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1. General 

Commercially available reagents were used without further purification. 1H NMR, 13C NMR 

and 19F NMR spectra were recorded at room temperature in CDCl3 or DMSO on 400 MHz 

instrument with TMS (tetramethylsilane) as the internal standard. Enantiomeric excess was 

determined by HPLC using the chiral column described below in detail. Optical rotations were 

measured by polarimeter. Flash column chromatography was performed on silica gel (200-300 

mesh). 

2. General Procedure for Synthesis of Cyclic Iminium Salts 

1-Substituted 3,4-dihydrosioquinolines and 1-substituted 4,9-dihydro-3-H--carbolines were 

synthesized according to the known literature procedures.1 The cyclic iminium salts 1 and 3 were 

synthesized from the corresponding imines according to the known literature procedures.2 

2.1 General Procedure for Synthesis of Cyclic Iminium Iodides 

N

R

acetone
N

R1 or 3 I

CH3I, 80 oCAr Ar

 

General Procedure: A mixture of 1-substituted 3,4-dihydrosioquinoline (or 1-substituted 

4,9-dihydro-3-H--carboline) (1.0 mmol) and iodomethane (0.50 mL) in acetone (2.0 mL) was 

stirred at 80 oC overnight and the solid gradually formed. Afterwards the precipitate was filtered 

from the solution and washed with ethyl acetate to give the corresponding cyclic iminium iodides. 

2-Methyl-1-phenyl-3,4-dihydroisoquinolin-2-ium iodide (1a): 5.0 mmol scale, 1.667 g, 95% 

yield, unknown compound, pale yellow solid, m.p. 217-218 oC; 1H NMR (400 MHz, CDCl3) δ 

7.77 (dd, J = 5.2, 3.3 Hz, 2H), 7.64 (m, 4H), 7.42 (d, J = 7.5 Hz, 1H), 7.33 – 

7.26 (m, 1H), 7.02 (d, J = 7.9 Hz, 1H), 4.56 (t, J = 7.8 Hz, 2H), 3.81 (s, 3H), 

3.59 (t, J = 7.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 175.2, 137.4, 137.1, 

134.0, 132.1, 129.4, 129.3, 129.0, 128.4, 128.0, 127.5, 53.5, 48.1, 26.0; HRMS calculated for 

C16H16N [M-I]+ 222.1277, found 222.1280. 

2-Methyl-1-(m-tolyl)-3,4-dihydroisoquinolin-2-ium iodide (1b): 1.0 mmol scale, 0.323 g, 

89% yield, unknown compound, pale yellow solid, m.p. 201-202 oC; 1H NMR (400 MHz, CDCl3) 

δ 7.77 (t, J = 7.5 Hz, 1H), 7.61 – 7.54 (m, 3H), 7.42 – 7.39 (m, 3H), 6.97 (d, J 

= 7.9 Hz, 1H), 4.25 (t, J = 7.7 Hz, 2H), 3.50 (s, 3H), 3.34 (t, J = 7.7 Hz, 2H), 

2.42 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.2, 139.4, 137.4, 137.0, 134.0, 

132.8, 129.3, 129.2, 128.9, 128.4, 128.0, 127.5, 126.0, 53.4, 48.0, 26.0, 21.4; HRMS calculated 

for C17H18N [M-I]+ 236.1434, found 236.1436. 

2-Methyl-1-(p-tolyl)-3,4-dihydroisoquinolin-2-ium iodide (1c): 1.0 mmol scale, 0.330 g, 

91% yield, unknown compound, pale yellow solid, m.p. 197-198 oC; 1H NMR (400 MHz, CDCl3) 

δ 7.67 – 7.61 (m, 3H), 7.42 – 7.40 (m, 3H), 7.30 (t, J = 7.7 Hz, 1H), 7.05 (d, J 

= 7.8 Hz, 1H), 4.55 (t, J = 7.7 Hz, 2H), 3.84 (s, 3H), 3.56 (t, J = 7.8 Hz, 2H), 

2.48 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.4, 143.1, 137.5, 137.0, 134.2, 

129.9, 129.2, 128.4, 128.0, 127.7, 126.4, 53.5, 48.0, 26.0, 21.7; HRMS 

calculated for C17H18N [M-I]+ 236.1434, found 236.1439. 

1-(4-Methoxyphenyl)-2-methyl-3,4-dihydroisoquinolin-2-ium iodide (1d): 1.0 mmol scale, 
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0.231 g, 61% yield, unknown compound, pale yellow solid, m.p. 215-216 oC; 1H NMR (400 MHz, 

DMSO) δ 7.78 (t, J = 7.5 Hz, 1H), 7.59 (t, J = 7.8 Hz, 3H), 7.43 (t, J = 7.7 

Hz, 1H), 7.27 (d, J = 8.7 Hz, 2H), 7.02 (d, J = 7.8 Hz, 1H), 4.26 (t, J = 7.6 

Hz, 2H), 3.90 (s, 3H), 3.59 (s, 3H), 3.36 (t, J = 7.5 Hz, 2H); 13C NMR (100 

MHz, DMSO) δ 178.7, 167.2, 143.4, 141.5, 138.5, 136.5, 133.4, 133.1, 

133.0, 126.6, 119.7, 60.9, 57.5, 51.2, 29.9; HRMS calculated for C17H18NO [M-I]+ 252.1383, 

found 252.1388. 

1-(4-Fluorophenyl)-2-methyl-3,4-dihydroisoquinolin-2-ium iodide (1e): 0.88 mmol scale, 

0.283 g, 81% yield, unknown compound, pale yellow solid, m.p. 188-189 oC; 1H NMR (400 MHz, 

CDCl3) δ 7.91 – 7.87 (m, 2H), 7.67 (t, J = 7.5 Hz, 1H), 7.41 (d, J = 7.5 Hz, 

1H), 7.33 – 7.28 (m, 3H), 7.00 (d, J = 7.9 Hz, 1H), 4.52 (t, J = 7.8 Hz, 2H), 

3.80 (s, 3H), 3.58 (t, J = 7.8 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 13C 

NMR (100 MHz, CDCl3) δ 174.4, 164.6 (d, J = 255.2 Hz), 137.5, 137.2, 

133.9, 132.1 (d, J = 8.8 Hz), 128.5, 128.1, 127.6, 125.3 (d, J = 3.5 Hz), 116.7 (d, J = 22.3 Hz), 

53.6, 48.2, 25.9; 19F NMR (376 MHz, CDCl3) δ -105.4; HRMS calculated for C16H15NF [M-I]+ 

240.1183, found 240.1185. 

1-(4-Chlorophenyl)-2-methyl-3,4-dihydroisoquinolin-2-ium iodide (1f): 1.0 mmol scale, 

0.355 g, 92% yield, unknown compound, pale yellow solid, m.p. 234-235 oC;. 1H NMR (400 MHz, 

DMSO) δ 7.83 – 7.71 (m, 3H), 7.73 (d, J = 8.5 Hz, 2H), 7.59 (d, J = 7.5 Hz, 

1H), 7.42 (t, J = 7.7 Hz, 1H), 6.99 (d, J = 7.9 Hz, 1H), 4.30 (t, J = 7.7 Hz, 

2H), 3.54 (s, 3H), 3.40 (t, J = 7.7 Hz, 2H); 13C NMR (100 MHz, DMSO) δ 

173.3, 138.3, 137.3, 137.1, 133.4, 131.0, 129.8, 128.9, 128.8, 128.4, 128.0, 

52.9, 46.7, 25.0; HRMS calculated for C16H15NCl [M-I]+ 256.0888, found 256.0888. 

1-(4-Bromophenyl)-2-methyl-3,4-dihydroisoquinolin-2-ium iodide (1g): 1.3 mmol scale, 

0.523 g, 94% yield, unknown compound, pale yellow solid, m.p. 234-235 oC; 1H NMR (400 MHz, 

DMSO) δ 7.96 (d, J = 8.4 Hz, 2H), 7.79 (t, J = 7.5 Hz, 1H), 7.65 (d, J = 8.4 

Hz, 2H), 7.59 (d, J = 7.5 Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H), 6.99 (d, J = 7.8 

Hz, 1H), 4.30 (t, J = 7.7 Hz, 2H), 3.54 (s, 3H), 3.40 (t, J = 7.7 Hz, 2H); 13C 

NMR (100 MHz, DMSO) δ 173.3, 138.3, 137.1, 133.4, 132.7, 131.1, 129.3, 

128.7, 128.4, 127.9, 126.2, 52.9, 46.7, 25.0; HRMS calculated for C16H15NBr [M-I]+ 300.0382, 

found 300.0386. 

2,7-Dimethyl-1-phenyl-3,4-dihydroisoquinolin-2-ium iodide (1h): 1.0 mmol scale, 0.280 g, 

77% yield, unknown compound, pale yellow solid, m.p. 202-204 oC; 1H NMR (400 MHz, DMSO) 

δ 7.81 – 7.57 (m, 6H), 7.49 (d, J = 7.7 Hz, 1H), 6.74 (s, 1H), 4.29 (t, J = 7.7 Hz, 

2H), 3.52 (s, 3H), 3.38 – 3.33 (m, 2H), 2.22 (s, 3H); 13C NMR (100 MHz, 

DMSO) δ 174.2, 137.7, 135.5, 133.3, 132.3, 130.2, 129.6, 128.8, 128.8, 128.7, 

128.0, 52.9, 46.6, 24.7, 21.0; HRMS calculated for C17H18N [M-I]+ 236.1434, 

found 236.1435. 

7-Methoxy-2-methyl-1-phenyl-3,4-dihydroisoquinolin-2-ium iodide (1i): 1.0 mmol scale, 

0.385 g, 93% yield, unknown compound, pale yellow solid, m.p. 233-235 oC; 1H 

NMR (400 MHz, DMSO) δ 7.83 – 7.69 (m, 5H), 7.55 (d, J = 8.4 Hz, 1H), 7.44 – 

7.42 (m, 1H), 6.35 (d, J = 2.5 Hz, 1H), 4.31 (t, J = 7.7 Hz, 2H), 3.65 (s, 3H), 

3.56 (s, 3H), 3.34 (t, J = 7.7 Hz, 2H); 13C NMR (100 MHz, DMSO) δ 173.9, 
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158.5, 132.4, 130.2, 130.0, 129.6, 128.9, 128.9, 128.8, 122.1, 118.7, 56.1, 53.3, 46.8, 24.3; HRMS 

calculated for C17H18NO [M-I]+ 252.1383, found 252.1388. 

7-Chloro-2-methyl-1-phenyl-3,4-dihydroisoquinolin-2-ium iodide (1j): 0.8 mmol scale, 

0.244 g, 79% yield, unknown compound, yellow solid, m.p. 237-238 oC; 1H NMR (400 MHz, 

DMSO) δ 7.86 (dd, J = 8.2, 1.6 Hz, 1H), 7.80 – 7.67 (m, 5H), 7.64 (d, J = 8.2 

Hz, 1H), 6.81 (d, J = 1.4 Hz, 1H), 4.32 (t, J = 7.7 Hz, 2H), 3.55 (s, 3H), 3.41 (t, 

J = 7.7 Hz, 2H); 13C NMR (100 MHz, DMSO) δ 175.1, 139.2, 138.3, 134.5, 

134.3, 133.8, 132.7, 131.7, 131.6, 131.5, 130.9, 54.9, 48.9, 26.5; HRMS 

calculated for C16H15ClN [M-I]+ 256.0888, found 256.0887. 

2-Methyl-1-phenethyl-3,4-dihydroisoquinolinium iodide (1k): 1.0 mmol scale, 0.309 g, 82% 

yield, unknown compound, pale yellow solid, m.p. 164-165 oC; 1H NMR (400 MHz, DMSO) δ 

8.13 (d, J = 7.9 Hz, 1H), 7.76 (t, J = 7.4 Hz, 1H), 7.52 (dd, J = 15.8, 7.7 Hz, 

2H), 7.31 (d, J = 4.5 Hz, 4H), 7.27 – 7.20 (m, 1H), 4.05 (t, J = 7.5 Hz, 2H), 

3.74 (s, 3H), 3.56 (t, J = 7.9 Hz, 2H), 3.12 (t, J = 7.5 Hz, 2H), 3.02 – 2.90 (m, 

2H); 13C NMR (100 MHz, DMSO) δ 177.4, 139.2, 137.8, 136.5, 130.8, 129.1, 129.0, 128.7, 128.6, 

127.3, 126.7, 52.9, 45.3, 33.0, 32.4, 25.4; HRMS calculated for C18H20N [M-I]+ 250.1590, found 

250.1593. 

2-Methyl-1-phenyl-4,9-dihydro-3H-pyrido[3,4-b]indol-2-ium iodide (3a): 2.0 mmol scale, 

0.630 g, 81% yield, unknown compound, yellow solid, m.p. 230-231 oC; 1H NMR (400 MHz, 

DMSO) δ 11.58 (brs, 1H), 7.87 – 7.68 (m, 6H), 7.50 – 7.36 (m, 2H), 7.23 – 

7.19 (m, 1H), 4.34 (t, J = 8.6 Hz, 2H), 3.57 – 3.38 (m, 5H); 13C NMR (100 

MHz, DMSO) δ 164.3, 142.1, 132.7, 129.8, 129.4, 129.0, 128.8, 127.6, 124.4, 

124.3, 122.3, 122.0, 114.1, 53.8, 44.2, 19.5; HRMS calculated for C17H18N 

[M-I]+ 261.1386, found 261.1391. 

2-Methyl-1-(p-tolyl)-4,9-dihydro-3H-pyrido[3,4-b]indol-2-ium iodide (3b): 5.0 mmol scale, 

1.875 g, 93% yield, unknown compound, yellow solid, m.p. 237-239 oC; 1H NMR (400 MHz, 

DMSO) δ 11.56 (brs, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.64 (d, J = 8.1 Hz, 2H), 

7.57 (d, J = 8.1 Hz, 2H), 7.47 – 7.37 (m, 2H), 7.21 (ddd, J = 7.9, 5.9, 1.8 Hz, 

1H), 4.33 (t, J = 8.6 Hz, 2H), 3.51 (s, 3H), 3.44 (t, J = 8.6 Hz, 2H); 13C NMR 

(100 MHz, DMSO) δ 164.4, 143.0, 142.1, 130.3, 129.6, 128.9, 127.6, 125.9, 

124.4, 124.2, 122.3, 122.0, 114.1, 53.7, 44.2, 21.7, 19.4; HRMS calculated for C17H18N [M-I]+ 

275.1543, found 275.1550. 

1-(4-Methoxyphenyl)-2-methyl-4,9-dihydro-3H-pyrido[3,4-b]indol-2-ium iodide (3c): 2.0 

mmol scale, 0.795 g, 95% yield, unknown compound, yellow solid, m.p. 254-255 oC; 1H NMR 

(400 MHz, DMSO) δ 11.57 (brs, 1H), 7.81 (d, J = 8.2 Hz, 1H), 7.71 (d, J 

= 8.8 Hz, 2H), 7.49 – 7.38 (m, 2H), 7.31 (d, J = 8.8 Hz, 2H), 7.25 – 7.17 

(m, 1H), 4.31 (t, J = 8.5 Hz, 2H), 3.93 (s, 3H), 3.55 (s, 3H), 3.42 (t, J = 

8.5 Hz, 2H); 13C NMR (100 MHz, DMSO) δ 164.0, 162.8, 141.9, 132.2, 

128.8, 127.7, 124.5, 124.1, 122.2, 122.0, 120.5, 115.2, 114.0, 56.3, 53.8, 

44.1, 19.4; HRMS calculated for C17H18N [M-I]+ 291.1492, found 291.1497. 
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2.2 General Procedure for Synthesis of Cyclic Iminium Bromides 

N

Ar

acetone
N

Ar1
Bn

Br

BnBr, 80 oCAr Ar

 
General Procedure: A mixture of 1-substituted 3,4-dihydrosioquinoline (1.0 mmol) and 

(bromomethyl)benzene (1.2 mmol) in acetone (3.0 mL) was stirred at 80 oC overnight and the 

solid gradually formed. Afterwards the precipitate was filtered from the solution and washed with 

ethyl acetate. If no precipitate generated, the mixture should be concentrated in vacuum and 

further purification was performed by a silica gel column eluted with dichloromethane/methanol 

to give the cyclic iminium bromides 1. 

2-Benzyl-1-phenyl-3,4-dihydroisoquinolin-2-ium bromide (1l): 2.7 mmol scale, 0.840 g, 

83% yield, unknown compound, pale yellow solid, m.p. 168-170 oC; 1H NMR (400 MHz, CDCl3) 

δ 7.93 (dd, J = 7.5, 1.7 Hz, 2H), 7.70 – 7.66 (m, 4H), 7.41 – 7.38 (m, 4H), 7.35 – 

7.30 (m, 3H), 7.10 (d, J = 7.9 Hz, 1H), 5.49 (s, 2H), 4.50 (t, J = 7.7 Hz, 2H), 

3.34 (t, J = 7.7 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 175.7, 137.6, 137.5, 

134.7, 132.3, 132.1, 129.6, 129.5, 129.5, 128.9, 128.5, 128.5, 128.4, 128.3, 

127.7, 61.7, 50.2, 26.3; HRMS calculated for C22H20N [M-Br]+ 298.1590, found 298.1599. 

2-Benzyl-1-(p-tolyl)-3,4-dihydroisoquinolin-2-ium bromide (1m): 1.0 mmol scale, 0.274 g, 

70% yield, unknown compound, pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 8.0 

Hz, 2H), 7.66 (t, J = 7.5 Hz, 1H), 7.46 (d, J = 8.0 Hz, 2H), 7.39 – 7.30 (m, 

7H), 7.13 (d, J = 7.9 Hz, 1H), 5.54 (s, 2H), 4.50 (t, J = 7.7 Hz, 2H), 3.28 (t, J 

= 7.7 Hz, 2H), 2.49 (s, 3H); 13C NMR (100 MHz, DMSO) δ 176.6, 142.6, 

138.7, 137.5, 134.3, 132.9, 130.2, 129.6, 129.3, 128.8, 128.7, 128.6, 128.6, 

128.5, 127.3, 60.6, 50.3, 25.6, 21.6; HRMS calculated for C23H22N [M-Br]+ 312.1747, found 

312.1752. 

2-Benzyl-1-(4-methoxyphenyl)-3,4-dihydroisoquinolin-2-ium bromide (1n): 1.0 mmol scale, 

0.224 g, 55% yield, unknown compound, pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J 

= 8.6 Hz, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.38 – 7.27 (m, 7H), 7.15 (t, J = 7.4 

Hz, 3H), 5.57 (s, 2H), 4.46 (t, J = 7.6 Hz, 2H), 3.91 (s, 3H), 3.22 (t, J = 7.5 

Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 175.6, 162.8, 138.0, 137.2, 134.9, 

132.6, 131.7, 129.5, 129.5, 128.4, 128.3, 128.2, 128.0, 121.1, 114.9, 61.3, 

55.8, 50.1, 26.4; HRMS calculated for C23H22NO [M-Br]+ 328.1696, found 328.1698. 

2-Benzyl-1-(4-chlorophenyl)-3,4-dihydroisoquinolin-2-ium bromide (1o): 1.0 mmol scale, 

0.217 g, 53% yield, unknown compound, pale yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J 

= 8.4 Hz, 2H), 7.71 – 7.63 (m, 3H), 7.42 – 7.39 (m, 4H), 7.36 – 7.28 (m, 3H), 

7.08 (d, J = 7.9 Hz, 1H), 5.43 (s, 2H), 4.47 (t, J = 7.7 Hz, 2H), 3.32 (t, J = 7.6 

Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 174.9, 138.8, 137.7, 134.5, 131.9, 

130.7, 129.9, 129.6, 129.6, 128.5, 128.4, 128.4, 128.3, 127.8, 127.6, 61.8, 

50.4, 26.2; HRMS calculated for C22H19NCl [M-Br]+ 332.1201, found 332.1207. 

2-Benzyl-7-methoxy-1-phenyl-3,4-dihydroisoquinolin-2-ium bromide (1p): 1.0 mmol scale, 

0.286 g, 64% yield, unknown compound, pale yellow oil; 1H NMR (400 MHz, DMSO) δ 7.74 – 

7.70 (m, 5H), 7.53 (d, J = 8.4 Hz, 1H), 7.46 – 7.40 (m, 6H), 6.40 (d, J = 2.4 Hz, 1H), 5.06 (s, 2H), 
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4.12 (t, J = 7.5 Hz, 2H), 3.65 (s, 3H), 3.19 (t, J = 7.7 Hz, 2H); 13C NMR (100 

MHz, DMSO) δ 177.0, 159.4, 133.5, 133.3, 131.4, 130.8, 130.8, 130.5, 130.4, 

130.2, 130.0, 129.5, 129.5, 123.6, 120.1, 61.7, 57.0, 51.7, 25.5; HRMS 

calculated for C23H22NO [M-Br]+ 328.1696, found 328.1698. 

2-Benzyl-7-chloro-1-phenyl-3,4-dihydroisoquinolin-2-ium bromide (1q): 0.8 mmol scale, 

0.275 g, 83% yield, unknown compound, pale yellow solid, m.p. 214-216 oC; 1H NMR (400 MHz, 

DMSO) δ 7.93 (dd, J = 8.2, 2.1 Hz, 1H), 7.87 (dd, J = 7.6, 1.5 Hz, 2H), 7.81 – 

7.72 (m, 3H), 7.68 (d, J = 8.2 Hz, 1H), 7.53 – 7.39 (m, 5H), 6.90 (d, J = 2.1 Hz, 

1H), 5.13 (s, 2H), 4.21 (t, J = 7.6 Hz, 2H), 3.35 (t, J = 7.6 Hz, 2H); 13C NMR 

(100 MHz, DMSO) δ 175.5, 137.6, 136.8, 132.7, 132.5, 132.5, 132.4, 130.8, 

130.4, 129.9, 129.6, 129.5, 129.4, 128.8, 128.8, 61.1, 50.6, 25.0; HRMS calculated for C22H19ClN 

[M-Br]+ 332.1201, found 332.1206. 
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3. General Procedure for Iridium-Catalyzed Asymmetric Hydrogenation 

3.1. Hydrogenation of Cyclic Iminium Salts with a 3,4-Dihydroisoquinoline Core 

 

General Procedure: A mixture of [Ir(COD)Cl]2 (1.3 mg, 0.002 mmol) and (R)-SegPhos (2.7 

mg, 0.0044 mmol) in dichloroethane (1.0 mL) was stirred at room temperature for 10 min in glove 

box. Subsequently, the catalyst was transferred by a syringe to the mixture of 1-substituted 

3,4-dihydroisoquinolin-2-ium salts 1 (0.2 mmol) using 4.0 mL dichloroethane. The hydrogenation 

was performed at 70 oC at a hydrogen pressure of 1000 psi for 24 h. After carefully releasing the 

hydrogen gas, the mixture was concentrated in vacuum and further purification was performed by 

a silica gel column eluted with hexanes/ethyl acetate to give the corresponding chiral hydroge- 

nation products (R)-2. 

(R)-(-)-2-Methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (2a): 44 mg, 99% yield, 91% ee, 

known compound,3 pale yellow oil; [α]20
D = -117.26 (c 0.88, CHCl3) [lit

3: [α]20
D = -103.4 (c 0.50, 

CHCl3) for 95% ee], Rf = 0.32 (hexanes/ethyl acetate 5:1); 1H NMR (400 MHz, 

CDCl3) δ 7.33 – 7.24 (m, 5H), 7.10 (q, J = 7.2 Hz, 2H), 6.97 (t, J = 7.3 Hz, 1H), 

6.63 (d, J = 7.8 Hz, 1H), 4.24 (s, 1H), 3.31 – 3.23 (ddd, J = 16.3, 11.2, 5.4 Hz, 1H), 

3.12 (ddd, J = 11.4, 5.4, 2.7 Hz, 1H), 2.82 (dt, J = 16.1, 2.8 Hz, 1H), 2.69 – 2.55 (m, 

1H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 144.0, 138.6, 134.3, 129.7, 128.6, 128.3, 128.3, 

127.3, 126.0, 125.7, 71.6, 52.4, 44.4, 29.6; Enantiomeric excess was determined by HPLC (OD-H 

column, hexane/ iPrOH 98/2, 0.70 mL/min, 230 nm): t1 = 6.0 min, t2 = 6.3 min (major). 

(R)-(-)-2-Methyl-1-m-tolyl-1,2,3,4-tetrahydroisoquinoline (2b): 47 mg, 99% yield, 90% ee, 

known compound,3 pale yellow oil; [α]20
D = -115.77 (c 0.90, CHCl3) [lit

3: [α]20
D = -118.2 (c 0.50, 

CHCl3) for 91% ee], Rf = 0.23 (hexanes/ethyl acetate 5:1); 1H NMR (400 MHz, 

CDCl3) δ 7.24 – 7.20 (m, 1H), 7.13 – 7.07 (m, 5H), 6.98 (t, J = 7.3 Hz, 1H), 6.64 (d, 

J = 7.8 Hz, 1H), 4.19 (s, 1H), 3.32 – 3.24 (m, 1H), 3.15 – 3.11 (m, 1H), 2.83 – 2.79 

(m, 1H), 2.66 – 2.59 (m, 1H), 2.31 (s, 3H), 2.23 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 144.0, 138.7, 138.0, 134.3, 130.1, 128.6, 128.3, 128.1, 128.1, 126.9, 125.9, 125.7, 71.7, 

52.6, 44.5, 29.6, 21.5; Enantiomeric excess was determined by HPLC (OJ-H column, hexane/ 

iPrOH 95/5, 0.70 mL/min, 230 nm): t1 = 6.7 min (major), t2 = 7.7 min. 

(R)-(-)-2-Methyl-1-p-tolyl-1,2,3,4-tetrahydroisoquinoline (2c): 46 mg, 97% yield, 90% ee, 

known compound,3 pale yellow oil; [α]20
D = -114.66 (c 0.90, CHCl3) [lit

3: [α]20
D = -111.0 (c 0.50, 

CHCl3) for 94% ee], Rf = 0.25 (hexanes/ethyl acetate 5:1); 1H NMR (400 MHz, 

CDCl3) δ 7.16 – 7.06 (m, 6H), 6.97 (t, J = 7.3 Hz, 1H), 6.64 (d, J = 7.8 Hz, 1H), 

4.20 (s, 1H), 3.30 – 3.22 (M, 1H), 3.11 (ddd, J = 11.5, 5.5, 2.8 Hz, 1H), 2.81 (dt, J 

= 16.1, 2.8 Hz, 1H), 2.62 (td, J = 11.3, 3.8 Hz, 1H), 2.33 (s, 3H), 2.23 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 140.9, 138.8, 136.9, 134.3, 129.5, 129.0, 128.6, 128.3, 

125.9, 125.7, 71.3, 52.4, 44.4, 29.6, 21.2; Enantiomeric excess was determined by HPLC (OJ-H 

column, hexane/ iPrOH 95/5, 0.70 mL/min, 230 nm): t1 = 6.8 min (major), t2 = 9.7 min. 

(R)-(-)-1-(4-Methoxyphenyl)-2-methyl-1,2,3,4-tetrahydroisoquinoline (2d): 46 mg, 91% 

yield, 89% ee, known compound,3 pale yellow solid; [α]20
D = -110.96 (c 0.62, CHCl3) [lit

3: [α]20
D 

N

N

N
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= -111.2 (c 0.50, CHCl3) for 91% ee], Rf = 0.25 (hexanes/ethyl acetate 2:1); 1H NMR (400 MHz, 

CDCl3) δ 7.17 (d, J = 8.5 Hz, 2H), 7.09 (q, J = 7.6 Hz, 2H), 6.98 (t, J = 7.2 Hz, 

1H), 6.85 (d, J = 8.6 Hz, 2H), 6.64 (d, J = 7.8 Hz, 1H), 4.20 (s, 1H), 3.80 (s, 3H), 

3.29 – 3.21 (m, 1H), 3.11 (ddd, J = 11.4, 5.4, 2.8 Hz, 1H), 2.86 – 2.77 (m, 1H), 

2.62 (td, J = 11.3, 3.8 Hz, 1H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 158.8, 

138.9, 136.0, 134.3, 130.6, 128.6, 128.3, 125.9, 125.6, 113.6, 70.9, 55.2, 52.4, 

44.3, 29.5. Enantiomeric excess was determined by HPLC (OD-H column, hexane/ iPrOH 90/10, 

1.0 mL/min, 230 nm): t1 = 4.1 min, t2 = 4.4 min (major). 

(R)-(-)-1-(4-Fluorophenyl)-2-methyl-1,2,3,4-tetrahydroisoquinoline (2e): 45 mg, 94% yield, 

90% ee, unknown compound, colorless oil; [α]20
D = -114.38 (c 0.82, CHCl3), Rf = 0.30 

(hexanes/ethyl acetate 5:1); 1H NMR (400 MHz, CDCl3) δ 7.25 – 7.21 (m, 2H), 

7.13– 7.07 (m, 2H), 7.02 – 6.96 (m, 3H), 6.60 (d, J = 7.8 Hz, 1H), 4.22 (s, 1H), 

3.29 – 3.21 (m, 1H), 3.11 (ddd, J = 11.5, 5.5, 2.7 Hz, 1H), 2.81 (dt, J = 16.1, 3.0 Hz, 

1H), 2.63 (td, J = 11.3, 3.8 Hz, 1H), 2.22 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

162.1 (d, J = 245.2 Hz), 139.9 (d, J = 3.2 Hz), 138.4, 134.4, 131.1 (d, J = 7.9 Hz), 

128.5, 128.4, 126.1, 125.7, 115.1 (d, J = 21.3 Hz), 70.8, 52.4, 44.3, 29.5; 19F NMR (376 MHz, 

CDCl3) δ -115.41; Enantiomeric excess was determined by HPLC (OD-H column, hexane/ iPrOH 

95/5, 1.0 mL/min, 230 nm): t1 = 3.8 min, t2 = 4.2 min (major); HRMS calculated for C16H17NF 

[M+H]+ 242.1340, found 242.1350. 

(R)-(-)-1-(4-Chlorophenyl)-2-methyl-1,2,3,4-tetrahydroisoquinoline (2f): 50 mg, 97% yield, 

87% ee, known compound,3 white solid; [α]20
D = -118.55 (c 0.90, CHCl3) [lit

3: [α]20
D = -130.0 (c 

0.50, CHCl3) for 91% ee], Rf = 0.35 (hexanes/ethyl acetate 5:1); 1H NMR (400 

MHz, CDCl3) δ 7.28 (d, J = 8.4 Hz, 2H), 7.22 (t, J = 7.9 Hz, 2H), 7.13 – 7.07 (m, 

2H), 6.98 (t, J = 7.2 Hz, 1H), 6.59 (d, J = 7.8 Hz, 1H), 4.21 (s, 1H), 3.29 – 3.20 (m, 

1H), 3.10 (ddd, J = 11.4, 5.4, 2.6 Hz, 1H), 2.88 – 2.74 (m, 1H), 2.62 (td, J = 11.3, 

3.7 Hz, 1H), 2.22 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 142.7, 138.1, 134.3, 

133.0, 130.9, 128.5, 128.5, 128.4, 126.1, 125.8, 70.8, 52.3, 44.3, 29.5; Enantiomeric excess was 

determined by HPLC (OD-H column, hexane/ iPrOH 90/10, 1.0 mL/min, 230 nm): t1 = 3.7 min, t2 

= 4.1 min (major). 

(R)-(-)-1-(4-Bromophenyl)-2-methyl-1,2,3,4-tetrahydroisoquinoline (2g): 59 mg, 98% yield, 

87% ee, unknown compound, white solid, m.p. 97-99 oC; [α]20
D = -106.86 (c 1.18, CHCl3), Rf = 

0.30 (hexanes/ethyl acetate 5:1); 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 8.3 Hz, 

2H), 7.18 – 7.09 (m, 4H), 7.00 (t, J = 7.1 Hz, 1H), 6.60 (d, J = 7.8 Hz, 1H), 4.22 (s, 

1H), 3.30 – 7.21 (m, 1H), 3.12 (ddd, J = 11.4, 5.4, 2.6 Hz, 1H), 2.88 – 2.76 (m, 

1H), 2.64 (td, J = 11.4, 3.8 Hz, 1H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

143.3, 138.0, 134.3, 131.5, 131.3, 128.5, 128.4, 126.2, 125.8, 121.2, 70.9, 52.3, 

44.4, 29.5; Enantiomeric excess was determined by HPLC (OD-H column, hexane/ iPrOH 98/2, 

0.7 mL/min, 230 nm): t1 = 6.0 min, t2 = 7.2 min (major); HRMS calculated for C16H17NBr 

[M+H]+ 302.0539, found 302.0541. 

(R)-(-)-2,7-Dimethyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (2h): 46 mg, 97% yield, 93% 

ee, known compound,3 pale yellow oil; [α]20
D = -72.07 (c 0.82, CHCl3) [lit

3: [α]20
D = -73.8 (c 0.50, 

CHCl3) for 93% ee], Rf = 0.50 (hexanes/ethyl acetate 2:1); 1H NMR (400 MHz, CDCl3) δ 7.33 – 

7.23 (m, 5H), 7.01 (d, J = 7.7 Hz, 1H), 6.91 (d, J = 7.7 Hz, 1H), 6.44 (s, 1H), 4.19 (s, 1H), 3.25 – 

N

OMe

N

F

N

Cl

N

Br



 S8

3.17 (m, 1H), 3.10 (ddd, J = 11.3, 5.3, 2.8 Hz, 1H), 2.83 – 2.73 (m, 1H), 2.60 (td, 

J = 11.2, 3.8 Hz, 1H), 2.22 (s, 3H), 2.12 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

144.1, 138.4, 135.0, 131.4, 129.7, 129.0, 128.3, 128.2, 127.3, 126.9, 71.5, 52.4, 

44.4, 29.2, 21.1; Enantiomeric excess was determined by HPLC (OG column, 

hexane/ iPrOH 99.6/0.4, 0.7 mL/min, 230 nm): t1 = 5.9 min, t2 = 6.5 min (major). 

(R)-(-)-7-Methoxy-2-methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (2i): 46 mg, 91% yield, 

86% ee, known compound,3 pale yellow oil; [α]20
D = -52.50 (c 0.80, CHCl3) [lit

3: [α]20
D = -58.4 (c 

0.50, CHCl3) for 86% ee], Rf = 0.35 (hexanes/ethyl acetate 5:1); 1H NMR 

(400 MHz, CDCl3) δ 7.32 – 7.23 (m, 5H), 7.04 (d, J = 8.4 Hz, 1H), 6.68 (dd, 

J = 8.4, 2.6 Hz, 1H), 6.17 (d, J = 2.4 Hz, 1H), 4.19 (s, 1H), 3.59 (s, 3H), 3.22 

– 3.08 (m, 2H), 2.77 (dd, J = 15.7, 3.2 Hz, 1H), 2.60 (td, J = 10.9, 3.8 Hz, 

1H), 2.23 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 157.5, 143.8, 139.7, 129.6, 129.2, 128.3, 127.3, 

126.7, 113.8, 112.0, 71.6, 55.1, 52.5, 44.4, 28.7; Enantiomeric excess was determined by HPLC 

(OJ-H column, hexane/ iPrOH 90/10, 0.7 mL/min, 230 nm): t1 = 12.3 min (major), t2 = 17.4 min. 

(R)-(-)-7-Chloro-2-methyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (2j): 48 mg, 93% yield, 

84% ee, unknown compound, colourless oil; [α]20
D = -34.79 (c 0.96, CHCl3), Rf = 0.45 

(hexanes/ethyl acetate 2:1); 1H NMR (400 MHz, CDCl3) δ 7.36 – 7.22 (m, 5H), 

7.13 – 6.99 (m, 2H), 6.61 (s, 1H), 4.18 (s, 1H), 3.25 – 3.06 (m, 2H), 2.84 – 2.73 

(m, 1H), 2.63 – 2.56 (m, 1H), 2.21 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

143.1, 140.5, 132.9, 131.3, 129.7, 129.6, 128.5, 128.4, 127.6, 126.2, 71.21, 

52.1, 44.3, 29.0; Enantiomeric excess was determined by HPLC (AD-H column, hexane/ iPrOH 

95/5, 0.8 mL/min, 230 nm): t1 = 4.7 min, t2 = 5.1 min (major); HRMS calculated for C16H17ClN 

[M+H]+ 258.1044, found 258.1047. 

(R)-(+)-2-Methyl-1-phenethyl-1,2,3,4-tetrahydroisoquinoline (2k): 50 mg, 99% yield, 26% 

ee, known compound,4 pale yellow oil; [α]20
D = +1.20 (c 1.00, CHCl3), Rf = 0.30 (hexanes/ethyl 

acetate 2:1); 1H NMR (400 MHz, CDCl3) δ 7.28 – 7.24 (m, 2H), 7.22 – 7.04 (m, 

7H), 3.50 (t, J = 5.3 Hz, 1H), 3.21 – 3.10 (m, 1H), 2.89 – 2.66 (m, 4H), 2.59 – 

2.50 (m, 1H), 2.48 (s, 3H), 2.16 – 2.01 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

143.0, 138.1, 134.9, 128.8, 128.5, 128.3, 127.1, 125.9, 125.8, 125.6, 63.1, 48.5, 42.9, 36.7, 31.4, 

26.3; Enantiomeric excess was determined by HPLC (OD-H column, hexane/ iPrOH 98/2, 0.7 

mL/min, 230 nm): t1 = 6.6 min, t2 = 7.2 min (major). 

(R)-(-)-2-Benzyl-1-phenyl-1,2,3,4-tetrahydroisoquinoline (2l): The hydrogenation was per- 

formed in dichloroethane (3 mL) at 50 oC; 57 mg, 95% yield, 96% ee, known compound,3 white 

solid; [α]20
D = -100.72 (c 1.10, CHCl3) [lit

3: [α]20
D = -94.6 (c 0.50, CHCl3) for 

95% ee], Rf = 0.41 (hexanes/ethyl acetate 20:1); 1H NMR (400 MHz, CDCl3) δ 

7.38 (d, J = 7.4 Hz, 2H), 7.34 – 7.20 (m, 8H), 7.12 – 7.07 (m, 2H), 7.02 –6.98 (m, 

1H), 6.72 (d, J = 7.8 Hz, 1H), 4.60 (s, 1H), 3.81 (d, J = 13.6 Hz, 1H), 3.24 (d, J = 

13.6 Hz, 1H), 3.12 – 3.02 (m, 2H), 2.78 – 2.74 (m, 1H), 2.54 – 2.48 (m, 1H); 13C NMR (100 MHz, 

CDCl3) δ 144.5, 139.6, 138.6, 134.9, 129.7, 128.9, 128.8, 128.5, 128.3, 128.2, 127.3, 126.9, 125.9, 

125.7, 68.9, 58.9, 47.4, 29.3; Enantiomeric excess was determined by HPLC (AD-H column, 

hexane/ iPrOH 90/10, 1.0 mL/min, 230 nm): t1 = 3.5 min (major), t2 = 3.9 min. 

(R)-(-)-2-Benzyl-1-(p-tolyl)-1,2,3,4-tetrahydroisoquinoline (2m): The hydrogenation was per- 

formed in dichloroethane (3 mL) at 50 oC; 61 mg, 97% yield, 95% ee, unknown compound, white 
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solid, m.p. 97-99 oC; [α]20
D = -92.45 (c 1.22, CHCl3), Rf = 0.58 (hexanes/ethyl acetate 10:1); 1H 

NMR (400 MHz, CDCl3) δ 7.31 – 7.24 (m, 6H), 7.21 – 7.18 (m, 1H), 7.12 – 7.05 

(m, 4H), 7.00 – 6.96 (m, 1H), 6.73 (d, J = 7.8 Hz, 1H), 4.56 (s, 1H), 3.81 (d, J = 

13.6 Hz, 1H), 3.22 (d, J = 13.6 Hz, 1H), 3.11 – 3.01 (m, 2H), 2.78 – 2.72 (m, 1H), 

252 – 2.45 (m, 1H), 2.31 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 141.4, 139.7, 

138.9, 136.8, 134.9, 129.6, 129.1, 128.9, 128.8, 128.5, 128.2, 126.8, 125.9, 125.7, 

68.6, 58.9, 47.4, 29.4, 21.2; Enantiomeric excess was determined by HPLC (AD-H column, 

hexane/ iPrOH 98/2, 0.7 mL/min, 230 nm): t1 = 5.2 min (major), t2 = 5.9 min; HRMS calculated 

for C23H24N [M+H]+ 314.1903, found 314.1908. 

(R)-(-)-2-Benzyl-1-(4-methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline (2n): The hydrogena- 

tion was performed in dichloroethane (3 mL) at 50 oC; 63 mg, 96% yield, 96% ee, known 

compound,2 colorless oil; [α]20
D = -98.39 (c 1.00, CHCl3), [lit

2: [α]29
D = -94.6 (c 

2.05, CHCl3) for 94% ee], Rf = 0.45 (hexanes/ethyl acetate 10:1); 1H NMR (400 

MHz, CDCl3) δ 7.31 – 7.25 (m, 6H), 7.22 – 7.18 (m, 1H), 7.10 – 7.06 (m, 2H), 

7.01 – 6.96 (m, 1H), 6.87 – 6.83 (m, 2H), 6.73 (d, J = 7.8 Hz, 1H), 4.55 (s, 1H), 

3.82 (d, J = 13.6 Hz, 1H), 3.77 (s, 3H), 3.22 (d, J = 13.6 Hz, 1H), 3.11 – 3.00 (m, 

2H), 2.75 (dt, J = 7.2, 4.5 Hz, 1H), 2.53 – 2.46 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 158.8, 

139.7, 138.9, 136.5, 134.9, 130.7, 128.9, 128.8, 128.5, 128.2, 126.8, 125.9, 125.6, 113.7, 68.2, 

58.8, 55.3, 47.4, 29.3; Enantiomeric excess was determined by HPLC (AD-H column, hexane/ 

iPrOH 99.2/0.8, 0.7 mL/min, 230 nm): t1 = 8.9 min (major), t2 = 10.1 min. 

(R)-(-)-2-Benzyl-1-(4-chlorophenyl)-1,2,3,4-tetrahydroisoquinoline (2o): The hydrogena- 

tion was performed in dichloroethane (3 mL) at 50 oC; 62 mg, 93% yield, 95% ee, unknown 

compound, white solid, mp 108-109 oC; [α]20
D = -92.54 (c 1.14, CHCl3), Rf = 

0.43 (hexanes/ethyl acetate 20:1); 1H NMR (400 MHz, CDCl3) δ 7.37 – 7.24 (m, 

9H), 7.15 – 7.12 (m, 2H), 7.07 – 7.03 (m, 1H), 6.73 (d, J = 7.7 Hz, 1H), 4.63 (s, 

1H), 3.82 (d, J = 13.5 Hz, 1H), 3.28 (d, J = 13.5 Hz, 1H), 3.15 – 3.04 (m, 2H), 

2.80 (dt, J = 6.8, 4.2 Hz, 1H), 2.58 – 2.52 (m, 1H); 13C NMR (100 MHz, CDCl3) 

δ 143.9, 140.1, 138.8, 135.7, 133.8, 131.8, 129.6, 129.5, 129.5, 129.3, 129.1, 127.8, 127.0, 126.6, 

68.9, 59.7, 48.1, 30.0; Enantiomeric excess was determined by HPLC (AD-H column, hexane/ 

iPrOH 98/2, 0.7 mL/min, 230 nm): t1 = 5.9 min (major), t2 = 6.3 min; HRMS calculated for 

C22H21NCl [M+H]+ 334.1357, found 334.1360. 

(R)-(-)-2-Benzyl-7-methoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline (2p): The hydrogena- 

tion was performed in dichloroethane (3 mL) at 50 oC; 60 mg, 91% yield, 93% ee, unknown 

compound, colorless oil; [α]20
D = -41.87 (c 1.12, CHCl3), Rf = 0.35 

(hexanes/ethyl acetate 20:1); 1H NMR (400 MHz, CDCl3) δ 7.39 – 7.22 (m, 

10H), 7.05 (d, J = 8.4 Hz, 1H), 6.70 (dd, J = 8.4, 2.5 Hz, 1H), 6.29 (d, J = 

2.6 Hz, 1H), 4.58 (s, 1H), 3.82 (d, J = 13.6 Hz, 1H), 3.63 (s, 3H), 3.27 (d, J 

= 13.5 Hz, 1H), 3.10 (dt, J = 11.3, 4.7 Hz, 1H), 3.05 – 2.94 (m, 1H), 2.73 (dt, J = 15.8, 3.9 Hz, 

1H), 2.51 (ddd, J = 11.6, 9.9, 4.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 157.5, 144.2, 139.6, 

139.5, 129.6, 129.4, 128.8, 128.3, 128.2, 127.3, 127.1, 126.8, 114.0, 112.1, 68.8, 58.9, 55.1, 47.4, 

28.2; Enantiomeric excess was determined by HPLC (AD-H column, hexane/ iPrOH 98/2, 0.7 

mL/min, 230 nm): t1 = 7.0 min (major), t2 = 9.1 min; HRMS calculated for C23H24NO [M+H]+ 

330.1852, found 330.1854. 
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(R)-(-)-2-Benzyl-7-chloro-1-phenyl-1,2,3,4-tetrahydroisoquinoline (2q): The hydrogenation 

was performed in dichloroethane (3 mL) at 50 oC; 64 mg, 96% yield, 95% ee, unknown compound, 

colorless oil; [α]20
D = -27.89 (c 1.28, CHCl3), Rf = 0.58 (hexanes/ethyl acetate 

10:1); 1H NMR (400 MHz, CDCl3) δ 7.37 – 7.18 (m, 10H), 7.10 – 6.97 (m, 

2H), 6.71 (d, J = 1.0 Hz, 1H), 4.54 (s, 1H), 3.78 (d, J = 13.5 Hz, 1H), 3.23 (d, 

J = 13.5 Hz, 1H), 3.13 – 3.03 (m, 1H), 3.02 – 2.95 (m, 1H), 2.75 – 2.69 (m, 

1H), 2.50 – 2.44 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 143.5, 140.4, 139.3, 

133.4, 131.2, 129.9, 129.6, 128.7, 128.7, 128.5, 128.2, 127.6, 127.0, 126.2, 68.5, 58.7, 47.1, 28.7; 

Enantiomeric excess was determined by HPLC (AD-H column, hexane/ iPrOH 95/5, 0.8 mL/min, 

230 nm): t1 = 4.5 min (major), t2 = 5.2 min; HRMS calculated for C22H21ClN [M+H]+ 334.1357, 

found 330. 334.1355. 

Optimization of Iridium-Catalyzed Asymmetric Hydrogenation of Cyclic 
Iminium Salts with a 4,9-Dihydro-3-H--carboline Core 

 

Entrya Solvent L* Ee (%)c 

1 DCE L3 62 

2 Toluene L3 79 

3 Dioxane L3 76 

4 THF L3 73 

5 iPrOH L3 47 

6 b Toluene L1 76 

7 Toluene L4 77 

8 Toluene L5 85 

9d Toluene L5 84 

 
a Reaction condition: 3b (0.1 mmol), [Ir(COD)Cl]2 (1 mol%), L* (2.2 mol%), H2 (1000 psi), solvent 
(3.0 mL), 24 h, 70 oC; The reaction was conducted with full conversion (determined by 1H NMR 
analysis with 1,3,5-trimethoxy-benzene as the internal standard). b 66% conversion c Determined by 
HPLC analysis. d 80 oC. 

With the optimization of reaction conditions, (R)-Cl-MeO-BiPhep and toluene turned out to be 

the best ligand and solvent for hydrogenation of 2-methyl-1-(p-tolyl)-4,9-dihydro-3H-pyrido- 

[3,4-b]indol-2-ium iodide, providing the desired product in full conversion and 84% ee. 
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3.2. Hydrogenation of Cyclic Iminium Salts with 4,9-Dihydro-3-H--carboline 
Core 

 

General Procedure: A mixture of [Ir(COD)Cl]2 (1.4 mg, 0.002 mmol) and (R)-Cl- 

MeO-BiPhep (3.0 mg, 0.0044 mmol) in toluene (1.0 mL) was stirred at room temperature for 10 

min in glove box. Subsequently, the catalyst was transferred by a syringe to the mixture of 

1-substituted 2-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-2-ium iodide 3 (0.2 mmol) using 

4.0 mL toluene. The hydrogenation was performed at 80 oC and at a hydrogen pressure of 1000 

psi for 24 h. After carefully releasing the hydrogen, the mixture was concentrated in vacuum and 

further purification was performed by a silica gel column eluted with hexanes/ethyl acetate to give 

the chiral hydrogenation product (R)-4. 

(R)-(-)-2-Methyl-1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4a): 41 mg, 78% 

yield, 88% ee, known compound,5 pale yellow solid; [α]20
D = -89.20 (c 0.76, CHCl3), Rf = 0.45 

(hexanes/ethyl acetate 2:1); 1H NMR (400 MHz, CDCl3) δ 7.53 – 7.50 (m, 1H), 

7.43 – 7.28 (m, 5H), 7.20 (brs, 1H), 7.16 – 7.11 (m, 1H), 7.11 – 7.04 (m, 2H), 

4.28 (s, 1H), 3.34 – 3.15 (m, 1H), 3.15– 3.06 (m, 1H), 2.93 – 2.79 (m, 1H), 

2.74 (td, J = 11.0, 4.2 Hz, 1H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 140.8, 136.3, 134.9, 

129.2, 128.8, 128.2, 127.1, 121.5, 119.4, 118.3, 110.8, 108.9, 67.4, 53.3, 43.6, 21.6; Enantiomeric 

excess was determined by HPLC (IC column, hexane/ iPrOH 70/30, 0.8 mL/min, 230 nm): t1 = 5.1 

min, t2 = 9.9 min (major). 

(R)-(-)-2-Methyl-1-p-tolyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4b): 54 mg, 98% 

yield, 84% ee, unknown compound, pale yellow solid, m.p. 158-160 oC; [α]20
D = -85.19 (c 1.04, 

CHCl3), Rf = 0.45 (hexanes/ethyl acetate 2:1); 1H NMR (400 MHz, CDCl3) 

δ 7.53 – 7.51 (m, 1H), 7.24 – 7.20 (m, 3H), 7.18 – 7.13 (m, 3H), 7.13 – 7.05 

(m, 2H), 4.26 (s, 1H), 3.31 – 3.19 (m, 1H), 3.14 – 3.06 (m, 1H), 2.88 – 2.67 

(m, 2H), 2.34 (s, 3H+3H);13C NMR (100 MHz, CDCl3) δ 138.0, 137.7, 

136.3, 135.1, 129.4, 129.1, 127.2, 121.5, 119.4, 118.3, 110.8, 108.8, 67.1, 53.3, 43.6, 21.7, 21.2; 

Enantiomeric excess was determined by HPLC (IC column, hexane/ iPrOH 70/30, 0.7 mL/min, 

230 nm): t1 = 6.3 min, t2 = 11.3 min (major); HRMS calculated for C23H24NO [M+H]+ 277.1705 

found 277.1714. 

(R)-(-)-1-(4-Methoxyphenyl)-2-methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole (4c): 48 

mg, 83% yield, 88% ee, unknown compound, colorless oil; [α]20
D = -69.88 (c 0.90, CHCl3), Rf = 

0.40 (hexanes/ethyl acetate 2:1); 1H NMR (400 MHz, CDCl3) δ 7.57 – 

7.49 (m, 1H), 7.26 – 7.20 (m, 3H), 7.19 – 7.13 (m, 1H), 7.13 – 7.04 (m, 

2H), 6.93 – 6.83 (m, 2H), 4.24 (s, 1H), 3.81 (s, 3H), 2.86 – 2.81 (m, 1H), 

3.13 – 3.06 (m, 1H), 2.83 (ddd, J = 13.3, 4.0, 2.0 Hz, 1H), 2.73 (td, J = 

11.0, 4.2 Hz, 1H), 2.31 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.5, 

136.3, 135.3, 132.8, 130.3, 127.2, 121.5, 119.4, 118.3, 114.1, 110.8, 108.8, 66.7, 55.3, 53.3, 43.5, 

21.7; Enantiomeric excess was determined by HPLC (IC column, hexane/ iPrOH 70/30, 0.8 

mL/min, 230 nm): t1 = 6.7 min, t2 = 12.2 (major) min; HRMS calculated for C23H24NO [M+H]+ 

N
H

N

Ph

N
H

N

N
H

N

OMe



 S12

293.1648, found 293.1646. 

4. Asymmetric Hydrogenation at Gram Scale 

 

A mixture of [Ir(COD)Cl]2 (26.8 mg, 0.04 mmol) and (R)-SegPhos (53.7 mg, 0.088 mmol) in 

dichloroethane (5.0 mL) was stirred at room temperature for 10 min in glove box. Subsequently, 

the catalyst was transferred by a syringe to the mixture of 1l (1.513 g, 4.0 mmol) using 35 mL of 

dichloroethane. The hydrogenation was performed at 50 oC at a hydrogen pressure of 1000 psi for 

24 h. After carefully releasing the hydrogen, the mixture was concentrated in vacuum and further 

purification was performed by a silica gel column eluted with hexanes/ethyl acetate to give the 

product (R)-2l 1.141 g in 95% yield and 96% ee. Enantiomeric excess was determined by HPLC 

(AD-H column, hexane/ iPrOH 90/10, 1.0 mL/min, 230 nm): t1 = 3.6 min (major), t2 = 3.9 min. 
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5. The Determination of Absolute Configuration of (-)-4a 

The absolute configuration of (-)-4a is unknown. Considering that the absolute configuration of 

compound (S)-(+)-5 is known,6 N-methylation of (S)-(+)-5 was performed to deliver the product 

(S)-(+)-4a, which is the same structure with our hydrogenation product 4a. By comparison with 

the optical rotation datum, the absolute configuration of hydrogenation product 4a could be 

unambiguously assigned. 

 

Iodomethane (22 mg, 0.30 mmol) was slowly added to the solution of (S)-(+)-5 (37 mg, 0.15 

mmol, 96% ee) and DMF (2 mL). After stirring 2 h, saturated aqueous sodium bicarbonate was 

added to the mixture until pH reaching to 8-9. The mixture was extracted with dichloromethane 

twice and the combined organic extracts dried over sodium sulfate. The resulting mixture was 

concentrated in vacuum and further purification was performed by a silica gel column eluted with 

hexanes/ethyl acetate to give product (S)-(+)-2-methyl-1-phenyl-2,3,4,9-tetrahydro-1H-pyrido- 

[3,4-b]indole 4a. The optical rotation datum of the corresponding product is opposite to our 

hydrogenation product of iminium salt 3a. By comparison with the optical rotation datum, the 

absolute configuration of hydrogenation product (-)-4a was assigned as (R)-(-)-4a. 

(S)-(+)-2-Methyl-1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole ((S)-(+)-4a): 20 mg, 

yield: 51%, ee: 96%, the known compound,5 pale yellow solid; [α]20
D = +102.49 (c 0.16, CHCl3), 

Rf = 0.32 (hexanes/ethyl acetate 2:1); 1H NMR (400 MHz, CDCl3) δ 7.53 – 7.50 (m, 1H), 7.39 – 

7.27 (m, 5H), 7.19 (brs, 1H), 7.15 – 7.05 (m, 3H), 4.27 (s, 1H), 3.22 (ddd, J = 11.4, 5.4, 2.3 Hz, 

1H), 3.13 – 3.05 (m, 1H), 2.86 – 2.81 (m, 1H), 2.74 (td, J = 11.0, 4.2 Hz, 1H), 2.31 (s, 3H); 

Enantiomeric excess was determined by HPLC (IC column, hexane/ iPrOH 70/30, 0.8 mL/min, 

230 nm): t1 = 5.2 min (major), t2 = 10.1 min. 
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6. Copy of NMR and HPLC for Compounds 
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