20-7.09 (m, 1H), 6.95-6.86 (m, 1H), 5.23-5.13 (m, 1H), 4.03-3.81 

(m, 2H), 3.80-3.63 (m, 2H), 3.57 (s, 3H), 3.47 (t, J = 7.4 Hz, 1H), 3.14 (s, 1H), 2.95 (t, J = 8.4 Hz, 

2H), 2.04-1.89 (m, 1H), 1.72-1.59 (m, 1H), 1.56-1.43 (m, 2H), 1.36 (d, J = 8.8 Hz, 2H), 1.18-0.82 

(m, 5H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.1, 171.5, 155.1, 145.6, 141.7, 134.1, 128.3, 127.6, 

126.6, 126.5, 118.3, 67.6, 66.6, 53.9, 53.7, 51.6, 45.7, 39.4, 31.0, 29.5, 26.0, 25.8, 25.7, 23.4; 

HRMS (ESI-TOF) calcd. for C26H31N3O3 [M + H]
+
 434.2438; found: 434.2429. 

Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-2-methyl-3,5-diphenylpyrrolidine-2-carboxylate (3ap). 

White solid; 14.1 mg, 30% yield; >20:1 dr, 90% ee; [α]D
20

 = -31.8 (c 

1.00, CH2Cl2); mp 50.2-51.5 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: 

tmajor = 5.86 min, tminor = 7.57 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.30 (d, J = 4.6 Hz, 1H), 

7.61 (d, J = 7.2 Hz, 1H), 7.32-7.24 (m, 2H), 7.24-7.15 (m, 3H), 7.04 (dd, J = 7.2, 5.2 Hz, 1H), 

6.96 (d, J = 8.5 Hz, 2H), 6.71 (d, J = 8.5 Hz, 2H), 5.76-5.65 (m, 1H), 4.95 (d, J = 9.9 Hz, 1H), 

4.49 (d, J = 12.1 Hz, 1H), 3.75 (s, 3H), 3.67 (s, 3H), 3.64-3.52 (m, 1H), 3.35 (s, 1H), 3.19-3.06 (m, 

1H), 2.89-2.73 (m, 1H), 2.73-2.56 (m, 1H), 1.12 (s, 3H); 
13

C NMR (100MHz, DMSO-d6) δ 175.2, 

168.8, 158.3, 155.2, 146.0, 138.1, 134.2, 134.1, 128.3, 128.2, 126.7, 126.6, 118.3, 112.8, 67.5, 

59.8, 55.0, 52.4, 52.1, 52.0, 45.4, 23.4, 20.3; HRMS (ESI-TOF) calcd. for C28H30N3O4 [M + H]
+
 

472.2236; found: 472.2234. 
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Ethyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-5-(4-methoxyphenyl)-3-phenylpyrrolidine-2-carboxylate 

(3aq). White solid; 46.1 mg, 98% yield; >20:1 dr, 94% ee; [α]D
20

 = -31.6 

(c 1.00, CH2Cl2); mp 39.4-41.2 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: 

tmajor = 9.88 min, tminor = 15.41 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.20 (d, J = 4.7 Hz, 1H), 

7.55 (d, J = 7.2 Hz, 1H), 7.36-7.24 (m, 4H), 7.23-7.15 (m, 1H), 7.03-6.91 (m, 3H), 6.69 (d, J = 8.5 

Hz, 2H), 5.26 (t, J = 9.8 Hz, 1H), 4.95 (d, J = 9.5 Hz, 1H), 4.18-3.94 (m, 4H), 3.73-3.53 (m, 5H), 

3.28-3.13 (m, 1H), 2.85-2.69 (m, 1H), 2.67-2.51 (m, 1H), 1.07 (t, J = 7.1 Hz, 3H); 
13

C NMR (100 

MHz, DMSO-d6) δ 172.8, 168.8, 158.2, 155.0, 145.7, 140.4, 134.0, 133.7, 128.4, 128.2, 128.0, 

126.6, 126.5, 118.3, 112.7, 66.5, 62.2, 60.2, 57.1, 55.0, 50.4, 45.5, 23.3, 14.0; HRMS (ESI-TOF) 

calcd. for C28H30N3O4 [M + H]
+
 472.2231; found: 472.2235. 

Isopropyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1 

-carbonyl)-5-(4-methoxyphenyl)-3-phenylpyrrolidine-2-carboxylate 

(3ar). White solid; 48.0 mg, 99% yield; >20:1 dr, 95% ee; [α]D
20

 = -12.2 

(c 1.00, CH2Cl2); mp 39.9-40.7 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: 

tmajor = 6.67 min, tminor = 11.86 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.20 (d, J = 4.6 Hz, 1H), 

7.54 (d, J = 7.1 Hz, 1H), 7.36-7.24 (m, 4H), 7.22-7.14 (m, 1H), 6.98 (d, J = 8.5 Hz, 3H), 6.69 (d, J 

= 8.2 Hz, 2H), 5.26 (t, J = 9.8 Hz, 1H), 5.00-4.84 (m, 2H), 4.05 (t, J = 10.2 Hz, 1H), 3.92 (d, J = 

10.3 Hz, 1H), 3.76-3.51 (m, 5H), 3.27-3.12 (m, 1H), 2.84-2.68 (m, 1H), 2.66-2.52 (m, 1H), 1.12 (d, 

J = 6.2 Hz, 3H), 1.02 (d, J = 6.1 Hz, 3H); 
13

C NMR (100 MHz, DMSO-d6) δ 172.5, 168.9, 158.3, 

155.0, 145.8, 140.4, 134.0, 133.8, 128.4, 128.2, 128.1, 126.7, 126.6, 118.4, 112.8, 67.7, 66.8, 62.4, 

57.3, 55.0, 50.9, 45.5, 23.4, 21.5 (2C); HRMS (ESI-TOF) calcd. for C29H32N3O4 [M + H]
+
 

486.2387; found: 486.2387. 

3. General procedure for the synthesis of compounds 4´-6´.  

Under Ar atmosphere, AgOAc (1.7 mg, 0.01 mmol) and ligand B (7.3 mg, 0.012 mmol) were 

dissolved in toluene (2.0 mL) in a flame dried glass tube, and stirred at room temperature for 30 

min. Then, imino ester 2a (0.15 mmol) and Cs2CO3 (3.25 mg, 0.01mmol) were added, the mixture 

was further stirred at 0 °C for 15 min before the addition of corresponding α,β-unsaturated amides 

(0.10 mmol). Once starting material (α,β-unsaturated amides) was consumed (monitored by TLC), 

the mixture was concentrated and the residue was purified by column chromatography (petroleum 

ether/ethyl acetate 8:1 to 1:1) on silica gel to afford the corresponding product 4-6. 

Methyl (2S,3R,4S,5R)-4-(indoline-1-carbonyl)-5-(4-methoxyphenyl)- 

3-phenylpyrrolidine-2-carboxylate (4'). White solid; 34.1 mg, 75% 

yield; >20:1 dr, 67% ee; [α]D
20

 = -37.2 (c 1.00, CH2Cl2); mp 45.1-46.9 

ºC; The ee was determined by HPLC (Chiralpak IC-H, EtOH/hexane = 

50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 6.50 min, tminor = 7.48 min); 
1
H NMR (300 MHz, DMSO-d6) δ 7.71 (d, J = 7.8 Hz, 1H), 7.47-7.25 (m, 6H), 7.25-7.15 (m, 1H), 

7.09 (d, J = 7.1 Hz, 1H), 6.98 (t, J = 7.4 Hz, 1H), 6.92-6.82 (m, 1H), 6.73 (d, J = 8.6 Hz, 2H), 4.91 

(d, J = 8.7 Hz, 1H), 4.12-3.92 (m, 4H), 3.87 (t, J = 8.6 Hz, 1H), 3.77-3.52 (m, 7H), 3.07-2.77 (m, 

2H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.1, 168.5, 158.3, 142.5, 140.4, 133.1, 131.6, 128.7, 

128.5, 128.0, 126.8, 126.7, 124.5, 123.2, 116.1, 113.0, 66.7, 62.5, 57.1, 54.9, 51.8, 51.4, 47.5, 27.2; 

HRMS (ESI-TOF) calcd. for C28H29N2O4 [M + H]
+
 457.2122; found: 457.2130. 
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Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-c]pyridine-1 

-carbonyl)-5-(4-methoxyphenyl)-3-phenylpyrrolidine-2-carboxylate 

(5'). White solid; 36.9 mg, 81% yield; >20:1 dr, 37% ee; [α]D
20

 = -32.2 

(c 1.00, CH2Cl2); mp 38.3-40.1 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 

nm, major diastereomer: tmajor = 7.72 min, tminor = 17.28 min);
 1
H NMR (300 MHz, DMSO-d6) δ 

8.81 (s, 1H), 8.09 (d, J = 4.5 Hz, 1H), 7.40 (d, J = 7.4 Hz, 2H), 7.36-7.26 (m, 4H), 7.25-7.14 (m, 

2H), 6.72 (d, J = 8.6 Hz, 2H), 4.92 (d, J = 8.7 Hz, 1H), 4.10-3.92 (m, 4H), 3.88 (t, J = 8.7 Hz, 1H), 

3.70-3.56 (m, 7H), 3.13-2.83 (m, 2H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.1, 168.9, 158.3, 

144.1, 141.0, 140.3, 139.9, 136.6, 132.9, 128.6, 128.5, 128.0, 126.8, 120.2, 113.0, 66.8, 62.5, 56.9, 

54.9, 51.8, 51.2, 46.9, 27.3; HRMS (ESI-TOF) calcd. for C27H28N3O4 [M + H]
+
 458.2074; found: 

458.2071. 

Methyl (2S,3R,4S,5R)-5-(4-methoxyphenyl)-3-phenyl-4-(1H- 

pyrrolo[2,3-b]pyridine-1-carbonyl)pyrrolidine-2-carboxylate (6'). 

White solid; 44.5 mg, 98% yield; >20:1 dr, 27% ee; [α]D
20

 = -35.8 (c 

1.00, CH2Cl2); mp 154.1-155.3 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: 

tmajor = 4.98 min, tminor = 5.99 min); 
1
H NMR (300 MHz, DMSO-d6) δ 8.55-8.49 (m, 1H), 

8.07-7.99 (m, 1H), 7.50 (d, J = 4.1 Hz, 1H), 7.43-7.25 (m, 5H), 7.23-7.15 (m, 1H), 6.86 (d, J = 8.6 

Hz, 2H), 6.63-6.52 (m, 3H), 5.77-5.63 (m, 1H), 5.22 (d, J = 9.6 Hz, 1H), 4.26-4.08 (m, 2H), 3.78 

(s, 1H), 3.63 (s, 3H), 3.60 (s, 3H); 
13

C NMR (100 MHz, DMSO-d6) δ 173.1, 168.5, 158.2, 146.6, 

144.0, 139.4, 133.3, 130.1, 128.6, 128.0, 127.9, 127.0, 125.2, 123.5, 119.2, 112.9, 106.2, 66.1, 

62.2, 58.4, 54.9, 51.8, 50.0; HRMS (ESI-TOF) calcd. for C27H26N3O4 [M + H]
+
 456.1918; found: 

456.1907. 

4. Procedure for the scale-up experiment.  

Under Ar atmosphere, AgOAc (41.7 mg, 0.25 mmol) and ligand B (183.5 mg, 0.30 mmol) 

were dissolved in toluene (50.0 mL) in a flame dried glass tube, and stirred at room temperature 

for 30 min. Then, azomethine ylide 2a (3.75 mmol, 1.5 equiv) and Cs2CO3 (0.25 mmol, 0.1 equiv) 

were added, the mixture was further stirred at 0 °C for 15 min before the addition of 

α,β-unsaturated amide 1a (2.50 mmol, 1.0 equiv). Once starting material 1a was consumed 

(monitored by TLC), the mixture was concentrated and the residue was purified by column 

chromatography (petroleum ether/ethyl acetate 6:1 to 3:1) on silica gel to afford the corresponding 

product 3aa as a white solid; 1121 mg, 98% yield, >20:1 dr and 95% ee. 

5. Synthesis of products 10-12. 

The compound 10 was synthesized according to the literature procedures.
[1,2]

 The solution of 

compound 3aa (45.6 mg, 0.1 mmol) in dichloromethane (2 mL) was stirred at 0 
o
C in a sealed 

tube. Subsequently, m-CPBA (19.0 mg, 0.11 mmol) was added to the above solution. Then the 

reaction was determined by TLC analysis. After the 3aa was consumed completely, the reaction 

mixture was quenched by the addition of Na2CO3 aq. and diluted with EtOAc. The organic layer 

was separated, and the aqueous layer was extracted twice with EtOAc. The combined organic 

layers were dried over Na2SO4, filtered, concentrated. The crude product was purified by 

chromatography on silica gel (petroleum ether/ethyl acetate 8:1 to 5:1) to obtain compound 10 

(white solid, 37.5 mg, 79 % yield). 
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Methyl (2S,3R,4S,5R)-4-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridine-1- 

carbonyl)-1-hydroxy-5-(4-methoxyphenyl)-3-phenylpyrrolidine-2-ca

rboxylate (10). White solid; 37.5 mg, 79% yield; >20:1 dr, 95% ee; 

[α]D
20

 = -13.7 (c 1.00, CH2Cl2); mp 48.5-49.8 ºC; The ee was determined 

by HPLC (Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, 

λ = 254 nm, major diastereomer: tmajor = 4.78 min, tminor = 10.06 min); 
1
H NMR (300 MHz, 

DMSO-d6) δ 8.21 (s, 1H), 8.18 (d, J = 4.4 Hz, 1H), 7.50-7.42 (m, 1H), 7.38-7.27 (m, 4H), 

7.27-7.17 (m, 1H), 7.00-6.91 (m, 1H), 6.86 (d, J = 8.5 Hz, 2H), 6.60 (d, J = 8.6 Hz, 2H), 5.48-5.30 

(m, 1H), 4.43 (d, J = 11.4 Hz, 1H), 4.38-4.27 (m, 1H), 3.90 (d, J = 11.5 Hz, 1H), 3.65 (s, 3H), 

3.63-3.48 (m, 4H), 3.24-3.09 (m, 1H), 2.77-2.59 (m, 1H), 2.40-2.22 (m, 1H); 
13

C NMR (100 MHz, 

DMSO-d6) δ 171.6, 168.6, 158.5, 154.8, 145.5, 139.6, 133.8, 131.0, 129.5, 128.7, 127.8, 127.1, 

126.5, 118.4, 112.4, 74.9, 72.3, 55.1, 52.5, 51.7, 45.6, 45.0, 23.4; HRMS (ESI-TOF) calcd. for 

C27H27N3NaO5 [M + Na]
+
 496.1843; found: 496.1851. 

Synthesis of products 11 

The solution of compound 3aa (45.7 mg, 0.1 mmol) in THF (2 mL) was stirred at room 

temperature in a reaction tube. Subsequently, K2CO3 (0.2 mmol, 2.0 equiv) and BnBr (0.2 mmol, 

2.0 equiv) were added, and then stirred at room temperature for 12 h. After the 3aa was consumed 

completely, remove the solvent under reduced pressure. The corresponding derivative 11 were 

obtained by column chromatography on silica gel (petroleum ether/ethyl acetate = 5:1) as a white 

solid (54.5 mg, 99% yield). 

Methyl (2S,3R,4S,5R)-1-benzyl-5-(4-methoxyphenyl)-3-phenyl-4- 

(1H-pyrrolo[2,3-b]pyridine-1-carbonyl)pyrrolidine-2-carboxylate 

(11). White solid; 54.5 mg, 99% yield; >20:1 dr, 95% ee; [α]D
20

 = +16.3 

(c 1.00, CH2Cl2); mp 58.1-59.6 ºC; The ee was determined by HPLC 

(Chiralpak IC-H, EtOH/hexane = 50/50, flow rate 1.0 mL/min, λ = 254 

nm, major diastereomer: tmajor = 6.18 min, tminor = 31.23 min); 
1
H NMR (300 MHz, DMSO-d6) δ 

8.18 (d, J = 4.6 Hz, 1H), 7.54 (d, J = 7.1 Hz, 1H), 7.31-7.11 (m, 10H), 7.05-6.93 (m, 3H), 6.70 (d, 

J = 8.6 Hz, 2H), 5.18 (t, J = 10.8 Hz, 1H), 4.52 (d, J = 10.5 Hz, 1H), 4.34 (t, J = 10.7 Hz, 1H), 

3.79-3.50 (m, 7H), 3.22 (s, 3H), 3.17-3.05 (m, 1H), 2.81-2.65 (m, 1H), 2.56-2.42 (m, 1H); 
13

C 

NMR (100 MHz, DMSO-d6) δ 172.3, 168.2, 158.5, 154.9, 145.7, 139.3, 136.6, 134.0, 132.0, 129.2, 

128.5, 127.8, 127.0, 126.9, 126.6, 118.4, 112.7, 71.3, 67.5, 55.9, 55.0, 54.5, 51.3, 49.0, 45.5, 23.4; 

HRMS (ESI-TOF) calcd. for C34H34N3O4 [M + H]
+
 548.2544; found: 548.2543. 

Synthesis of products 12 

The compound 12 was synthesized according to the literature procedures.
[3] 

The solution of 

compound 11 (54.7 mg, 0.1 mmol) was dissolved in 2 M HCl/MeOH (2 mL) at 90 
o
C for 48 hours 

in a sealed tube. After cooled down to room temperature, the reaction mixture was neutralized by 

Na2CO3 aq., and the aqueous layer was extracted twice with EtOAc. The combined organic layers 

were dried over Na2SO4, filtered, concentrated. Then the crude product was purified by flash 

column chromatography on silica gel (petroleum ether/ethyl acetate 10:1 to 8:1) to afford the 

desired product 12 as a white solid (34.2 mg, 74% yield). 

Dimethyl (2S,3R,4S,5R)-1-benzyl-5-(4-methoxyphenyl)-3- 

phenylpyrrolidine-2,4-dicarboxylate (12). White solid; 34.2 mg, 74% 

yield; >20:1 dr, 95% ee; [α]D
20

 = +33.1 (c 1.00, CH2Cl2); mp 

113.0-114.3 ºC; The ee was determined by HPLC (Chiralpak IC-H, 
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i-PrOH/hexane = 10/90, flow rate 1.0 mL/min, λ = 254 nm, major diastereomer: tmajor = 21.25 min, 

tminor = 26.86 min); 
1
H NMR (300 MHz, DMSO-d6) δ 7.42 (d, J = 8.6 Hz, 2H), 7.30-7.12 (m, 10H), 

6.91 (d, J = 8.6 Hz, 2H), 4.43 (d, J = 10.4 Hz, 1H), 3.92 (t, J = 10.6 Hz, 1H), 3.82 (d, J = 13.9 Hz, 

1H), 3.74 (s, 3H), 3.71-3.61 (m, 2H), 3.58 (d, J = 10.3 Hz, 1H), 3.18 (s, 3H), 3.04 (s, 3H); 
13

C 

NMR (100 MHz, DMSO-d6) δ 172.1, 170.7, 158.6, 138.2, 136.8, 132.0, 129.3, 129.1, 128.6, 127.8 

(2C), 127.3, 127.0, 113.2, 72.0, 68.1, 56.5, 55.0, 54.7, 51.3, 51.1, 49.8; HRMS (ESI-TOF) calcd. 

for C28H30NO5 [M + H]
+
 460.2118; found: 460.2114. 

6. X-ray crystal data for compound 3ba. 

 

Crystal data and structure refinement for 3ba (CCDC 1894102) 

Identification code 3ba 

Empirical formula C28H29N3O4 

Formula weight 471.54 

Temperature/K 293(2) 

Crystal system monoclinic 

Space group P21 

a/Å 7.8070(3) 

b/Å 15.9924(5) 

c/Å 10.5193(4) 

α/° 90 

β/° 109.003(4) 

γ/° 90 

Volume/Å
3
 1241.80(8) 

Z 2 

ρcalcg/cm
3
 1.261 

μ/mm
-1

 0.688 

F(000) 500.0 

Crystal size/mm
3
 0.16 × 0.14 × 0.1 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.89 to 141.788 

Index ranges -9 ≤ h ≤ 9, -19 ≤ k ≤ 19, -9 ≤ l ≤ 12 

Reflections collected 12385 

Independent reflections 4763 [Rint = 0.0288, Rsigma = 0.0337] 

Data/restraints/parameters 4763/1/324 

Goodness-of-fit on F
2
 1.042 

Final R indexes [I>=2σ (I)] R1 = 0.0395, wR2 = 0.1007 
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Final R indexes [all data] R1 = 0.0442, wR2 = 0.1060 

Largest diff. peak/hole / e Å
-3

 0.13/-0.14 

Flack parameter -0.20(12) 
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7. The copies of 
1
H NMR, 

13
C NMR and HPLC spectra for compounds 3, 4'-6' and 10-12. 

1
H NMR, 

13
C NMR and HPLC of 3aa 
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