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1. General Information 

All reactions were carried out in oven-dried glassware with magnetic stirring under dry argon 
atmosphere unless otherwise mentioned. Powdered 4Å molecular sieves were activated at 200 °C 
for 2 h under vacuum (<0.2 Torr). Catalysts 4a-4d were prepared according to the methods 
reported by our group[1]. 1H NMR spectra were recorded on 400 MHz or 500 MHz spectrometer. 
The chemical shifts were reported relative to internal standard TMS (0) in CDCl3 or 2.5 in 
DMSO-d6. The following abbreviations were used to describe peak patterns where appropriate: 
br=broad, s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet. Coupling constants were 
reported in Hertz (Hz). 13C NMR spectra were recorded on 100 MHz or 125 MHz spectrometer, 
referred to the internal solvent signals (77.0 for CDCl3 or 40.0 for DMSO-d6). Infrared spectra 
were recorded on an ATR-FTIR spectrometer. Optical rotations were determined using a Perkin 
Elmer Model 341 polarimeter at 20 °C. The enantiomeric excesses (ee) were determined by chiral 
HPLC analysis on Daicel Chiralpak AD-H and Chiralcel OD-H columns. HRMS were obtained 
using EI ionization. 
 

2. Preparation of substrates 1 

Compounds 1a-1e were prepared followed by the reported procedures.[2,3] 

2-((1H-indol-2-yl)methyl)aniline (1a) 

 

m.p.112-114°C; 1H NMR (400 MHz, CDCl3) δ = 8.03 (s, 1H), 7.52 (d, J=7.5 Hz, 1H), 7.21 (d, J=8.0 
Hz, 1H), 7.18-7.00 (m, 4H), 6.76-6.82 (m, H), 6.69 (d, J=7.9 Hz, 1H), 6.35 (s, 1H), 4.04 (s, 2H), 3.65 
(s, 2H); 13C NMR (100 MHz, CDCl3): δ = 144.95, 136.62, 136.21, 130.56, 128.46, 128.27, 123.09, 
121.36, 119.89, 119.72, 119.06, 116.34, 110.57, 100.59, 31.45; IR (film): γ = 3396, 2959, 2920, 1617, 
1458, 1587, 1456, 1329, 1284, 1163, 1096, 1043, 799, 748cm-1; HRMS (EI-TOF): calcd for C15H14N2 
222.1157, found 222.1159. 
5-bromo-2-((6-bromo-1H-indol-2-yl)methyl)aniline (1b) 

 

m.p. 89-91°C; 1H NMR (400 MHz, CDCl3) δ = 8.03 (s, 1H), 7.40-7.29 (m, 2H), 7.14-7.18 (m, 1H), 
6.97 (d, J=8.0 Hz, 1H), 6.93-6.86 (m, 1H), 6.83 (d, J=1.9 Hz, 1H), 6.30 (s, 1H), 3.94 (s, 2H), 3.71 (s, 
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2H); 13C NMR (100 MHz, CDCl3) δ = 146.18, 137.02, 136.62, 131.85, 127.26, 123.11, 121.80, 121.49, 
121.48, 121.15, 118.89, 114.91, 113.56 , 100.93 , 30.87; IR (film): γ = 3409, 2962, 2926, 1617, 1612, 
1491, 1452, 1412, 1260, 1090, 1049, 805, 733 cm-1; HRMS (EI-TOF): calcd for C15H14N2 377.9367, 
found 377.9374. 
4-chloro-2-((5-chloro-1H-indol-2-yl)methyl)aniline (1c) 

 

m.p. 30-32°C; 1H NMR (400 MHz, CDCl3) δ = 8.15 (s, 1H), 7.46 (d, J=1.8 Hz, 1H), 7.14-6.99 (m, 4H), 
6.60 (d, J=8.2 Hz, 1H), 6.27 (s, 1H), 3.94 (s, 2H), 3.68 (s, 2H); 13C NMR (100 MHz, CDCl3) δ = 
143.35, 137.28, 134.59, 130.07, 129.43, 128.13, 125.40, 124.38, 123.60, 121.78, 119.36, 117.55, 
111.57, 100.59, 31.16;  IR (film): γ = 3415, 2929, 2855, 1618, 1575, 1492, 1466, 1447, 1414, 1310, 
1061, 876, 736cm-1; H RMS (EI-TOF): calcd for C15H12Cl2N2 290.0378, found 290.0377. 
5-methyl-2-((6-methyl-1H-indol-2-yl)methyl)aniline (1d) 

 
m.p. 97-100°C; 1H NMR (400 MHz, CDCl3) δ = 7.88 (s, 1H), 7.37-7.42 (m, 1H), 7.01 (d, J=7.6 Hz, 
1H), 6.95 (s, 1H), 6.89 (d, J=8.0 Hz, 1H), 6.60 (d, J=7.5 Hz, 1H), 6.49 (s, 1H), 6.28 (s, 1H), 3.95 (s, 
2H), 3.60 (s, 2H), 2.40 (s, 3H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl3) δ = 144.79, 138.04, 136.67, 
136.18, 131.06, 130.47, 126.27, 121.36, 120.25, 119.83, 119.49, 117.05, 110.61, 100.25, 31.12 , 21.63, 
21.07;  IR (film): γ = 3410, 2962, 2925, 1617, 1490, 1453, 1413, 1261, 1091, 1051, 809 cm-1; HRMS 
(EI-TOF): calcd for C17H18N2 250.1470, found 250.1476. 
2-(1-Benzyl-1H-indol-2-ylmethyl)-phenylamine (1e) 

N

H2N

 
m.p. 28-30 °C; 1H NMR (400 MHz, CDCl3) δ = 7.54 (d, J=7.5 Hz, 1H), 7.29-7.17 (m, 4H), 7.10-7.14 
(m, 3H), 6.99-6.90 (m, 3H), 6.70-6.74 (m, 1H), 6.65 (d, J=7.9 Hz, 1H), 6.25 (s, 1H), 5.29 (s, 2H), 3.88 
(s, 2H), 3.55 (s, 2H). 13C NMR (100 MHz, CDCl3): δ = 144.83, 137.71, 137.79, 130.40, 128.79, 127.94, 
127.82, 127.32, 125.92, 122.49, 121.33, 120.11, 119.69, 118.91, 116.12, 109.30, 101.48 , 46.57, 30.11; 
IR (film): γ = 3438, 3360, 3057, 3024, 1617, 1621, 1584, 1495, 1454, 1407, 1355, 1316, 910, 749, 730, 
696cm-1; HRMS (EI-TOF): calcd for C22H20N2 312.1626, found 312.1628. 
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3. General procedure for synthesis of benzazepinoindoles 3. 

To a solution of indoles 1 (0.1 mmol), trifluoromethyl ketones 2 (0.12 mmol) in 1,2-
dichloroethane (0.6 mL) was added powdered 4Å molecular sieves (0.1 g) and the catalyst 4b 
(0.005 mmol). The resulting mixture was stirred under an argon atmosphere at the definitized 
temperature until complete conversion was indicated by TLC. The crude product was then 
subjected to a silica gel column (petroleum ether/ethyl acetate) to afford the desired product 3. 
    The racemates were prepared by heating a 1:1 mixture of the corresponding 1 and 2 to 80 °C in 
dichloroethane for 24 h in the presence of  TFA (0.2 eq). The crude reaction mixture was directly 
subjected to a silica gel column (petroleum ether/ethyl acetate) to afford the desired racemate. 

 
(S)-12-phenyl-12-(trifluoromethyl)-5,6,11,12-tetrahydro-benzo[6,7]azepino[4,3-b]indole (3aa) 

N
H

H
NF3C

 

According to general procedure: the product was obtained as yellow solid; m.p. 172-174°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 93% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 95/5, 0.8 mL/min), tR (minor) 17.5 min, tR (major) 20.7 min; [α]D

20 = -24.5 (c = 0.45, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ = 8.08 (s, 1H), 7.47-7.26 (m, 5H), 7.24(s, 1H) 7.18 (d, J=7.6 Hz, 1H ), 
7.10-6.93 (m, 3H), 6.71-6.75 (m, 1H), 6.59 (d, J=8.2 Hz, 1H), 6.47 (d, J=7.6 Hz, 1H), 4.50 (d, J=15.1 
Hz, 1H), 3.90 (d, J=15.1 Hz, 1H), 3.82 (s, 1H); 19F NMR (376 M Hz, CDCl3): δ = -69.59 (s, 3F); 13C 
NMR (100 MHz, CDCl3): δ = 142.51, 139.30, 136.93, 134.84, 134.39, 128.22, 127.90, 127.72, 127.43, 
127.23, 125.34, 124.30, 123.49, 121.30, 120.81, 120.79, 119.75, 110.31, 106.03, 68.88 (q, J=26.1 Hz), 
32.55; IR (film): γ = 3406, 3058, 2926, 2855, 1620, 1596, 1560. 1495, 1474, 1459, 1058, 958, 746 cm-1; 
HRMS (EI-TOF): calcd for C23H17F3N2 378.1344, found 378.1344. 
(S)-12-(4-fluorophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydro-benzo[6,7]azepino[4,3- 
b]indole (3ab) 

N
H

H
NF3C

F

 

According to general procedure: the product was obtained as yellow solid; m.p. 147-149°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 94% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 95/5, 0.8 mL/min), tR (minor) 16.6 min, tR (major) 22.5 min; [α]D

20 = -14 (c = 0.39, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ = 8.10 (s, 1H), 7.27 (s, 1H), 7.23-7.24 (m, 2H), 7.18 (d, J=6 Hz, 1H), 



 S5 

7.04-7.06 (m, 2H), 6.92-7.00 (m, J=8.2 Hz, 3H), 6.80-6.78 (m, 1H), 6.59 (d, J=8 Hz, 1H), 6.46 (d, 
J=7.2 Hz, 1H), 4.51 (d, J=15.1 Hz, 1H), 3.87 (d, J=15.1 Hz, 1H), 3.77 (s, 1H); 19F NMR (376 MHz, 
CDCl3): δ = -69.89 (s, 3F), -114.01 (s, 1F); 13C NMR (100 MHz, CDCl3) δ = 163.32, 160.86, 142.19, 
137.05, 135.14, 134.40, 129.19(d, J=5.7 Hz), 127.62, 127.32, 124.37, 123.69, 121.42, 120.68, 119.86, 
115.19, 114.98, 110.39, 105.79, 68.34(q, J=26.5 Hz), 32.49; IR (film): γ = 3401, 3057, 2955, 2926, 
2853, 1727, 1605, 1510, 1458, 1287, 1166, 960, 831, 746 cm-1; HRMS (EI-TOF): calcd for C23H16F4N2 

396.1250, found 396.1250.  
(S)-12-(4-chlorophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydro-benzo[6,7]azepino[4,3-b]indole 
(3ac) 

N
H

H
NF3C

Cl

 

According to general procedure: the product was obtained as yellow solid; m.p. 98-100°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 96% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 95/5, 0.8 mL/min), tR (minor) 15.9 min, tR (major) 19.3min; [α]D

20 = -36.8 (c = 5.4, CHCl3); 1H 
NMR (400 MHz, CDCl3): δ = 8.12 (s, 1H), 7.18-7.27 (m, 7H), 7.02-7.07 (m, 2H), 6.99-6.97 (m, 1H), 
6.81 (d, J=7.6 Hz, 1H), 6.59 (d, J=8 Hz, 1H),6.45 (d, J=7.6 Hz, 1H), 4.54 (d, J=14.8 Hz, 1H), 3.85 (d, 
J=14.8 Hz, 1H), 3.76 (s, 1H); 19F NMR (376 MHz, CDCl3): δ = -70.01(s, 3F); 13C NMR (100 MHz, 
CDCl3) δ = 142.02, 137.71, 137.18, 135.13, 134.39, 133.82, 129.59, 128.68, 128.41, 127.64, 127.26, 
125.16, 124.43, 123.76, 121.47, 120.63, 119.93, 110.40, 105.44, 68.54(q, J=27 Hz ), 32.47; IR (film): γ 
= 3405, 3057, 2923, 1723, 1614, 1494, 1475, 1459, 1336, 1161, 960, 746 cm-1; HRMS (EI-TOF): calcd 
for C23H16ClF3N2 412.0954, found 412.0946. 
(S)-12-(4-bromophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydro-benzo[6,7]azepino[4,3-b]indole 
(3ad) 

N
H

H
NF3C

Br

 

According to general procedure: the product was obtained as yellow solid; m.p. 85-87°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 95% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 95/5, 0.8 mL/min), tR (minor) 16.9 min, tR (major) 20.9 min; [α]D

20 = -41.5 (c = 0.19, CHCl3); 
1H NMR (400 MHz, CDCl3): δ=8.12 (s, 1H), 7.93 (d, J=8.4 Hz, 1H), 7.71 (d, J=8.4 Hz, 1H), 7.38 (d, 
J=8.4 Hz, 2H), 7.20(d, J=8.4 Hz, 1H) 7.12 (d, J=8.4 Hz, 2H), 6.97-7.04(m, 2H), 6.81-6.83 (m, 1H), 
6.59 (d, J=8 Hz, 1H), 6.45 (d, J=7.6, 1H), 4.54 (d, J=15.2 Hz, 1H), 3.84 (d, J=15.2 Hz, 1H), 3.76 (s, 
1H); 19F NMR (376 MHz, CDCl3): δ = -69.59 (s, 3F); 13C NMR (100 MHz, CDCl3) δ = 141.96, 
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138.19, 137.21, 135.11, 134.37, 132.56, 131.35, 128.98, 128.55, 127.63, 127.19, 124.40, 123.75, 
122.08, 121.42, 120.59, 119.91, 110.48, 105.25, 68.57 (q, J=26.45 Hz), 32.33; IR (film): γ =3407, 3351, 
3057, 1721, 1585, 1475, 1458, 1497, 1011, 924, 822, 748 cm-1; HRMS (EI-TOF): calcd for 
C23H16BrF3N2 456.0449, found 456.0440. 
(S)-12-(4-Iodo-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole  
(3ae) 

N
H

H
NF3C

I

 

According to general procedure: the product was obtained as yellow solid; m.p. 68-70 °C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 92% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 95/5, 0.8 mL/min), tR (minor) 19.5 min, tR (major) 22.5 min; [α]D

20 = -28.2 (c = 1.8, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ = 8.12 (s, 1H), 7.66-7.50 (m, 2H), 7.26 (d, J=4.6 Hz, 1H), 7.18 (dd, 
J=7.2, 1.2 Hz, 1H), 7.11-6.93 (m, 5H), 6.82-6.84 (m, 1H), 6.59 (d, J=8.1 Hz, 1H), 6.45 (d, J=7.6 Hz, 
1H), 4.53 (d, J=15.0 Hz, 1H), 3.83 (d, J=15.1 Hz, 1H), 3.76 (s, 1H). 19F NMR (376 MHz, CDCl3): δ = -
70.00 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 141.94, 138.83, 137.33, 137.19, 135.10, 134.32, 
129.13, 129.11, 127.63, 127.59, 127.19, 124.42, 123.74, 121.45, 120.60, 119.93, 110.39, 105.22, 94.00, 
68.53(q, J = 10 Hz), 32.44 (s); IR (film): γ = 3403, 3048, 2918, 2849, 1724, 1474, 1458, 1249, 1190, 
1140, 1105, 1062, 923, 908, 746 cm-1; HRMS (EI-TOF): calcd for C23H16F3IN2 504.0310, found 
504.0315. 
(S)-12-Trifluoromethyl-12-(4-trifluoromethyl-phenyl)-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3af) 

N
H

H
NF3C

F3C

 
According to general procedure: the product was obtained as white solid; m.p. 88-90°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 93% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 95/5, 0.8 mL/min), tR (minor) 10.1 min, tR (major) 12.4 min; [α]D

20 = -24.59 (c = 4.1, CHCl3); 

1H NMR (400 MHz, CDCl3): δ = 8.10 (s, 1H), 7.19-7.15 (m, 3H), 7.12-6.94 (m, 6H), 6.89-6.76 (m, 
1H), 6.63 (d, J=7.5 Hz, 1H), 6.46 (d, J=7.6 Hz, 1H), 4.49 (d, J=15.1 Hz, 1H), 3.82 (d, J=15.1 Hz, 1H), 
3.81(s, 1H); 19F NMR (376 MHz, CDCl3): δ = -69.98 (s, 3F), -62.63 (s, 3F); 13C NMR (100 MHz, 
CDCl3): δ = 142.84, 141.79, 137.33, 135.17, 134.40, 129.98, (q, J=26.6 Hz), 127.74, 127.68, 127.62, 
127.60, 127.12, 125.26, 125.22, 124.42, 123.91, 121.55, 120.45, 120.03, 110.48, 105.10, 68.99 (q, 
J=26.6 Hz), 32.45; IR (film): γ = 3404, 3457, 2920, 1617, 1562, 1475, 1459, 1323, 1122, 1072, 745 
cm-1; HRMS (EI-TOF): calcd for C24H16F6N2 446.1218, found 446.1213. 
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(S)-4-(12-Trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indol-12-yl)-benzonitrile  
(3ag) 

N
H

H
NF3C

NC

 

According to general procedure: the product was obtained as yellow solid; m.p. 258-260°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 93% ee; HPLC analysis:Chiralpak AS-H (hexane/i-
PrOH = 85/15, 0.8 mL/min), tR (major) 19.6 min, tR (minor) 28.3 min; [α]D

20 = -7.2 (c = 1.2, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ = 8.23 (s, 1H), 7.55 (d, J=8.6 Hz, 2H), 7.34 (d, J=8.3 Hz, 2H), 7.28 (d, 
J=8.1 Hz, 1H), 7.20 (d, J=7.1 Hz, 1H), 7.03-7.06 (m, 3H), 6.81-6.83 (m, 1H), 6.49 (d, J=8.1 Hz, 1H), 
6.36 (d, J=7.3 Hz, 1H), 4.61 (d, J=15.0 Hz, 1H), 3.80 (d, J=15.0 Hz, 1H), 3.76 (s, 1H); 19F NMR (376 
MHz, CDCl3): δ = -70.22 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 143.75, 141.33, 137.57, 135.37, 
134.33, 132.10, 127.92, 127.90, 127.76, 127.70, 126.88, 124.45, 124.10, 121.63, 120.10, 118.49, 
111.76, 110.58, 104.46, 68.78 (q, J = 27 Hz), 32.31; IR (film): γ = 3397, 3060, 1475, 1459, 1286, 1251, 
1159, 1127, 1075, 1059, 1011, 961, 909, 734 cm-1; HRMS (EI-TOF): calcd for C24H16N3F3 403.1296, 
found 403.1298. 
(S)-12-(4-Nitro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 
(3ah) 

N
H

H
NF3C

O2N

 
According to general procedure: the product was obtained as yellow solid; m.p. 240-242°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); >99.5% ee; HPLC analysis: Chiralpak AS-H (hexane/i-
PrOH = 90/10, 0.7 mL/min), tR (minor) 43.7 min, tR (major) 62.1 min; [α]D

20 = -96.2 (c = 2.0, CH2Cl2); 

1H NMR (400 MHz, CDCl3): δ = 8.19 (s, 1H), 8.11 (d, J=9.0 Hz, 2H), 7.39 (d, J=8.7 Hz, 2H), 7.29 (d, 
J=8.1 Hz, 1H), 7.24-7.19 (m, 1H), 7.09-6.98 (m, 3H), 6.80-6.82 (m, 1H), 6.49 (d, J=8.2 Hz, 1H), 6.39-
6.32 (m, 1H), 4.64 (d, J=15.0 Hz, 1H), 3.81 (d, J=15.0, 1H), 3.77 (s, 1H); 19F NMR (376 MHz, CDCl3): 
δ = -70.34(s, 3F); 13C NMR (100 MHz, CDCl3): δ = 147.19, 145.60, 141.23, 137.56, 135.45, 134.39, 
128.21, 128.19, 127.83, 127.75, 126.88, 124.49, 124.21, 123.48, 121.71, 120.19, 119.77, 110.63 , 
104.49, 68.69 (q, J=26.6 Hz), 32.34; IR (KBr): γ = 3401, 2920, 1520, 1459, 1349, 1251, 1162, 1140, 
1066, 956, 742cm-1; HRMS (EI-TOF): calcd for C23H16F3N3O2  423.1195, found 423.1199. 
(S)-12-(3-Fluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 
(3ai) 



 S8 

N
H

H
NF3C

F

 
According to general procedure: the product was obtained as yellow solid; m.p. 184-186°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 96% ee; HPLC analysis: Chiralpak AS-H (hexane/i-
PrOH = 95/5, 0.8 mL/min), tR (minor) 16.9 min, tR (major) 19.9 min; [α]D

20 = -13.2 (c = 0. 93, CHCl3); 

1H NMR (400 MHz, CDCl3): δ = 8.16 (s, 1H), 7.52 (d, J=8.4 Hz, 2H), 7.38 (d, J=8.3 Hz, 2H), 7.31 (m, 
1H), 7.20 (m, 1H), 7.03-7.06 (m, 3H), 6.85-6.76 (m, 1H), 6.53 (d, J=8.2 Hz, 1H), 6.41 (d, J=7.5 Hz, 
1H), 4.57 (d, J=15.0 Hz, 1H), 3.86 (d, J=15.0 Hz, 1H), 3.78 (s, 1H); 19F NMR (376 MHz, CDCl3): δ = -
69.84 (s, 3F), -112.02 (s, 1F); 13C NMR (100 MHz, CDCl3): δ = 163.68, 161.23, 142.04, 141.56 (d, 
J=6.6 Hz), 137.16, 135.04, 134.39, 129.71 (d, J=8.0 Hz), 127.65, 127.26, 124.35, 123.77, 122.92, 
121.43, 120.59 (d, J=2.5 Hz), 119.90, 115.01, 114.74 (d, J=12.6), 114.44, 110.43, 105.34, 68.67 (q, 
J=26.6 Hz), 32.49; IR (film): γ = 3404, 3060, 2926, 1718, 1614, 1589, 1475, 1444, 1141, 1055, 746 
cm-1; HRMS (EI-TOF): calcd for C23H16F4N2 396.1250, found 396.1256. 
(S)-12-(3-Bromo-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 
(3aj) 

N
H

H
NF3C

Br

 

According to general procedure: the product was obtained as yellow solid; m.p. 184-186°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 93% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 95/5, 0.8 mL/min), tR (minor) 23.7 min, tR (major) 30.1min; [α]D

20 = -47 (c = 0.06, CH2Cl2); 1H 
NMR (400 MHz, CDCl3): δ = 8.11 (s, 1H), 7.58-7.52 (m, 1H), 7.52-7.31 (m, 1H), 7.31-7.24 (m, 1H), 
7.24-7.13 (m, 1H), 7.13-6.92 (m, 5H), 6.82-6.84 (m, 1H), 6.69-6.56 (m, 1H), 6.52-6.41 (m, 1H), 4.50 
(d, J=15.1 Hz, 1H), 3.87 (d, J=15.1 Hz, 1H), 3.78 (s, 1H); 19F NMR (376 MHz, CDCl3): δ = -69.74 (s, 
3F); 13C NMR (100 MHz, CDCl3): δ = 141.97, 141.36, 137.14, 135.02, 134.41, 131.09, 129.85, 129.83, 
129.79, 127.68, 127.66, 127.18, 126.35, 126.34, 124.45, 123.83, 122.33, 121.48, 119.97, 110.43, 
105.29, 68.50(q, J=26.6 Hz), 31.48; IR  (film): γ = 3405, 3348, 2962, 1563, 1474, 1459, 1331, 1263, 
1162, 1061, 746 cm-1; HRMS (EI-TOF): calcd for C23H16BrF3N2 456.0449, found 456.0452. 
(S)-12-Trifluoromethyl-12-(3-trifluoromethyl-phenyl)-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3ak) 

N
H

H
NF3C

CF3
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According to general procedure: the product was obtained as white solid; m.p. 162-164°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 93% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR (minor) 6.5 min, tR (major) 8.1min; [α]D

20 = -11.2 (c = 0.71, CHCl3); 1H 
NMR (400 MHz, CDCl3): δ = 8.14 (s, 1H), 7.64 (s, 1H), 7.54 (d, J=7.1 Hz, 1H), 7.31-7.24 (m, 2H), 
7.22-7.17 (m, 1H), 7.15 (d, J=7.2 Hz, 1H), 7.06-6.94 (m, 3H), 6.85-6.74 (m, 1H), 6.54 (d, J=8.2 Hz, 
1H), 6.39 (d, J=7.5 Hz, 1H), 4.48 (d, J=15.1 Hz, 1H), 3.87 (d, J=15.1 Hz, 1H), 3.78(s, 1H); 19F NMR 
(376 MHz, CDCl3): δ = -69.67 (s, 3F); 13C NMR (100 MHz, CDCl3): δ13C NMR (101 MHz, CDCl3) δ 
141.80, 140.13, 137.32, 135.16, 134.43, 131.20, 130.64 (q, J=32 Hz), 128.71, 127.72, 127.68, 127.07, 
125.07, 124.85, 124.44, 123.95, 121.52, 120.37, 120.35, 120.01, 110.51, 105.10, 69.76 (q, J=26 Hz), 
32.44; IR (film): γ = 3467, 3402, 2920, 1611, 1510, 1462, 1270, 1181, 1166, 1126, 734 cm-1; HRMS 
(EI-TOF): calcd for C25H20ClF3N2 446.1267, found 446.1219. 
(S)-12-(3,5-Difluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3al) 

N
H

H
NF3C

F
F

 
According to general procedure: the product was obtained as yellow solid; m.p. 158-162°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 93% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR (minor) 6.5 min, tR (major) 8.1min; [α]D

20 = -26.3 (c = 2.9, CHCl3); 1H 
NMR (400 MHz, CDCl3): δ = 8.09 (s, 1H), 7.23-7.13 (m, 3H), 7.00-7.05 (m, 6H), 6.81-6.83 (m, 1H), 
6.63 (d, J=6.7 Hz, 1H), 6.45 (d, J=7.5 Hz, 1H), 4.49 (d, J=15.1 Hz, 1H), 3.84 (d, J=15.1 Hz, 1H), 3.80 
(s, 1H); 19F NMR (376 MHz, CDCl3): δ = -69.67 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 163.87 (d, 
J=13 Hz), 161.40 (d, J=14 Hz) , 141.60, 137.40, 135.20, 134.40, 127.77, 127.70, 127.04, 124.39, 
124.07, 121.61, 120.42, 120.39, 120.12, 110.68 (d, J=23 Hz), 110.53, 110.42 (d, J=21 Hz), 104.70, 
103.53, 65.93 (q, J=12.6 Hz), 32.42; IR (film): γ = 3467, 3402, 2920, 1611, 1510, 1462, 1270, 1181, 
1166, 1126, 734 cm-1; HRMS (EI-TOF): calcd for C25H20ClF3N2 440.1267, found 414.1152. 
(S)-12-(3,5-Dichloro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3am) 

N
H

H
NF3C

Cl
Cl

 

According to general procedure: the product was obtained as yellow solid; m.p. 166-168°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 96% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 95/5, 0.8 mL/min), tR (minor) 16.9 min, tR (major) 21.2 min; [α]D

20 = -16.9 (c = 3.9, CHCl3); 
1H NMR (400 MHz, CDCl3): δ = 8.15 (s, 1H), 7.31 (s, 1H), 7.27 (s, 1H), 7.23-7.17 (m, 1H), 7.14 (d, 
J=0.8 Hz, 2H), 7.13-6.96 (m, 3H), 6.90-6.81 (m, 1H), 6.66 (d, J=8.1 Hz, 1H), 6.48 (d, J=7.6 Hz, 1H), 
4.52 (d, J=15.1 Hz, 1H), 3.87 (d, J=15.1 Hz, 1H), 3.75 (s, 1H); 19F NMR (376 MHz, CDCl3): δ = -
69.85 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 142.30, 141.53, 137.32, 135.13, 134.80, 134.43, 
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128.23, 127.79, 127.75, 126.91, 125.83, 125.81, 124.51, 124.14, 121.64, 120.35, 120.19, 110.57, 
104.61, 68.57 (q, J=26.9 Hz), 32.45; IR (film): γ = 3399, 2950, 2852, 1561, 1458, 1277, 1173, 1141, 
977, 745 cm-1; HRMS (EI-TOF): calcd for C28H15Cl2F3N2 446.0564, found 446.0564. 
(S)-12-(3,4-Difluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3an) 

N
H

H
NF3C

F
F

 
According to general procedure: the product was obtained as yellow solid; m.p. 165-167°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 96% ee; HPLC analysis: Chiralpak AS-H (hexane/i-
PrOH = 85/15, 0.8 mL/min), tR (minor) 7.5 min, tR (major) 8.7 min; [α]D

20 = -16 (c = 0.24, CHCl3); 1H 
NMR (400 MHz, CDCl3): δ = 8.09 (s, 1H), 7.25 (s, 1H), 7.17 (d, J=7.2 Hz, 1H), 7.14-6.94 (m, 6H), 
6.83-6.85 (m, 1H), 6.62 (d, J=8.1Hz, 1H), 6.45 (d, J=7.5 Hz, 1H), 4.50 (d, J=15.1 Hz, 1H), 3.81 (d, 
J=15.1 Hz, 1H), 3.76 (s, 1H); 19F NMR (376 MHz, CDCl3) δ = -70.09 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ = 151.00 (dd, J=7.0, 6.9 Hz), 148.53 (dd, J=9.0, 8.9 Hz), 141.77, 137.29, 135.19, 134.41, 
127.70, 127.68, 127.09, 124.39, 123.97, 121.56, 120.49, 120.47 (q, J=26 Hz), 120.03, 117.02, 116.85, 
116.83 (ddd, J=2.2, 2.1, 27 Hz), 110.52, 105.13, 68.41(q, J=27 Hz), 32.40; IR (film): γ = 3461, 3402, 
3057, 1608, 1518, 1459, 1278, 1141, 912, 775, 746, 736 cm-1; HRMS (EI-TOF): calcd for C23H15F5N2 
414.1155, found 414.1151. 
(S)-12-p-Tolyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole (3ao) 

N
H

H
NF3C

Me

 

According to general procedure: the product was obtained as yellow solid; m.p. 45-47°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 87% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR (minor) 8.7 min, tR (major) 10.5 min; [α]D

20 = -18.3 (c = 4.4, CHCl3); 

1H NMR (400 MHz, CDCl3): δ = 8.07 (s, 1H), 7.30-7.23 (m, 1H), 7.23-7.13 (m, 3H), 7.10-6.92 (m, 
3H), 6.83-6.74 (m, 2H), 6.62 (d, J=8.2 Hz, 1H), 6.50 (d, J=7.6 Hz, 1H), 4.45 (d, J=15.1 Hz, 1H), 3.93 
(d, J=15.1 Hz, 1H), 3.80 (s, 1H), 2.32 (s, 3H); 19F NMR (376 MHz, CDCl3): δ = -70.01 (s, 3F); 13C 
NMR (100 MHz, CDCl3): δ = 142.67, 137.57, 136.81, 136.45, 134.77, 134.39, 128.29, 127.59, 127.55, 
127.15, 127.13, 124.26, 123.40, 121.25, 120.89, 120.92, 119.68, 110.30, 106.19, 68.69 (q, J=25.1 Hz), 
32.53, 20.99; IR  (film): γ = 3406, 3354, 3051, 2917, 2863, 1474, 1460, 1286, 1265, 1158, 1114, 745 
cm-1; HRMS (EI-TOF): calcd for C24H19F3N2 392.1500, found 392.1492. 
(S)-12-Benzyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 3ap 
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N
H

H
NF3C

 

According to general procedure: the product was obtained as yellow solid; m.p. 68-70°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 55% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR (minor) 20.8 min, tR (major) 26.8 min; [α]D

20 = -119.9 cm3 g-1 dm-1 (c 
=0.0164 g cm-3 in CHCl3); 1H NMR (400 MHz, CDCl3): δ = 8.02-7.92 (m, 1H), 7.92-7.78 (m, 1H), 
7.34-7.24 (m, 1H), 7.24-7.02 (m, 6H), 7.02-6.89 (m, 5H), 4.20-4.10 (m, 1H), 3.85 (d, J=13.9 Hz, 1H), 
3.78-3.67 (m, 1H), 3.43-3.30 (m, 2H); 19F NMR (376 MHz, CDCl3): δ = -70.77 (s, 3F);  13C NMR (100 
MHz, CDCl3):δ = 144.03, 135.74, 135.11, 134.75, 133.75, 130.72, 128.48, 127.63, 126.75, 125.57, 
123.60, 123.31, 121.44, 120.74, 120.14, 110.80, 105.47, 68.95 (q, J=24.9 Hz), 41.27, 32.78; IR (film): 
γ = 3410, 3355, 2926, 1605, 1480, 1287, 1261, 1181, 1163, 1117, 942, 746, 700 cm-1; MS 
(ESI):m/z([M+H]):393. 
(S)-3,9-Dibromo-12-(4-fluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3bb) 

N
H

H
NF3C

F

Br

Br

 
According to general procedure: the product was obtained as yellow solid; m.p. 64-67°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 88% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR (minor) 13.5 min, tR (major) 11.5 min, [α]D

20 = +15.1 (c = 0.5, CHCl3); 
1H NMR (400 MHz, CDCl3): δ = 8.10 (s, 1H), 7.41 (d, J=1.5 Hz, 1H), 7.27 (s, 1H), 7.24 (s, 1H), 7.14 
(d, J=8.0 Hz, 1H), 7.06 (d, J=8.0 Hz, 1H), 6.99-7.01 (m, 2H), 6.91 (d, J=8.7 Hz, 1H), 6.69 (d, J=1.5 Hz, 
1H), 6.42 (d, J=8.6 Hz, 1H), 4.36 (d, J=15.3 Hz, 1H), 3.90 (d, J=15.3 Hz, 1H), 3.76 (s, 1H); 19F NMR 
(376 MHz, CDCl3): δ = -69.63 (s, 3F), -112.97(s,1F); 13C NMR (100 MHz, CDCl3) δ = 163.51, 161.04, 
143.65, 136.78, 135.24, 133.36, 129.06, 126.96, 126.69, 126.08, 123.39, 121.86 (d, J=26 Hz), 120.57, 
115.52, 115.31, 115.14, 113.41, 113.50, 106.27, 100.98, 68.31 (q, J=26.8 Hz), 31.98; IR (film): γ = 
3414, 3348, 3054, 1606, 1594, 1510 1492, 1166, 959, 809, 732 cm-1; HRMS (EI-TOF): calcd for 
C23H14Br2F2N2 551.9640, found 551.9470. 
(S)-3,9-Dibromo-12-(4-chloro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3bc) 

N
H

H
NF3C

Cl

Br

Br
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According to general procedure: the product was obtained as yellow solid; mp 231-233°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 90% ee; HPLC analysis: Chiralpak AS-H (hexane/i-
PrOH = 90/10, 0.7 mL/min), tR (minor) 13.0 min, tR (major) 19.2 min; [α]D

20 = +16 (c = 0.2, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ = 8.11 (s, 1H), 7.41 (d, J=1.5 Hz, 1H), 7.27 (d, J=8.8 Hz, 2H), 7.20 (d, 
J=8.5 Hz, 2H), 7.14 (d, J=8.0 Hz, 1H), 7.05 (d, J=8.0 Hz, 1H), 6.92 (d, J=8.7 Hz, 1H), 6.69 (d, J=1.7 
Hz, 1H), 6.42 (d, J=8.6 Hz, 1H), 4.37 (d, J=15.3 Hz, 1H), 3.88 (d, J=15.3 Hz, 1H), 3.78 (s, 1H); 19F 
NMR (376 MHz, CDCl3): δ = -69.77 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 143.51, 137.14, 136.89, 
135.23, 134.37, 133.38, 129.07, 128.72, 128.60, 128.58, 126.95, 126.75, 126.02, 123.47, 121.80, 
120.61, 115.19, 113.43, 105.95, 68.35(q, J=27 Hz), 31.96; IR (film): γ = 3367, 3060, 2953, 1660, 1591, 
1493. 1446, 1372, 1324, 1072 cm-1; HRMS (EI-TOF): calcd for C23H14Br2ClF3N2 567.9164, found 
576.9164. 
(S)-3,9-Dibromo-12-(4-bromo-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3bd) 

 N
H

H
NF3C

Br

Br

Br

 
According to general procedure: the product was obtained as yellow solid; m.p. 243-245°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 96% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR (minor)12.6 min, tR (major) 19.7 min; [α]D

20 = +2.5 ( c = 2.5, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ = 8.17 (s, 1H), 7.94 (d, J=7.9 Hz, 1H), 7.71 (d, J=8.8 Hz, 1H), 7.43-
7.45 (m, 2H), 7.17-7.12 (m, 2H), 7.06 (d, J=8.0 Hz, 1H), 6.92 (d, J=8.7 Hz, 1H), 6.69 (d, J=1.8 Hz, 
1H), 6.42 (d, J=8.6 Hz, 1H), 4.37 (d, J=15.3 Hz, 1H), 3.89 (d, J=15.3 Hz, 1H), 3.78 (s, 1H); 19F NMR 
(376 MHz, CDCl3): δ = -69.59 (s, 3F); 13C NMR (100 MHz, CDCl3) δ=143.49, 136.90, 135.22, 133.37, 
131.67, 129.08, 128.87, 127.67, 126.94, 126.76, 126.01, 123.49, 122.65, 121.79, 120.63, 115.20, 
113.43, 105.87, 99.96, 53.34(q, J=15.3 Hz), 31.96; IR  (film): γ = 3421, 3354, 2926, 1719, 1585, 1458, 
1191, 1375, 1176, 1154，756 cm-1; HRMS (EI-TOF): calcd for C23H14F2Br3N2 611.8659, found 
611.8661. 
(S)-12-(4-Bromo-phenyl)-2,8-dichloro-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3cd) 

N
H

H
NF3C

Br

Cl Cl

 
According to general procedure: the product was obtained as yellow solid, m.p. 59-62°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 90% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR (major) 9.4 min, tR (minor) 11.6 min; [α]D

20 = -62.1 (c = 7.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ = 8.16 (s, 1H), 7.40 (d, J=8.7 Hz, 2H), 7.16 (d, J=5.4 Hz, 2H), 7.09 (d, 
J=8.4 Hz, 2H), 7.06-6.97 (m, 2H), 6.58 (s, 1H), 6.37 (d, J=8.3 Hz, 1H), 4.45 (d, J=15.1 Hz, 1H), 3.80 
(d, J=15.1 Hz, 1H), 3.73 (s, 1H); 19F NMR (376 MHz, CDCl3): δ = -69.74 (s, 3F); 13C NMR (100 MHz, 
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CDCl3): δ = 140.46, 137.64, 137.34, 136.38, 132.81, 131.68, 129.01, 128.77, 128.10, 127.68, 125.87, 
125.60, 122.59, 122.19, 120.00, 111.53, 105.35, 68.44 (q, , J = 15.1 Hz), 32.18; IR (film): γ = 3425, 
3352, 3078, 1576, 1492, 1465, 1278，1189, 1159, 1246, 1011, 907, 731 cm-1; HRMS (EI-TOF): calcd 
for C23H14BrCl2F3N2 523.9669, found 523.9662. 
(S)-2,8-Dichloro-12-(3,5-dichloro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3ck) 

N
H

H
NF3C

Cl Cl

Cl
Cl

 
According to general procedure: the product was obtained as white solid; m.p. 239-240°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 90% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 80/20, 0.8 mL/min), tR (minor) 5.2 min, tR (major) 11.9 min; [α]D

20 = -47 (c = 1.7, CH2Cl2); 1H 
NMR (400 MHz, CDCl3): δ = 8.24 (s, 1H), 7.35 (s, 1H), 7.20 (d, J=8.5 Hz, 2H), 7.12 (s, 2H), 7.05-7.08 
(m, 2H), 6.64 (s, 1H), 6.42 (d, J=8.3 Hz, 1H), 4.43 (d, J=15.1 Hz, 1H), 3.86 (d, J=15.1Hz, 1H), 3.73 (s, 
1H); 19F NMR (376 MHz, CDCl3): δ = -69.53 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 141.49, 140.04, 
137.80, 136.37, 135.14, 132.86, 129.40, 128.73, 127.93, 127.75, 127.72, 126.11, 125.66, 125.63, 
122.41, 119.70, 119.68, 111.72, 104.59, 68.42 (q, J=26.5 Hz), 32.19; IR (film): γ = 3406, 3369, 22953, 
2925, 1584, 1493, 1466, 1173, 1144, 1122, 803 cm-1; HRMS (EI-TOF): calcd for C23H13Cl2F3N2 
513.9785, found 513.9777. 
(S)-3,9-Dimethyl-12-phenyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3da) 

N
H

H
NF3C

 
According to general procedure: the product was obtained as yellow solid, m.p. 228-230°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1), 81% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR (minor) 8.8 min, tR (major) 11.2 min;  [α]D

20 = +2.2 (c = 2.4, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ = 7.93 (s, 1H), 7.26-7.34 (m, 5H), 7.05 (d, J=7.4 Hz, 2H), 6.77 (d, 
J=6.9 Hz, 1H), 6.61 (d, J=8.3 Hz, 1H), 6.46 (d, J=8.4 Hz, 1H), 6.32 (s, 1H), 4.37 (d, J=15.2 Hz, 1H), 
3.88 (d, J=15.2 Hz, 1H), 3.75 (s, 1H), 2.33 (s, 3H), 2.18 (s, 3H); 19F NMR (376 MHz, CDCl3): δ = -
69.41 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 142.50, 139.56, 137.25, 136.43, 134.80, 131.58, 
131.00, 128.16, 127.82, 127.43, 127.29, 127.27, 125.37, 124.84, 123.92, 121.40, 120.35, 110.31, 
105.97, 68.816 ( q, J=26.2 Hz), 32.19, 21.41, 20.86; IR (KBr): γ = 3401, 2917，2849, 1462, 1265, 
1180, 1158, 1061, 940, 721 cm-1; HRMS (EI-TOF): calcd for C25H21F3N2 406.1657, found 406.1662. 
(S)-12-(4-Fluoro-phenyl)-3,9-dimethyl-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3db) 
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N
H

H
NF3C

F

 

According to general procedure: the product was obtained as yellow solid; m.p. 105-108°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 84% ee; HPLC analysis: Chiralpak OD-H (hexane/i-
PrOH = 97.5/2.5, 0.8 mL/min), tR (major) 6.5 min, tR (minor) 8.0 min;  [α]D

20 = +16.5 (c = 1.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3): δ = 7.92 (s, 1H), 7.22 (m, 4H), 7.04 (d, J=7.9 Hz, 2H), 6.78 (d, J=7.4 Hz, 
1H), 6.64 (d, J=8.3 Hz, 1H), 6.46 (d, J=8.2 Hz, 1H), 6.29 (s, 1H), 4.39 (d, J=15.2 Hz, 1H), 3.80 (d, 
J=15.2 Hz, 1H), 3.69 (s, 1H), 2.33 (s, 3H), 2.18 (s, 3H); 19F NMR (376 MHz, CDCl3): δ = -69.78 (s, 
3F), 114.16 (s, 1F); 13C NMR (100 MHz, CDCl3) δ = 142.02, 138.00, 137.39, 136.66, 134.80, 133.73, 
131.82, 131.21, 128.76, 128.74, 128.35, 127.46, 125.12, 124.90, 124.18, 121.57, 120.21(q, J=25 Hz), 
110.41, 105.37, 68.46 (q, J=26.6 Hz), 32.09, 21.41, 20.87; IR (film): γ =3403, 2922, 1462, 1280, 1181, 
1159, 1127, 1096, 1015, 821, 732 cm-1; HRMS (EI-TOF): calcd for C25H20F4N2 424.1563, found 
424.1563. 
(S)-12-(4-Chloro-phenyl)-3,9-dimethyl-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3dc) 

N
H

H
NF3C

Cl

 

According to general procedure: the product was  obtained as white solid; m.p. 158-162°C, from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 93% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR (minor) 6.5 min, tR (major) 8.1min; [α]D

20 = -3.7 (c = 2.3, CH2Cl2); 1H 
NMR (400 MHz, CDCl3): δ = 7.92 (s, 1H), 7.27-7.29 (m, 2H), 7.04 (d, J=7.5 Hz, 2H), 6.94-6.97 (m, 
2H), 6.78 (d, J=7.4 Hz, 1H), 6.69-6.59 (m, 1H), 6.46 (d, J=8.2 Hz, 1H), 6.30 (s, 1H), 4.38 (d, J=15.2 
Hz, 1H), 3.83 (d, J=15.2 Hz, 1H), 3.53 (s, 1H), 2.33 (s, 3H), 2.18 (s, 3H); 19F NMR (376 MHz, CDCl3): 
δ = -69.67 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 142.17, 137.35, 136.55, 134.82, 134.79, 131.79, 
131.17, 129.27(q, J=8.3 Hz), 129.19 (q, J=2.2 Hz), 127.45, 125.19, 124.91, 124.13, 121.51, 120.25, 
115.12, 114.90, 110.39, 105.72, 68.42(q, J=24 Hz), 32.14, 21.41, 20.87. IR (film): γ = 3467, 3402, 
2920, 1611, 1510, 1462, 1270, 1181, 1166, 1126, 734 cm-1; HRMS (EI-TOF): calcd for C25H20ClF3N2 
440.1267, found 440.1265. 
(S)-12-(4-Bromo-phenyl)-3,9-dimethyl-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3dd) 
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N
H

H
NF3C

Br

 

According to general procedure: the product was obtained as yellow solid; m.p. 80°C; from flash 
chromatography (hexane/EtOAc = 10:1 to 6:1); 90% ee; HPLC analysis: Chiralpak AD-H (hexane/i-
PrOH = 90/10, 0.8 mL/min), tR  (minor) 8.7 min, tR (major) 11.7 min; 90% ee; [α]D

20 = -9.1 (c = 2.1, 
CH2Cl2); 1H NMR (400 MHz, CDCl3): δ = 7.94 (s, 1H), 7.42-7.35 (m, 2H), 7.16 (d, J=8.3 Hz, 2H), 
7.04 (d, J=7.2 Hz, 2H), 6.78 (d, J=6.8 Hz, 1H), 6.64 (d, J=8.3 Hz, 1H), 6.46 (d, J=8.2 Hz, 1H), 6.29 (s, 
1H), 4.40 (d, J=15.2 Hz,  1H), 3.81 (d, J=15.2 Hz, 1H), 3.69 (s, 1H), 2.34 (s, 3H), 2.19 (s, 3H); 19F 
NMR (376 MHz, CDCl3): δ = -69.82 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 142.00, 138.52, 137.41, 
136.68, 134.80, 131.82, 131.31, 131.22, 129.05, 127.46, 125.11, 124.90, 124.18, 122.02, 121.59, 
120.21, 120.19, 110.40, 105.29, 68.52 (q, J=26.6 Hz), 32.10, 21.41, 20.88; IR (film): γ = 3401, 3030, 
2919, 2860, 1724, 1488, 1461, 1290, 1264, 1158, 1127, 1075, 1011, 819, 730 cm-1; HRMS (EI-TOF): 
calcd for C25H20BrF3N2 484.0762, found 484.0762. 
5-Benzyl-12-phenyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole (3ea) 

 

According to general procedure for racemate: the product was obtained as yellow solid; m.p. 56°C 1H 
NMR (400 MHz, CDCl3): δ = 7.33-7.26 (m, 8H), 7.22 (d, J=8.3 Hz, 1H), 7.06-6.94 (m, 4H), 6.84-6.86 
(m, 1H), 6.81-6.74 (m, 1H), 6.68 (d, J=7.4 Hz, 1H), 6.57 (d, J=8.1 Hz, 1H), 6.38 (d, J=7.7 Hz, 1H), 
5.53 (d, J=8.7 Hz, 2H), 4.47 (d, J=15.0 Hz, 1H), 3.80 (d, J=15.0 Hz, 1H), 3.71 (s, 1H); 19F NMR (376 
MHz, CDCl3): δ = -70.06 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 142.40, 138.88, 137.65, 136.23, 
135.12, 128.97, 128.26, 127.82, 127.57, 127.54, 127.35, 127.12, 127.10, 126.67, 125.85, 124.03, 
123.28, 121.19, 120.98, 119.68, 109.09, 106.00,  68.99(q, J=18 Hz) , 47.50, 27.34; IR (film): γ =3414, 
3352, 2926, 1617, 1592, 1458, 1587, 1459, 1329, 1164, 1094, 1032, 907, 732cm-1; HRMS (EI-TOF): 
calcd for C24H17Br2F3N2 547.9411, found 547.9709. 
 

4. Synthesis of the intermediate ketoimine  

To a solution of indoles 1a (0.1 mmol), trifluoromethyl ketones 2h (0.12 mmol) in 1,2-
dichloroethane (0.6 mL) was added powdered 4Å molecular sieves (0.1 g) and the catalyst 4b 
(0.005 mmol). The resulting mixture was stirred under an argon atmosphere at room temperature 
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for 2 h. The crude product was then subjected to a silica gel column (petroleum ether/ethyl acetate) 
to afford the desired product intermediate ketoimine 3ahi in 30% yield. 
2-((1H-indol-2-yl)methyl)-N-(1-(3-bromophenyl)-2,2,2-trifluoroethylidene)aniline (3ahi) 

N
H

N

CF3

Br

 
The product was obtained as yellow liquid; 1H NMR (400 MHz, CDCl3): δ = 8.57 (s, 1H), 7.51 (d, 
J=7.8 Hz, 1H), 7.47-7.39 (m, 1H), 7.32 (d, J=7.5 Hz, 1H), 7.27 (d, J=8.1 Hz, 1H), 7.15 (s, 1H), 7.11 (d, 
J=7.1 Hz, 1H), 7.08-7.00 (m, 3H), 7.00-6.94 (m, 1H), 6.80 (d, J=7.7 Hz, 1H), 6.32-6.35 (m, 2H), 4.12 
(s, 2H); 19F NMR (376 MHz, CDCl3): δ = -69.71 (s, 3F); 13C NMR (100 MHz, CDCl3): δ = 144.68, 
137.21, 136.20, 133.64, 131.65, 131.31, 131.08, 130.23, 130.07, 128.38, 127.38, 126.93, 126.70, 
122.64, 121.46, 121.35, 120.00, 119.63, 119.32, 110.62, 100.59, 68.81(q, J=20 Hz), 31.29; IR (film): γ 
= 3401, 3058, 2927, 1724, 1588, 1475, 1587, 1459, 1333, 1162, 1140, 1059, 779, 747cm-1; HRMS (EI-
TOF): calcd for C23H16BrF3N2 456.0449, found 456.0447. 

5. Gram-scale preparation of 3ad 

To a solution of indoles 1a (3 mmol, 0.67 g), trifluoromethyl ketones 2d (3.6 mmol, 0.91 g) in 
1,2-dichloroethane (18 mL) was added powdered 4Å molecular sieves (3 g) and the catalyst 4b 
(0.15 mmol). The resulting mixture was stirred under an argon atmosphere at 35 °C until complete 
conversion was indicated by TLC. The reaction mixture was then filtered and the residue washed 
thoroughly with 1,2-dichloroethane. The filtrate was concentrated in vacuo to give the crude 
product. The crude product was then subjected to a silica gel column eluting with hexane: EtOAc 
(4:1) then CH2Cl2: MeOH (10:1). From this, the desired product 3ad (1.23 g) was obtained in 90% 
yield. Spectroscopic data was in accordance with that reported above. Additionally recovery of 
catalyst 4b was achieved after acidification of the relevant fractions as described previously (99 
mg, 90%). The above reaction was repeated with the recovered catalyst 4b to give the desired 
product 3ad (1.20 g) in 87% yield, and this reaction proceeded without compromising the 
enantioselectivity. 
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7. 1H and 13C NMR spectra 

(S)-12-phenyl-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-b]indole (3aa) 
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(S)-12-(4-fluorophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-
b]indole (3ab) 
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(S)-12-(4-chlorophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-b]indole 
(3ac) 
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(S)-12-(4-bromophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-b]indole 
(3ad) 
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(S)-12-(4-Iodo-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 
(3ae) 
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(S)- 12-Trifluoromethyl-12-(4-trifluoromethyl-phenyl)-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole  (3af) 
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(S)-4-(12-Trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indol-12-yl)-benzonitrile 
(3ag) 
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(S)-12-(4-nitrophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-b]indole 
(3ah) 
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(S)-12-(3-Fluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 
(3ai) 
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 (S)-12-(3-Bromo-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3aj)  
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(S)-12-Trifluoromethyl-12-(3-trifluoromethyl-phenyl)-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3ak) 
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(S) 12-(3,5-Difluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3al)  
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(S)-12-(3,5-Dichloro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3am)  

 

 



 S36 

-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010

3.
00

-6
9.

85
0
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(S)-12-p-Tolyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 
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 (S)-3,9-Dibromo-12-(4-fluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3bb) 
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(S)3,9-Dibromo-12-(4-chloro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3bc) 
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(S)-3,9-Dibromo-12-(4-bromo-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole(3bd) 
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(S)-12-(4-Bromo-phenyl)-2,8-dichloro-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3cd) 
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(S)-2,8-Dichloro-12-(3,5-dichloro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3ck) 
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(S)-3,9-Dimethyl-12-phenyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole(3da)  

 
 

 

 

 

 



 S49 

 

5101520253035404550556065707580859095100105110115120125130135140145150
f1 (ppm)

20
.8

57
21

.4
09

32
.1

92

68
.4

23
68

.6
85

68
.9

47
69

.2
08

76
.6

82
77

.0
00

77
.3

17

10
5.

96
7

11
0.

31
2

12
1.

39
6

12
3.

91
7

12
4.

83
7

12
5.

37
3

12
7.

27
2

12
7.

29
3

12
7.

43
0

12
7.

81
9

12
8.

15
8

13
0.

99
6

13
1.

57
7

13
4.

80
3

13
6.

42
6

13
7.

24
7

14
2.

49
6

  

-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010
f1 (ppm)

-6
9.

40
8

  
 
 
 
 



 S50 

(S)-12-(4-Fluoro-phenyl)-3,9-dimethyl-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3db)  
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(S)-12-(4-Chloro-phenyl)-3,9-dimethyl-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3dc) 
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(S)-12-(4-Bromo-phenyl)-3,9-dimethyl-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3dd)  
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(S)-5-Benzyl-12-phenyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 
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2((1Hindol2yl)methyl)N(1(3bromophenyl)2,2,2trifluoroethylidene)aniline (3ahi)  
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8. Absolute configuration assignments 
The crystal structure of enantiopure 3aa was obtained (Figure 1), and a single crystal X-ray 

analysis determined its configuration as (S). CCDC 953552 contains the supplementary 
crystallographic data for this compound. These data can be obtained free of charge from The 
Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/ data_request/cif. 

 
 Figure 1.  X-ray crystal structure of 3aa 

(S)-12-phenyl-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-b]indole (3aa) 
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Molecular structure of 3aa. 
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9. HPLC spectra of products  

(S)-12-phenyl-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-b]indole (3aa)  
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After single recrystallization 
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(S)-12-(4-fluorophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-
b]indole (3ab) 
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 (S)-12-(4-chlorophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-b]indole 
(3ac) 
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 (S)-12-(4-bromophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-b]indole 
(3ad) 
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(S)-12-(4-Iodo-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 
(3ae) 
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(S)- 12-Trifluoromethyl-12-(4-trifluoromethyl-phenyl)-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3af) 
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(S)-4-(12-Trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indol-12-yl)-
benzonitrile(3ag) 
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(S)-12-(4-nitrophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-b]indole 
(3ah) 

 

rac

N
H

H
N

F3CO2N



 S68 

(S)-12-(3-Fluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole 
(3ai)  
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 (S)-12-(3-Bromo-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3aj) 
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(S)-12-Trifluoromethyl-12-(3-trifluoromethyl-phenyl)-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3ak) 
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(S) 12-(3,5-Difluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3al) 
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(S)-12-(3,5-Dichloro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b 
(3am)
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(S)-12-(3,4-difluorophenyl)-12-(trifluoromethyl)-5,6,11,12-tetrahydrobenzo[6,7]azepino[4,3-
b]indole (3an)  
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(S)-12-p-Tolyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole (3ao) 
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(S)-12-Benzyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-b]indole (3ap) 
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(S)-3,9-Dibromo-12-(4-fluoro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3bb) 
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(S)3,9-Dibromo-12-(4-chloro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3bc) 
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(S)-3,9-Dibromo-12-(4-bromo-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole(3bd) 
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(S)-12-(4-Bromo-phenyl)-2,8-dichloro-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3cd) 
 

 

 

 
 
 
 

N
H

H
N

F3CBr

Cl Cl

rac



 S80 

(S)-2,8-Dichloro-12-(3,5-dichloro-phenyl)-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3ck) 
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(S)- 3,9-Dimethyl-12-phenyl-12-trifluoromethyl-5,6,11,12-tetrahydro-benzo[2,3]azepino[5,6-
b]indole (3da) 
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 (S)-12-(4-Fluoro-phenyl)-3,9-dimethyl-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3db) 
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(S)-12-(4-Chloro-phenyl)-3,9-dimethyl-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3dc) 
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(S)-12-(4-Bromo-phenyl)-3,9-dimethyl-12-trifluoromethyl-5,6,11,12-tetrahydro-
benzo[2,3]azepino[5,6-b]indole (3dd) 
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