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General Information 

All reactions were carried out under an atmosphere of argon using oven-dried glassware. Super dry 

solvents, metal catalysts, were purchased from chemical companies and used without further treatment. 

Flash column chromatography was performed using silica gel (300-400 mesh). 1H NMR ,13C NMR, 19 F 

NMR spectra were recorded in CDCl3 or DMSO-d6 on a 400 MHz spectrometer; chemical shifts are 

reported in ppm with the solvent signals as reference, and coupling constants (J) are given in Hertz. The 

peak information is described as: s = singlet, d = doublet, t = triplet, q = quartet, m= multiplet. High-

resolution mass spectra (HRMS) were obtained using an Agilent LC-MSAD-Trap-XCT instrument using 

electrospray ionization time-of-flight (ESI-TOF). Melting points were determined using YRT-3 melting 

point apparatus. The instrumentation used for the crystal measurement is Oxford Gemini E X-ray single-

crystal diffractometer. Azoalkenes1-2 and diazoacetates3 were synthesized according to the literature. 

General Procedure for optimization of the reaction conditions 

A mixture of Rh2(OAc)4 (0.002 mmol) and azoalkene 3a (0.2 mmol) in 2 mL of solvent under an argon 

atmosphere was stirred at corresponding temperature. Indole 1a (0.24 mmol) and diazoacetate 2a (0.3 

mmol) in 1 mL of solvent was then added over 1 h via a syringe pump. After completion of the addition, 

the reaction mixture was stirred for another 3 h, then filtrated and evaporated in vacuo to give the crude 

product. The crude products was purified by flash chromatography on silica gel (PE/EtOAc = 3:1) to 

give the pure product 4a as a white solid.  

Synthesis of three-component product 4 

A mixture of Rh2(OAc)4 (0.002 mmol) and azoalkene 3 (0.2 mmol) in 2 mL of EtOAc under an argon 

atmosphere was stirred at 0 oC. Diazoacetate 2 (0.3 mmol) and indole 1 (0.24 mmol) in 1 mL of EtOAc 

was then added over 1 h via a syringe pump. After completion of the addition, the reaction mixture was 

stirred for another 3 h, then filtrated and evaporated in vacuo to give the crude product. The crude 

products was purified by flash chromatography on silica gel (PE/EtOAc = 3:1) to give the pure product 

4 as a white solid. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-methyl-1H-indo 

l-3-yl)-2-phenylsuccinate (4a): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4a as a white solid (88.8 mg, 80% yield, >20:1 dr); m.p. = 147.0-147.5°C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.01 (s, 1H), 8.19 (s, 1H), 7.48 – 7.44 (m, 2H), 7.42 – 7.29 (m, 6H), 7.23 – 7.16 (m, 3H), 

7.06 – 7.01 (m, 1H), 6.77 – 6.70 (m, 2H), 5.30 – 5.17 (m, 2H), 4.96 (s, 1H), 4.13 (q, J = 6.9 Hz, 2H), 

3.70 (s, 3H), 3.47 (s, 3H), 1.15 (t, J = 7.1 Hz, 3H), 0.84 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 

171.1, 154.5, 138.5, 137.2, 137.0, 131.6, 131.4, 128.9, 128.6, 127.5, 127.4, 126.3, 122.0, 121.4, 118.9, 

113.2, 110.0, 66.7, 61.5, 60.0, 56.7, 52.3, 33.0, 15.6, 14.4; HRMS (ESI): m/z [M + Na]+ calcd for 

[C32H33N3O6Na]+: 578.2267, found: 578.2258. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-(methoxycarbonyl)hydrazono)ethyl)-2-(1-methyl-1H-indol-3 



S3 

-yl)-2-phenylsuccinate (4b): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3b (0.2 

mmol, 40.0 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4b as a white solid (64.2 mg, 67% yield, >20:1 dr); m.p. = 194.8-195.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 9.92 (s, 1H), 8.22 (s, 1H), 7.38 – 7.35 (m, 1H), 7.34 – 7.24 (m, 2H), 7.24 – 7.15 (m, 3H), 

7.08 – 7.00 (m, 1H), 6.81 – 6.69 (m, 2H), 4.94 (s, 1H), 4.13 (q, J = 6.6 Hz, 2H), 3.82 (s, 3H), 3.74 (s, 

3H), 3.47 (s, 3H), 1.15 (t, J = 7.1 Hz, 3H), 0.82 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 171.1, 

155.1, 138.5, 137.2, 131.7, 131.5, 127.4, 126.3, 121.9, 121.4, 118.8, 113.2, 110.0, 61.5, 59.9, 56.7, 52.5, 

52.3, 40.6, 40.4, 40.2, 40.0, 39.7, 39.5, 39.3, 33.1, 15.4, 14.4.; HRMS (ESI): m/z [M + Na]+ calcd for 

[C26H29N3O6Na]+: 502.1954 , found: 502.1959. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-(ethoxycarbonyl)hydrazono)ethyl)-2-(1-methyl-1H-indol 

-3-yl)-2-phenylsuccinate (4c): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3c (0.2 

mmol, 42.8 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4c as a white solid (68.1 mg, 69% yield, >20:1 dr); m.p. = 126.9-127.5 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 9.85 (s, 1H), 8.17 (s, 1H), 7.37 – 7.34 (m, 1H), 7.33 – 7.25 (m, 2H), 7.22 – 7.16 (m, 3H), 

7.05 – 7.01 (m, 1H), 6.75 – 6.69 (m, 2H), 4.92 (s, 1H), 4.20 (q, J = 14.8, 8.0 Hz, 2H), 4.12 (q, J = 13.0, 

6.4 Hz, 2H), 3.81 (s, 3H), 3.46 (s, 3H), 1.28 (t, J = 6.8 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H), 0.80 (s, 3H); 

13C NMR (101 MHz, DMSO-d6) δ 172.5, 171.1, 154.6, 138.5, 137.2, 131.6, 131.4, 127.4, 127.2, 126.2, 

121.9, 121.4, 118.9, 113.2, 110.1, 61.5, 61.2, 60.0, 56.6, 52.3, 33.1, 15.5, 15.1, 14.4; HRMS (ESI): m/z 

[M + Na]+ calcd for [C27H31N3O6Na]+: 516.2111, found: 516.2109. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-(((9H-fluoren-9-yl)oxy)carbonyl)hydrazono)ethyl)-2-(1-meth 

yl-1H-indol-3-yl)-2-phenylsuccinate (4d): 
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Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3d (0.2 

mmol, 70.0 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4d as a white solid (90.6 mg, 72% yield, >20:1 dr); m.p. = 139.2-140.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.02 (s, 1H), 8.18 (s, 1H), 7.91 (m, 2H), 7.79 – 7.71 (m, 2H), 7.44 – 7.39 (m, 2H), 7.35 – 

7.28 (m, 3H), 7.24 – 7.18 (m, 3H), 7.05 – 6.99 (m, 1H), 6.80 – 6.68 (m, 2H), 4.96 (s, 1H), 4.55 – 4.40 

(m, 2H), 4.34 (s, 1H), 4.15 (q, J = 6.9 Hz, 2H), 3.74 (s, 3H), 3.48 (s, 3H), 1.17 (t, J = 7.0 Hz, 3H), 0.87 

(s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 171.1, 154.5, 144.2, 144.1, 141.2, 138.5, 137.2, 131.4, 

128.2, 127.5, 127.4, 126.2, 125.8, 121.9, 121.4, 120.7, 118.9, 113.2, 110.1, 66.8, 61.5, 60.0, 56.7, 52.4, 

47.0, 33.0, 15.7, 14.4; HRMS (ESI): m/z [M + Na]+ calcd for [C39H37N3O6Na]+: 666.2580, found: 

666.2570. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-(tert-butoxycarbonyl)hydrazono)ethyl)-2-(1-methyl-1H-indol 

-3-yl)-2-phenylsuccinate (4e): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3e (0.2 

mmol, 48.4 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4e as a white solid (80.3 mg, 77% yield, >20:1 dr); m.p. = 130.0-131.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 9.54 (s, 1H), 8.20 (s, 1H), 7.38 – 7.34 (m, 1H), 7.33 – 7.24 (m, 2H), 7.23 – 7.16 (m, 3H), 

7.06 – 7.01 (m, 1H), 6.76 – 6.69 (m, 2H), 4.90 (s, 1H), 4.11 (q, J = 7.0 Hz, 2H), 3.81 (s, 3H), 3.46 (s, 

3H), 1.50 (s, 9H), 1.14 (t, J = 7.1 Hz, 3H), 0.82 – 0.75 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 

171.1, 153.5, 138.5, 137.2, 131.6, 131.4, 127.4, 126.3, 122.0, 121.4, 118.9, 113.3, 110.1, 80.1, 61.4, 60.0, 

56.6, 52.3, 33.1, 28.6, 15.5, 14.4; HRMS (ESI): m/z [M + Na]+ calcd for [C29H35N3O6Na]+: 544.2424, 

found: 544.2427. 

Dimethyl (2S,3R)-3-((E)-1-(2-(tert-butoxycarbonyl)hydrazono)ethyl)-2-(1-methyl-1H-indol-3-yl)- 
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2-phenylsuccinate (4f): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3f (0.2 

mmol, 45.6 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4f as a white solid (80.1 mg, 79% yield, >20:1 dr); m.p. = 158.2-160.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 9.56 (s, 1H), 8.19 (s, 1H), 7.39 – 7.35 (m, 1H), 7.33 – 7.23 (m, 2H), 7.21 – 7.18 (m, 2H), 

7.07 – 7.00 (m, 1H), 6.76 – 6.67 (m, 2H), 4.93 (s, 1H), 3.81 (s, 3H), 3.62 (s, 3H), 3.47 (s, 3H), 1.50 (s, 

9H), 0.78 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.6, 171.7, 153.5, 138.5, 137.2, 131.6, 131.4, 

127.5, 127.4, 126.2, 122.0, 121.4, 118.9, 113.2, 110.1, 80.1, 60.0, 56.6, 52.7, 52.4, 33.1, 28.6, 15.5; 

HRMS (ESI): m/z [M + Na]+ calcd for [C28H33N3O6Na]+: 530.2267, found: 530.2265. 

Dimethyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-methyl-1H-indol-3-yl)- 

2-phenylsuccinate (4g): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3g (0.2 

mmol, 52.4 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4g as a white solid (89.8 mg, 83% yield, >20:1 dr); m.p. = 189.7-190.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.05 (s, 1H), 8.20 (s, 1H), 7.50 – 7.43 (m, 2H), 7.43 – 7.28 (m, 7H), 7.27 – 7.15 (m, 4H), 

7.08 – 6.98 (m, 1H), 6.78 – 6.71 (m, 2H), 5.31 – 5.18 (m, 2H), 4.99 (s, 1H), 3.71 (s, 3H), 3.64 (s, 3H), 

3.47 (s, 3H), 0.84 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 171.6, 154.5, 138.4, 137.2, 137.0, 

131.6, 131.4, 130.0, 128.6, 127.5, 127.4, 126.3, 122.0, 121.4, 118.9, 113.2, 110.1, 66.7, 59.9, 56.7, 52.7, 

52.4, 33.0, 15.6; HRMS (ESI): m/z [M + Na]+ calcd for [C31H31N3O6Na]+: 564.2111, found: 564.2107. 

5-benzyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-methyl-1H-in

dol-3-yl)-2-phenylsuccinate (4h): 
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Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3h (0.2 

mmol, 67.6 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4h as a white solid (90.1 mg, 73% yield, >20:1 dr); m.p. = 71.0-72.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 9.99 (s, 1H), 8.15 (s, 1H), 7.46 – 7.42 (m, 2H), 7.40 – 7.33 (m, 9H), 7.30 – 7.24 (m, 2H), 

7.21 – 7.14 (m, 3H), 7.04 – 7.00 (m, 1H), 6.74 – 6.70 (m, 2H), 5.26 – 5.18 (m, 2H), 5.17 – 5.08 (m, 2H), 

4.98 (s, 1H), 3.68 (s, 3H), 3.35 (s, 3H), 0.77 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.4, 171.0, 

154.5, 138.4, 137.2, 137.0, 136.0, 131.5, 131.4, 129.0, 128.9, 128.8, 128.6, 128.1, 127.5, 127.4, 127.2, 

126.2, 121.9, 121.4, 118.9, 113.1, 110.1, 67.0, 66.7, 60.0, 56.7, 52.3, 33.0, 15.6; HRMS (ESI): m/z [M 

+ Na]+ calcd for [C37H35N3O6Na]+: 640.2424, found: 640.2426. 

5-(tert-butyl) 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-methyl-1 

H-indol-3-yl)-2-phenylsuccinate (4i): 

 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3i (0.2 

mmol, 60.8 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4i as a white solid (86.3 mg, 74% yield, >20:1 dr); m.p. = 197.0-198.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 9.95 (s, 1H), 8.16 (s, 1H), 7.46 – 7.43 (m, 2H), 7.41 – 7.28 (m, 6H), 7.20 – 7.15 (m, 3H), 

7.04 – 7.00 (m, 1H), 6.76 – 6.69 (m, 2H), 5.26 – 5.15 (m, 2H), 4.84 (s, 1H), 3.70 (s, 3H), 3.46 (s, 3H), 

1.39 (s, 9H), 0.82 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 170.3, 154.5, 138.6, 137.2, 137.0, 

131.4, 128.9, 128.6, 127.3, 127.1, 126.2, 122.0, 121.4, 118.8, 113.4, 110.0, 82.1, 66.7, 60.6, 56.5, 52.2, 

33.0, 28.0, 15.4; HRMS (ESI): m/z [M + Na]+ calcd for [C34H37N3O6Na]+: 606.2580, found: 606.2585. 

5-allyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-methyl-1H-indol 

-3-yl)-2-phenylsuccinate (4j): 
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Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3j (0.2 

mmol, 57.6 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4j as a white solid (79.4 mg, 70% yield, >20:1 dr); m.p. = 132.5-134.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.03 (s, 1H), 8.19 (s, 1H), 7.49 – 7.43 (m, 2H), 7.42 – 7.29 (m, 6H), 7.23 – 7.16 (m, 3H), 

7.06 – 7.01 (m, 1H), 6.76 – 6.70 (m, 2H), 5.92 – 5.81 (m, 1H), 5.34 – 5.19 (m, 4H), 5.00 (s, 1H), 4.66 – 

4.55 (m, 2H), 3.69 (s, 3H), 3.46 (s, 3H), 0.84 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 170.8, 

154.5, 138.4, 137.2, 137.0, 132.5, 131.6, 131.4, 128.9, 128.6, 127.5, 127.4, 126.2, 122.0, 121.4, 119.1, 

118.9, 113.2, 110.1, 66.7, 65.9, 59.9, 56.7, 52.4, 33.0, 15.7; HRMS (ESI): m/z [M + Na]+ calcd for 

[C33H33N3O6Na]+: 590.2267, found: 590.2270. 

4-isobutyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-methyl-1H- 

indol-3-yl)-2-phenylsuccinate (4k): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3k (0.2 

mmol, 60.8 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4k as a white solid (84.0 mg, 72% yield, >20:1 dr); m.p. = 103.2-103.8 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.05 (s, 1H), 8.21 (s, 1H), 7.48 – 7.43 (m, 2H), 7.41 – 7.31 (m, 6H), 7.23 – 7.16 (m, 3H), 

7.06 – 7.01 (m, 1H), 6.78 – 6.70 (m, 2H), 5.30 – 5.18 (m, 2H), 5.00 (s, 1H), 3.94 – 3.89 (m, 1H), 3.84 – 

3.79 (m, 1H), 3.70 (s, 3H), 3.46 (s, 3H), 1.88 – 1.79 (m, 1H), 0.87 (s, 3H), 0.85 (s, 3H), 0.83 (s, 3H); 13C 

NMR (101 MHz, DMSO-d6) δ 172.5, 171.2, 154.6, 138.5, 137.2, 137.0, 131.6, 131.4, 128.9, 128.6, 127.5, 

127.4, 126.3, 122.0, 121.4, 118.9, 113.2, 110.0, 71.3, 66.7, 60.0, 56.7, 52.3, 52.2, 33.0, 27.6, 19.2, 15.7.; 

HRMS (ESI): m/z [M + Na]+ calcd for [C34H37N3O6Na]+: 606.2580, found: 606.2573. 

5-(2-methoxyethyl) 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-me 

thyl-1H-indol-3-yl)-2-phenylsuccinate (4l): 
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Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2a (0.3 mmol, 52.8 mg) and 3l (0.2 

mmol, 61.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4l as a white solid (94.8 mg, 81% yield, >20:1 dr); m.p. = 90.3-91.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.03 (s, 1H), 8.18 (s, 1H), 7.49 – 7.43 (m, 2H), 7.43 – 7.31 (m, 5H), 7.30 – 7.27 (m, 1H), 

7.22 – 7.16 (m, 3H), 7.05 – 7.01 (m, 1H), 6.75 – 6.70 (m, 2H), 5.28 – 5.16 (m, 2H), 4.95 (s, 1H), 4.21 (t, 

J = 4.1 Hz, 2H), 3.70 (s, 3H), 3.51 – 3.47 (m, 2H), 3.46 (s, 3H), 3.22 (s, 3H), 0.81 (s, 3H); 13C NMR 

(101 MHz, DMSO-d6) δ 172.4, 171.1, 154.5, 138.4, 137.2, 137.0, 131.4, 128.9, 128.6, 127.5, 127.4, 

126.2, 122.0, 121.4, 118.9, 113.2, 110.1, 70.0, 66.7, 64.3, 59.9, 58.4, 56.6, 52.4, 33.0, 15.5; HRMS (ESI): 

m/z [M + Na]+ calcd for [C33H35N3O7Na]+: 608.2373, found: 608.2371. 

5-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-ethyl-1H-indol

-3-yl)-2-phenylsuccinate (4m): 

Followed the general procedure, using 1m (0.24 mmol, 34.8 mg), 2a (0.3 mmol, 52.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4m as a white solid (85.4 mg, 75% yield, >20:1 dr); m.p. = 176.8-177.0 °C; 1H NMR (400 

MHz, DMSO-d6) δ 10.01 (s, 1H), 8.26 (s, 1H), 7.48 – 7.43 (m, 2H), 7.41 – 7.35 (m, 4H), 7.34 – 7.25 (m, 

2H), 7.22 – 7.17 (m, 3H), 7.04 – 6.99 (m, 1H), 6.77 – 6.69 (m, 2H), 5.22 (s, 2H), 4.97 (s, 1H), 4.15 (q, 

2H), 4.10 (q, 2H), 3.47 (s, 3H), 1.40 (s, 3H), 1.15 (t, J = 7.1 Hz, 3H), 0.82 (s, 3H); 13C NMR (101 MHz, 

DMSO-d6) δ 172.5, 171.1, 154.5, 138.5, 137.0, 136.4, 131.4, 129.7, 128.9, 128.6, 127.5, 127.4, 126.4, 

122.1, 121.3, 118.8, 113.3, 110.0, 66.6, 61.5, 60.0, 56.7, 52.3, 40.9, 15.5, 15.5, 14.4.; HRMS (ESI): m/z 

[M + Na]+ calcd for [C33H35N3O6Na]+: 592.2424, found: 592.2431. 

4-ethyl 1-methyl (2S,3R)-2-(1-benzyl-1H-indol-3-yl)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono) 

ethyl)-2-phenylsuccinate (4n): 
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Followed the general procedure, using 1n (0.24 mmol, 49.7 mg), 2a (0.3 mmol, 52.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4n as a white solid (88.4 mg, 70% yield, >20:1 dr); m.p. = 181.0-181.6 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.06 (s, 1H), 8.40 (s, 1H), 7.46 – 7.26 (m, 13H), 7.23 – 7.19 (m, 3H), 6.99 – 6.94 (m, 1H), 

6.75 – 6.68 (m, 2H), 5.32 (s, 2H), 5.19 – 5.06 (m, 2H), 5.00 (s, 1H), 4.15 – 4.07 (m, 2H), 3.48 (s, 3H), 

1.12 (t, J = 7.1 Hz, 3H), 0.88 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 171.0, 154.5, 138.4, 

136.9, 136.5, 131.4, 131.3, 129.0, 128.5, 127.9, 127.5, 126.7, 122.2, 121.5, 119.1, 113.8, 110.6, 66.6, 

61.5, 60.0, 56.7, 52.4, 50.0, 15.7, 14.4; HRMS (ESI): m/z [M + Na]+ calcd for [C38H37N3O6Na]+: 

654.2580, found: 654.2583. 

5-ethyl 1-methyl (2S,3R)-2-(1-allyl-1H-indol-3-yl)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono) 

ethyl)-2-phenylsuccinate (4o): 

Followed the general procedure, using 1o (0.24 mmol, 37.7 mg), 2a (0.3 mmol, 52.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4o as a white solid (84.9 mg, 73% yield, >20:1 dr); m.p. = 139.8-140.5 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.00 (s, 1H), 8.22 (s, 1H), 7.46 – 7.35 (m, 6H), 7.34 – 7.25 (m, 2H), 7.24 – 7.17 (m, 3H), 

7.04 – 6.98 (m, 1H), 6.77 – 6.69 (m, 2H), 6.05 (s, 1H), 5.21 (s, 2H), 5.14 (d, J = 9.9 Hz, 1H), 4.95 (s, 

1H), 4.73 (s, 2H), 4.16 – 4.07 (m, 2H), 3.47 (s, 3H), 1.14 (t, J = 7.1 Hz, 3H), 0.84 (s, 3H); 13C NMR 

(101 MHz, DMSO-d6) δ 172.5, 171.0, 154.5, 138.4, 137.0, 136.6, 134.5, 131.4, 130.7, 128.9, 128.6, 

127.5, 127.4, 126.4, 122.1, 121.4, 119.0, 117.4, 113.7, 110.4, 66.6, 61.5, 60.0, 56.7, 52.4, 48.7, 15.6, 

14.4; HRMS (ESI): m/z [M + Na]+ calcd for [C34H35N3O6Na]+: 604.2424, found: 604.2419. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-phenyl-2-(1-(prop

-2-yn-1-yl)-1H-indol-3-yl)succinate (4p): 
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Followed the general procedure, using 1p (0.24 mmol, 37.2 mg), 2a (0.3 mmol, 52.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4p as a white solid (75.3 mg, 65% yield, >20:1 dr); m.p. = 74.4-75.0 °C; 1H NMR (400 MHz, 

CDCl3) δ 8.14 (s, 1H), 7.56 (s, 1H), 7.42 – 7.32 (m, 7H), 7.22 – 7.15 (m, 3H), 7.12 – 7.08 (m, 1H), 6.91 

– 6.87 (m, 1H), 6.84 – 6.79 (m, 1H), 5.33 – 5.20 (m, 2H), 5.15 (s, 1H), 4.78 (s, 2H), 4.20 – 4.13 (m, 2H), 

3.57 (s, 3H), 2.40 (s, 1H), 1.21 (t, J = 7.1 Hz, 3H), 0.84 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 172.5, 

171.0, 154.5, 138.4, 137.0, 136.3, 131.3, 130.2, 129.0, 128.6, 127.5, 126.8, 122.2, 121.7, 119.4, 114.4, 

110.4, 79.3, 76.3, 66.7, 61.5, 60.1, 56.7, 52.4, 35.9, 15.6, 14.4; HRMS (ESI): m/z [M + Na]+ calcd for 

[C34H33N3O6Na]+: 602.2267, found: 602.2272. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1,5-dimethyl-1H- 

indol-3-yl)-2-phenylsuccinate (4q): 

Followed the general procedure, using 1q (0.24 mmol, 34.8 mg), 2a (0.3 mmol, 52.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4q as a white solid (85.4 mg, 75% yield, >20:1 dr); m.p. = 158.2-158.9 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 9.98 (s, 1H), 8.12 (s, 1H), 7.56 – 7.44 (m, 2H), 7.42 – 7.35 (m, 3H), 7.33 – 7.25 (m, 2H), 

7.24 – 7.17 (m, 4H), 6.87 – 6.84 (m, 1H), 6.54 (s, 1H), 5.33 – 5.11 (m, 2H), 4.91 (s, 1H), 4.12 (q, J = 7.0 

Hz, 2H), 3.66 (s, 3H), 3.46 (s, 3H), 2.09 (s, 3H), 1.14 (t, J = 7.1 Hz, 3H), 0.79 (s, 3H); 13C NMR (101 

MHz, DMSO-d6) δ 172.4, 171.1, 154.5, 138.4, 137.0, 135.7, 131.4, 129.0, 128.6, 127.4, 127.1, 126.4, 

123.1, 121.5, 112.6, 109.8, 66.7, 61.5, 60.0, 56.5, 52.3, 33.0, 21.8, 15.5, 14.4; HRMS (ESI): m/z [M + 

Na]+ calcd for [C33H35N3O6Na]+: 592.2424, found: 592.2426. 

5-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(6-fluoro-1-methyl 

-1H-indol-3-yl)-2-phenylsuccinate (4r): 
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Followed the general procedure, using 1r (0.24 mmol, 35.8 mg), 2a (0.3 mmol, 52.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4r as a white solid (79.1 mg, 69% yield, >20:1 dr); m.p. = 135.1-135.4°C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.02 (s, 1H), 8.17 (s, 1H), 7.49 – 7.33 (m, 6H), 7.29 – 7.18 (m, 5H), 6.75 – 6.56 (m, 2H), 

5.32 – 5.16 (m, 2H), 4.90 (s, 1H), 4.12 (q, J = 13.9, 6.9 Hz, 2H), 3.68 (s, 3H), 3.47 (s, 3H), 1.14 (t, J = 

7.0 Hz, 3H), 0.82 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 171.0, 159.1 (d, J = 235.4 Hz), 

154.5, 138.3, 137.4, 137.3, 137.0, 132.3, 131.3, 128.9, 128.6, 127.55, 127.48, 123.0, 113.6, 107.4 (d, J 

= 24.4 Hz), 96.5 (d, J = 25.7 Hz), 66.7, 61.5, 59.9, 56.6, 52.4, 33.2, 15.5, 14.4; 19F NMR (376 MHz, 

DMSO-d6) δ -121.48; HRMS (ESI): m/z [M + Na]+ calcd for [C32H32FN3O6Na]+: 596.2173, found: 

596.2178. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1,7-dimethyl-1H- 

indol-3-yl)-2-phenylsuccinate (4s): 

Followed the general procedure, using 1s (0.24 mmol, 34.8 mg), 2a (0.3 mmol, 52.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4s as a white solid (86.5 mg, 76% yield, >20:1 dr); m.p. = 163.5-163.7 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.05 (s, 1H), 8.13 (s, 1H), 7.48 – 7.44 (m, 2H), 7.42 – 7.32 (m, 5H), 7.22 – 7.17 (m, 3H), 

6.73 – 6.69 (m, 1H), 6.64 – 6.60 (m, 1H), 6.58 – 6.54 (m, 1H), 5.30 – 5.20 (m, 2H), 4.98 (s, 1H), 4.13 (q, 

J = 7.0 Hz, 2H), 3.96 (s, 3H), 3.47 (s, 3H), 2.66 (s, 3H), 1.16 (t, J = 7.1 Hz, 3H), 0.84 (s, 3H); 13C NMR 

(101 MHz, DMSO-d6) δ 172.4, 171.1, 154.6, 147.6, 138.4, 137.0, 135.9, 133.2, 131.5, 128.9, 128.8, 

128.6, 127.4, 127.3, 123.9, 121.5, 120.2, 119.0, 112.6, 66.7, 61.5, 60.0, 56.5, 52.3, 37.0, 19.6, 15.5, 14.4; 

HRMS (ESI): m/z [M + Na]+ calcd for [C33H35N3O6Na]+: 592.2424, found: 592.2424. 

5-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(4-methoxyphenyl) 

-2-(1-methyl-1H-indol-3-yl)succinate (4t): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2t (0.3 mmol, 61.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4t as a white solid (89.0 mg,76% yield, >20:1 dr); m.p. = 137.3-140.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.01 (s, 1H), 8.16 (s, 1H), 7.48 – 7.44 (m, 2H), 7.43 – 7.30 (m, 5H), 7.26 – 7.14 (m, 2H), 

7.05 – 7.01 (m, 1H), 6.80 – 6.73 (m, 4H), 5.29 – 5.18 (m, 2H), 4.91 (s, 1H), 4.12 (q, J = 6.9 Hz, 2H), 

3.71 (s, 6H), 3.45 (s, 3H), 1.15 (t, J = 7.1 Hz, 3H), 0.87 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.7, 
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171.2, 158.5, 154.5, 137.2, 137.0, 132.6, 131.4, 130.2, 129.0, 128.8, 128.64, 128.58, 128.2, 126.3, 122.0, 

121.4, 118.9, 113.5, 112.7, 110.0, 66.7, 61.4, 59.9, 56.0, 55.3, 52.3, 33.0, 15.7, 14.4; HRMS (ESI): m/z 

[M + Na]+ calcd for [C33H35N3O7Na]+: 608.2373, found: 608.2363. 

6-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(4-fluorophenyl)-2 

-(1-methyl-1H-indol-3-yl)succinate (4u): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2u (0.3 mmol, 58.2 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4u as a white solid (78.0 mg, 68% yield, >20:1 dr); m.p. = 150.1-150.7 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.03 (s, 1H), 8.18 (s, 1H), 7.48 – 7.43 (m, 2H), 7.43 – 7.29 (m, 6H), 7.06 – 7.00 (m, 3H), 

6.76 – 6.71 (m, 2H), 5.27 – 5.17 (m, 2H), 4.93 (s, 1H), 4.13 (q, 2H), 3.71 (s, 3H), 3.46 (s, 3H), 1.15 (t, J 

= 7.1 Hz, 3H), 0.87 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.4, 171.1, 161.6 (d, J = 244.3 Hz), 

154.5, 137.3, 136.9, 134.6, 133.5 (d, J = 7.7 Hz), 131.5, 129.0, 128.64, 128.60, 126.0, 121.7, 121.5, 119.0, 

114.2 (d, J = 20.8 Hz), 113.0, 110.2, 66.7, 61.6, 59.8, 56.1, 52.4, 33.0, 15.7, 14.4; 19F NMR (376 MHz, 

DMSO-d6) δ -115.70; HRMS (ESI): m/z [M + Na]+ calcd for [C32H32FN3O6Na]+: 596.2173, found: 

596.2171. 

6-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(3-methoxyphenyl) 

-2-(1-methyl-1H-indol-3-yl)succinate (4v): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2v (0.3 mmol, 61.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4v as a white solid (86.6 mg, 74% yield, >20:1 dr); m.p. =142.8-150.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.02 (s, 1H), 8.16 (s, 1H), 7.46 – 7.43 (m, 2H), 7.40 – 7.32 (m, 4H), 7.10 – 7.00 (m, 3H), 

6.82 – 6.72 (m, 4H), 5.29 – 5.18 (m, 2H), 4.93 (s, 1H), 4.12 (q, J = 7.0 Hz, 2H), 3.69 (s, 3H), 3.62 (s, 

3H), 3.45 (s, 3H), 1.14 (t, J = 7.1 Hz, 3H), 0.88 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.4, 171.0, 

158.5, 154.5, 140.0, 137.2, 137.0, 131.5, 128.9, 128.6, 128.3, 126.3, 123.8, 121.9, 121.4, 118.9, 118.4, 

113.2, 112.1, 110.0, 66.7, 61.5, 60.0, 56.6, 55.3, 52.3, 33.0, 15.5, 14.4; HRMS (ESI): m/z [M + Na]+ 

calcd for [C33H35N3O7Na]+: 608.2373, found: 608.2374. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(3-chlorophenyl)- 

2-(1-methyl-1H-indol-3-yl)succinate (4w): 
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Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2w (0.3 mmol, 63.0 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4w as a white solid (97.8 mg, 83% yield, >20:1 dr); m.p. = 160.0-160.5 °C; 1H NMR (400 

MHz, DMSO-d6) δ 10.07 (s, 1H), 8.18 (s, 1H), 7.55 – 7.42 (m, 3H), 7.41 – 7.34 (m, 4H), 7.33 – 7.30 (m, 

1H), 7.22 – 7.17 (m, 1H), 7.14 – 7.01 (m, 2H), 6.79 – 6.70 (m, 2H), 5.30 – 5.15 (m, 2H), 4.94 (s, 1H), 

4.18 – 4.09 (m, 2H), 3.70 (s, 3H), 3.47 (s, 3H), 1.15 (t, J = 7.1 Hz, 3H), 0.89 (s, 3H); 13C NMR (101 

MHz, DMSO-d6) δ 172.0, 171.0, 154.5, 140.9, 137.2, 136.9, 132.2, 131.7, 131.4, 130.0, 129.3, 128.9, 

128.6, 127.6, 125.9, 121.6, 119.2, 112.3, 110.3, 66.7, 61.7, 59.7, 56.4, 52.6, 33.1, 15.8, 14.4; HRMS 

(ESI): m/z [M + Na]+ calcd for [C32H32ClN3O6Na]+: 612.1878, found: 612.1868. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(3-bromophenyl)- 

2-(1-methyl-1H-indol-3-yl)succinate (4x): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2x (0.3 mmol, 76.2 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4x as a white solid (101.3 mg, 80% yield, >20:1 dr); m.p. = 162.5-163.0 °C; 1H NMR (400 

MHz, DMSO-d6) δ 10.08 (s, 1H), 8.17 (s, 1H), 7.64 (s, 1H), 7.49 – 7.43 (m, 3H), 7.41 – 7.33 (m, 4H), 

7.16 – 7.03 (m, 3H), 6.79 – 6.71 (m, 2H), 5.29 – 5.16 (m, 2H), 4.94 (s, 1H), 4.19 – 4.11 (m, 2H), 3.70 (s, 

3H), 3.47 (s, 3H), 1.16 (t, J = 7.1 Hz, 3H), 0.89 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.0, 171.0, 

154.5, 141.1, 137.2, 136.9, 134.2, 131.7, 130.44, 130.36, 129.6, 129.0, 128.6, 125.8, 121.60, 121.56, 

120.8, 119.2, 112.2, 110.3, 66.7, 61.7, 59.7, 56.4, 52.6, 33.1, 15.8, 14.4; HRMS (ESI): m/z [M + Na]+ 

calcd for [C32H32BrN3O6Na]+: 656.1372, found: 656.1374. 

5-ethyl 1-methyl (2S,3R)-2-(benzo[d][1,3]dioxol-5-yl)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazon 

o)ethyl)-2-(1-methyl-1H-indol-3-yl)succinate (4y): 
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Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2y (0.3 mmol, 66.0 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4y as a white solid (91.1 mg, 76% yield, >20:1 dr); m.p. = 140.1-140.5 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.05 (s, 1H), 8.17 (s, 1H), 7.49 – 7.43 (m, 2H), 7.42 – 7.32 (m, 4H), 7.13 – 6.99 (m, 2H), 

6.86 (d, J = 8.0 Hz, 1H), 6.80 – 6.76 (m, 1H), 6.67 (d, J = 8.3 Hz, 1H), 6.50 (s, 1H), 5.99 (d, J = 8.3 Hz, 

2H), 5.32 – 5.17 (m, 2H), 4.91 (s, 1H), 4.17 – 4.10 (m, 2H), 3.69 (s, 3H), 3.45 (s, 3H), 1.15 (t, J = 7.1 

Hz, 3H), 0.96 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 171.1, 154.5, 137.2, 137.0, 136.2, 132.5, 

132.3, 131.7, 130.5, 129.4, 128.9, 128.7, 128.62, 128.58, 127.6, 126.7, 126.4, 126.3, 121.8, 121.4, 118.9, 

113.1, 110.1, 66.7, 61.5, 60.0, 56.9, 52.5, 33.1, 15.9, 14.4; HRMS (ESI): m/z [M + Na]+ calcd for 

[C33H33N3O8Na]+: 622.2166, found: 622.2172. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-methyl-1H-indo 

l-3-yl)-2-(thiophen-3-yl)succinate (4z): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2z (0.3 mmol, 54.6 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4z as a white solid (81.9 mg, 73% yield, >20:1 dr); m.p. = 122.0-122.8 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.07 (s, 1H), 8.13 (s, 1H), 7.49 – 7.44 (m, 2H), 7.41 – 7.32 (m, 5H), 7.08 – 6.99 (m, 2H), 

6.98 – 6.94 (m, 1H), 6.92 – 6.88 (m, 1H), 6.82 – 6.77 (m, 1H), 5.30 – 5.18 (m, 2H), 4.90 (s, 1H), 4.14 (q, 

J = 7.1 Hz, 2H), 3.68 (s, 3H), 3.45 (s, 3H), 1.16 (t, J = 7.1 Hz, 3H), 1.00 (s, 3H); 13C NMR (101 MHz, 

DMSO-d6) δ 177.3, 175.8, 159.3, 144.3, 141.8, 141.7, 136.0, 135.5, 133.7, 133.4, 133.3, 131.5, 131.2, 

128.8, 126.4, 126.2, 123.7, 118.1, 114.8, 71.5, 66.3, 64.7, 58.6, 57.2, 37.7, 19.8, 19.1; HRMS (ESI): m/z 

[M + Na]+ calcd for [C30H31N3O6SNa]+: 584.1832, found: 584.1825. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-(tert-butoxyca

rbonyl)-1H-indol-3-yl)-2-(1-methyl-1H-indol-3-yl)succinate (4aa): 

 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2aa (0.3 mmol, 94.5 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4aa as a white solid (94.4 mg, 68% yield, >20:1 dr); m.p. = 62.5-63.4 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 9.93 (s, 1H), 8.17 (s, 1H), 8.08 (s, 1H), 8.01 – 7.97 (m, 1H), 7.48 – 7.45 (m, 2H), 7.43 – 

7.38 (m, 3H), 7.35 – 7.32 (m, 1H), 7.09 – 7.05 (m, 1H), 7.00 – 6.95 (m, 1H), 6.93 – 6.88 (m, 1H), 6.67 

– 6.60 (m, 2H), 6.48 – 6.37 (m, 1H), 5.34 – 5.23 (m, 2H), 4.99 (s, 1H), 4.16 – 4.06 (m, 2H), 3.77 (s, 3H), 



S15 

3.53 (s, 3H), 1.71 (s, 9H), 1.14 (t, J = 7.0 Hz, 3H), 0.92 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 176.8, 

175.7, 159.2, 154.4, 141.9, 141.6, 139.1, 135.3, 133.7, 133.3, 133.1, 131.6, 128.5, 126.9, 126.3, 126.0, 

125.50, 123.7, 119.4, 116.1, 114.7, 89.4, 71.3, 66.3, 63.7, 57.4, 56.7, 37.8, 32.9, 20.8, 19.0; HRMS (ESI): 

m/z [M + Na]+ calcd for [C39H42N4O8Na]+: 717.2901, found: 717.2913. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-methyl-1H-indo 
l-3-yl)-2-(naphthalen-2-yl)succinate (4ab): 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2ab (0.3 mmol, 67.8 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 4ab as a white solid (82.3 mg, 68% yield, >20:1 dr); m.p. = 78.0-79.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.00 (s, 1H), 8.21 (s, 1H), 7.93 – 7.80 (m, 2H), 7.73 – 7.67 (m, 2H), 7.50 – 7.42 (m, 4H), 

7.42 – 7.34 (m, 5H), 7.04 – 6.98 (m, 1H), 6.69 – 6.62 (m, 2H), 5.30 – 5.17 (m, 2H), 5.04 (s, 1H), 4.16 – 

4.09 (m, 2H), 3.73 (s, 3H), 3.51 (s, 3H), 1.13 (t, J = 7.1 Hz, 3H), 0.78 (s, 3H); 13C NMR (101 MHz, 

DMSO-d6) δ 172.5, 171.2, 154.6, 146.6, 146.5, 137.2, 137.0, 132.0, 131.4, 128.9, 128.63, 128.59, 126.2, 

124.9, 121.9, 121.5, 119.0, 113.3, 112.1, 110.1, 107.3, 101.4, 66.7, 61.6, 60.0, 56.3, 52.4, 33.0, 15.7, 

14.4; HRMS (ESI): m/z [M + Na]+ calcd for [C36H35N3O6Na]+: 628.2424, found: 628.2429. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-phenyl-2-(1-((1-to

syl-1H-1,2,3-triazol-5-yl)methyl)-1H-indol-3-yl)succinate (5): 

 

Followed the general procedure, using 4p (0.2 mmol, 31.5 mg), sulfonyl azide (0.2 mmol, 51.9 mg). 

Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to afforded product. (155 

mg, 84% yield, >20:1 dr) as a yellow solid; m.p. = 175.8.0-176.0 °C; 1H NMR (400 MHz, CDCl3) δ 

8.85 – 8.02 (m, 2H), 8.01 – 7.92 (m, 2H), 7.63 (s, 1H), 7.46 – 7.30 (m, 9H), 7.25 (s, 1H), 7.23 – 7.15 (m, 

3H), 7.07 – 7.00 (m, 1H), 6.86 – 6.74 (m, 2H), 5.49 – 5.32 (m, 2H), 5.25 – 5.14 (m, 2H), 4.22 – 4.08 (m, 

2H), 3.58 (s, 3H), 2.43 (s, 3H), 1.77 (s, 1H), 1.20 (t, J = 7.1 Hz, 3H), 0.85 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 172.6, 170.7, 147.4, 144.4, 137.7, 136.3, 135.6, 132.9, 131.3, 130.5, 128.9, 128.7, 128.6, 127.3,, 

126.9, 122.7, 121.7, 119.4, 114.2, 109.6, 67.9, 61.4, 59.4, 57.0, 52.3, 41.9, 21.9, 14.2, 14.1; HRMS (ESI): 

m/z [M + Na]+ calcd for [C41H40N6O8SNa]+: 799.2526, found: 799.2512. 

4-ethyl 1-methyl (2S,3R)-3-((E)-1-(2-((benzyloxy)carbonyl)hydrazono)ethyl)-2-(1-methyl-1H-ind 

ol-3-yl)-2-(11-oxo-6,11-dihydrodibenzo[b,e]oxepin-9-yl)succinate (6): 
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Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2k (0.3 mmol, 92.4 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 6 as a white solid (96.2 mg, 71% yield, >20:1 dr); m.p. =157.2-160.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 10.04 (s, 1H), 8.34 – 8.04 (m, 2H), 7.74 – 7.70 (m, 1H), 7.66 – 7.61 (m, 1H), 7.57 – 7.50 

(m, 2H), 7.49 – 7.45 (m, 2H), 7.42 – 7.33 (m, 5H), 7.07 – 7.02 (m, 1H), 6.96 – 6.91 (m, 1H), 6.79 – 6.72 

(m, 2H), 5.29 – 5.26 (m, 2H), 5.26 – 5.15 (m, 2H), 4.97 (s, 1H), 4.17 – 4.10 (m, 2H), 3.73 (s, 3H), 3.49 

(s, 3H), 1.16 (t, J = 7.1 Hz, 3H), 0.94 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 190.5, 172.4, 171.0, 

160.3, 154.5, 140.5, 138.7, 137.3, 137.0, 136.2, 134.7, 133.4, 132.2, 131.6, 129.6, 129.2, 128.9, 128.7, 

128.63, 128.58, 126.1, 124.1, 121.7, 121.5, 119.5, 119.1, 112.7, 110.2, 73.2, 66.7, 61.6, 59.8, 56.1, 52.5, 

33.1, 16.1, 14.4; HRMS (ESI): m/z [M + Na]+ calcd for [C40H37N3O8Na]+: 710.2479,  found: 710.2469. 

Benzyl (E)-2-(4-ethoxy-3-(1-methyl-3-(1-methyl-1H-indol-3-yl)-2-oxoindolin-3-yl)-4-oxobutan-2-li 

dene)hydrazine-1-carboxylate (7): 

 

Followed the general procedure, using 1a (0.24 mmol, 31.5 mg), 2l (0.3 mmol, 51.9 mg) and 3a (0.2 

mmol, 55.2 mg). Purified by flash column chromatography (petroleum ether/ethyl acetate 3:1) to 

afforded 7 as a white solid (77.3 mg, 70% yield, >20:1 dr); m.p. = 195.2-196.0 °C; 1H NMR (400 MHz, 

DMSO-d6) δ 9.86 (s, 1H), 8.02 (d, J = 7.1 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.41 – 7.31 (m, 7H), 7.14 – 

7.08 (m, 1H), 7.05 – 6.93 (m, 3H), 6.54 (s, 1H), 5.14 (s, 2H), 4.96 (s, 1H), 3.78 (q, J = 5.7 Hz, 2H), 3.54 

(s, 3H), 3.08 (s, 3H), 1.65 (s, 3H), 0.84 (t, J = 6.6 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 177.5, 

169.6, 154.4, 144.8, 137.8, 137.1, 130.1, 129.5, 128.9, 128.6, 128.5, 128.2, 125.8, 122.5, 122.1, 121.6, 

119.1, 111.8, 110.4, 108.5, 66.4, 60.7, 57.7, 54.3, 32.7, 26.7, 18.7, 13.9; HRMS (ESI): m/z [M + Na]+ 

calcd for [C32H32N4O5Na]+: 575.2271, found: 575.2268. 

Methyl 2-(1-methyl-1H-indol-3-yl)-2-phenylacetate (8): 

Followed the general procedure, using 1a (0.48 mmol, 31.5 mg), 2a (0.3 mmol, 51.9 mg). Purified by 

flash column chromatography (petroleum ether/ethyl acetate 10:1) to afforded 8 (53.5 mg, 96% yield) as 

a yellow oil; 1H NMR (400 MHz, DMSO-d6) δ 7.44 – 7.37 (m, 4H), 7.35 – 7.29 (m, 2H), 7.28 – 7.21 

(m, 2H), 7.18 – 7.11 (m, 1H), 7.04 – 6.95 (m, 1H), 5.33 (s, 1H), 3.75 (s, 3H), 3.67 (s, 3H); 13C NMR 
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(101 MHz, DMSO-d6) δ 173.4, 139.5, 137.1, 128.8, 128.8, 128.4, 127.5, 127.0, 121.9, 119.3, 119.2, 

111.9, 110.3, 52.5, 48.3, 32.8; HRMS (ESI): m/z [M + Na]+ calcd for [C18H17NO2Na]+: 302.1157, found: 

302.1154. 

Scale-up reaction 

 
To a 25-mL oven-dried vial containing a magnetic stirring bar, a mixture of Rh2(OAc)4 (1 mol%) , 

azoalkene 3a (1 mmol) and phosphoric acid (10 mol%) in 8 mL of EtOAc under an argon atmosphere 

was stirred at 0 oC.A solution of diazoacetate 2a (1.5 mmol) and indole 1a (1.2 mmol) was added in 2.0 

mL EtOAc via a syringe pump over 1h . After addition, the reaction mixture was stirred for additional 

24 h. Then the reaction mixture was purified by column chromatography on silica gel without any 

additional treatment (PE: EtOAc = 3:1) to give the pure products 4a in 73% yield.  

Control experiment 

 
A mixture of Rh2(OAc)4 (0.002 mmol) and indole 1a (0.2 mmol) in 2 mL of EtOAc under an argon 

atmosphere was stirred at 0 oC. Diazoacetate 2a (0.3 mmol) in 1 mL of EtOAc was then added over 1 h 

via a syringe pump.After the completion of the reaction (monitored by TLC), the reaction mixture was 

filtered through a short pad of Celite and the solvent was evaporated under reduced pressure. The residue 

was purified by silica column chromatography (PE/EtOAc = 10:1) to give 8 (53.5 mg, 96% yield) as a 

yellow oil. 

Azoalkene 3a (0.1 mmol) and phosphoric acid (0.01 mmol) in 1 mL of EtOAc under an argon atmosphere 

was stirred at 0 ℃. Insertion product 8 (0.1 mmol) in 1 mL of EtOAc was then added over 30 min via a 

syringe pump. After completion of the addition, the reaction mixture was stirred for another 12 h, then 

monitored by TLC, which indicated that the expected product 4a was not obtained.
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Derivatization 

 

A Schlenk flask was charged with copper(I) thiophene-2-carboxylate (CuTC, 0.02 mmol, 0.1 equiv. in 

regards to 4p), toluene (5 mL), and the 4p (0.2 mmol, 1 equiv.). The reaction mixture was cooled in an 

ice-water bath. Subsequently, the sulfonyl azide (0.2 mmol, 1 equiv.) was added slowly as the limiting 

reagent to avoid a run-away exotherm, and the reaction mixture allowed to warm to room temperature 

and stir until judged complete by TLC. The reaction was diluted with saturated aq NH4Cl (5 mL) and 

extracted into EtOAc (2 × 5 mL). The combined organics were dried (Na2SO4) and filtered through celite. 

The eluent was concentrated in vacuo. Then the reaction mixture was purified by column 

chromatography on silica gel without any additional treatment (PE: EtOAc = 3:1) to give the pure product 

in 84% yields.  
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NMR Spectra of compounds 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 

 

13C NMR (101 MHz, DMSO-d6) 



S30 

1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, CDCl3) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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19F NMR (101 MHz, DMSO-d6) 
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13C NMR (101 MHz, DMSO-d6) 
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13C NMR (101 MHz, DMSO-d6) 
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13C NMR (101 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 

 

13C NMR (101 MHz, DMSO-d6) 



S45 

1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, CDCl3) 
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1H NMR (400 MHz, DMSO-d6) 
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1H NMR (400 MHz, DMSO-d6)  
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1H NMR (400 MHz, DMSO-d6) 
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Single-crystal X-ray diffraction of 4a (CCDC: 2310471) 

X-ray analysis was carried out using the single crystal which was grown in Hexane/isobutanol.

The instrumentation used for the crystal measurement is Oxford Gemini E X-ray single-crystal 

diffractometer (ellipsoid contour at 30% probability level). 
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Single-crystal X-ray diffraction of 4e (CCDC: 2310472) 

X-ray analysis was carried out using the single crystal which was grown in Hexane/isobutanol.

The instrumentation used for the crystal measurement is Oxford Gemini E X-ray single-crystal 

diffractometer (ellipsoid contour at 30% probability level). 
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