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1. General experimental information 

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

otherwise. Flash column chromatography was performed over silica gel (H, purchased from Qingdao 

Ocean Chemical Co., Ltd. Qingdao, China). Analytical thin layer chromatography (TLC) was performed 

on silica gel HSGF254 glass plates (purchased from Yantai Xinuo Chemical Co., Ltd. Yantai, China) 

containing a 254 nm fluorescent indicator. The enantiomeric excesses were determined by chiral HPLC 

analysis that was performed by Agilent HPLC systems using chiral columns described below in detail. 

Optical rotations were measured with a polarimeter. 1H NMR spectra were measured on a Bruker 

AVANCE NEO 400 MHz spectrometer at the ambient temperature of 400 MHz. Proton chemical shifts 

are reported in parts per million (δ scale) and referenced using tetramethylsilane (TMS) as an internal 

standard or residual protium in the NMR solvent [CDCl3: δ 7.26 (CHCl3) or DMSO-d6: δ 2.50 

(CD2HSOCD3)]. Data are reported as follows: chemical shift [multi-plicity (s = singlet, d = doublet, t = 

triplet, q = quartet, m = multiplet, dd = doublet of doublets, td = triplet of doublets,brs = broad singlet), 

coupling constant(s) (Hz), integration]. 13C NMR spectra were also measured on a Bruker AVANCE NEO 

400 MHz spectrometer at the ambient temperature of 13C at 101 MHz. Carbon chemical shifts are 

reported in parts per million (δ scale), and referenced using the carbon resonances of the solvent [δ 77.16 

(CDCl3) or δ 39.52 (DMSO-d6)]. 19F NMR spectra were measured on a Bruker AVANCE NEO 400 MHz 

spectrometer at the ambient temperature of 19F at 377 MHz. Fluorine chemical shifts are reported in parts 

per million (δ scale), The melting points of products were recorded on a Büchi Melting Point B-545 and 

temperatures were not corrected. High-resolution mass spectra (HRMS) were recorded with Agilent 6545 

LC/Q-TOF mass spectrometer by using an electrospray ionization (ESI) ionization source analyzed by 

quadrupole time-of-flight (Q-TOF). IR spectra were recorded with PerkinElmer FT-IR Spectrometer 

Spectrum 3 by using a PIKE MIRacle universal ATR. 

2. Methods for the synthesis of substrates 1 and characterization data. 

The starting substrate 1a was synthesized according to the experimental procedure outlined below. 

Other substrates were prepared using analogous methods. 

 

The ninhydrin (1.80 g, 10 mmol) and o-phenylenediamine (1.10, 10 mmol) were added to ethanol 

(15.0 mL)/acetic acid (2.0 mL). The mixture was heated under reflux for 2.0 h. The reaction contents 

were cooled to room temperature. The resulting yellow precipitates were filtered, washed with ethanol, 

and dried to yield 11H-indeno[1,2-b]quinoxalin-11-one S1 (2.0 g). 

The 11H-indeno[1,2-b]quinoxalin-11-one S1 (1.20 g, 5.0 mmol) and N-Boc-imino-

(triphenyl)phosphorane (2.3 g, 6.0 mmol) was added to toluene (15 mmol), the mixture was heated at 

120 °C for 24 h, After completion of the reaction (monitored by TLC), the reaction mixture was 

directly purified by flash chromatography on silica gel (petroleum ether/ ethyl acetate) to give the 

indeno[1,2-b]quinoxalin-11-imine 1a (0.9 g). 
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Tert-butyl (E)-(11H-indeno[1,2-b]quinoxalin-11-ylidene)carbamate (1a) 

 

Yellow solid; 193.1 – 193.5 °C. 

1H NMR (400 MHz, CDCl3) δ 8.16 – 7.94 (m, 4H), 7.83 – 7.75 (m, 1H), 7.74 – 7.65 (m, 2H), 7.61 – 

7.53 (m, 1H), 1.74 (s, 9H).  

HRMS (ESI) m/z: [M + Na]+ Calcd. for C20H17N3O2Na 354.1213; found: 354.1219 

 

Tert-butyl (E)-(7,8-dimethyl-11H-indeno[1,2-b]quinoxalin-11-ylidene)carbamate (1b) 

 

Yellow solid; m.p. 218.7 – 219.0 °C. 

1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 7.6 Hz, 1H), 7.95 (s, 1H), 7.91 – 7.84 (m, 2H), 7.73 (td, J = 

7.5, 1.1 Hz, 1H), 7.56 (td, J = 7.5, 0.8 Hz, 1H), 2.51 (s, 3H), 2.49 (s, 3H), 1.45 (s, 9H). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C22H22N3O2 360.1707; found: 360.1713. 

 

Tert-butyl (E)-(7,8-difluoro-11H-indeno[1,2-b]quinoxalin-11-ylidene)carbamate (1c) 

 

Yellow solid; m.p. 183.5 – 184.1 °C. 

1H NMR (400 MHz, CDCl3) δ 8.17 – 8.01 (m, 1H), 8.01 – 7.94 (m, 1H), 7.89 – 7.73 (m, 2H), 7.69 (t, J 

= 7.4 Hz, 1H), 7.64 – 7.53 (m, 1H), 1.73 (s, 9H). 

HRMS (ESI) m/z: [M + Na]+ Calcd. for C20H15F2N3O2Na 390.1025; found: 390.1032. 

 

Tert-butyl (E)-(7,8-dichloro-11H-indeno[1,2-b]quinoxalin-11-ylidene)carbamate (1d) 

 

Yellow solid; m.p. 211.5 – 212.2 °C. 

1H NMR (400 MHz, CDCl3) δ 8.33 (s, 1H), 8.25 (s, 1H), 8.11 (d, J = 7.6 Hz, 1H), 7.96 (d, J = 7.5 Hz, 

1H), 7.81 (td, J = 7.6, 1.0 Hz, 1H), 7.66 (td, J = 7.5, 0.8 Hz, 1H), 1.45 (s, 9H). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C20H16Cl2N3O2 400.0614, 402.0588; found: 400.0618, 402.0611. 
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Tert-butyl (E)-(7,8-dibromo-11H-indeno[1,2-b]quinoxalin-11-ylidene)carbamate (1e) 

 

Yellow solid; m.p. 217.3 – 217.9 °C. 

1H NMR (400 MHz, CDCl3) δ 8.40 (s, 1H), 8.29 (s, 1H), 8.10 – 8.04 (m, 1H), 8.03 – 7.96 (m, 1H), 7.71 

(t, J = 7.3 Hz, 1H), 7.61 (t, J = 7.4 Hz, 1H), 1.73 (s, 11H). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C20H16Br2N3O2 487.9604, 489.9584, 491.9567; found: 487.9617, 

489.9585, 491.9562. 

3. General procedure for the synthesis of the product 3 

 

Indeno[1,2-b]quinoxalin-11-imine 1 (0.10 mmol), indoles 2 (0.20 mmol), chiral phosphoric acid IV 

(10 mol%), and 2-MeTHF (1.0 mL) were successively added to a vial. The resulting mixture was stirred 

at indicated temperature for the indicated time. After completion of the reaction (monitored by TLC), the 

reaction mixture was concentrated. The residue was dissolved with DCM, then directly subjected to flash 

column chromatography to give the corresponding product 3. 

Tert-butyl (11-(1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3a) 

 

Pale yellow solid; Procedure A: 43.2 mg, 92% yield, 99% ee; [α]D
20 = −312.21 (c 2.535, CH2Cl2); m.p. 

126.2 – 127.5 °C. 

1H NMR (400 MHz, CDCl3) δ 8.56 (s, 1H), 8.35 (s, 1H), 8.21 (d, J = 6.6 Hz, 1H), 8.05 (d, J = 7.3 Hz, 

2H), 7.74 (d, J = 6.8 Hz, 1H), 7.67 – 7.46 (m, 4H), 7.24 – 7.12 (m, 3H), 6.49 (s, 1H), 6.05 (brs, 1H), 0.90 

(brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 163.1, 154.2, 153.5, 150.1, 142.3, 141.4, 137.1, 136.8, 131.8, 129.7, 

129.4, 129.3, 128.8, 128.8, 125.0, 124.6, 123.6, 122.7, 122.4, 122.0, 120.0, 115.6, 111.7, 80.4, 63.8, 27.9. 

IR (ART) ν 3287, 3058, 2974, 1687, 1478, 1455, 1363, 1335, 1246, 1160, 1103, 1048, 1015, 906, 875, 

852, 740 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 12.6 min, tmajor = 13.3 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H25N4O2 449.1972; found: 449.1979. 

 

Tert-butyl (11-(4-fluoro-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3b) 
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Pale yellow solid; Procedure A: 46.5 mg, 99% yield, 86% ee; Procedure B: 45.6 mg, 98% yield, 97% ee; 

[α]D
20 = −202.32 (c 1.411, CH2Cl2, 97% ee); m.p. 216.5 – 217.4 °C. 

1H NMR (400 MHz, CDCl3) δ 9.05 (s, 1H), 8.16 – 7.96 (m, 3H), 7.85 (d, J = 7.4 Hz, 1H), 7.61 (dt, J = 

25.4, 6.8 Hz, 2H), 7.49 – 7.30 (m, 2H), 7.06 – 6.91 (m, 1H), 6.91 – 6.83 (m, 1H), 6.81 – 6.72 (m, 1H), 

6.28 (s, 2H), 1.04 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 163.8, 155.5 (d, J = 246.2 Hz, 1C), 154.4, 154.3, 151.1, 142.6, 141.4, 

140.1 (d, J = 11.0 Hz, 1C), 136.2, 132.2, 129.6, 129.5, 129.1, 129.0, 128.9, 124.7, 124.6, 123.5, 123.1 (d, 

J = 8.3 Hz, 1C), 114.3 (d, J = 2.8 Hz, 1C), 113.6 (d, J = 19.9 Hz, 1C), 108.2 (d, J = 3.3 Hz, 1C), 105.7 

(d, J = 22.1 Hz, 1C), 80.3, 62.9, 28.0. 

19F NMR (377 MHz, CDCl3) δ -135.02. 

IR (ART) ν 3241, 2976, 2921, 2851, 1697, 1433, 1364, 1338, 1257, 1205, 1158, 1098, 1076, 1047, 1017, 

889, 757, 732 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tmajor = 10.7 min, tminor = 15.8 min). 

HRMS (ESI) m/z: [M + K]+ Calcd. for C28H23FN4O2K 505.1437; found: 505.1405. 

 

Tert-butyl (11-(4-chloro-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3c) 

 

Pale yellow solid; Procedure A: 44.5 mg, 92% yield, 42% ee; Procedure C: 31.4 mg, 65% yield, 78% ee; 

[α]D
20 = −88.74 (c 1.256, CH2Cl2, 78% ee); m.p. 147.2 – 148.0 °C. 

1H NMR (400 MHz, CDCl3) δ 9.55 (s, 1H), 8.27 – 7.97 (m, 3H), 7.88 (s, 1H), 7.75 – 7.64 (m, 1H), 7.63 

– 7.54 (m, 1H), 7.44 (s, 2H), 7.07 – 6.74 (m, 3H), 6.56 (brs, 1H), 6.26 (brs, 1H), 1.11 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 164.0, 154.7, 154.1, 151.3, 142.5, 141.2, 139.4, 136.6, 132.0, 129.7, 

129.4, 129.2, 129.1, 128.9, 126.3, 125.9, 124.7, 122.7, 122.6, 122.4, 122.1, 114.0, 110.7, 80.2, 63.5, 28.2. 

IR (ART) ν 3421, 3281, 2968, 2923, 2853, 1690, 1615, 1486, 1364, 1334, 1256, 1242, 1157, 1097, 1044, 

1017, 942, 899, 874, 852, 757, 735 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 11.5 min, tmajor = 13.2 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H24ClN4O2 483.1582, 485.1566; found: 483.1588, 485.1574. 

 

Tert-butyl (11-(4-methoxyl-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3d) 
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Pale yellow solid; Procedure A: 40.4 mg, 85% yield, 98% ee; [α]D
20 = +192.43 (c 1.616, CH2Cl2); m.p. 

134.1 – 135.2 °C. 

1H NMR (400 MHz, CDCl3) δ 8.78 (s, 1H), 8.09 (dd, J = 12.3, 8.3 Hz, 2H), 8.02 (d, J = 8.1 Hz, 1H), 

7.77 (d, J = 7.3 Hz, 1H), 7.75 – 7.62 (m, 2H), 7.62 – 7.55 (m, 1H), 7.42 – 7.28 (m, 2H), 7.02 (t, J = 7.9 

Hz, 1H), 6.81 (d, J = 8.1 Hz, 1H), 6.56 (d, J = 7.8 Hz, 1H), 6.10 (s, 1H), 4.05 (s, 3H), 1.02 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 164.9, 155.0, 154.8, 152.4, 152.2, 142.5, 141.4, 139.0, 136.0, 132.1, 

129.5, 129.4, 129.0, 128.7, 128.5, 124.6, 123.2, 122.1, 122.1, 116.2, 115.5, 105.8, 100.6, 79.6, 63.3, 55.5. 

IR (ART) ν 3305, 3005, 2970, 2926, 1693, 1618, 1576, 1507, 1463, 1364, 1326, 1275, 1258, 1241, 1159, 

1090, 1042, 1017, 966, 936, 909, 751, 731 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tmajor = 11.3 min, tminor = 12.5 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C29H27N4O3 479.2078; found: 479.2084. 

 

Tert-butyl (11-(5-chloro-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3e) 

 
Pale yellow solid; Procedure A: 41.4 mg, 85% yield, 89% ee; Procedure A: 47.8 mg, 99% yield, 90% ee; 

[α]D
20 = −481.89 (c 1.932, CH2Cl2, 90% ee); m.p. 160.9 – 161.8 °C. 

1H NMR (400 MHz, CDCl3) δ 8.62 (s, 1H), 8.48 (s, 1H), 8.15 (s, 1H), 8.09 – 7.85 (m, 2H), 7.73 (d, J = 

7.0 Hz, 1H), 7.67 – 7.47 (m, 4H), 7.11 – 7.04 (m, 1H), 7.00 (d, J = 8.6 Hz, 1H), 6.43 (d, J = 2.4 Hz, 1H), 

5.92 (brs, 1H), 1.01 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 162.6, 154.2, 153.2, 149.6, 142.3, 141.3, 136.9, 135.5, 131.8, 129.7, 

129.5, 129.4, 128.9, 128.9, 126.1, 125.7, 125.0, 124.6, 123.1, 122.4, 121.7, 115.2, 112.6, 80.6, 63.5, 28.0. 

IR (ART) ν 3414, 3290, 2975, 2926, 1691, 1571, 1463, 1365, 1338, 1274, 1259, 1158, ,1102, 1045, 1016, 

938, 908, 892, 796, 752 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 5.8 min, tmajor = 7.2 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H24ClN4O2 483.1582, 485.1566; found: 483.1592, 485.1579. 

 

Tert-butyl (11-(5-bromo-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3f) 
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Pale yellow solid; Procedure A: 51.5 mg, 98% yield, 89% ee; Procedure B: 48.4 mg, 92% yield, 85% ee; 

[α]D
20 = −452.41 (c 2.260, CH2Cl2, 89% ee); m.p. 165.6 – 166.7 °C. 

1H NMR (400 MHz, CDCl3) δ 8.83 – 8.52 (m, 2H), 8.32 – 7.82 (m, 3H), 7.79 – 7.68 (m, 1H), 7.67 – 

7.33 (m, 4H), 7.24 – 7.12 (m, 1H), 7.04 – 6.86 (m, 1H), 6.46 – 6.31 (m, 1H), 5.91 (brs, 1H), 1.04 (brs, 

9H). 

13C NMR (101 MHz, CDCl3) δ 162.6, 154.2, 153.1, 149.6, 142.3, 141.3, 136.9, 135.8, 131.8, 129.7, 

129.5, 129.4, 128.9, 128.8, 126.8, 125.7, 124.9, 124.8, 124.6, 122.4, 115.1, 113.4, 113.0, 80.6, 63.5, 27.9. 

IR (ART) ν 3411, 3291, 2974, 2924, 1688, 1453, 1364, 1337, 1274, 1259, 1158, 1101, 1016, 938, 906, 

884, 794, 751 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 5.8 min, tmajor = 6.8 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H24BrN4O2 527.1077, 529.1061; found: 527.1089, 529.1075. 

 

Methyl 3-(11-((tert-butoxycarbonyl)amino)-11H-indeno[1,2-b]quinoxalin-11-yl)-1H-indole-5-

carboxylate (3g) 

 
Pale yellow solid; Procedure A: 48.5 mg, 96% yield, 88% ee; Procedure B: 49.8 mg, 99% yield, 94% ee; 

[α]D
20 = −519.09 (c 2.004, CH2Cl2, 94% ee); m.p. 166.8 – 167.6 °C. 

1H NMR (400 MHz, CDCl3) δ 9.12 (d, J = 14.9 Hz, 2H), 8.15 (s, 1H), 8.08 – 7.90 (m, 2H), 7.85 – 7.71 

(m, 2H), 7.68 – 7.40 (m, 4H), 7.10 (d, J = 8.6 Hz, 1H), 6.65 – 6.46 (m, 1H), 6.03 (brs, 1H), 3.99 (s, 3H), 

0.94 (brs, 9H).b 

13C NMR (101 MHz, CDCl3) δ 168.4, 162.6, 154.3, 153.3, 149.7, 142.3, 141.3, 139.8, 136.8, 131.8, 

129.7, 129.5, 129.4, 128.9, 128.9, 125.3, 125.2, 124.7, 124.7, 124.0, 122.5, 122.0, 116.7, 111.4, 80.6, 

63.5, 52.1, 27.9. 

IR (ART) ν 3300, 2974, 1687, 1615, 1434, 1364, 1316, 1273, 1257, 1158, 1106, 1047, 1014, 898, 808, 

750 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 8.2 min, tmajor = 12.9 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C30H27N4O4 507.2027; found: 507.2035. 

 

Tert-butyl (11-(5-methyl-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3h) 

 

Pale yellow solid; Procedure A: 45.7 mg, 99% yield, 95% ee; [α]D
20 = −414.30 (c 1.828, CH2Cl2); m.p. 

127.3 – 128.2 °C. 
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1H NMR (400 MHz, CDCl3) δ 8.39 (s, 1H), 8.31 – 7.91 (m, 4H), 7.82 – 7.70 (m, 1H), 7.70 – 7.38 (m, 

4H), 7.10 (d, J = 8.3 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 6.44 (s, 1H), 6.00 (brs, 1H), 2.53 (s, 3H), 0.85 

(brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 163.2, 154.3, 153.5, 150.3, 142.3, 141.4, 136.8, 135.5, 131.7, 129.7, 

129.3, 129.2, 128.9, 128.8, 125.3, 124.6, 124.4, 123.7, 122.3, 121.6, 115.1, 111.3, 80.3, 63.8, 27.9, 21.8. 

IR (ART) ν 3397, 3302, 2968, 2917, 2853, 1689, 1578, 1479, 1463, 1362, 1335, 1273, 1257, 1158, 1100, 

1018, 905, 795, 758 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 6.7 min, tmajor = 8.7 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C29H27N4O2 463.2129; found: 463.2136. 

 

Tert-butyl (11-(5-methoxyl-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3i) 

 

Pale yellow solid; Procedure A: 45.4 mg, 98% yield, 93% ee; [α]D
20 = −400.7 (c 2.092, CH2Cl2); m.p. 

139.6 – 140.3 °C. 

1H NMR (400 MHz, CDCl3) δ 8.47 (s, 1H), 8.20 (d, J = 6.5 Hz, 1H), 8.12 – 7.96 (m, 2H), 7.88 (s, 1H), 

7.80 – 7.70 (m, 1H), 7.69 – 7.39 (m, 4H), 7.07 (d, J = 8.8 Hz, 1H), 6.81 (dd, J = 8.8, 2.3 Hz, 1H), 6.51 

(d, J = 2.1 Hz, 1H), 5.97 (brs, 1H), 3.96 (s, 3H), 0.85 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 163.0, 154.3, 154.0, 153.4, 150.1, 142.3, 141.3, 136.9, 132.2, 131.7, 

129.7, 129.4, 129.3, 128.9, 128.8, 125.5, 124.7, 124.4, 122.4, 115.0, 113.3, 112.3, 103.7, 80.3, 63.7, 56.1, 

27.9. 

IR (ART) ν 3312, 2974, 2927, 1691, 1623, 1578, 1623, 1481, 1454, 1335, 1257, 1218, 1158, 1102, 1045, 

1016, 903, 797, 756 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 13.3 min, tmajor = 15.6 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C29H27N4O3 479.2078; found: 479.2089. 

 

Tert-butyl (11-(5-ethoxyl-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3j) 

 

Pale yellow solid; Procedure A: 48.5 mg, 98% yield, 92% ee; [α]D
20 = −452.71 (c 2.044, CH2Cl2); m.p. 

119.3 – 120.0 °C. 

1H NMR (400 MHz, CDCl3) δ 8.45 (s, 1H), 8.20 (d, J = 5.0 Hz, 1H), 8.02 (dd, J = 18.5, 6.9 Hz, 2H), 

7.85 (s, 1H), 7.73 (d, J = 6.4 Hz, 1H), 7.67 – 7.45 (m, 4H), 7.06 (d, J = 8.8 Hz, 1H), 6.81 (d, J = 8.8 Hz, 

1H), 6.48 (s, 1H), 5.97 (brs, 1H), 4.19 (q, J = 6.5 Hz, 2H), 1.51 (t, J = 6.7 Hz, 3H), 0.87 (brs, 9H). 
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13C NMR (101 MHz, CDCl3) δ 163.1, 154.3, 153.5, 153.3, 150.1, 142.4, 141.3, 136.9, 132.2, 131.7, 

129.6, 129.4, 129.2, 128.9, 128.8, 125.5, 124.7, 124.3, 122.4, 115.1, 113.9, 112.3, 104.7, 80.3, 64.3, 63.7, 

27.9, 15.2. 

IR (ART) ν 3310, 2976, 2927, 1689, 1621, 1576, 1473, 1461, 1364, 1337, 1259, 1201, 1158, 1201, 1158, 

1102, 1045, 1018, 962, 903, 853, 797, 760 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 28.8 min, tmajor = 34.9 min).  

HRMS (ESI) m/z: [M + H]+ Calcd. for C30H29N4O3 493.2234; found: 493.2239. 

 

Tert-butyl (11-(4-fluoro-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3k) 

 
Pale yellow solid; Procedure A: 46.5 mg, 99% yield, 97% ee; [α]D

20 = −353.28 (c 2.196, CH2Cl2); m.p. 

140.1 – 140.8 °C. 

1H NMR (400 MHz, CDCl3) δ 8.67 – 8.50 (m, 1H), 8.32 (s, 1H), 8.17 (d, J = 5.7 Hz, 1H), 8.10 – 7.90 

(m, 2H), 7.72 (d, J = 7.4 Hz, 1H), 7.66 – 7.42 (m, 4H), 6.94 (td, J = 9.3, 2.3 Hz, 1H), 6.80 (dd, J = 9.4, 

2.1 Hz, 1H), 6.43 (d, J = 2.6 Hz, 1H), 6.00 (brs, 1H), 0.95 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 162.9, 160.2 (d, J = 240.1 Hz, 1C), 154.3, 153.3, 149.8, 142.3, 141.3, 

137.2 (d, J = 12.3 Hz, 1C), 136.9, 131.8, 129.7, 129.5, 129.4, 128.9, 124.6, 124.0 (d, J = 3.1 Hz, 1C), 

123.1 (d, J = 8.7 Hz, 1C), 122.4, 121.7, 115.7, 108.8 (d, J = 24.1 Hz, 1C), 97.8 (d, J = 26.0 Hz, 1C), 80.5, 

63.6, 27.9. 

19F NMR (377 MHz, CDCl3) δ -119.91. 

IR (ART) ν 3300, 2974, 2921, 1689, 1625, 1481, 1454, 1364, 1333, 1259, 1242, 1156, 1100, 1047, 1016, 

954, 905, 802, 754, 736 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 7.5 min, tmajor = 11.0 min). 

HRMS (ESI) m/z: [M + Na]+ Calcd. for C28H23FN4O2Na 489.1697; found: 489.1704. 

 

Tert-butyl (11-(6-chloro-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3l) 

 

Pale yellow solid; Procedure A: 48.6mg, 99% yield, 95% ee; [α]D
20 = −340.62 (c 1.944, CH2Cl2); m.p. 

161.6 – 162.1 °C. 

1H NMR (400 MHz, CDCl3) δ 8.69 (s, 1H), 8.30 (d, J = 7.1 Hz, 1H), 8.15 (s, 1H), 8.02 (s, 2H), 7.71 (d, 

J = 7.2 Hz, 1H), 7.66 – 7.42 (m, 4H), 7.13 (dd, J = 8.6, 1.8 Hz, 1H), 7.07 (s, 1H), 6.42 (d, J = 2.4 Hz, 

1H), 6.01 (s, 1H), 1.00 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 162.8, 154.3, 153.3, 149.7, 142.3, 141.3, 137.5, 136.9, 131.8, 129.6, 
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129.5, 129.4, 128.9, 128.8, 128.6, 124.6, 124.3, 123.6, 123.0, 122.4, 120.7, 115.7, 111.5, 80.6, 63.5, 27.9. 

IR (ART) ν 3284, 2970, 2925, 1687, 1617, 1477, 1454, 1364, 1329, 1259, 1158, 1102, 1047, 1018, 905, 

800, 756 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 12.6 min, tmajor = 15.1 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H24ClN4O2 483.1582, 485.1566; found: 483.1592, 485.1574. 

 

Tert-butyl (11-(6-(trifluoromethyl)-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate 

(3m) 

 
Pale yellow solid; Procedure A: 44.9 mg, 87% yield, 85% ee; Procedure B: 47.9 mg, 93% yield, 94% ee; 

[α]D
20 = −342.28 (c 1.916, CH2Cl2, 94% ee); m.p. 162.8 – 163.3 °C. 

1H NMR (400 MHz, CDCl3) δ 8.90 (s, 1H), 8.49 (d, J = 7.1 Hz, 1H), 8.15 (s, 1H), 7.98 (d, J = 27.8 Hz, 

2H), 7.77 – 7.68 (m, 1H), 7.64 – 7.46 (m, 4H), 7.40 (d, J = 6.9 Hz, 2H), 6.58 (s, 1H), 6.06 (s, 1H), 1.02 

(brs, 9H).  

13C NMR (101 MHz, CDCl3) δ 162.7, 154.4, 153.2, 149.5, 142.3, 141.3, 136.9, 136.1, 131.9, 129.6, 

129.5, 129.0, 128.9, 127.4, 126.2, 125.1 (q, J = 272.8 Hz, 1C), 124.6, 124.5, 122.6, 122.5, 116.6 (q, J = 

3.2 Hz, 1C), 115.9, 109.2 (q, J = 4.1 Hz, 1C), 80.7, 63.5, 27.9. 

19F NMR (377 MHz, CDCl3) δ -60.87. 

IR (ART) ν 3289, 2966, 2925, 1687, 1510, 1457, 1362, 1331, 1277, 1257, 1222, 1160, 1108, 1049, 1014, 

917, 874, 818, 752 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; tmajor 

= 7.1 min, tminor = 8.3 min). 

HRMS (ESI) m/z: [M + Na]+ Calcd. for C29H23F3N4O2Na 539.1665; found: 539.1673. 

 

Tert-butyl (11-(6-(methyl)-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3n) 

 

Pale yellow solid; Procedure A: 45.8 mg, 99% yield, 82% ee; Procedure B: 45.2 mg, 98% yield, 90% ee; 

[α]D
20 = −367.62 (c 1.848, CH2Cl2, 90% ee); m.p. 144.0 – 144.7 °C. 

1H NMR (400 MHz, CDCl3) δ 8.51 – 8.35 (m, 1H), 8.30 – 8.13 (m, 2H), 8.05 (d, J = 7.6 Hz, 2H), 7.81 

– 7.69 (m, 1H), 7.67 – 7.48 (m, 4H), 7.01 (d, J = 8.2 Hz, 1H), 6.97 (s, 1H), 6.45 – 6.37 (m, 1H), 6.03 (s, 

1H), 2.40 (s, 3H), 0.92 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 163.2, 154.2, 153.6, 150.2, 142.3, 141.4, 137.6, 136.8, 132.6, 131.7, 

129.7, 129.3, 129.2, 128.9, 128.7, 124.6, 122.9, 122.8, 122.3, 121.8, 121.5, 115.5, 111.5, 80.3, 63.8, 27.9, 

21.7. 

IR (ART) ν 3314, 2974, 2919, 1689, 1506, 1477, 1450, 1364, 1333, 1257, 1158, 1102, 1018, 935, 907, 
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851, 800, 756 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 15.5 min, tmajor = 17.0 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C29H27N4O2 463.2129; found: 463.2132. 

 

Tert-butyl (11-(7-fluoro-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3o) 

 

Pale yellow solid; Procedure A: 45.7 mg, 98% yield, 90% ee; [α]D
20 = −297.04 (c 2.004, CH2Cl2); m.p. 

233.1 – 233.9 °C. 

1H NMR (400 MHz, CDCl3) δ 8.81 (s, 1H), 8.28 – 8.16 (m, 1H), 8.14 – 7.96 (m, 3H), 7.81 – 7.71 (m, 

1H), 7.68 – 7.47 (m, 4H), 7.07 (td, J = 8.0, 4.9 Hz, 1H), 6.86 (dd, J = 11.0, 7.9 Hz, 1H), 6.56 (d, J = 2.6 

Hz, 1H), 6.04 (brs, 1H), 0.97 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 162.9, 154.2, 153.4, 149.9, 149.6 (d, J = 245.4 Hz, 1C), 142.4, 141.4, 

136.9, 131.8, 129.7, 129.5, 129.4, 129.0, 128.9, 128.6 (d, J = 4.9 Hz, 1C), 125.7 (d, J = 13.7 Hz, 1C), 

124.7, 124.2, 122.4, 120.3 (d, J = 6.1 Hz, 1C), 117.8, 116.7, 107.5 (d, J = 15.6 Hz, 1C), 80.5, 63.5, 27.9. 

19F NMR (377 MHz, CDCl3) δ -134.87. 

IR (ART) ν 3304, 2970, 2921, 2851, 1694, 1640, 1578, 1484, 1366, 1331, 1276, 1236, 1159, 1101, 1084, 

1046, 1017, 976, 898, 863, 785, 766, 752 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tmajor = 11.5 min, tmajor = 13.6 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H24FN4O2 467.1878; found: 467.1883. 

 

Tert-butyl (11-(7-chloro-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3p) 

 
Pale yellow solid; Procedure A: 48.1 mg, 99% yield, 73% ee; Procedure B: 17.2 mg, 36% yield, 75% ee; 

[α]D
20 = −283.77 (c 0.684, CH2Cl2, 75% ee); m.p. 222.7 – 223.3 °C. 

1H NMR (400 MHz, DMSO-d6) δ 11.45 (s, 1H), 8.51 – 8.05 (m, 3H), 7.97 (d, J = 7.6 Hz, 1H), 7.82 – 

7.61 (m, 5H), 7.54 (s, 1H), 7.12 (d, J = 7.5 Hz, 1H), 7.03 (s, 1H), 6.93 (t, J = 7.7 Hz, 1H), 1.06 (brs, 9H). 

13C NMR (101 MHz, DMSO-d6) δ 163.7, 154.1, 153.4, 150.7, 141.5, 140.6, 136.3, 133.7, 132.3, 129.5, 

129.4, 129.2, 129.1, 128.8, 127.0, 125.3, 124.6, 121.7, 120.9, 120.2, 119.8, 116.0, 115.4, 78.5, 63.1, 27.7. 

IR (ART) ν 3300, 2974, 2960, 2919, 2853, 1697, 1619, 1561, 1481, 1435, 1365, 1337, 1275, 1258, 1238, 

1206, 1157, 1098, 1074, 1048, 1017, 889, 855, 834, 783, 763, 752, 731 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 13.1 min, tmajor = 20.9 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H24ClN4O2 483.1582, 485.1566; found: 483.1592, 485.1569. 
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Tert-butyl (11-(7-bromo-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3q) 

 

 
Pale yellow solid; Procedure A: 31.4 mg, 60% yield, 67% ee; Procedure B: 32.9 mg, 62% yield, 66% ee; 

[α]D
20 = −139.57 (c 1.047, CH2Cl2, 70% ee); m.p. 223.9 – 224.7 °C. 

1H NMR (400 MHz, DMSO-d6) δ 11.31 (d, J = 2.4 Hz, 1H), 8.64 – 7.83 (m, 4H), 7.82 – 7.38 (m, 6H), 

7.26 (d, J = 7.5 Hz, 1H), 6.99 (s, 1H), 6.88 (t, J = 7.8 Hz, 1H), 1.10 (brs, 9H). 

13C NMR (101 MHz, DMSO-d6) δ 163.7, 154.2, 153.4, 150.7, 141.6, 140.7, 136.3, 135.2, 132.4, 129.6, 

129.5, 129.3, 129.1, 128.8, 126.8, 125.3, 124.7, 124.1, 121.8, 120.7, 120.3, 115.5, 104.3, 78.6, 63.2, 27.8. 

IR (ART) ν 3393, 3208, 3117, 2960, 2919, 2848, 1695, 1615, 1559, 1433, 1378, 1363, 1335, 1258, 1204, 

1160, 1093, 1071, 1044, 1016, 879, 856, 798, 781, 757, 747, 731 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; tmajor 

= 10.8 min, tminor = 12.3 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H24BrN4O2 527.1077, 529.1061; found: 527.1082, 529.1064. 

 

Tert-butyl (11-(7-methyl-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3r) 

 

Pale yellow solid; Procedure A: 45.7 mg, 99% yield, 73% ee; Procedure B: 38.8 mg, 84% yield, 71% ee; 

[α]D
20 = −155.18 (c 0.940, CH2Cl2, 73% ee); m.p. 217.3 – 217.7 °C. 

1H NMR (400 MHz, DMSO-d6) δ 11.07 (d, J = 2.3 Hz, 1H), 8.33 – 8.00 (m, 3H), 7.95 (d, J = 7.9 Hz, 

1H), 7.79 – 7.58 (m, 5H), 7.30 – 7.02 (m, 2H), 6.80 (d, J = 7.0 Hz, 1H), 6.74 (t, J = 7.5 Hz, 1H), 2.36 (s, 

3H), 1.07 (brs, 9H). 

13C NMR (101 MHz, DMSO-d6) δ 164.1, 154.2, 153.7, 151.2, 141.5, 140.7, 136.4, 136.3, 132.2, 129.5, 

129.3, 129.1, 129.0, 128.8, 124.7, 124.6, 123.8, 121.8, 121.6, 120.8, 119.0, 118.2, 114.3, 78.5, 63.4, 27.7, 

16.7. 

IR (ART) ν 3306, 2964, 2919, 2851, 1696, 1617, 1454, 1364, 1337, 1257, 1160, 1104, 1083, 1046, 1006, 

937, 897, 812, 762, 750, 739 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tmajor = 11.4 min, tminor = 16.9 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C29H27N4O2 463.2129; found: 463.2136. 

 

Tert-butyl (11-(7-methoxyl-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3s) 



S12 

 

 
Pale yellow solid; Procedure A: 44.4 mg, 93% yield, 80% ee; Procedure B: 32.3 mg, 88% yield, 80% ee; 

[α]D
20 = −173.78 (c 1.776, CH2Cl2, 80% ee); m.p. 220.8 – 221.3 °C. 

1H NMR (400 MHz, DMSO-d6) δ 11.18 (s, 1H), 8.28 – 7.89 (m, 4H), 7.69 (q, J = 30.1, 15.3, 6.4 Hz, 

5H), 6.97 (s, 2H), 6.77 (t, J = 7.7 Hz, 1H), 6.57 (d, J = 7.6 Hz, 1H), 3.82 (s, 3H), 1.05 (brs, 9H). 

13C NMR (101 MHz, DMSO-d6) δ 164.0, 154.1, 153.6, 151.2, 146.1, 141.5, 140.7, 136.2, 132.1, 129.4, 

129.2, 129.0, 128.7, 127.1, 126.3, 124.6, 123.6, 121.6, 119.2, 114.4, 113.4, 101.8, 78.4, 63.3, 55.2, 27.7. 

IR (ART) ν 3397, 3215, 3119, 2927, 1697, 1632, 1580, 1497, 1445, 1416, 1378, 1364, 1330, 1257, 1164, 

1155, 1101, 1089, 1053, 1015, 992, 784, 760, 747, 731 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 19.4 min, tmajor = 25.9 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C29H27N4O3 479.2078; found: 479.2085. 

 

Tert-butyl (11-(5,6-difluoro-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3t) 

 
Pale yellow solid; Procedure A: 47.9 mg, 99% yield, 86% ee; Procedure B: 46.7 mg, 96% yield, 91% ee; 

[α]D
20 = −393.44 (c 1.924, CH2Cl2, 91% ee); m.p. 170.6 – 171.3 °C. 

1H NMR (400 MHz, CDCl3) δ 8.75 – 8.64 (m, 1H), 8.37 – 8.22 (m, 1H), 8.21 – 7.80 (m, 3H), 7.78 – 

7.68 (m, 1H), 7.67 – 7.42 (m, 4H), 6.83 (dd, J = 10.3, 6.8 Hz, 1H), 6.43 (s, 1H), 5.93 (brs, 1H), 0.90 (brs, 

9H). 

13C NMR (101 MHz, CDCl3) δ 162.6, 154.3, 153.1, 148.3 (dd, J = 243.5, 16.2 Hz, 1C), 146.4 (dd, J = 

238.9, 14.6 Hz, 1C), 142.3, 141.2, 136.9, 132.3 (d, J = 10.3 Hz, 1C), 131.8, 129.6, 129.4, 129.0, 128.9, 

125.1 (d, J = 3.1 Hz, 1C), 124.6, 122.5, 120.4 (d, J = 8.3 Hz, 1C), 115.6 (d, J = 3.8 Hz, 1C), 109.1 (d, J 

= 21.6 Hz, 1C), 99.3 (d, J = 21.7 Hz, 1C), 80.7, 63.4, 28.0. 

19F NMR (377 MHz, CDCl3) δ -142.34, -146.09. 

IR (ART) ν 3421, 3289, 2966, 2927, 1687, 1592, 1540, 1475, 1364, 1335, 1284, 1259, 1156, 1101, 1038, 

1016, 937, 907, 844, 797, 757 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 5.4 min, tmajor = 8.6 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H23F2N4O2 485.1784; found: 485.1792. 

 

Tert-butyl (11-(1H-indol-3-yl)-7,8-dimethyl-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3u) 
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Pale yellow solid; Procedure A: 42.9 mg, 90% yield, 99% ee; [α]D

20 = −320.98 (c 1.716, CH2Cl2); m.p. 

149.7 – 150.2 °C. 

1H NMR (400 MHz, CDCl3) δ 8.60 (s, 1H), 8.27 (s, 1H), 8.20 – 8.08 (m, 1H), 7.79 (s, 2H), 7.74 – 7.67 

(m, 1H), 7.50 (s, 2H), 7.24 – 7.07 (m, 3H), 6.46 (d, J = 2.4 Hz, 1H), 6.01 (brs, 1H), 2.41 (s, 3H), 2.39 (s, 

3H), 0.87 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 162.3, 154.3, 152.5, 149.9, 140.9, 140.2, 139.6, 139.1, 137.1, 137.0, 

131.3, 129.2, 129.0, 128.1, 125.0, 124.6, 123.4, 122.6, 122.1, 121.9, 119.9, 115.7, 111.7, 80.2, 63.7, 27.9, 

20.3, 20.2. 

IR (ART) ν 3403, 3306, 2972, 2923, 2853, 1689, 1496, 1483, 1454, 1364, 1335, 1259, 1158, 1111, 1051, 

1014, 907, 874, 789, 762, 735, 700 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 10.5 min, tmajor = 12.8 min). 

HRMS (ESI) m/z: [M + Na]+ Calcd. for C30H28N4O2Na 499.2104; found: 499.2115. 

 

Tert-butyl (7,8-difluoro-11-(1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3v) 

 
Yellow solid; Procedure A: 46.2 mg, 95% yield, 98% ee; [α]D

20 = −356.19 (c 1.848, CH2Cl2); m.p. 138.0 

– 138.5 °C. 

1H NMR (400 MHz, CDCl3) δ 8.49 – 8.27 (m, 2H), 8.15 (s, 1H), 7.90 – 7.43 (m, 5H), 7.25 – 7.10 (m, 

3H), 6.53 – 6.40 (m, 1H), 6.06 (brs, 1H), 1.05 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 163.5, 154.1, 153.7, 151.6 (dd, J = 252.3, 14.2 Hz, 1C), 151.2 (dd, J = 

254.1, 14.7 Hz, 1C), 139.4 (d, J = 10.7 Hz, 1C), 138.3 (d, J = 10.2 Hz, 1C), 137.1, 136.5, 132.1, 129.5, 

124.8 (d, J = 35.9 Hz, 1C), 123.7, 122.9, 122.3 (d, J = 42.4 Hz, 1C), 120.1, 115.7 (d, J = 17.2 Hz, 1C), 

115.2, 114.8 (d, J = 17.6 Hz, 1C), 111.7, 80.5, 63.7, 27.9. 

19F NMR (377 MHz, CDCl3) δ -132.21, -132.78. 

IR (ART) ν 3403, 3312, 3053, 2968, 2925, 2855, 1691, 1582, 1520, 1478, 1432, 1366, 1332, 1250, 1236, 

1193, 1158, 1102, 1048, 1015, 929, 906, 874, 852, 792, 762, 739 cm-1. 

HPLC analysis: Chiralpak IG column (n-hexane/i-PrOH= 70/30; flow rate: 1.0 mL/min; λ = 254 nm; 

tminor = 3.6 min, tmajor = 4.9 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H23F2N4O2 485.1784; found: 485.1790. 

 

Tert-butyl (7,8-dichloro-11-(1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3w) 
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Pale yellow solid; Procedure A: 42.8 mg, 83% yield, 98% ee; [α]D

20 = −364.90 (c 1.712, CH2Cl2); m.p. 

169.2 – 170.0 °C. 

1H NMR (400 MHz, CDCl3) δ 8.42 (d, J = 7.4 Hz, 1H), 8.28 (s, 1H), 8.15 (s, 3H), 7.74 (d, J = 7.5 Hz, 

1H), 7.70 – 7.45 (m, 2H), 7.27 – 7.10 (m, 3H), 6.43 (s, 1H), 6.07 (brs, 1H), 1.05 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 164.2, 154.3, 154.1, 150.1, 141.2, 140.1, 137.1, 136.4, 133.4, 132.8, 

132.3, 130.4, 129.6, 129.5, 124.9, 124.6, 123.8, 123.0, 122.7, 122.1, 120.2, 115.2, 111.6, 80.6, 63.7, 28.0. 

IR (ART) ν 3407, 3306, 2974, 2929, 2855, 1693, 1613, 1481, 1470, 1459, 1410, 1392, 1364, 1331, 1253, 

1160, 1122, 1047, 1015, 976, 902, 878, 814, 765, 739 cm-1. 

HPLC analysis: Chiralpak IC column (n-hexane/EtOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; tminor 

= 4.5 min, tmajor = 6.3 min). 

HRMS (ESI) m/z: [M + Na]+ Calcd. for C28H22Cl2N4O2Na 539.1012, 541.0989; found: 539.1021. 

541.1001. 

Tert-butyl (7,8-dibromo-11-(1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (3x) 

 
Yellow solid; Procedure A: 59.1 mg, 97% yield, 98% ee; [α]D

20 = −272.46 (c 2.364, CH2Cl2); m.p. 147.3 

– 147.9 °C. 

1H NMR (400 MHz, CDCl3) δ 8.72 – 7.89 (m, 5H), 7.74 (d, J = 7.6 Hz, 1H), 7.69 – 7.44 (m, 2H), 7.25 

– 7.11 (m, 3H), 6.40 (s, 1H), 6.10 (s, 1H), 1.05 (brs, 9H).  

13C NMR (101 MHz, CDCl3) δ 154.4, 154.1, 150.1, 141.7, 140.6, 137.1, 136.3, 133.7, 132.9, 132.4, 

129.6, 125.3, 124.9, 124.8, 124.6, 123.8, 122.9, 122.7, 122.1, 120.2, 115.0, 111.6, 80.6, 63.7, 28.0. 

IR (ART) ν 3409, 3314, 3057, 2972, 2923, 1689, 1609, 1481, 1467, 1457, 1402, 1389, 1364, 1333, 1257, 

1159, 1115, 1100, 1090, 1048, 1016, 950, 901, 879, 854, 812, 803, 764, 739 cm-1. 

HPLC analysis: Chiralpak IC column (n-hexane/EtOH= 90/10; flow rate: 1.0 mL/min; λ = 254 nm; tminor 

= 6.4 min, tmajor = 9.1 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C28H23Br2N4O2 605.0182, 607.0164, 609.0149; found: 605.0195. 

607.0171, 609.0163. 

4. Scale-up experiment of 3a. 

 

Indeno[1,2-b]quinoxalin-11-imine 1a (0.99 g, 3.0 mmol), indole 2a (0.42 g, 3.6 mmol), chiral 
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phosphoric acid IV (87 mg, 5.0 mol%), and 2-MeTHF (30.0 mL) were successively added to a 50 mL 

vial. The resulting mixture was stirred at 25 °C for the 6 h. After completion of the reaction (monitored 

by TLC), the reaction mixture was concentrated. The residue was dissolved with DCM, then directly 

subjected to flash column chromatography, giving the corresponding product 3a (1.30 g, 96% yield). 

5. Transformation of product. 

 

The compound 3a (44.9 mg, 0.1 mmol) in DMF (2.0 mL) was stirred at 30 °C, then add the K2CO3 

(0.25 mmol) and CH3I (0.5 mmol). After being stirred at 30 °C for 72 h, After completion of the reaction 

(monitored by TLC). The mixture was diluted with 20 mL DCM and washed with water (20 mL × 3). 

The organic phase was dried over anhydrous Mg2SO4 and filtered. The filtrate was collected and 

concentrated in vacuum to remove the solvent. The residue was purified by silica gel column 

chromatography (petroleum ether / ethyl acetate) to afford compound 4. 

Tert-butyl (11-(1-methyl-1H-indol-3-yl)-11H-indeno[1,2-b]quinoxalin-11-yl)carbamate (4) 

 

Yellow solid; 23.6 mg, 51% yield, 96% ee; [α]D
20 = −241.42 (c 0.948, CH2Cl2); m.p. 83.1 – 83.7 °C.  

1H NMR (400 MHz, CDCl3) δ 8.41 (s, 1H), 8.32 – 8.20 (m, 1H), 8.17 – 8.01 (m, 2H), 7.86 – 7.77 (m, 

1H), 7.71 – 7.57 (m, 4H), 7.26 – 7.18 (m, 3H), 6.47 (s, 1H), 6.02 (brs, 1H), 3.59 (s, 3H), 0.89 (brs, 9H). 

13C NMR (101 MHz, CDCl3) δ 163.2, 154.1, 153.5, 150.4, 142.4, 141.5, 137.9, 136.9, 131.8, 129.9, 

129.4, 129.3, 129.0, 128.8, 127.9, 125.6, 124.7, 122.5, 122.4, 122.3, 119.8, 114.3, 109.7, 80.3, 63.8, 32.9, 

27.9. 

IR (ART) ν 2960, 2923, 2853, 1695, 1462, 1362, 1330, 1256, 1157, 1104, 1049, 1014, 936, 899, 853, 

803, 761, 738 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tmajor = 9.1 min, tminor = 16.8 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C29H27N4O2 463.2129; found: 463.2132. 
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The compound 3a (44.9 mg, 0.1 mmol), Boc2O (0.4 mmol) in CHCl3 (1.0 mL), DMAP (0.5 mmol) 

was added and the mixture stirred for 0.5 h. After completion of the reaction (monitored by TLC), the 

mixture was purified by silica gel column chromatography (petroleum ether / ethyl acetate) to afford 

compound 5. 

 

Tert-butyl 3-(11-((tert-butoxycarbonyl)amino)-11H-indeno[1,2-b]quinoxalin-11-yl)-1H-indole-1-

carboxylate (5) 

 

White solid; 48.4 mg, 88% yield, 97% ee; [α]D
20 = −266.74 (c 1.936, CH2Cl2); m.p. 119.1 – 119.7 °C.  

1H NMR (400 MHz, CDCl3) δ 8.53 – 8.15 (m, 2H), 8.12 (dd, J = 8.2, 1.2 Hz, 1H), 8.09 – 7.95 (m, 2H), 

7.89 – 7.78 (m, 1H), 7.72 – 7.58 (m, 4H), 7.39 – 7.26 (m, 2H), 7.18 (s, 1H), 6.02 (s, 1H), 1.58 (s, 9H), 

1.01 (s, 9H). 

13C NMR (101 MHz, CDCl3) δ 162.1, 154.0, 153.4, 149.4, 149.1, 142.5, 141.3, 137.0, 136.1, 132.0, 

129.8, 129.7, 129.5, 129.0, 128.9, 127.7, 124.9, 124.6, 122.7, 122.4, 120.4, 115.3, 84.3, 80.5, 63.3, 28.1, 

27.9, 27.8. 

IR (ART) ν 2974, 2927, 1722, 1697, 1475, 1451, 1365, 1339, 1307, 1255, 1236, 1149, 1095, 1077, 1015, 

940, 851, 760, 745 cm-1. 

HPLC analysis: Chiralpak IA column (n-hexane/i-PrOH= 85/15; flow rate: 1.0 mL/min; λ = 254 nm; 

tmajor = 5.9 min, tminor = 6.8 min). 

HRMS (ESI) m/z: [M + H]+ Calcd. for C33H33N4O4 549.2496; found: 549.2504. 
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6. 1H NMR spectra for compounds 1. 

1H NMR (400 MHz, CDCl3) of 1a 

 

 

 

1H NMR (400 MHz, CDCl3) of 1b 
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1H NMR (400 MHz, CDCl3) of 1c 

 

 
 

1H NMR (400 MHz, CDCl3) of 1d 
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1H NMR (400 MHz, CDCl3) of 1e 
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7. 1H, 13C NMR spectra for compounds 1, 3, and 4. 

 
1H NMR (400 MHz, CDCl3) of 3a 

 
 

13C NMR (101 MHz, CDCl3) of 3a 
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HPLC spectra of 3a 

 

Condition A: 
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 1H NMR (400 MHz, CDCl3) of 3b 

 
 

13C NMR (101 MHz, CDCl3) of 3b 
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HPLC spectra of 3b 

 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, CDCl3) of 3c 

 

 
13C NMR (101 MHz, CDCl3) of 3c 
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HPLC spectra of 3c 

 

 

Condition A: 

 

Condition C: 
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1H NMR (400 MHz, CDCl3) of 3d 

 

 
13C NMR (101 MHz, CDCl3) of 3d 
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HPLC spectra of 3d 

 

 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 3e 

 

 

13C NMR (101 MHz, CDCl3) of 3e 

  



S29 

 

HPLC spectra of 3e 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, CDCl3) of 3f 

 

13C NMR (101 MHz, CDCl3) of 3f 
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HPLC spectra of 3f 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, CDCl3) of 3g 

 

 

13C NMR (101 MHz, CDCl3) of 3g 
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HPLC spectra of 3g 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, CDCl3) of 3h 

 

 

 

13C NMR (101 MHz, CDCl3) of 3h 
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HPLC spectra of 3h 

 

 

 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 3i 

 

 

13C NMR (101 MHz, CDCl3) of 3i 

  



S37 

 

 

HPLC spectra of 3i 

 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 3j 

 

 

13C NMR (101 MHz, CDCl3) of 3j 
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HPLC spectra of 3j 

 

 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 3k 

 

 

13C NMR (101 MHz, CDCl3) of 3k 
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HPLC spectra of 3k 

 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 3l 

 

13C NMR (101 MHz, CDCl3) of 3l 
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HPLC spectra of 3l 

 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 3m 

 

13C NMR (101 MHz, CDCl3) of 3m 
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HPLC spectra of 3m 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, CDCl3) of 3n 

 

13C NMR (101 MHz, CDCl3) of 3n 
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HPLC spectra of 3n 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, CDCl3) of 3o 

 

13C NMR (101 MHz, CDCl3) of 3o 
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HPLC spectra of 3o 

 

Condition A: 
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1H NMR (400 MHz, DMSO-d6) of 3p 

 

13C NMR (101 MHz, DMSO-d6) of 3p 
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HPLC spectra of 3p 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, DMSO-d6) of 3q 

 

13C NMR (101 MHz, DMSO-d6) of 3q 
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HPLC spectra of 3q 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, DMSO-d6) of 3r 

 

13C NMR (101 MHz, DMSO-d6) of 3r 
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HPLC spectra of 3r 

 

Condition A: 

 

Condition B: 

 

  



S56 

 

1H NMR (400 MHz, DMSO-d6) of 3s 

 

13C NMR (101 MHz, DMSO-d6) of 3s 
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HPLC spectra of 3s 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, CDCl3) of 3t 

 

13C NMR (101 MHz, CDCl3) of 3t 
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HPLC spectra of 3t 

 

Condition A: 

 

Condition B: 
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1H NMR (400 MHz, CDCl3) of 3u 

 

13C NMR (101 MHz, CDCl3) of 3u 
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HPLC spectra of 3u 

 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 3v 

 

13C NMR (101 MHz, CDCl3) of 3v 
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HPLC spectra of 3v 

 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 3w 

 

 

 

13C NMR (101 MHz, CDCl3) of 3w 
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HPLC spectra of 3w 

 

 

 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 3x 

 

13C NMR (101 MHz, CDCl3) of 3x 
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HPLC spectra of 3x 

 
 

Condition A: 
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1H NMR (400 MHz, CDCl3) of 4  

 

13C NMR (101 MHz, CDCl3) of 4 
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HPLC spectra of 4 
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1H NMR (400 MHz, CDCl3) of 5  

 

 
13C NMR (101 MHz, CDCl3) of 5 
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HPLC spectra of 5 
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8. 19F NMR spectra for compounds 3b, 3k, 3m, 3o, 3t, and 3v 

  

19F spectrum of 3b 

  

 

 

IR spectrum of 3k 
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19F spectrum of 3m 

 

 

 

IR spectrum of 3o 
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19F spectrum of 3t 

 

 

 

IR spectrum of 3v 
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9. IR spectra for compounds 3 

  

IR spectrum of 3a 

 

 

 

 

IR spectrum of 3b 
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IR spectrum of 3c 

 

 

 

 

IR spectrum of 3d 
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IR spectrum of 3e 

 

 

 

 

IR spectrum of 3f 
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IR spectrum of 3g 

 

 

 

 

IR spectrum of 3h 
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IR spectrum of 3i 

 

 

 

 

IR spectrum of 3j 
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IR spectrum of 3k 

 

 

 

 

IR spectrum of 3l 
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