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1. General Information

NMR spectra were recorded with tetramethylsilane as the internal standard. 1H-NMR spectra 

were recorded at 400 MHz, 13C-NMR spectra were recorded at 100 MHz. Chemical shifts were 

reported in ppm downfield from CDCl3 (δ = 7.26 ppm) or (CD3)2SO (δ = 2.50 ppm) for 1H NMR 

and relative to the central CDCl3 resonance (δ = 77.0 ppm) or (CD3)2SO resonance (δ = 39.52 ppm) 

for 13C NMR spectroscopy. Coupling constants are given in Hz. Enantiomeric excess was 

determined by HPLC analysis on Daicel Chiralpak AD-H Column (4.6 mm250 mmL), Chiralpak 

AS-H Column (4.6 mm250 mmL), Chiralpak IB N-5 Column (4.6 mm250 mmL), Chiralpak OD-

H Column (4.6 mm250 mmL). UV detection was monitored at 254 nm. TLC was performed on 

glass-backed silica plates. UV light was used to visualize products. Column chromatography was 

performed using silica gel (200-300 mesh) eluting with EtOAc/petroleum ether or MeOH/DCM. 

Unless otherwise noted, commercial reagents were used as received and all reactions were carried 

out directly in air atmosphere. Nitroolefin indole compounds (1a-1l, 1a-Me, 4a-4c, 7a)[1] and 

azelactones (2a-2t)[2] were synthesized according to reported procedures.

2. General procedure for the [3+2] or [4+2] Annulation of 2-Nitrovinyl 

indoles or 7-Nitrovinyl indoles with Azlactones
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General procedure A: In a 10 mL reaction tube, 2-nitroolefin indole 1 (0.1 mmol, 1.0 eq), 

azlactones 2 (0.12 mmol, 1.2 eq) and catalyst C4 (10 mol%) were dissolved in xylene (1.0 mL), the 

reaction mixture was stirred for 12-24 h at 40 ℃ and monitored by TLC. Upon consumption, the 

reaction mixture was removed to room temperature and added DABCO (2.7 mg, 30 mol%) for 



 3 / 91

further cyclization during 2-12 h. After the reaction was completed, the residue was purified by 

flash chromatography (EtOAc/petroleum ether = 1/10) to afford the pure chiral product 3.

General procedure B: In a 10 mL reaction tube, 2-nitroolefin indole 1 (0.1 mmol, 1.0 eq), 

azlactones 2 (0.12 mmol, 1.2 eq) and catalyst C4 (10 mol%) were dissolved in xylene (1.0 mL), the 

mixture was stirred for 12-24 h at 40 ℃ and monitored by TLC. After full-conversion, the residue 

was purified by flash chromatography (EtOAc/petroleum ether = 1/20) to afford the pure chiral 

product 3′. Subsequently, the obtained 3′ was dissolved in DCM (1.0 mL), then DABCO (2.7 mg, 

30 mol%) was added to the reaction mixture and stirred at 0 ℃ for 2-12 h. After the reaction was 

completed, the residue was purified by flash chromatography (EtOAc/petroleum ether = 1/10) to 

afford the pure chiral product 3.
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General procedure C: In a 10 mL reaction tube, 7-nitroolefin indole 4 (0.1 mmol, 1.0 eq), 

azlactones 2 (0.12 mmol, 1.2 eq) and catalyst C4 (10 mol%) were dissolved in xylene (1.0 mL), the 

mixture was stirred for 12-24 h at 40 ℃ and monitored by TLC. After full-conversion, the residue 

was purified by flash chromatography (EtOAc/petroleum ether = 1/20) to afford the pure chiral 

product 5′. Subsequently, the obtained 5′ was dissolved in DCM (1.0 mL), then DBU (2.7 mg, 30 

mol%) was added to the reaction mixture and stirred at 0 ℃ for 2-12 h. After the reaction was 

completed, the residue was purified by flash chromatography (EtOAc/petroleum ether = 1/10) to 

afford the pure chiral product 5.

Synthesis of 3a (procedure B): (E)-2-(2-nitrovinyl)-1H-indole 1a (18.8 mg, 

0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 0.12 mmol), 

C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and stirred at 40 

°C for 16 h. Upon workup, product 3a′ was obtained by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/20). Subsequently, 3a′ was dissolved in DCM (1.0 mL), then DABCO 

(2.7 mg, 30 mol%) was added to the reaction mixture and stirred at 0 ℃ for 6 h. After the reaction 
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was completed, the residue was purified by flash chromatography (EtOAc/petroleum ether = 1/10) 

to afford product 3a as a white solid (31.1 mg, 71% yield). M.p = 96-100 ℃; [α]D
20 = -28.2 (c = 1.0 

in CHCl3); >19:1 dr, 90% ee, determined by HPLC analysis [Daicel chiralpak AD-H, n-hexane/i-

PrOH = 70/30, 1.0 mL/min, λ = 254 nm, t (minor) = 21.04 min, t (major) = 9.96 min]; 1H NMR 

(400 MHz, CDCl3): δ 9.04 (s, 1H), 7.83 – 7.77 (m, 2H), 7.58 – 7.49 (m, 2H), 7.41 (t, J = 7.8 Hz, 

3H), 7.21 – 7.13 (m, 1H), 7.09 – 7.00 (m, 4H), 6.97 – 6.91 (m, 2H), 6.56 (dd, J = 2.1, 0.9 Hz, 1H), 

4.56 (dd, J = 12.2, 10.3 Hz, 1H), 4.45 – 4.34 (m, 2H), 3.04 (d, J = 13.5 Hz, 1H), 2.91 (d, J = 13.5 

Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 177.55, 162.39, 136.87, 133.79, 132.59, 131.15, 

130.29, 129.12, 128.39, 128.23, 127.92, 127.84, 124.53, 122.91, 121.00, 120.39, 111.39, 105.50, 

76.38, 75.87, 43.70, 42.61 ppm; ESI-HRMS: calcd for C26H21N3O4 + Na+ 462.1424, found 

462.1416.

Synthesis of 3b (procedure A): (E)-5-bromo-2-(2-nitrovinyl)-1H-

indole 1b (26.7 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a 

(30.1 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene 

(1.0 mL) and stirred at 40 °C for 12 h. Upon workup, the reaction mixture was removed to room 

temperature and added DABCO (2.7 mg, 30 mol%) for further cyclization during 6 h. After the 

reaction was completed, product 3b was obtained by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) as a light brown solid (36.3 mg, 70% yield). M.p = 86-90 ℃; 

[α]D
20 = -20.0 (c = 1.0 in CHCl3); >19:1 dr, 80% ee, determined by HPLC analysis [Daicel 

chiralpak AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 21.92 min, t 

(major) = 9.09 min]; 1H NMR (400 MHz, CDCl3): δ 7.86 (d, J = 8.5 Hz, 1H), 7.65 (d, J = 7.6 Hz, 

2H), 7.58 (s, 1H), 7.48 (t, J = 7.4 Hz, 1H), 7.38 (q, J = 8.0, 7.6 Hz, 3H), 7.21 – 7.07 (m, 3H), 6.95 

(d, J = 7.2 Hz, 2H), 6.68 (s, 1H), 6.19 (s, 1H), 5.67 (dd, J = 13.4, 5.5 Hz, 1H), 4.87 (dd, J = 13.4, 

9.0 Hz, 1H), 4.78 – 4.71 (m, 1H), 3.50 (d, J = 13.8 Hz, 1H), 2.89 (d, J = 13.8 Hz, 1H) ppm; 13C 

NMR (100 MHz, CDCl3): δ 168.36, 168.05, 139.78, 136.15, 132.98, 132.67, 132.51, 130.26, 

129.30, 128.99, 128.70, 128.24, 127.76, 127.27, 124.28, 118.43, 115.25, 101.98, 74.14, 68.04, 

42.32, 38.58 ppm; ESI-HRMS: calcd for C26H20BrN3O4 + H+ 518.0710, found 518.0714.

Synthesis of 3c (procedure A): (E)-5-chloro-2-(2-nitrovinyl)-1H-

indole 1c (22.2 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a 

(30.1 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene 
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(1.0 mL) and stirred at 40 °C for 12 h. Upon workup, the reaction mixture was removed to room 

temperature and added DABCO (2.7 mg, 30 mol%) for further cyclization during 6 h. After the 

reaction was completed, product 3c was obtained by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) as a milky white solid (32.6 mg, 69% yield). M.p = 90-93 ℃; 

[α]D
20 = +9.4 (c = 1.0 in CHCl3); >19:1 dr, 82% ee, determined by HPLC analysis [Daicel chiralpak 

AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 20.12 min, t (major) = 8.45 

min]; 1H NMR (400 MHz, DMSO-d6): δ 9.14 (s, 1H), 7.94 – 7.86 (m, 3H), 7.70 (d, J = 2.0 Hz, 1H), 

7.66 – 7.60 (m, 1H), 7.58 – 7.52 (m, 2H), 7.37 (dd, J = 8.5, 2.1 Hz, 1H), 7.19 – 7.15 (m, 2H), 7.13 – 

7.09 (m, 3H), 6.40 (d, J = 2.1 Hz, 1H), 5.36 (qd, J = 14.7, 7.1 Hz, 2H), 4.74 (ddd, J = 8.1, 5.9, 1.9 

Hz, 1H), 3.40 (d, J = 14.2 Hz, 1H), 3.10 (d, J = 14.2 Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): 

δ 167.69, 166.91, 140.69, 135.06, 133.86, 132.93, 132.16, 130.07, 128.56, 128.50, 128.37, 127.82, 

127.75, 127.07, 123.89, 120.78, 114.11, 100.44, 72.64, 67.91, 40.55, 37.81 ppm; ESI-HRMS: calcd 

for C26H20ClN3O4 + Na+ 496.1035, found 496.1040.

Synthesis of 3d (procedure A): (E)-5-fluoro-2-(2-nitrovinyl)-1H-indole 

1d (20.6 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 

mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 

mL) and stirred at 40 °C for 12 h. Upon workup, the reaction mixture was removed to room 

temperature and added DABCO (2.7 mg, 30 mol%) for further cyclization during 6 h. After the 

reaction was completed, product 3d was obtained by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) as a white solid (28.8 mg, 63% yield). M.p = 86-91 ℃; [α]D
20 = -

19.3 (c = 1.0 in CHCl3); >19:1 dr, 87% ee, determined by HPLC analysis [Daicel chiralpak AD-H, 

n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 16.75 min, t (major) = 8.07 min]; 
1H NMR (400 MHz, DMSO-d6): δ 9.12 (s, 1H), 7.95 – 7.86 (m, 3H), 7.65 – 7.60 (m, 1H), 7.56 (dd, 

J = 8.2, 6.6 Hz, 2H), 7.44 (dd, J = 9.5, 2.5 Hz, 1H), 7.22 – 7.15 (m, 3H), 7.14 – 7.08 (m, 3H), 6.40 

(d, J = 1.8 Hz, 1H), 5.36 (qd, J = 14.7, 7.1 Hz, 2H), 4.75 (ddd, J = 8.1, 6.0, 1.9 Hz, 1H), 3.41 (d, J = 

14.3 Hz, 1H), 3.10 (d, J = 14.2 Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.57, 166.91, 

140.95, 134.90, 134.80, 133.91, 132.99, 132.15, 130.08, 128.50, 127.81, 127.75, 127.05, 126.70, 

113.95, 111.70, 107.15, 100.88, 72.68, 67.85, 40.59, 37.86 ppm; ESI-HRMS: calcd for 

C26H20FN3O4 + Na+ 480.1330, found 480.1332.

Synthesis of 3e (procedure A): (E)-6-bromo-2-(2-nitrovinyl)-1H-indole 
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1e (26.7 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 0.12 mmol), C4 (6.3 mg, 

10 mol%) were dissolved in xylene (1.0 mL) and stirred at 40 °C for 20 h. Upon workup, the 

reaction mixture was removed to room temperature and added DABCO (2.7 mg, 30 mol%) for 

further cyclization during 6 h. After the reaction was completed, product 3e was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10) as a pale yellow solid (42.4 mg, 82% 

yield). M.p = 203-206 ℃; [α]D
20 = -0.7 (c = 1.0 in CHCl3); >19:1 dr, 83% ee, determined by HPLC 

analysis [Daicel chiralpak AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 

29.25 min, t (major) = 8.58 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.14 (s, 1H), 8.00 (d, J = 1.8 

Hz, 1H), 7.94 – 7.88 (m, 2H), 7.66 – 7.52 (m, 4H), 7.47 (dd, J = 8.4, 1.9 Hz, 1H), 7.22 – 7.17 (m, 

2H), 7.16 – 7.11 (m, 3H), 6.44 (d, J = 1.9, 0.7 Hz, 1H), 5.36 (qd, J = 14.8, 7.1 Hz, 2H), 4.72 (ddd, J 

= 8.0, 5.9, 1.9 Hz, 1H), 3.40 (d, J = 15.2 Hz, 1H), 3.09 (d, J = 14.2 Hz, 1H) ppm; 13C NMR (100 

MHz, DMSO-d6): δ 167.72, 166.92, 139.74, 133.90, 132.90, 132.77, 132.18, 130.66, 130.14, 

128.52, 127.85, 127.75, 127.07, 127.03, 123.08, 116.23, 115.33, 100.83, 72.65, 67.90, 40.67, 37.73 

ppm; ESI-HRMS: calcd for C26H20BrN3O4 + H+ 518.0710, found 518.0716.

Synthesis of 3f (procedure A): (E)-4,6-dichloro-2-(2-nitrovinyl)-1H-

indole 1f (25.7 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a 

(30.1 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene 

(1.0 mL) and stirred at 40 °C for 15 h. Upon workup, the reaction 

mixture was removed to room temperature and added DABCO (2.7 mg, 30 mol%) for further 

cyclization during 6 h. After the reaction was completed, product 3f was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10) as a white solid (41.1 mg, 81% yield). 

M.p = 70-73 ℃; [α]D
20 = -11.6 (c = 1.0 in CHCl3); >19:1 dr, 83% ee, determined by HPLC analysis 

[Daicel chiralpak IB N-5, n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (minor) = 40.93 

min, t (major) = 36.58 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.20 (s, 1H), 7.92 (d, 2H), 7.85 (d, J 

= 1.8 Hz, 1H), 7.63 (t, J = 7.3 Hz, 1H), 7.59 – 7.52 (m, 3H), 7.23 – 7.17 (m, 2H), 7.16 – 7.10 (m, 

3H), 6.50 (d, J = 2.0 Hz, 1H), 5.47 (dd, J = 15.0, 7.8 Hz, 1H), 5.34 (dd, J = 15.0, 6.0 Hz, 1H), 4.85 

– 4.74 (m, 1H), 3.41 (d, J = 14.3 Hz, 1H), 3.12 (d, J = 14.1 Hz, 1H) ppm; 13C NMR (100 MHz, 

DMSO-d6): δ 167.78, 167.00, 141.16, 133.75, 132.79, 132.21, 130.80, 130.52, 130.18, 128.75, 

128.50, 127.84, 127.77, 127.07, 125.42, 123.73, 111.72, 98.65, 72.30, 68.03, 40.64, 37.54 ppm; 

ESI-HRMS: calcd for C26H19Cl2N3O4 + H+ 508.0825, found 508.0830.
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Synthesis of 3g (procedure A): (E)-4,6-difluoro-2-(2-nitrovinyl)-1H-

indole 1g (22.4 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a 

(30.1 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene 

(1.0 mL) and stirred at 40 °C for 14 h. Upon workup, the reaction mixture 

was removed to room temperature and added DABCO (2.7 mg, 30 mol%) for further cyclization 

during 6 h. After the reaction was completed, product 3g was obtained by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) as a pale yellow solid (25.1 mg, 53% yield). M.p = 93-95 

℃; [α]D
20 = -13.2 (c = 1.0 in CHCl3); >19:1 dr, 75% ee, determined by HPLC analysis [Daicel 

chiralpak AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 8.43 min, t (major) 

= 7.06 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.19 (s, 1H), 7.95 – 7.90 (m, 2H), 7.65 – 7.60 (m, 

1H), 7.58 – 7.51 (m, 3H), 7.24 (td, J = 10.3, 2.2 Hz, 1H), 7.20 – 7.15 (m, 2H), 7.14 – 7.09 (m, 3H), 

6.47 (d, J = 1.9 Hz, 1H), 5.42 (dd, J = 14.9, 7.7 Hz, 1H), 5.34 (dd, J = 15.0, 6.1 Hz, 1H), 4.80 – 

4.73 (m, 1H), 3.40 (d, J = 14.3 Hz, 1H), 3.14 (d, J = 14.2 Hz, 1H) ppm; 13C NMR (100 MHz, 

DMSO-d6): δ 167.91, 166.96, 139.84, 139.81, 133.67, 132.85, 132.17, 131.23, 130.95, 130.09, 

128.54, 128.49, 128.45, 127.88, 127.82, 127.77, 127.07, 96.01, 72.37, 68.17, 40.39, 37.67 ppm; 

ESI-HRMS: calcd for C26H19F2N3O4 + Na+ 498.1236, found 498.1240.

Synthesis of 3h (procedure A): (E)-3-bromo-2-(2-nitrovinyl)-1H-indole 

1h (26.7 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 

0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and 

stirred at 40 °C for 17 h. Upon workup, the reaction mixture was removed 

to room temperature and added DABCO (2.7 mg, 30 mol%) for further cyclization during 6 h. After 

the reaction was completed, product 3h was obtained by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) as a pale yellow solid (41.9 mg, 81% yield). M.p = 168-171 ℃; 

[α]D
20 = -20.7 (c = 1.0 in CHCl3); >19:1 dr, 92% ee, determined by HPLC analysis [Daicel 

chiralpak AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 15.70 min, t 

(major) = 7.25 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.21 (s, 1H), 7.98 – 7.91 (m, 3H), 7.66 – 

7.61 (m, 1H), 7.56 (t, J = 7.4 Hz, 2H), 7.50 – 7.39 (m, 3H), 7.16 (dd, J = 6.7, 2.9 Hz, 2H), 7.09 – 

7.02 (m, 3H), 5.47 (d, J = 6.6 Hz, 2H), 4.94 (t, J = 6.5 Hz, 1H), 3.42 (d, 1H), 3.24 (d, J = 14.2 Hz, 

1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.51, 167.08, 135.18, 133.50, 132.84, 132.23, 

132.10, 129.87, 129.53, 128.52, 127.82, 127.76, 127.13, 125.54, 124.90, 119.01, 113.12, 89.97, 
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70.98, 68.52, 40.15, 37.91 ppm; ESI-HRMS: calcd for C26H20BrN3O4 + H+ 518.0710, found 

518.0708.

Synthesis of 3i (procedure A): (E)-3-chloro-2-(2-nitrovinyl)-1H-indole 1i 

(22.2 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 

0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and 

stirred at 40 °C for 17 h. Upon workup, the reaction mixture was removed 

to room temperature and added DABCO (2.7 mg, 30 mol%) for further cyclization during 6 h. After 

the reaction was completed, product 3i was obtained by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) as a pale yellow solid (34.5 mg, 78% yield). M.p = 143-148 ℃; 

[α]D
20 = +0.3 (c = 1.0 in CHCl3); >19:1 dr, 83% ee, determined by HPLC analysis [Daicel chiralpak 

AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 15.25 min, t (major) = 6.55 

min]; 1H NMR (400 MHz, DMSO-d6): δ 9.18 (s, 1H), 7.97 – 7.92 (m, 3H), 7.66 – 7.60 (m, 1H), 

7.58 – 7.53 (m, 2H), 7.53 – 7.48 (m, 1H), 7.47 – 7.39 (m, 1H), 7.20 – 7.13 (m, 2H), 7.09 – 7.04 (m, 

3H), 5.46 (d, J = 6.8 Hz, 2H), 4.96 (t, J = 6.7 Hz, 1H), 3.40 (d, J = 14.3 Hz, 1H), 3.22 (d, J = 14.2 

Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.39, 167.04, 133.51, 133.14, 132.81, 132.17, 

130.58, 129.87, 129.00, 128.46, 127.75, 127.72, 127.08, 125.52, 124.80, 118.08, 113.17, 103.79, 

71.08, 68.39, 40.02, 37.81 ppm; ESI-HRMS: calcd for C26H20ClN3O4 + Na+ 496.1035, found 

496.1031.

Synthesis of 3j (procedure B): (E)-5-methyl-2-(2-nitrovinyl)-1H-

indole 1j (20.2 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a 

(30.1 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in 

xylene (1.0 mL) and stirred at 40 °C for 16 h. Upon workup, product 3j′ was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/20). Subsequently, 3j′ was dissolved in 

DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to the reaction mixture and stirred at 0 

℃ for 12 h. After the reaction was completed, the residue was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to afford product 3j as a yellow solid (37.1 mg, 82% 

yield). M.p = 73-76 ℃; [α]D
20 = -12.2 (c = 1.0 in CHCl3); >19:1 dr, 90% ee, determined by HPLC 

analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 254 nm, t (minor) = 

14.86 min, t (major) = 19.10 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.06 (s, 1H), 7.91 (dt, J = 7.0, 

1.4 Hz, 2H), 7.77 (d, J = 8.2 Hz, 1H), 7.65 – 7.59 (m, 1H), 7.55 (dd, J = 8.1, 6.5 Hz, 2H), 7.38 (s, 
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1H), 7.19 – 7.13 (m, 3H), 7.11 (q, J = 3.2 Hz, 3H), 6.30 (d, J = 1.8 Hz, 1H), 5.34 (h, J = 8.3 Hz, 2H), 

4.72 (ddd, J = 8.1, 6.2, 1.9 Hz, 1H), 3.40 (d, J = 14.2 Hz, 1H), 3.06 (d, J = 14.2 Hz, 1H), 2.41 (s, 3H) 

ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.52, 166.82, 139.04, 134.05, 133.89, 133.16, 133.08, 

132.08, 130.06, 128.47, 128.32, 127.81, 127.72, 127.00, 125.08, 121.03, 112.48, 100.53, 72.83, 

67.87, 40.58, 37.97, 21.24 ppm; ESI-HRMS: calcd for C27H23N3O4 + Na+ 476.1581, found 

476.1577.

Synthesis of 3k (procedure B): (E)-5-methoxy-2-(2-nitrovinyl)-1H-

indole 1k (21.8 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 

2a (30.1 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in 

xylene (1.0 mL) and stirred at 40 °C for 24 h. Upon workup, product 3k′ was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/20). Subsequently, 3k′ was dissolved in 

DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to the reaction mixture and stirred at 0 

℃ for 12 h. After the reaction was completed, the residue was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to afford product 3k as a yellow solid (35.1 mg, 75% 

yield). M.p = 83-87 ℃; [α]D
20 = -10.8 (c = 1.0 in CHCl3); >19:1 dr, 96% ee, determined by HPLC 

analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 254 nm, t (minor) = 

13.00 min, t (major) = 26.02 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.05 (s, 1H), 7.95 – 7.88 (m, 

2H), 7.77 (d, J = 8.8 Hz, 1H), 7.65 – 7.58 (m, 1H), 7.58 – 7.51 (m, 2H), 7.20 – 7.14 (m, 2H), 7.14 – 

7.09 (m, 4H), 6.94 (dd, J = 8.8, 2.5 Hz, 1H), 6.31 (d, J = 1.8 Hz, 1H), 5.34 (h, J = 8.2 Hz, 2H), 4.71 

(ddd, J = 8.1, 6.1, 1.9 Hz, 1H), 3.79 (s, 3H), 3.40 (d, J = 14.2 Hz, 1H), 3.07 (d, J = 14.2 Hz, 1H) 

ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.31, 166.81, 156.49, 139.71, 134.80, 134.04, 133.09, 

132.07, 130.05, 128.46, 127.80, 127.71, 126.99, 124.71, 113.42, 112.22, 104.23, 100.80, 72.81, 

67.76, 55.40, 40.59, 38.00 ppm; ESI-HRMS: calcd for C27H23N3O5 + Na+ 492.1530, found 

492.1537.

Synthesis of 3l (procedure B): (E)-4-methoxy-2-(2-nitrovinyl)-1H-

indole 1l (21.8 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a 

(30.1 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene 

(1.0 mL) and stirred at 40 °C for 20 h. Upon workup, product 3l′ was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/20). Subsequently, 3l′ was dissolved in 

DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to the reaction mixture and stirred at 0 
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℃ for 12 h. After the reaction was completed, the residue was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to afford product 3l as a yellow solid (31.4 mg, 63% 

yield). M.p = 73-75 ℃; [α]D
20 = +2.8 (c = 1.0 in CHCl3); >19:1 dr, 77% ee, determined by HPLC 

analysis [Daicel chiralpak OD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 

14.54 min, t (major) = 26.04 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.09 (s, 1H), 7.95 – 7.87 (m, 

2H), 7.65 – 7.59 (m, 1H), 7.59 – 7.46 (m, 3H), 7.29 (t, J = 8.1 Hz, 1H), 7.20 – 7.09 (m, 5H), 6.87 (d, 

J = 8.0 Hz, 1H), 6.37 (d, 1H), 5.39 (dd, J = 14.6, 8.0 Hz, 1H), 5.30 (dd, J = 14.6, 6.3 Hz, 1H), 4.72 

(ddd, J = 8.1, 6.3, 2.0 Hz, 1H), 3.89 (s, 3H), 3.40 (d, J = 14.2 Hz, 1H), 3.05 (d, J = 14.2 Hz, 1H) 

ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.83, 166.85, 152.33, 137.35, 134.07, 133.04, 132.10, 

131.13, 130.10, 128.48, 127.81, 127.72, 126.99, 125.26, 123.00, 105.93, 105.12, 97.71, 72.77, 

67.97, 55.43, 40.57, 37.84 ppm; ESI-HRMS: calcd for C27H23N3O5 + Na+ 492.1530, found 

492.1526.

Synthesis of 3m (procedure B): (E)-4-methyl-2-(2-nitrovinyl)-1H-indole 

1m (20.2 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 

0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and 

stirred at 40 °C for 16 h. Upon workup, product 3m was obtained by flash chromatography on silica 

gel (EtOAc/petroleum ether = 1/20). Subsequently, 3m′ was dissolved in DCM (1.0 mL), then 

DABCO (2.7 mg, 30 mol%) was added to the reaction mixture and stirred at 0 ℃ for 12 h. After the 

reaction was completed, the residue was purified by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) to afford product 3m as a yellow solid (34.7 mg, 73% yield). M.p = 

88-93 ℃; [α]D
20 = -12.2 (c = 1.0 in CHCl3); >19:1 dr, 77% ee, determined by HPLC analysis 

[Daicel chiralpak IB N-5, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 254 nm, t (minor) = 16.83 

min, t (major) = 14.73 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.06 (s, 1H), 7.91 (dt, J = 7.2, 1.4 

Hz, 2H), 7.72 (d, J = 8.0 Hz, 1H), 7.65 – 7.59 (m, 1H), 7.58 – 7.52 (m, 2H), 7.24 (t, J = 7.7 Hz, 1H), 

7.20 – 7.15 (m, 2H), 7.15 – 7.09 (m, 4H), 6.44 (d, J = 2.1 Hz, 1H), 5.41 – 5.29 (m, 2H), 4.75 (td, J = 

6.1, 3.1 Hz, 1H), 3.42 (d, J = 14.2 Hz, 1H), 3.05 (d, J = 14.2 Hz, 1H), 2.45 (s, 3H) ppm; 13C NMR 

(100 MHz, DMSO-d6): δ 167.66, 166.84, 138.40, 134.13, 133.09, 133.06, 132.07, 130.16, 130.11, 

129.84, 128.46, 127.79, 127.70, 126.95, 124.44, 123.97, 110.42, 99.31, 72.84, 67.85, 40.68, 37.87, 

18.20 ppm; ESI-HRMS: calcd for C27H25N3O4 + Na+ 476.1581, found 476.1590.

Synthesis of 3n (procedure B): (E)-2-(2-nitrovinyl)-1H-pyrrole 1n (13.8 mg, 
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0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) 

were dissolved in xylene (1.0 mL) and stirred at 40 °C for 13 h. Upon workup, product 3n′ was 

obtained by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20). Subsequently, 3n′ 

was dissolved in DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to the reaction 

mixture and stirred at 0 ℃ for 12 h. After the reaction was completed, the residue was purified by 

flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to afford product 3n as a yellow 

solid (35.7 mg, 92% yield). M.p = 90-93 ℃; [α]D
20 = -7.7 (c = 1.0 in CHCl3); >19:1 dr, 57% ee, 

determined by HPLC analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 

254 nm, t (minor) = 10.07 min, t (major) = 7.67 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.01 (s, 

1H), 7.92 – 7.80 (m, 2H), 7.57 – 7.47 (m, 3H), 7.21 – 7.16 (m, 5H), 7.07 (dd, J = 3.2, 1.1 Hz, 1H), 

6.30 (t, J = 3.1 Hz, 1H), 5.75 (dd, J = 3.1, 1.5 Hz, 1H), 4.98 (dd, J = 14.9, 5.9 Hz, 1H), 4.63 (dd, J = 

15.0, 9.2 Hz, 1H), 4.30 (ddd, J = 9.4, 5.8, 1.3 Hz, 1H), 3.38 (d, J = 6.1 Hz, 2H) ppm; 13C NMR (100 

MHz, DMSO-d6): δ 169.81, 168.03, 134.34, 133.11, 132.48, 132.09, 129.94, 128.34, 127.77, 

127.64, 127.49, 118.55, 111.79, 104.76, 74.08, 67.92, 42.52, 38.41 ppm; ESI-HRMS: calcd for 

C22H19N3O4 + Na+ 412.1268, found 412.1264.

Synthesis of 3o (procedure B): (E)-2-(2-nitrovinyl)-1H-indole 1a 

(18.8 mg, 0.1 mmol), 4-(4-fluorobenzyl)-2-phenyloxazol-5(4H)-one 

2b (32.2 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in 

xylene (1.0 mL) and stirred at 40 °C for 13 h. Upon workup, product 3o′ was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/20). Subsequently, 3o′ was dissolved in 

DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to the reaction mixture and stirred at 0 

℃ for 12 h. After the reaction was completed, the residue was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to afford product 3o as a yellow solid (33.3 mg, 73% 

yield). M.p = 91-99 ℃; [α]D
20 = +12.0 (c = 1.0 in CHCl3); >19:1 dr, 60% ee, determined by HPLC 

analysis [Daicel chiralpak AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 

8.13 min, t (major) = 8.99 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.11 (s, 1H), 7.93 – 7.86 (m, 

3H), 7.65 – 7.60 (m, 2H), 7.58 – 7.53 (m, 2H), 7.38 – 7.28 (m, 2H), 7.23 (s, 4H), 6.47 (dd, J = 1.9, 

0.7 Hz, 1H), 5.41 (dd, J = 14.7, 8.1 Hz, 1H), 5.30 (dd, J = 14.8, 6.1 Hz, 1H), 4.73 (ddd, J = 8.1, 6.1, 

1.9 Hz, 1H), 3.39 (d, J = 14.2 Hz, 1H), 3.04 (d, J = 14.1 Hz, 1H) ppm; 13C NMR (100 MHz, 

DMSO-d6): δ 167.15, 166.97, 138.81, 133.63, 133.45, 133.01, 132.12, 132.07, 131.75, 130.09, 
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128.49, 127.71, 127.692, 124.14, 123.94, 121.22, 112.91, 101.07, 72.75, 67.64, 40.82, 36.78 ppm; 

ESI-HRMS: calcd for C26H20FN3O4 + K+ 496.1069, found 496.1070.

Synthesis of 3p (procedure B): (E)-2-(2-nitrovinyl)-1H-indole 1a 

(18.8 mg, 0.1 mmol), 4-(3-fluorobenzyl)-2-phenyloxazol-5(4H)-one 

2c (32.2 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in 

xylene (1.0 mL) and stirred at 40 °C for 16 h. Upon workup, product 3p′ was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/20). Subsequently, 3p′ was dissolved in 

DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to the reaction mixture and stirred at 0 

℃ for 12 h. After the reaction was completed, the residue was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to afford product 3p as a yellow solid (35.1 mg, 77% 

yield). M.p = 102-105 ℃; [α]D
20 = -7.8 (c = 1.0 in CHCl3); >19:1 dr, 91% ee, determined by HPLC 

analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 

10.12 min, t (major) = 14.09 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.15 (s, 1H), 7.94 – 7.86 (m, 

3H), 7.66 – 7.60 (m, 2H), 7.59 – 7.52 (m, 2H), 7.32 (pd, J = 7.3, 1.5 Hz, 2H), 7.19 (td, J = 8.0, 6.3 

Hz, 1H), 7.11 – 6.93 (m, 3H), 6.46 (d, J = 1.8 Hz, 1H), 5.41 (dd, J = 14.7, 8.1 Hz, 1H), 5.31 (dd, J = 

14.7, 6.2 Hz, 1H), 4.75 (ddd, J = 8.1, 6.2, 1.9 Hz, 1H), 3.41 (d, J = 14.8 Hz, 1H), 3.10 (d, J = 14.1 

Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.30, 166.96, 138.80, 137.12, 133.63, 133.01, 

132.14, 130.11, 129.59, 128.51, 127.71, 126.53, 124.15, 123.96, 121.23, 116.98, 113.90, 112.87, 

101.01, 72.76, 67.76, 40.75, 37.14 ppm; ESI-HRMS: calcd for C26H20FN3O4 + H+ 458.1511, found 

458.1543.

Synthesis of 3q (procedure B): (E)-2-(2-nitrovinyl)-1H-indole 1a 

(18.8 mg, 0.1 mmol), 4-(4-chlorobenzyl)-2-phenyloxazol-5(4H)-one 

2d (34.2 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in 

xylene (1.0 mL) and stirred at 40 °C for 19 h. Upon workup, product 3q′ was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/20). Subsequently, 3q′ was dissolved in 

DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to the reaction mixture and stirred at 0 

℃ for 12 h. After the reaction was completed, the residue was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to afford product 3q as a yellow solid (34.5 mg, 73% 

yield). M.p = 95-96 ℃; [α]D
20 = -7.3 (c = 1.0 in CHCl3); >19:1 dr, 92% ee, determined by HPLC 

analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 254 nm, t (minor) = 
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14.19 min, t (major) = 20.96 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.10 (s, 1H), 7.95 – 7.85 (m, 

3H), 7.65 – 7.60 (m, 2H), 7.55 (dd, J = 8.2, 6.6 Hz, 2H), 7.37 – 7.28 (m, 2H), 7.26 – 7.20 (m, 2H), 

7.01 – 6.93 (m, 2H), 6.45 (d, J = 1.9 Hz, 1H), 5.41 (dd, J = 14.7, 8.1 Hz, 1H), 5.31 (dd, J = 14.7, 6.1 

Hz, 1H), 4.74 (ddd, J = 8.1, 6.0, 1.9 Hz, 1H), 3.38 (d, J = 14.3 Hz, 1H), 3.06 (d, J = 14.2 Hz, 1H) 

ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.35, 166.94, 138.87, 133.61, 133.03, 132.12, 132.04, 

130.42, 130.10, 128.48, 127.71, 124.11, 123.92, 121.20, 114.60, 114.38, 112.88, 100.94, 72.77, 

67.74, 40.69, 36.73 ppm; ESI-HRMS: calcd for C26H20ClN3O4 + Na+ 496.1035, found 496.1040.

Synthesis of 3r (procedure B): (E)-2-(2-nitrovinyl)-1H-indole 1a 

(18.8 mg, 0.1 mmol), 4-(4-nitrobenzyl)-2-phenyloxazol-5(4H)-one 

2e (35.5 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in 

xylene (1.0 mL) and stirred at 40 °C for 20 h. Upon workup, 

product 3q′ was obtained by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20). 

Subsequently, 3r′ was dissolved in DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to 

the reaction mixture and stirred at 0 ℃ for 12 h. After the reaction was completed, the residue was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to afford product 3r 

as a yellow solid (39.2 mg, 81% yield). M.p = 87-90 ℃; [α]D
20 = +27.4 (c = 1.0 in CHCl3); >19:1 dr, 

91% ee, determined by HPLC analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 60/40, 1.0 

mL/min, λ = 254 nm, t (minor) = 29.16 min, t (major) = 11.48 min]; 1H NMR (400 MHz, DMSO-

d6): δ 9.24 (s, 1H), 8.08 – 8.04 (m, 2H), 7.94 – 7.90 (m, 1H), 7.84 (d, J = 1.5 Hz, 1H), 7.58 – 7.50 

(m, 7H), 7.37 – 7.31 (m, 2H), 6.30 (d, J = 1.3 Hz, 1H), 5.17 (dd, J = 15.1, 5.9 Hz, 1H), 4.74 (dd, J = 

8.5, 6.8 Hz, 1H), 4.48 (ddd, J = 9.0, 5.9, 1.6 Hz, 1H), 3.64 – 3.52 (m, 2H) ppm; 13C NMR (100 

MHz, DMSO-d6): δ 169.08, 167.14, 146.88, 141.56, 138.87, 134.00, 132.96, 132.29, 131.73, 

129.88, 128.46, 127.87, 124.38, 123.89, 123.38, 121.23, 113.10, 101.06, 73.88, 67.97, 41.80, 38.64 

ppm; ESI-HRMS: calcd for C26H20N4O6 + Na+ 507.1275, found 507.1274.

Synthesis of 3s (procedure B): (E)-2-(2-nitrovinyl)-1H-indole 1a 

(18.8 mg, 0.1 mmol), 4-(4-(tert-butoxy)benzyl)-2-phenyloxazol-

5(4H)-one 2f (38.7 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were 

dissolved in xylene (1.0 mL) and stirred at 40 °C for 20 h. Upon 

workup, product 3s′ was obtained by flash chromatography on silica gel (EtOAc/petroleum ether = 
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1/20). Subsequently, 3s′ was dissolved in DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was 

added to the reaction mixture and stirred at 0 ℃ for 12 h. After the reaction was completed, the 

residue was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to 

afford product 3s as a yellow solid (38.3 mg, 75% yield). M.p = 87-90 ℃; [α]D
20 = -36.8 (c = 1.0 in 

CHCl3); >19:1 dr, 92% ee, determined by HPLC analysis [Daicel chiralpak IB N-5, n-hexane/i-

PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 10.40 min, t (major) = 19.95 min]; 1H NMR 

(400 MHz, DMSO-d6): δ 9.09 (s, 1H), 7.95 – 7.91 (m, 2H), 7.87 (d, J = 7.9, 1.1 Hz, 1H), 7.65 – 

7.60 (m, 1H), 7.57 – 7.48 (m, 3H), 7.27 (dtd, J = 26.5, 7.4, 1.2 Hz, 2H), 7.07 – 6.98 (m, 2H), 6.61 – 

6.53 (m, 2H), 6.26 (d, J = 1.9, 0.7 Hz, 1H), 5.37 (d, J = 7.0 Hz, 2H), 4.77 (td, J = 6.9, 2.0 Hz, 1H), 

3.30 (d, J = 14.3 Hz, 1H), 3.19 (d, J = 14.3 Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 

168.43, 166.80, 153.92, 139.02, 133.53, 133.09, 132.06, 130.37, 130.09, 128.44, 127.96, 127.78, 

123.96, 123.81, 123.13, 121.07, 112.73, 100.21, 77.72, 72.81, 68.46, 39.82, 39.73, 37.51, 28.30 

ppm; ESI-HRMS: calcd for C30H29N3O5 + H+ 512.2180, found 512.2184.

Synthesis of 3t (procedure B): (E)-2-(2-nitrovinyl)-1H-indole 1a 

(18.8 mg, 0.1 mmol), 4-(4-methylbenzyl)-2-phenyloxazol-5(4H)-one 

2g (31.8 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in 

xylene (1.0 mL) and stirred at 40 °C for 20 h. Upon workup, product 

3t′ was obtained by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20). 

Subsequently, 3t′ was dissolved in DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to 

the reaction mixture and stirred at 0 ℃ for 12 h. After the reaction was completed, the residue was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to afford product 3t 

as a yellow solid (37.6 mg, 83% yield). M.p = 88-96 ℃; [α]D
20 = -11.8 (c = 1.0 in CHCl3); >19:1 dr, 

90% ee, determined by HPLC analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 60/40, 1.0 

mL/min, λ = 254 nm, t (minor) = 10.80 min, t (major) = 12.39 min]; 1H NMR (400 MHz, DMSO-

d6): δ 9.04 (s, 1H), 7.94 – 7.87 (m, 3H), 7.66 – 7.58 (m, 2H), 7.58 – 7.51 (m, 2H), 7.38 – 7.27 (m, 

2H), 7.08 – 7.02 (m, 2H), 6.92 (d, J = 7.9 Hz, 2H), 6.40 (d, 1H), 5.33 (qd, 2H), 4.73 (ddd, J = 8.1, 

6.1, 1.9 Hz, 1H), 3.38 (s, 1H), 3.02 (d, J = 14.3 Hz, 1H), 2.15 (s, 3H) ppm; 13C NMR (100 MHz, 

DMSO-d6): δ 167.76, 166.83, 138.99, 136.05, 133.64, 133.06, 132.09, 130.93, 130.11, 129.95, 

128.48, 128.43, 127.72, 124.08, 123.90, 121.19, 112.87, 100.80, 72.84, 67.84, 40.61, 37.57, 20.55 

ppm; ESI-HRMS: calcd for C27H23N3O4 + Na+ 476.1581, found 476.1583.
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Synthesis of 3u (procedure A): (E)-2-(2-nitrovinyl)-1H-indole 

1a (18.8 mg, 0.1 mmol), 4-benzyl-2-(4-fluorophenyl)oxazol-5(4H)-

one 2h (32.2 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were 

dissolved in xylene (1.0 mL) and stirred at 40 °C for 16 h. Upon workup, the reaction mixture was 

removed to room temperature added DABCO (2.7 mg, 30 mol%) for further cyclization during 5 h. 

After the reaction was completed, product 3u was obtained by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) as a white solid (37.9 mg, 83% yield). M.p = 95-100 ℃; [α]D
20 = -

19.7 (c = 1.0 in CHCl3); >19:1 dr, 90% ee, determined by HPLC analysis [Daicel chiralpak AD-H, 

n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 22.29 min, t (major) = 7.49 min]; 
1H NMR (400 MHz, DMSO-d6): δ 9.12 (s, 1H), 8.03 – 7.97 (m, 2H), 7.89 (dd, J = 7.9, 1.4 Hz, 1H), 

7.59 (dd, J = 7.2, 1.5 Hz, 1H), 7.44 – 7.37 (m, 2H), 7.36 – 7.26 (m, 2H), 7.20 – 7.14 (m, 2H), 7.12 – 

7.07 (m, 3H), 6.39 (d, J = 1.9 Hz, 1H), 5.35 (dq, 2H), 4.74 (ddd, J = 8.1, 6.1, 1.9 Hz, 1H), 3.40 (d, J 

= 14.3 Hz, 1H), 3.08 (d, J = 14.2 Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.68, 165.80, 

138.91, 133.97, 133.61, 130.54, 130.45, 130.06, 129.57, 127.79, 127.00, 124.09, 123.90, 121.19, 

115.60, 115.38, 112.84, 100.81, 72.78, 67.97, 40.52, 37.92 ppm; ESI-HRMS: calcd for 

C26H20FN3O4 + Na+ 480.1330, found 480.1327.

Synthesis of 3v (procedure A): (E)-2-(2-nitrovinyl)-1H-indole 

1a (18.8 mg, 0.1 mmol), 4-benzyl-2-(p-tolyl)oxazol-5(4H)-one 

2i (31.8 mg, 0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved 

in xylene (1.0 mL) and stirred at 40 °C for 16 h. Upon workup, the reaction mixture was removed to 

room temperature and added DABCO (2.7 mg, 30 mol%) for further cyclization during 5 h. After 

the reaction was completed, product 3v was obtained by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) as a white solid (35.7 mg, 79% yield). M.p = 85-88 ℃; [α]D
20 = -

23.9 (c = 1.0 in CHCl3); >19:1 dr, 92% ee, determined by HPLC analysis [Daicel chiralpak AD-H, 

n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 30.16 min, t (major) = 11.72 min]; 
1H NMR (400 MHz, DMSO-d6): δ 8.98 (s, 1H), 7.89 (d, J = 7.7, 1.3 Hz, 1H), 7.82 (d, 2H), 7.59 (d, 

1H), 7.39 – 7.25 (m, 4H), 7.19 – 7.14 (m, 2H), 7.13 – 7.07 (m, 3H), 6.38 (d, 1H), 5.35 (dq, J = 8.3 

Hz, 2H), 4.72 (ddd, J = 8.0, 6.1, 1.9 Hz, 1H), 3.40 (d, J = 14.2 Hz, 1H), 3.07 (d, J = 14.2 Hz, 1H), 

2.39 (s, 3H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.79, 166.68, 142.16, 138.95, 134.04, 

133.60, 130.23, 130.11, 130.08, 128.99, 127.78, 127.74, 126.98, 124.06, 123.88, 121.18, 112.84, 
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100.70, 72.86, 67.87, 40.66, 37.90, 21.06 ppm; ESI-HRMS: calcd for C27H23N3O4 + Na+ 476.1581, 

found 476.1574.

Synthesis of 3w (procedure B): (E)-2-(2-nitrovinyl)-1H-indole 1a 

(18.8 mg, 0.1 mmol), 2,4-dibenzyloxazol-5(4H)-one 2j (31.8 mg, 0.12 

mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and 

stirred at 40 °C for 16 h. Upon workup, product 3w′ was obtained by 

flash chromatography on silica gel (EtOAc/petroleum ether = 1/20). Subsequently, 3w′ was 

dissolved in DCM (1.0 mL), then DABCO (2.7 mg, 30 mol%) was added to the reaction mixture 

and stirred at 0 ℃ for 12 h. After the reaction was completed, the residue was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10) to afford product 3w as a yellow 

solid (28.5 mg, 63% yield). M.p = 84-88 ℃; [α]D
20 = +2.1 (c = 1.0 in CHCl3); >19:1 dr, 91% ee, 

determined by HPLC analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 

254 nm, t (minor) = 5.99 min, t (major) = 7.69 min]; 1H NMR (400 MHz, DMSO-d6): δ 8.94 (s, 1H), 

7.84 (d, J = 7.8, 1.3 Hz, 1H), 7.54 (d, J = 7.1, 1.5 Hz, 1H), 7.33 – 7.20 (m, 8H), 7.12 – 7.02 (m, 5H), 

6.31 (d, J = 1.8 Hz, 1H), 5.31 (d, 2H), 4.57 (td, J = 7.1, 1.9 Hz, 1H), 3.60 (s, 2H), 3.21 (d, J = 14.3 

Hz, 1H), 3.06 (d, J = 14.2 Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 170.87, 167.94, 138.82, 

135.56, 133.64, 133.59, 129.98, 129.91, 129.09, 128.22, 127.77, 127.02, 126.49, 124.07, 123.85, 

121.13, 112.78, 100.56, 72.90, 67.60, 41.36, 40.50, 37.98 ppm; ESI-HRMS: calcd for C27H23N3O4 

+ H+ 454.1761, found 454.1760.

Synthesis of 3x (procedure A): (E)-5-fluoro-2-(2-nitrovinyl)-

1H-indole 1d (20.6 mg, 0.1 mmol), 4-benzyl-2-(4-

fluorophenyl)oxazol-5(4H)-one 2h (32.2 mg, 0.12 mmol), C4 

(6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and stirred at 40 °C for 16 h. Upon workup, 

the reaction mixture was removed to room temperature and added DABCO (2.7 mg, 30 mol%) for 

further cyclization during 5 h. After the reaction was completed, product 3x was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10) as a white solid (36.1 mg, 76% yield). 

M.p = 91-93 ℃; [α]D
20 = -13.8 (c = 1.0 in CHCl3); >19:1 dr, 90% ee, determined by HPLC analysis 

[Daicel chiralpak AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 27.04 min, 

t (major) = 8.23 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.12 (s, 1H), 8.04 – 7.93 (m, 2H), 7.87 (dd, 

J = 8.8, 4.6 Hz, 1H), 7.46 – 7.36 (m, 3H), 7.21 – 7.13 (m, 3H), 7.12 – 7.07 (m, 3H), 6.39 (d, J = 1.9 
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Hz, 1H), 5.35 (qd, J = 14.7, 7.0 Hz, 2H), 4.72 (ddd, J = 8.0, 6.0, 1.9 Hz, 1H), 3.38 (d, J = 14.2 Hz, 

1H), 3.10 (d, J = 14.2 Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 167.51, 165.79, 140.87, 

134.85, 133.78, 130.50, 130.42, 129.98, 129.48, 127.75, 127.00, 126.64, 115.55, 115.34, 113.88, 

111.64, 107.09, 100.83, 72.61, 67.88, 40.47, 37.85 ppm; ESI-HRMS: calcd for C26H19F2N3O4 + Na+ 

498.1236, found 498.1243.

Synthesis of 5a (procedure C): (E)-7-(2-nitrovinyl)-1H-indole 4a (18.8 mg, 

0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 0.12 mmol), C4 

(6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and stirred at 40 °C for 

12 h. After full-conversion, the residue was purified by flash chromatography 

(EtOAc/petroleum ether = 1/20) to afford the pure chiral product 5a′. Subsequently, the obtained 

5a′ was dissolved in DCM (1.0 mL), then DBU (2.7 mg, 30 mol%) was added to the reaction 

mixture and stirred at 0 ℃ for 2 h. After the reaction was completed, the residue was purified by 

flash chromatography (EtOAc/petroleum ether = 1/10) to afford the pure chiral product 5a as a pale 

yellow solid (31.6 mg, 72% yield). M.p = 86-88 ℃; [α]D
20 = +20.6 (c = 1.0 in CHCl3); >19:1 dr, 77% 

ee, determined by HPLC analysis [Daicel chiralpak AD-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, 

λ = 254 nm, t (minor) = 21.35 min, t (major) = 10.35 min]; 1H NMR (400 MHz, DMSO-d6): δ 8.94 

(s, 1H), 7.94 – 7.89 (m, 2H), 7.67 (d, J = 3.6 Hz, 1H), 7.64 – 7.58 (m, 1H), 7.54 (dd, J = 8.2, 6.6 Hz, 

2H), 7.40 (dt, J = 7.9, 1.0 Hz, 1H), 7.17 (t, J = 7.6 Hz, 1H), 7.06 – 7.02 (m, 1H), 6.95 – 6.89 (m, 

3H), 6.81 – 6.76 (m, 3H), 5.70 (dd, J = 14.6, 8.0 Hz, 1H), 5.46 (dd, J = 14.6, 3.5 Hz, 1H), 5.30 (dd, 

J = 8.1, 3.4 Hz, 1H), 3.20 (d, J = 14.1 Hz, 1H), 3.00 (d, J = 14.1 Hz, 1H) ppm; 13C NMR (100 MHz, 

DMSO-d6): δ 167.02, 164.20, 133.71, 133.26, 132.65, 131.85, 129.34, 128.37, 127.70, 127.31, 

127.22, 126.78, 123.72, 122.14, 120.39, 119.69, 118.95, 110.69, 74.26, 64.36, 40.55, 38.61 ppm; 

ESI-HRMS: calcd for C26H21N3O4 + Na+ 462.1424, found 462.1427.

Synthesis of 5b (procedure C): (E)-3-chloro-7-(2-nitrovinyl)-1H-indole 

4b (22.2 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 

0.12 mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and 

stirred at 40 °C for 12 h. After full-conversion, the residue was purified by 

flash chromatography (EtOAc/petroleum ether = 1/20) to afford the pure chiral product 5b′. 

Subsequently, the obtained 5b′ was dissolved in DCM (1.0 mL), then DBU (2.7 mg, 30 mol%) was 

added to the reaction mixture and stirred at 0 ℃ for 2 h. After the reaction was completed, the 
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residue was purified by flash chromatography (EtOAc/petroleum ether = 1/10) to afford the pure 

chiral product 5b as a pale yellow solid (34.5 mg, 73% yield). M.p = 86-90 ℃; [α]D
20 = +1.0 (c = 

26.0 in CHCl3); >19:1 dr, 86% ee, determined by HPLC analysis [Daicel chiralpak AD-H, n-

hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 28.81 min, t (major) = 10.09 min]; 1H 

NMR (400 MHz, DMSO-d6): δ 9.03 (s, 1H), 7.96 – 7.88 (m, 3H), 7.65 – 7.59 (m, 1H), 7.54 (dd, J = 

8.2, 6.7 Hz, 2H), 7.35 – 7.22 (m, 2H), 7.14 (dt, J = 7.3, 1.3 Hz, 1H), 6.94 – 6.85 (m, 3H), 6.83 – 

6.77 (m, 2H), 5.75 (dd, J = 14.7, 7.8 Hz, 1H), 5.49 (dd, J = 14.7, 3.6 Hz, 1H), 5.33 – 5.26 (m, 1H), 

3.19 (d, J = 14.1 Hz, 1H), 3.09 (d, J = 14.1 Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 

167.10, 163.91, 133.54, 132.78, 131.93, 131.75, 129.30, 128.38, 127.73, 127.20, 126.84, 124.48, 

124.45, 120.86, 120.29, 119.03, 116.89, 114.82, 74.08, 64.05, 40.27, 39.00 ppm; ESI-HRMS: calcd 

for C26H20ClN3O4 + Na+ 496.1035, found 496.1044.

Synthesis of 5c (procedure C): (E)-5-bromo-7-(2-nitrovinyl)-1H-indole 4c 

(26.7 mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 0.12 

mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and stirred at 

40 °C for 12 h. After full-conversion, the residue was purified by flash 

chromatography (EtOAc/petroleum ether = 1/20) to afford the pure chiral 

product 5c′. Subsequently, the obtained 5c′ was dissolved in DCM (1.0 mL), then DBU (2.7 mg, 

30 mol%) was added to the reaction mixture and stirred at 0 ℃ for 2 h. After the reaction was 

completed, the residue was purified by flash chromatography (EtOAc/petroleum ether = 1/10) to 

afford the pure chiral product 5c as a pale yellow solid (41.9 mg, 81% yield). M.p = 96-99 ℃; 

[α]D
20 = 29.6 (c = 1.0 in CHCl3); >19:1 dr, 53% ee, determined by HPLC analysis [Daicel chiralpak 

AS-H, n-hexane/i-PrOH = 60/40, 1.0 mL/min, λ = 254 nm, t (minor) = 22.94 mbin, t (major) = 

40.24 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.01 (s, 1H), 7.92 – 7.88 (m, 2H), 7.73 (d, J = 3.6 

Hz, 1H), 7.65 – 7.59 (m, 2H), 7.57 – 7.51 (m, 2H), 7.23 (t, J = 1.6 Hz, 1H), 6.95 – 6.87 (m, 3H), 

6.82 – 6.77 (m, 2H), 6.75 (d, J = 3.6 Hz, 1H), 5.80 (dd, J = 14.7, 7.3 Hz, 1H), 5.47 (dd, J = 14.8, 3.9 

Hz, 1H), 5.29 (dt, J = 7.1, 2.6 Hz, 1H), 3.19 (d, J = 14.1 Hz, 1H), 3.07 (d, J = 14.1 Hz, 1H) ppm; 
13C NMR (100 MHz, DMSO-d6): δ 167.12, 164.23, 133.54, 132.85, 131.93, 131.54, 129.32, 128.90, 

128.39, 127.70, 127.26, 126.94, 123.46, 122.45, 122.23, 121.73, 115.91, 110.11, 73.74, 64.17, 

40.27, 38.83 ppm; ESI-HRMS: calcd for C26H20BrN3O4 + Na+ 540.0529, found 540.0530.
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3. Asymmetric [3+2] cyclization reactions of other types of 

functionalized indoles

N N
*

NO2

O
*N

Ph

Bn
OMe Me

NO2

1a-Me 6a'

Ph

O

N

O

C4 (10 mol%)
xylene, 40 C

2a

Ph

Synthesis of 6a′: (E)-1-methyl-2-(2-nitrovinyl)-1H-indole 1a-Me (20.2 mg, 

0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 0.12 mmol), 

C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and stirred at 40 

°C for 12 h. Upon workup, product 6a′ was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/15) as a yellow solid (32.1 mg, 73% 

yield). M.p = 73-76 ℃; [α]D
20 = +2.7 (c = 1.0 in CHCl3); dr = 3:1, 53% ee, determined by HPLC 

analysis [Daicel chiralpak AD-H, n-hexane/i-PrOH = 90/10, 1.0 mL/min, λ = 254 nm, t (minor) = 

12.97 min, t (major) = 10.60 min]; 1H NMR (400 MHz, CDCl3): δ 7.73 – 7.67 (m, 2H), 7.57 (dt, J = 

7.8, 0.9 Hz, 1H), 7.39 – 7.33 (m, 2H), 7.26 (d, J = 3.5 Hz, 2H), 7.19 – 7.10 (m, 7H), 6.67 (s, 1H), 

5.06 – 4.99 (m, 1H), 4.90 (dd, J = 14.0, 4.4 Hz, 1H), 4.52 (dd, J = 10.9, 4.5 Hz, 1H), 3.85 (s, 3H), 

3.18 (d, J = 13.1 Hz, 1H), 3.12 (d, J = 13.3 Hz, 1H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 

177.01, 158.96, 136.29, 134.55, 133.10, 132.54, 129.59, 128.42, 127.48, 126.77, 126.68, 126.01, 

123.82, 120.85, 119.53, 118.74, 109.15, 98.43, 75.72, 74.55, 29.09, 25.75, 24.19 ppm; ESI-HRMS: 

calcd for C27H23N3O4 + H+ 454.1761, found 454.1884.
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Synthesis of 8a: (E)-3-(1H-indol-2-yl)-1-phenylprop-2-en-1-one 7a (24.7 

mg, 0.1 mmol), 4-benzyl-2-phenyloxazol-5(4H)-one 2a (30.1 mg, 0.12 
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mmol), C4 (6.3 mg, 10 mol%) were dissolved in xylene (1.0 mL) and stirred at 40 °C for 12 h. 

Upon workup, the reaction mixture was removed to room temperature and added DABCO (2.7 mg, 

30 mol%) for further cyclization during 6 h. After the reaction was completed, product 8a was 

obtained by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) as a pale yellow 

solid (21.4 mg, 43% yield). M.p = 77-79 ℃; >19:1 dr, 0% ee, determined by HPLC analysis 

[Daicel chiralpak AD-H, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 254 nm]; 1H NMR (400 MHz, 

CDCl3): δ 8.88 (s, 1H), 7.87 – 7.80 (m, 2H), 7.77 – 7.67 (m, 2H), 7.49 – 7.42 (m, 2H), 7.40 – 7.30 

(m, 6H), 7.29 – 7.27 (m, 1H), 7.09 – 6.99 (m, 5H), 6.95 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H), 6.31 (d, J = 

2.0 Hz, 1H), 4.34 (dd, J = 9.3, 3.8 Hz, 1H), 3.67 (dd, J = 17.2, 9.3 Hz, 1H), 3.48 (dd, J = 17.2, 3.8 

Hz, 1H), 3.18 (d, J = 13.4 Hz, 1H), 3.07 (d, J = 13.3 Hz, 1H) ppm; 13C NMR (100 MHz, CDCl3): δ 

197.04, 179.51, 161.20, 136.65, 136.36, 133.78, 133.53, 133.02, 130.39, 128.87, 128.83, 128.78, 

128.75, 128.69, 128.27, 128.14, 128.06, 127.50, 125.33, 122.00, 120.47, 119.79, 111.21, 102.69, 

42.00, 40.99, 39.46 ppm; ESI-HRMS: calcd for C33H26N2O3 + H+ 499.2016, found 499.2023.

4. Synthetic transformations

N

O2N

O

Bn
NHBz

NiCl2·6H2O, NaBH4, (Boc)2O

THF/MeOH, 30 C N

BocHN

O
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3a 9

Synthesis of 9: Compound 3a (43.9 mg, 0.10 mmol) was dissolved in 

THF/MeOH (2.0 mL, v/v 1:1) and cooled down to -30 ℃. Then NiCl2·6H2O 

(47.4 mg, 0.20 mmol) was added and stirred for 5 minutes, thereafter NaBH4 

(22.7 mg, 0.6 mmol) was added slowly and stirred for 10 minutes, then 

followed by the addition of (Boc)2O (32.7 mg, 0.15 mmol) the reaction mixture was carried out at -

30 ℃ for 24 h and . monitored by TLC.  After completion, the reaction mixture was  quenched with 

saturated NH4Cl and extracted with DCM (3 × 5 mL). The combined organic layers was dried over 

anhydrous Na2SO4, then filtered and concentrated under reduced pressure to afford the residue 

which was purified by by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to 

give product 9 as a white solid (44.7 mg, 88% yield). M.p = 94-96 ℃; [α]D
20 = +20.2 (c = 1.0 in 

CHCl3); >19:1 dr, 90% ee, determined by HPLC analysis [Daicel chiralpak IB N-5, n-hexane/i-
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PrOH = 80/20, 1.0 mL/min, λ = 254 nm, t (minor) = 6.77 min, t (major) = 10.93 min]; 1H NMR 

(400 MHz, DMSO-d6): δ 8.90 (s, 1H), 7.93 – 7.85 (m,3H), 7.61 (t, J = 7.3 Hz, 1H), 7.57 – 7.50 (m, 

3H), 7.33 – 7.23 (m, 3H), 7.22 – 7.14 (m, 2H), 7.06 (p, J = 3.7 Hz, 3H), 6.37 (d, J = 1.9 Hz, 1H), 

4.13 (t, J = 7.3 Hz, 1H), 3.66 (dd, J = 11.1, 5.9 Hz, 2H), 3.42 (d, J = 14.1 Hz, 1H), 3.07 (d, J = 14.1 

Hz, 1H), 1.36 (s, 9H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 168.89, 166.22, 155.69, 141.79, 

134.49, 133.90, 133.34, 131.85, 130.15, 130.10, 129.98, 128.34, 127.61, 127.56, 126.69, 123.74, 

123.28, 120.73, 112.70, 99.59, 77.98, 67.97, 42.82, 37.82, 28.15 ppm; ESI-HRMS: calcd for 

C31H31N3O4 + Na+ 532.2207, found 532.2208.
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DCM, rt, 48 h
DBU

Synthesis of 10: Compound 3a (43.9 mg, 0.1 mmol) was dissolved in DCM 

(2 mL), DBU (38.0 mg, 0.25 mmol) was added and the solution was stirred 

at room temperature for 48 h. After the reaction was completed, product 10 

was obtained by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) as a white solid 

(24.7 mg, 63% yield). M.p = 92-96 ℃; [α]D
20 = +26.0 (c = 1.0 in CHCl3); >19:1 dr, 89% ee, 

determined by HPLC analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 

254 nm, t (minor) = 6.31 min, t (major) = 7.37 min]; 1H NMR (400 MHz, DMSO-d6): δ 9.35 (s, 1H), 

7.87 (dd, 3H), 7.59 (dd, J = 8.3, 6.3 Hz, 1H), 7.50 (t, 3H), 7.27 (t, 1H), 7.22 (t, 1H), 7.13 – 7.06 (m, 

2H), 7.04 – 6.94 (m, 3H), 6.56 (s, 1H), 5.84 (s, 1H), 5.55 (s, 1H), 3.42 (dd, 2H) ppm; 13C NMR (100 

MHz, DMSO-d6): δ 169.99, 166.40, 140.54, 139.36, 134.55, 133.52, 133.33, 132.39, 130.54, 

130.37, 128.86, 128.21, 128.11, 127.50, 124.65, 124.52, 121.93, 113.49, 109.33, 98.49, 68.75, 

42.74 ppm; ESI-HRMS: calcd for C26H20N2O2 + Na+ 415.1417, found 415.1424.

N

O2N

O

Bn
NHBz

NaBH4
NiCl2·6H2O

N

H2N

O

Bn
NHBz

3a 11

MeOH, -30 C

N

O

Bn
NHBz



 22 / 91

Synthesis of 11: Compound 3a (43.9 mg, 0.10 mmol) was dissolved in 2 mL of MeOH, the 

reaction was cooled down to -30 ℃. NiCl2·6H2O (47.4 mg, 0.20 mmol) was added and stirred for 5 

minutes, then NaBH4 (22.7 mg, 0.6 mmol) was added slowly, then the reaction was carried out at -

30 ℃ for 30 minutes. The reaction was monitored by TLC and was completed, then quenched with 

saturated NH4Cl, the reaction was concentrated under reduced pressure, and extracted with DCM (3 

× 5 mL). Product 11 was obtained by flash chromatography on silica gel (MeOH/DCM = 1/50) as a 

white solid (33.1 mg, 81% yield).

N

H2N

O

Bn
NHBz 2) TsCl, TEA, DMAP

30 C, 1 h
N

N

O

Bn
NHBz

Ts

1) (HCHO)n, TFA, DCM
0 C-rt, 2 h

11 12

Synthesis of 12: Compound 11 (20.4 mg, 0.05 mmol) and (HCHO)n (1.8 mg, 

0.06 mmol) were dissolved in DCM (1 mL), the reaction was cooled down 

at 0 ℃, and TFA (5.7 mg, 0.05 mmol) was slowly added dropwise, the 

reaction was stirred at room temperature for 2 h. After the reaction was 

completed, the reaction was extracted with DCM (3 × 5 mL), then the 

filtrate was concentrated under reduced pressure, obtain the product of the closing ring. The product 

was dissolved in dry DCM and cooled down at -30 ℃, then TEA (7.6 mg, 0.075 mmol) and DMAP 

(1.3 mg, 20 mol%) were added, and Ts-Cl (6.6 mg, 0.06 mmol) was added slowly, and the solution 

was reacted and stirred at -30 ℃ for 1h, and after the reaction was completed, product 12 was 

obtained by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) as a white solid 

(20.1 mg, 70% yield). M.p = 103-105 ℃; [α]D
20 = -24.2 (c = 1.0 in CHCl3); >19:1 dr, 89% ee, 

determined by HPLC analysis [Daicel chiralpak IB N-5, n-hexane/i-PrOH = 70/30, 1.0 mL/min, λ = 

254 nm, t (minor) = 12.58 min, t (major) = 13.99 min]; 1H NMR (400 MHz, DMSO-d6): δ 10.98 (s, 

1H), 7.69 (t, J = 8.1 Hz, 4H), 7.57 (t, J = 7.4 Hz, 1H), 7.47 (q, J = 7.7 Hz, 3H), 7.41 (d, J = 8.0 Hz, 

3H), 7.14 (h, J = 5.1 Hz, 4H), 7.07 – 6.99 (m, 3H), 4.59 (d, J = 13.9 Hz, 1H), 3.93 (dd, J = 12.9, 2.4 

Hz, 1H), 3.84 (d, J = 13.9 Hz, 1H), 3.72 (d, J = 4.0 Hz, 1H), 3.54 (d, J = 13.2 Hz, 1H), 3.39 (d, J = 

13.2 Hz, 1H), 3.01 (dd, J = 12.8, 4.2 Hz, 1H), 2.36 (s, 3H) ppm; 13C NMR (100 MHz, DMSO-d6): δ 

178.52, 159.22, 143.44, 136.38, 133.79, 132.93, 132.47, 130.10, 129.84, 128.92, 128.63, 127.93, 

N

N
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Bn
NHBz

Ts
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127.64, 127.24, 127.18, 125.59, 124.35, 121.76, 118.91, 117.68, 111.54, 107.38, 77.33, 45.73, 

42.59, 41.67, 31.10, 20.92 ppm; ESI-HRMS: calcd for C34H29N3O4S + Na+ 598.1771, found 

598.1777.

5. Failed trials of other azlactones under the optimized conditions
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O
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R2R1 N

O R2
N
H
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O
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general
procedure A

NH

NO2

+

1a 2l-2o

2l 2m 2n 2o
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6. Crystal data for enantiopure cycloadducts 3x

Crystallization of 3x: The pure product 3x (25 mg) was dissolved in the mixture solvent of n-

hexane and dichloromethane (2 mL, 3:1, v/v) in a 10 mL vial. Then, the solution was allowed for 

slow evaporation to afford the crystal of 3x in a good quality for the crystallography analysis.

N

O2N

O

Bn

NH
F

O

F

3x

Identification code 3x

Empirical formula C26H19F2N3O4

Formula weight 475.45

Temperature/K 200.0

Crystal system monoclinic

Space group P21
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a/Å 12.0073(5)

b/Å 24.9718(10)

c/Å 17.9593(8)

α/° 90

β/° 108.3510(10)

γ/° 90

Volume/Å3 5111.1(4)

Z 8

ρcalcg/cm3 1.401

μ/mm-1 0.255

F(000) 2218.0

Crystal size/mm3 0.39 × 0.33 × 0.12

Radiation MoKα (λ = 0.71073)

2Θ range for data collection/° 3.928 to 54.984

Index ranges -15 ≤ h ≤ 15, -32 ≤ k ≤ 32, -23 ≤ l ≤ 23

Reflections collected 69498

Independent reflections 23175 [Rint = 0.0643, Rsigma = 0.0661]

Data/restraints/parameters 23175/145/1341

Goodness-of-fit on F2 1.030

Final R indexes [I>=2σ (I)] R1 = 0.0795, wR2 = 0.2088

Final R indexes [all data] R1 = 0.1316, wR2 = 0.2516

Largest diff. peak/hole / e Å-3 0.38/-0.53

Flack parameter 0.06(5)
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7. NMR spectra and HPLC chromatograms
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