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1. General information 
Unless otherwise mentioned, all experiments were carried out under an atmosphere of argon 

in a glovebox or using standard Schlenk techniques. Solvents were dried with standard procedures 

and degassed with N2. Flash column chromatography was performed using Tsingdao silica gel (60, 

particle size 300-400 mesh). NMR spectra were recorded on a Bruker DPX 400 spectrometer at 

400 MHz for 1H NMR, 101 MHz for 13C NMR or a Bruker DPX 500 spectrometer at 500 MHz for 
1H NMR, 126 MHz for 13C NMR. Chemical shifts (δ) are reported in ppm and respectively 

referenced to internal standard Me4Si and solvent signals (Me4Si, 0 ppm for 1H NMR in CDCl3; 

77.0 ppm in CDCl3 for 13C NMR). HPLC and UPLC analysis was carried out on Angilent 1200 

Series instrument using chiral columns. 

 

2. Substrates preparation 
S-2 were synthesized according to a literature’s method.1  

 
Step 1:  

To a solution of the aryl cyanides S-1 (5 mmol) in dry THF (5 mL) was added slowly 1 M 

BH3-THF complex (20 mL) at 0 oC. The reaction mixture was then heated to reflux for 3 h, 

followed by dropwise addition of 2 N hydrochloric acid (20 mL) at 0 oC. The aqueous phase was 

separated and neutralized with 2 N sodium hydroxide solution (20 mL), and the organic phase was 

extracted with ethyl acetate (15 mL×2). The combined organic phases were dried over Na2SO4 and 

concentrated under reduced pressure. The crude product was used for the next step without further 

purification.  

Step 2:  

The crude product obtained above was dissolved in tBuOH/H2O (5/5 mL). NaOH (2.0 equiv) 

and di-tert-butyl dicarbonate (1.2 equiv) were successively added. The mixture was stirred for 3 h 

at room temperature. The reaction was quenched with H2O (5 mL) and extracted with EtOAc (5 

mL×2). The combined organic layers were washed with brine, dried over Na2SO4, filtered and 

then concentrated under reduced pressure. The residue was purified by flash chromatography on 

silica gel (eluent: petroleum ether/ethyl acetate = 30/1). 

   
tert-butyl (2-bromobenzyl)carbamate (S-2a):2 1.33 g, 93% yield for the second step (starting 

from commercial available (2-bromophenyl)methanamine, 5 mmol scale). 
1H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 7.7 Hz, 1H), 7.40 (d, J = 7.7 Hz, 1H), 7.30 (t, J = 7.7 Hz, 

1H), 7.15 (t, J = 7.7 Hz, 1H), 5.09 (s, 1H), 4.40 (d, J = 6.3 Hz, 2H), 1.47 (s, 9H)； 
13C {1H} NMR (126 MHz, CDCl3) δ 155.8, 138.0, 132.7, 129.7, 129.0, 127.7, 123.5, 79.7, 44.9, 28.4 

ppm. 
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tert-butyl (2-bromo-4-methylbenzyl)carbamate (S-2b):2 930 mg, 62 % yield for 2 steps. 
1H NMR (400 MHz, CDCl3) δ 7.37 (s, 1H), 7.26 (d, J = 5.8 Hz, 1H), 7.09 – 7.07 (m, 1H), 4.99 (s, 1H), 

4.34 (d, J = 6.2 Hz, 2H), 2.31 (s, 3H), 1.45 (s, 9H); 
13C {1H} NMR (101 MHz, CDCl3) δ 155.7, 139.2, 134.9, 133.2, 129.7, 128.4, 123.3, 79.6, 44.6, 28.4, 

20.7 ppm. 

 
tert-butyl (2-bromo-5-fluorobenzyl)carbamate (S-2c):3 1.43 g, 94% yield for the second step 

(starting from commercial available (2-bromo-5-fluoro-phenyl)methanamine, 5 mmol scale). 
1H NMR (400 MHz, CDCl3) δ 7.48 (dd, J = 8.8, 5.2 Hz, 1H), 7.11 (dd, J = 9.2, 3.1 Hz, 1H), 6.87 (td, J 

= 8.4, 3.2 Hz, 1H), 5.05 (s, 1H), 4.35 (d, J = 6.4 Hz, 2H), 1.46 (s, 9H); 
13C {1H} NMR (101 MHz, CDCl3) δ 162.1 (d, J = 247.7 Hz), 155.7, 140.2 (d, J = 7.4 Hz), 133.8 (d, J 

= 8.0 Hz), 117.1 (d, J = 3.2 Hz), 116.3 (d, J = 23.7 Hz), 115.9 (d, J = 22.6 Hz), 80.0, 44.7, 28.4 ppm. 

NHBoc

BrF

Chemical Formula: C12H15BrFNO2  

tert-butyl (2-bromo-4-fluorobenzyl)carbamate (S-2d):2 791 mg, 52 % yield for 2 steps. 
1H NMR (400 MHz, CDCl3) δ 7.37 (dd, J = 8.4, 6.0 Hz, 1H), 7.29 (dd, J = 8.0, 2.4 Hz, 1H), 7.01 (td, J 

= 8.4, 2.4 Hz, 1H), 5.03 (s, 1H), 4.35 (d, J = 6.3 Hz, 2H), 1.45 (s, 9H); 
13C {1H} NMR (101 MHz, CDCl3) δ 161.6 (d, J = 250.3 Hz), 155.7, 134.0 (d, J = 2.4 Hz), 130.8 (d, J 

= 8.7 Hz), 123.4 (d, J = 9.4 Hz), 120.0 (d, J = 24.5 Hz), 114.7 (d, J = 20.6 Hz), 79.8, 44.2, 28.4 ppm. 

 

tert-butyl (2-bromo-6-fluorobenzyl)carbamate (S-2e)：1.06 g, 70 % yield for 2 steps. 
1H NMR (500 MHz, CDCl3) δ 7.38 (d, J = 8.0 Hz, 1H), 7.18 – 7.14 (m, 1H), 7.06 (t, J = 8.8 Hz, 1H), 

4.95 (s, 1H), 4.53 (d, J = 5.9 Hz, 2H), 1.46 (s, 9H); 
13C {1H} NMR (126 MHz, CDCl3) δ 161.3 (d, J = 251.7 Hz), 155.3, 130.0 (d, J = 9.3 Hz), 128.6 (d, J 

= 3.6 Hz), 126.1 (d, J = 17.2 Hz), 125.3, 115.0 (d, J = 23.0 Hz), 79.7, 38.3, 28.4 ppm. 

HRMS (ESI) Calculated for C12H16NBrO2F [M+H]+ 304.0343; found 304.0334. 
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tert-butyl (2-bromo-4-chlorobenzyl)carbamate (S-2f)：816 mg, 51 % yield for 2 steps. 
1H NMR (500 MHz, CDCl3) δ 7.56 (s, 1H), 7.33 (d, J = 8.4 Hz, 1H), 7.28 (d, J = 8.4 Hz, 1H), 5.08 (s, 

1H), 4.35 (d, J = 6.5 Hz, 2H), 1.46 (s, 9H); 
13C {1H} NMR (126 MHz, CDCl3) δ 155.7, 136.6, 133.8, 132.3, 130.4, 127.8, 123.6, 79.9, 44.3, 28.4 

ppm. 

HRMS (ESI) Calculated for C12H16NBrO2Cl [M+H]+ 320.0047; found 320.0039. 

 

tert-butyl (2-bromo-5-(trifluoromethyl)benzyl)carbamate (S-2g):4 814 mg, 46 % yield for 2 

steps. 
1H NMR (500 MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 1H), 7.62 (s, 1H), 7.41 (d, J = 8.0 Hz, 1H), 5.13 (s, 

1H), 4.44 (d, J = 6.3 Hz, 2H), 1.48 (s, 9H); 
13C {1H} NMR (126 MHz, CDCl3) δ 155.8, 139.2, 133.3, 130.1 (q, J = 33.2 Hz), 127.0, 125.7, 125.4 

(q, J = 3.3 Hz), 123.7 (q, J = 272.4 Hz), 80.1, 44.6, 28.3 ppm. 

 

tert-butyl (2-bromo-4-fluoro-6-methylbenzyl)carbamate (S-2h)：1.03 g, 65 % yield for 2 steps. 
1H NMR (400 MHz, CDCl3) δ 7.15 (dd, J = 7.9, 2.7 Hz, 1H), 6.87 (dd, J = 9.1, 2.6 Hz, 1H), 4.81 (s, 

1H), 4.45 (d, J = 5.8 Hz, 2H), 2.48 (s, 3H), 1.44 (s, 9H);  
13C {1H} NMR (101 MHz, CDCl3) δ 161.3 (d, J = 250.5 Hz), 155.5, 141.4 (d, J = 8.9 Hz), 132.2 (d, J 

= 2.7 Hz), 125.6 (d, J = 10.2 Hz), 117.7 (d, J = 24.5 Hz), 116.8 (d, J = 20.6 Hz), 79.6, 41.2, 28.4, 20.8 

ppm. 

HRMS (ESI) Calculated for C13H18NBrO2F [M+H]+ 318.0499; found 318.0487. 

 
tert-butyl (2-bromo-4,5-difluorobenzyl)carbamate (S-2i)：934 mg, 58 % yield for 2 steps. 
1H NMR (500 MHz, CDCl3) δ 7.39 (t, J = 8.4 Hz, 1H), 7.26 – 7.22 (m, 1H), 5.12 (s, 1H), 4.31 (d, J = 

6.4 Hz, 2H), 1.47 (s, 9H); 
13C {1H} NMR (126 MHz, CDCl3) δ 155.7, 149.6 (dd, J = 249.4, 12.3 Hz), 149.2 (dd, J = 252.1, 13.5 
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Hz), 135.2 – 135.1 (m), 121.5 (d, J = 20.0 Hz), 117.8 (d, J = 19.1 Hz), 116.2 (dd, J = 7.4, 3.6 Hz), 80.1, 

44.1, 28.4 ppm. 

HRMS (ESI) Calculated for C12H15NBrO2F2 [M+H]+ 322.0249; found 322.0238. 

 

1a-1i were synthesized according to a literature’s method.5 

To a solution of S-2 (2 mmol) and arylboronic acid (1.2 equiv) in 2-methyltetrahydrofuran (8 mL) 

and water (8 mL) was added K2CO3 (3 equiv). The mixture was degassed by bubbling with 

nitrogen for 20 min. The catalyst Pd(amphos)Cl2 (0.05 equiv) was then added and the reaction was 

allowed to stir at 100 °C for 24 h. The reaction mixture was cooled to room temperature and the 

organic layer was separated. The aqueous layer was extracted with ethyl acetate (2 x 10 mL). The 

combined organic layers were washed with brine and dried over Na2SO4. The solvent was 

removed under reduced pressure and the crude product was subjected to column chromatography 

(eluent: petroleum ether/ethyl acetate = 9/1 to 4/1).  

 

 

tert-butyl ((2'-acetyl-[1,1'-biphenyl]-2-yl)methyl)carbamate (1a):5 an oil, 552 mg, 85% yield.  
1H NMR (500 MHz, CDCl3) δ 7.71 (dd, J = 7.8, 1.4 Hz, 1H), 7.55 – 7.49 (m, 1H), 7.47 – 7.42 (m, 

2H), 7.38 – 7.35 (m, 1H), 7.39 – 7.24 (m, 2H), 7.05 (d, J = 7.5 Hz, 1H), 4.96 (s, 1H), 4.20 (dd, J = 

14.8, 6.4 Hz, 1H), 4.06 (dd, J = 14.6, 5.0 Hz, 1H), 2.20 (s, 3H), 1.39 (s, 9H); 
13C{1H} NMR (126 MHz, CDCl3) δ 202.6, 155.8, 140.4, 139.4, 139.4, 136.4, 131.1, 130.8, 129.3, 

128.5, 128.4, 128.2, 127.7, 127.2, 79.2, 42.7, 29.8, 28.4 ppm. 

 
tert-butyl ((2'-acetyl-5-methyl-[1,1'-biphenyl]-2-yl)methyl)carbamate (1b): an oil, 472 mg, 70% 

yield.  
1H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 8.0 Hz, 1H), 7.52 (t, J = 7.0 Hz, 1H), 7.45 (t, J = 7.5, 

Hz, 1H), 7.34 (d, J = 7.8 Hz, 1H), 7.25 (dd, J = 7.5, 1.3 Hz, 1H), 7.19 (d, J = 7.5 Hz, 1H), 6.89 (s, 

1H), 4.93 (s, 1H), 4.16 (dd, J = 14.5, 5.0 Hz, 1H), 4.05 (dd, J = 14.5, 5.0 Hz, 1H), 2.35 (s, 3H), 

2.22 (s, 3H), 1.40 (s, 9H);  
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13C {1H} NMR (126 MHz, CDCl3) δ 202.7, 155.7, 140.3, 139.6, 139.4, 136.8, 133.4, 131.0, 130.9, 

130.0, 128.9, 128.6, 128.3, 127.6, 79.1, 42.4, 29.8, 28.4, 21.0 ppm. 

HRMS (ESI) Calculated for C21H26NO3 [M+H]+ 340.1907; found 340.1896.  

 

tert-butyl ((2'-acetyl-4-fluoro-[1,1'-biphenyl]-2-yl)methyl)carbamate (1c): an oil, 316 mg, 46% 

yield.  
1H NMR (400 MHz, CDCl3) δ 7.72 (dd, J = 7.6, 1.6 Hz, 1H), 7.52 (td, J = 7.2, 1.6 Hz, 1H), 7.46 

(td, J = 7.6, 1.6 Hz, 1H), 7.22 (dd, J = 7.6, 1.6 Hz, 1H), 7.16 (dd, J = 9.6, 2.4 Hz, 1H), 7.03 – 6.94 

(m, 2H), 4.97 (s, 1H), 4.19 (dd, J = 15.6, 6.8 Hz, 1H), 3.97 (dd, J = 15.6, 5.2 Hz, 1H), 2.25 (s, 3H), 

1.40 (s, 9H); 
13C {1H} NMR (101 MHz, CDCl3) δ 202.3, 162.5 (d, J = 246.8 Hz), 155.8, 139.3, 139.2 (d, J = 

7.2 Hz), 138.5, 136.0 (d, J = 3.1 Hz), 131.2, 131.2, 130.6 (d, J = 7.6 Hz), 128.5, 127.9, 114.8 (d, J 

= 22.2 Hz), 113.9 (d, J = 21.3 Hz), 79.5, 42.5, 29.8, 28.4 ppm. 

HRMS (ESI) Calculated for C20H23NFO3 [M+H]+ 344.1656; found 344.1644. 

 
tert-butyl ((2'-acetyl-5-fluoro-[1,1'-biphenyl]-2-yl)methyl)carbamate (1d): an oil, 391 mg, 57% 

yield.  
1H NMR (500 MHz, CDCl3) δ 7.76 (d, J = 7.5 Hz, 1H), 7.54 (td, J = 7.5, 1.5 Hz, 1H), 7.49 (td, J 

= 7.5, 1.5 Hz, 1H), 7.41 (dd, J = 8.5, 5.5 Hz, 1H), 7.24 (dd, J = 7.5, 1.5 Hz, 1H), 7.06 (td, J = 8.5, 

2.5 Hz, 1H), 6.78 (dd, J = 9.0, 2.5 Hz, 1H), 4.98 (s, 1H), 4.15 (dd, J = 14.5, 6.5 Hz, 1H), 3.98 (dd, 

J = 14.5, 5.0 Hz, 1H), 2.34 (s, 3H), 1.40 (s, 9H);  
13C {1H} NMR (126 MHz, CDCl3) δ 201.8, 161.4 (d, J = 246.9 Hz), 155.7, 142.4 (d, J = 7.9 Hz), 

138.7, 138.4, 132.4 (d, J = 3.3 Hz), 131.4, 130.8, 130.2 (d, J = 8.4 Hz), 128.6, 128.1, 115.9 (d, J = 

21.8 Hz), 114.7 (d, J = 20.8 Hz), 79.2, 42.1, 29.6, 28.4 ppm. 

HRMS (ESI) Calculated for C20H23NFO3 [M+H]+ 344.1656; found 344.1645. 

 

tert-butyl ((2'-acetyl-6-fluoro-[1,1'-biphenyl]-2-yl)methyl)carbamate (1e): an oil, 179 mg, 52% 

yield (1 mmol scale).  
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1H NMR (400 MHz, CDCl3) δ 7.78 (dd, J = 7.6, 1.6 Hz, 1H), 7.56 – 7.47 (m, 2H), 7.29 – 7.23 (m, 

2H), 7.10 (t, J = 9.2 Hz, 1H), 6.86 (d, J = 7.6 Hz, 1H), 4.97 (s, 1H), 4.34 (dd, J = 14.0, 6.0 Hz, 1H), 

4.09 (dd, J = 14.0, 4.8 Hz, 1H), 2.34 (s, 3H), 1.37 (s, 9H);  
13C {1H} NMR (126 MHz, CDCl3) δ 201.8, 161.6 (d, J = 247.5 Hz), 155.2, 143.6 (d, J = 3.8 Hz), 

138.8, 138.4 (d, J = 2.7 Hz), 131.2, 131.0, 128.7, 128.6, 128.0, 125.0 (d, J = 1.6 Hz), 123.5 (d, J = 

15.3 Hz), 114.8 (d, J = 22.5 Hz), 79.0, 36.4, 29.5, 28.4 ppm. 

HRMS (ESI) Calculated for C20H23NFO3 [M+H]+ 344.1656; found 344.1647. 

 
tert-butyl ((2'-acetyl-5-chloro-[1,1'-biphenyl]-2-yl)methyl)carbamate (1f): an oil, 278 mg, 39% 

yield.  
1H NMR (500 MHz, CDCl3) δ 7.77 (d, J = 8.0 Hz, 1H), 7.55 (td, J = 7.5, 1.5 Hz, 1H), 7.49 (td, J 

= 7.5, 1.5 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 7.34 (dd, J = 8.5, 2.5 Hz, 1H), 7.24 (dd, J = 7.5, 1.5 

Hz, 1H), 7.05 (d, J = 2.5 Hz, 1H), 4.99 (s, 1H), 4.16 (dd, J = 15.0, 6.5 Hz, 1H), 3.97 (dd, J = 15.0, 

5.0 Hz, 1H), 2.36 (s, 3H), 1.40 (s, 9H);  
13C {1H} NMR (126 MHz, CDCl3) δ 201.6, 155.7, 142.2, 138.5, 138.3, 135.3, 132.7, 131.4, 130.9, 

129.7, 128.8, 128.7, 128.1, 128.0, 79.3, 42.1, 29.6, 28.4 ppm. 

HRMS (ESI) Calculated for C20H21NClO3 [M-H]- 358.1215; found 358.1218. 

 

tert-butyl ((2'-acetyl-4-(trifluoromethyl)-[1,1'-biphenyl]-2-yl)methyl)carbamate (1g): an oil, 

185 mg, 47% yield (1 mmol scale).  
1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.6 Hz, 1H), 7.70 (s, 1H), 7.60 – 7.50 (m, 3 H), 7.23 

(dd, J = 7.2, 1.6 Hz, 1H), 7.16 (d, J = 7.6 Hz, 1H), 5.03 (s, 1H), 4.25 (dd, J = 15.2, 6.8 Hz, 1H), 

4.04 (dd, J = 15.2, 4.8 Hz, 1H), 2.39 (s, 3H), 1.42 (s, 9H);  
13C {1H} NMR (126 MHz, CDCl3) δ 201.2, 155.8, 144.4, 138.5, 138.1, 137.6, 131.6, 130.8, 130.0 

(q, J = 32.5 Hz). 129.3, 129.0, 128.2, 124.7 (q, J = 2.5 Hz), 124.0 (q, J = 272.2 Hz) 123.8 (q, J = 

3.8 Hz), 79.5, 42.5, 29.4, 28.3 ppm. 

HRMS (ESI) Calculated for C21H23NF3O3 [M+H]+ 394.1624; found 394.1611. 
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tert-butyl ((2'-acetyl-5-fluoro-3-methyl-[1,1'-biphenyl]-2-yl)methyl)carbamate (1h): an oil, 

193 mg, 54% yield (1 mmol scale).  
1H NMR (500 MHz, CDCl3) δ 7.76 (d, J = 7.5 Hz, 1H), 7.53 (t, J = 7.0 Hz, 1H), 7.49 (t, J = 7.5 

Hz, 1H), 7.21 (dd, J = 7.5, 1.5 Hz, 1H), 6.93 (dd, J = 9.5, 2.5 Hz, 1H), 6.59 (dd, J = 8.5, 2.5 Hz, 

1H), 5.01 (s, 1H), 4.27 (d, J = 13.5 Hz, 1H), 3.89 (d, J = 13.5 Hz, 1H), 2.44 (s, 3H), 2.43 (s, 3H), 

1.40 (s, 9H);  
13C {1H} NMR (126 MHz, CDCl3) δ 202.1, 161.0 (d, J = 246.7 Hz), 155.4, 143.8 (d, J = 8.2 Hz), 

140.4 (d, J = 8.2 Hz), 139.3 (d, J = 1.4 Hz), 138.6, 131.2, 131.0, 130.1, 128.5, 127.9, 116.6 (d, J = 

20.5 Hz), 113.1 (d, J = 21.1 Hz), 79.0, 39.2 (d, J = 14.6 Hz), 29.7, 28.4, 19.7 ppm.  

HRMS (ESI) Calculated for C21H25NFO3 [M+H]+ 358.1813; found 358.1801. 

 

tert-butyl ((2'-acetyl-4,5-difluoro-[1,1'-biphenyl]-2-yl)methyl)carbamate (1i): an oil, 184 mg, 

51% yield (1 mmol scale).  
1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 7.6 Hz, 1H), 7.57 – 7.48 (m, 2H), 7.27 – 7.22 (m, 2H), 

6.89 – 6.85 (m, 1H), 5.00 (s, 1H), 4.13 (dd, J = 15.2, 6.4 Hz, 1H), 3.90 (dd, J = 15.2, 5.0 Hz, 1H), 

2.38 (s, 3H), 1.42 (s, 9H),  
13C {1H} NMR (126 MHz, CDCl3) δ 201.5, 155.8, 149.7 (dd, J = 249.5, 12.6 Hz), 148.8 (dd, J = 

249.5, 12.6 Hz), 138.5, 137.5, 136.7 (dd, J = 5.0, 3.8 Hz), 133.9 (t, J = 3.9 Hz), 131.5, 131.1, 

128.8, 128.3, 117.7 (d, J = 17.3 Hz), 116.9 (d, J = 17.7 Hz), 79.5, 41.9, 29.6, 28.3 ppm. 

HRMS (ESI) Calculated for C20H22NF2O3 [M+H]+ 362.1562; found 362.1551. 

 

1j-1t were synthesized by a modified known procedure.6 

 

An oven-dried 25-mL Schlenk tube was charged with Pd2dba3 (9.2 mg, 0.01 mmol), SPhos (16.4 mg, 

0.04 mmol), bis(pinacolato)diboron (304 mg, 1.2 mmol), aryl bromide S-2(1.2 mmol) and KOAc (196 

mg, 2.00 mmol). The Schlenk tube was capped with a rubber stopper and then evacuated and backfilled 

with argon (this sequence was carried out two times). 1,4-Dioxane (5.00 mL) was added via syringe 

and the reaction mixture was heated to 100 °C for 6 h. At this point a mixture of Pd2dba3 (9.2 mg, 0.01 

mmol)/SPhos (16.4 mg, 0.04 mmol), aryl chloride (1 mmol) in dioxane (1 mL) and 5 M K3PO4 (aq.) (1 

mL) were successively added into the reaction tube under N2 atmosphere. The reaction mixture 

remained heating at 100 °C for 18 h. The reaction mixture was then cool to room temperature and 

filtered through a thin pad of celite (eluted with ethyl acetate). The filtrate was washed with brine, dried 

over Na2SO4 and concentrated under reduced pressure. The residue was purified by flash 
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chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 9/1 to 4/1). 

 
tert-butyl ((2'-acetyl-5'-chloro-[1,1'-biphenyl]-2-yl)methyl)carbamate (1j): an oil, 214 mg, 58% 

yield. 
1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.4 Hz, 1H), 7.47 – 7.39 (m, 3H), 7.33 – 7.28 (m, 2H), 

7.07 (d, J = 7.2 Hz, 1H), 4.91 (s, 1H), 4.22 (dd, J = 14.8, 6.4 Hz, 1H), 4.06 (dd, J = 14.8, 5.2 Hz, 

1H), 2.19 (s, 3H), 1.42 (s, 9H);  
13C {1H} NMR (101 MHz, CDCl3) δ 201.1, 155.7, 141.4, 139.1, 137.5, 137.2, 136.3, 130.9, 130.0, 

129.2, 128.6, 128.5, 127.9, 127.3, 79.4, 42.6, 29.7, 28.4 ppm. 

HRMS (ESI) Calculated for C20H21NClO3 [M-H]- 358.1215; found 358.1217. 

 

tert-butyl ((2'-acetyl-4'-methoxy-[1,1'-biphenyl]-2-yl)methyl)carbamate (1k): an oil, 198 mg, 

56% yield. 
1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 7.6 Hz, 1H), 7.37 (t, J = 7.2 Hz, 1H), 7.30 – 7.27 (m, 

1H), 7.23 (d, J = 2.4 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 7.08 – 7.05 (m, 2H), 4.94 (s, 1H), 4.21 (dd, 

J = 14.8, 6.4 Hz, 1H), 4.10 (dd, J = 14.8, 5.2 Hz, 1H), 3.90 (s, 3H), 2.16 (s, 3H), 1.41 (s, 9H);  
13C {1H} NMR (101 MHz, CDCl3) δ 202.5, 158.8, 155.8, 140.5, 140.0, 136.8, 131.9, 131.6, 129.9, 

128.4, 128.1, 127.2, 116.7, 113.4, 79.2, 55.6, 42.7, 29.9, 28.4 ppm. 

HRMS (ESI) Calculated for C21H26NO4 [M+H]+ 356.1856; found 356.1846. 

 
tert-butyl (2-(3-acetylpyridin-2-yl)benzyl)carbamate (1l): an oil, 156 mg, 48% yield. 
1H NMR (400 MHz, CDCl3) δ 8.76 (dd, J = 4.8, 1.8 Hz, 1H), 7.99 (dd, J = 7.9, 1.8 Hz, 1H), 7.58 

(d, J = 7.7 Hz, 1H), 7.44 (td, J = 7.6, 1.4 Hz, 1H), 7.40 (dd, J = 7.9, 4.8 Hz, 1H), 7.32 (td, J = 7.5, 

1.3 Hz, 1H), 7.08 (dd, J = 7.6, 1.3 Hz, 1H), 5.55 (s, 1H), 4.27 (d, J = 6.1 Hz, 2H), 2.02 (s, 3H), 

1.42 (s, 9H);  
13C {1H} NMR (101 MHz, CDCl3) δ 202.1, 157.6, 155.7, 150.6, 139.0, 137.3, 136.6, 136.5, 130.2, 

130.2, 129.7, 127.6, 122.3, 79.2, 42.8, 29.8, 28.4 ppm. 

HRMS (ESI) Calculated for C19H23N2O3 [M+H]+ 327.1703; found 327.1693. 



10 
 

 

 

tert-butyl ((2'-propionyl-[1,1'-biphenyl]-2-yl)methyl)carbamate (1m): an oil, 160 mg, 47% 

yield.  
1H NMR (500 MHz, CDCl3) δ 7.66 (dd, J = 7.1, 1.0 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.48 – 7.43 

(m, 2H), 7.37 (td, J = 7.5, 1.5 Hz, 1H), 7.28 – 7.26 (m, 2H), 7.05 (d, J = 7.5 Hz, 1H), 5.03 (s, 1H), 

4.23 (dd, J = 15.0, 6.5 Hz, 1H), 4.07 (dd, J = 15.0, 5.0 Hz, 1H), 2.64 – 2.49 (m, 2H), 1.41 (s, 9H), 

0.98 (t, J = 7.5 Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 206.0, 155.8, 140.4, 139.6, 139.2, 136.5, 130.8, 130.7, 129.2, 

128.6, 128.1, 127.8, 127.6, 127.1, 79.1, 42.7, 35.3, 28.4, 8.3 ppm. 

HRMS (ESI) Calculated for C21H26NO3 [M+H]+ 340.1907; found 340.1895. 

 

 
tert-butyl ((2'-benzoyl-[1,1'-biphenyl]-2-yl)methyl)carbamate (1n): an oil, 182 mg, 47% yield. 
1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 7.6 Hz, 2H), 7.59 – 7.45 (m, 4H), 7.41 – 7.36 (m, 4H), 

7.24 (td, J = 7.6, 1.4 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 6.99 (d, J = 7.6 Hz, 1H), 5.36 (s, 1H), 4.34 

(dd, J = 14.4, 7.2 Hz, 1H), 4.11 (dd, J = 14.4, 4.2 Hz, 1H), 1.43 (s, 9H);  
13C {1H} NMR (101 MHz, CDCl3) δ 198.1, 155.9, 140.1, 139.4, 138.7, 137.6, 136.7, 133.1, 130.7, 

130.1, 130.0, 129.5, 128.6, 128.5, 128.3, 128.1, 126.9, 126.9, 79.0, 42.7, 28.4 ppm. 

HRMS (ESI) Calculated for C25H26NO3 [M+H]+ 388.1907; found 388.1893. 

O
NHBoc

Me

Chemical Formula: C26H27NO3

Exact Mass: 401.1991  
tert-butyl ((2'-(3-methylbenzoyl)-[1,1'-biphenyl]-2-yl)methyl)carbamate (1o): an oil, 212 mg, 

52% yield. 
1H NMR (400 MHz, CDCl3) δ 7.58 – 7.44 (m, 5H), 7.38 – 7.34 (m, 3H), 7.30 – 7.23 (m, 2H), 

7.11 (t, J = 7.6 Hz, 1H), 6.98 (d, J = 7.6 Hz, 1H), 5.37 (s, 1H), 4.34 (dd, J = 14.4, 7.2 Hz, 1H), 

4.10 (dd, J = 14.4, 3.8 Hz, 1H), 2.37 (s, 3H), 1.42 (s, 9H);  
13C {1H} NMR (101 MHz, CDCl3) δ 198.2, 155.9, 140.1, 139.5, 138.8, 138.1, 137.6, 136.7, 133.9, 

130.6, 130.3, 130.0, 129.4, 128.7, 128.6, 128.1, 128.1, 127.5, 126.8, 79.0, 42.7, 28.4, 21.3 ppm. 

HRMS (ESI) Calculated for C26H28NO3 [M+H]+ 402.2063; found 402.2048. 
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tert-butyl ((2'-(3-fluorobenzoyl)-[1,1'-biphenyl]-2-yl)methyl)carbamate (1p): an oil, 206 mg, 

51% yield. 
1H NMR (400 MHz, CDCl3) δ 7.61 – 7.57 (m, 1H), 7.52 – 7.47 (m, 3H), 7.40 – 7.34 (m, 4H), 

7.28 – 7.20 (m, 2H), 7.12 (t, J = 7.6 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 5.25 (s, 1H), 4.34 (dd, J = 

14.4, 6.8 Hz, 1H), 4.10 (dd, J = 14.5, 4.2 Hz, 1H), 1.43 (s, 9H);  
13C {1H} NMR (101 MHz, CDCl3) δ 196.7, 162.4 (d, J = 249.5 Hz), 155.9, 140.2, 139.6 (d, J = 

6.3 Hz), 139.1, 138.2, 136.7, 130.8, 130.5, 129.9 (d, J = 7.7 Hz), 129.5, 128.6, 128.6, 128.2, 127.1, 

126.9, 125.8 (d, J = 2.2 Hz), 120.1 (d, J = 21.6 Hz), 116.3 (d, J = 22.3 Hz), 79.1, 42.6, 28.4 ppm. 

HRMS (ESI) Calculated for C25H25NFO3 [M+H]+ 406.1813; found 406.1798. 

 

tert-butyl ((2'-benzoyl-4-fluoro-[1,1'-biphenyl]-2-yl)methyl)carbamate (1q): an oil, 158 mg, 39% 

yield. 
1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 7.6 Hz, 2H), 7.59 – 7.52 (m, 2H), 7.51 – 7.46 (m, 2H), 

7.40 (t, J = 7.8 Hz, 2H), 7.34 (d, J = 7.6 Hz, 1H), 7.07 (dd, J = 9.6, 2.0 Hz, 1H), 6.95 (dd, J = 8.4, 

5.6 Hz, 1H), 6.79 (td, J = 8.4, 2.8 Hz, 1H), 5.27 (s, 1H), 4.33 (dd, J = 15.0, 7.2 Hz, 1H), 4.03 (dd, 

J = 15.0, 4.4 Hz, 1H), 1.44 (s, 9H);  
13C {1H} NMR (101 MHz, CDCl3) δ 198.0, 162.3 (d, J = 247.0 Hz), 155.9, 139.5 (d, J = 7.2 Hz), 

139.0, 138.9 (d, J = 3.5 Hz), 137.5, 134.9 (d, J = 3.6 Hz), 133.2, 131.0, 130.9, 130.2, 130.0, 128.6, 

128.3, 127.2, 114.9 (d, J = 22.6 Hz), 113.6 (d, J = 21.3 Hz), 79.3, 42.4, 28.4 ppm.  

HRMS (ESI) Calculated for C25H25NFO3 [M+H]+ 406.1813; found 406.1799. 

 

tert-butyl ((2'-benzoyl-4'-methoxy-[1,1'-biphenyl]-2-yl)methyl)carbamate (1r): an oil, 179 mg, 

43% yield.  
1H NMR (500 MHz, CDCl3) δ 7.72 (d, J = 7.5 Hz, 2H), 7.52 (t, J = 7.5 Hz, 1H), 7.38 (t, J = 7.5 

Hz, 2H), 7.33 (d, J = 7.5 Hz, 1H), 7.27 (d, J = 9.5 Hz, 1H), 7.21 (td, J = 7.5, 1.5 Hz, 1H), 7.08 (m, 

2H), 7.02 (d, J = 2.5 Hz, 1H), 6.97 (d, J = 7.5 Hz, 1H), 5.29 (s, 1H), 4.32 (dd, J = 14.5, 7.0 Hz, 
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1H), 4.26 – 3.94 (m, 1H), 3.88 (s, 3H), 1.43 (s, 9H);  
13C {1H} NMR (126 MHz, CDCl3) δ 197.9, 158.2, 155.9, 139.8, 139.0, 137.4, 137.0, 133.2, 132.1, 

131.7, 130.0, 130.0, 128.6, 128.3, 127.9, 126.8, 115.6, 113.9, 79.0, 55.5, 42.7, 28.4 ppm. 

HRMS (ESI) Calculated for C26H28NO4 [M+H]+ 418.2012; found 418.1998. 

 
tert-butyl ((2'-benzoyl-5'-chloro-[1,1'-biphenyl]-2-yl)methyl)carbamate (1s): an oil, 210mg, 50% 

yield. 
1H NMR (500 MHz, CDCl3) δ 7.69 (d, J = 7.5 Hz, 2H), 7.54 (t, J = 7.5 Hz, 1H), 7.45 (s, 2H), 7.43 

– 7.34 (m, 4H), 7.26 (td, J = 7.5, 1.5 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 6.97 (d, J = 7.5 Hz, 1H), 

5.26 (s, 1H), 4.36 (dd, J = 14.5, 7.0 Hz, 1H), 4.08 (dd, J = 14.5, 4.0 Hz, 1H), 1.44 (s, 9H);  
13C {1H} NMR (126 MHz, CDCl3) δ 196.9, 155.8, 142.0, 138.0, 137.3, 137.1, 136.6, 136.2, 133.3, 

130.8, 130.0, 130.0, 129.3, 128.7, 128.5, 128.4, 127.2, 127.0, 79.2, 42.6, 28.4 ppm. 

HRMS (ESI) Calculated for C25H25NClO3 [M+H]+ 422.1517; found 422.1503. 

 

3. General procedure for the synthesis of enantioenriched dibenz[c,e]azepines  
Part 1: General procedure for the synthesis of 5-alkyl-substituted dibenz[c,e]azepines  

 

In a glovebox, to a 2.5 mL vial was added the catalyst precursor [Ir(cod)Cl]2 (3.4 mg, 0.005 

mmol), (S)-DifluorPhos (7.5 mg, 0.011 mmol) and anhydrous CH2Cl2 (0.3 mL) under argon 

atmosphere. The mixture was stirred for 0.5 h at room temperature to give a clear solution. 

To a 5 mL vial was added substrate 1 (0.1 mmol) and CH2Cl2 (0.6 mL), followed by addition of 

HCl (2 M in Et2O) (4 equiv). The resulting mixture was stirred at room temperature for 6 h. All 

volatiles were then removed, and the crude intermediate was transferred to an argon-filled 

glovebox. An aliquot of the above in situ prepared catalyst solution (30 μL, 0.0005mmol) was 

transferred to the vial containing crude intermediate via a syringe, followed by addition of 0.6 mL 
iPrOH and Ti(OiPr)4 (1.0 equiv). The vial was placed in an autoclave which was then charged with 

30 atm of H2. The reaction was stirred at 20 oC for 24 h. After carefully releasing the hydrogen, 

the solution was neutralized with aqueous sodium bicarbonate solution (5 mL), and then extracted 

with DCM (5 mL×2). The combined organic phases were concentrated and passed through a short 

column of silica gel with ethyl acetate/petroleum ether (1/2) as eluents to give the chiral products. 

The obtained products were pure enough for NMR analysis. 

For those secondary amine products, direct determination of their ee values was difficult. To 

facilitate the measurement, the obtained chiral amines were all derived into their benzamides with 

BzCl. 
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(S)-5-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2a):5 an oil, 18.7 mg, 89% yield, 96% ee; 

[α]25
D = + 34.6 (c = 1.0, CHCl3). Scale-up synthesis of 2a following the same procedure, 1.5 mmol 

scale: 88% yield, 96% ee. 
1H NMR (400 MHz, CDCl3) δ 7.49 – 7.33 (m, 8H), 3.72 (d, J = 12.6 Hz, 1H), 3.71 (q, J = 6.6 Hz, 

1H), 3.49 (d, J = 12.6 Hz, 1H), 2.01 (brs, 1H), 1.47 (d, J = 6.6 Hz, 3H);  
13C {1H} NMR (101 MHz, CDCl3) δ 141.2, 141.2, 139.3, 137.0, 128.3, 128.1, 128.1, 128.0, 128.0, 

127.7, 127.5, 124.9, 50.1, 49.4, 18.9 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.80 mL/min, 254 nm): t1 = 7.9 min (minor), t2 = 13.4 min (major). 

 
(S)-2,7-dimethyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2b): an oil, 19.2 mg, 86% yield, 91% ee; 

[α]25
D = + 19.1 (c = 0.4, CHCl3).  

1H NMR (500 MHz, CDCl3) δ 7.49 – 7.42 (m, 4H), 7.31 (s, 1H), 7.26 (d, J = 7.5 Hz, 1H), 7.21 (d, 

J = 7.5 Hz, 1H), 3.76 – 3.72 (m, 2H), 3.48 (d, J = 12.6 Hz, 1H), 2.46 (s, 3H), 2.37 (brs, 1H), 1.50 

(d, J = 6.5 Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 141.3, 141.1, 139.3, 137.5, 134.1, 128.7, 128.5, 128.3, 128.0, 

127.9, 127.6, 124.9, 50.2, 48.9, 21.3, 18.9 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.80 mL/min, 254 nm): t1 = 7.1 min (minor), t2 = 11.6 min (major). 

HRMS (ESI) Calculated for C16H18N [M+H]+ 224.1434; found 224.1437. 

 

(S)-3-fluoro-7-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2c): an oil, 20.6 mg, 91% yield, 97% 

ee; [α]25
D = + 16.3 (c = 0.57, CHCl3). 

1H NMR (500 MHz, CDCl3) δ 7.49 – 7.41 (m, 5H), 7.14 (td, J = 8.5, 2.5 Hz, 1H), 7.08 (dd, J = 

9.0, 2.5 Hz, 1H), 3.74 – 3.70 (m, 2H), 3.48 (d, J = 12.8 Hz, 1H), 2.42 (brs, 1H), 1.50 (d, J = 6.5 

Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 162.5 (d, J = 247.0 Hz), 140.2, 139.0, 138.9 (d, J = 6.9 Hz), 
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137.1 (d, J = 3.1 Hz), 129.2 (d, J = 8.2 Hz), 128.2, 127.9, 127.6, 125.0, 115.1 (d, J = 21.3 Hz), 

114.6 (d, J = 21.2 Hz), 50.2, 49.2, 18.9 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.80 mL/min, 254 nm): t1 = 7.4 min (minor), t2 = 14.1 min (major). 

HRMS (ESI) Calculated for C15H15NF [M+H]+ 228.1183; found 228.1176. 

 
(S)-2-fluoro-7-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2d): an oil, 20.9 mg, 92% yield, 96% 

ee; [α]25
D = + 42.1 (c = 0.69, CHCl3).  

1H NMR (500 MHz, CDCl3) δ 7.50 – 7.43 (m, 4H), 7.32 (dd, J = 8.5, 5.5 Hz, 1H), 7.19 (dd, J = 

9.5, 2.5 Hz, 1H), 7.07 (td, J = 8.5, 2.5 Hz, 1H), 3.74 – 3.70 (m, 2H), 3.44 (d, J = 12.5 Hz, 1H), 

2.13 (brs, 1H), 1.50 (d, J = 6.5 Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 162.4 (d, J = 245.3 Hz), 143.2 (d, J = 7.8 Hz), 140.1 (d, J = 

2.2 Hz), 139.3, 132.7 (d, J = 3.1 Hz), 129.8 (d, J = 8.4 Hz), 128.6, 127.9, 127.6, 125.1, 114.6 (d, J 

= 7.8 Hz), 114.4 (d, J = 8.6 Hz), 50.1, 48.5, 18.8 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (OD-3 column, 

hexane/iPrOH 85/15, 0.40 mL/min, 254 nm): t1 = 15.5 min (major), t2 = 17.2 min (minor). 

HRMS (ESI) Calculated for C15H15NF [M+H]+ 228.1183; found 228.1176. 

 

(S)-1-fluoro-7-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2e): an oil, 20.9 mg, 92% yield, 96% 

ee; [α]25
D = + 43.4 (c = 0.80, CHCl3). 

1H NMR (500 MHz, CDCl3) δ 7.49 – 7.41 (m, 4H), 7.38 – 7.34 (m, 1H), 7.25 (d, J = 6.8 Hz, 1H), 

7.11 (t, J = 8.6 Hz, 1H), 4.21 (d, J = 13.5 Hz, 1H), 3.70 (q, J = 6.5 Hz, 1H), 3.18 (dd, J = 13.5, 3.5 

Hz, 1H), 2.11 (brs, 1H), 1.47 (d, J = 6.6 Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 159.8 (d, J = 245.0 Hz), 143.8 (d, J = 4.4 Hz), 140.2 (d, J = 

2.6 Hz), 139.1, 128.6, 128.6, 127.9, 127.6, 125.2, 123.7 (d, J = 17.1 Hz), 123.3 (d, J = 3.1 Hz), 

114.6 (d, J = 23.3 Hz), 50.2, 40.4 (d, J = 3.9 Hz), 18.9 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.80 mL/min, 254 nm): t1 = 8.5 min (minor), t2 = 17.1 min (major). 

HRMS (ESI) Calculated for C15H15NF [M+H]+ 228.1183; found 228.1175. 
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(S)-2-chloro-7-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2f): an oil, 21.1 mg, 87% yield, 91% 

ee; [α]25
D = + 8.9 (c = 0.52, CHCl3).  

1H NMR (500 MHz, CDCl3) δ 7.48 – 7.44 (m, 5H), 7.36 (d, J = 8.2 Hz, 1H), 7.29 (d, J = 6.8 Hz, 

1H), 3.76 – 3.69 (m, 2H), 3.45 (d, J = 12.6 Hz, 1H), 2.07 (brs, 1H), 1.50 (d, J = 6.6 Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 142.9, 139.9, 139.3, 135.4, 133.5, 129.7, 128.7, 128.0, 128.0, 

127.9, 127.7, 125.0, 50.1, 48.7, 18.8 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (IG-3 column, 

hexane/iPrOH 70/30, 1 mL/min, 254 nm): t1 = 10.4 min (minor), t2 = 15.3 min (major). 

HRMS (ESI) Calculated for C15H15NCl [M+H]+ 244.0888; found 244.0879. 

 

(S)-7-methyl-3-(trifluoromethyl)-6,7-dihydro-5H-dibenzo[c,e]azepine (2g): an oil, 24.6 mg, 89% 

yield, 89% ee; [α]25
D = + 20.8 (c = 0.65, CHCl3). 

1H NMR (500 MHz, CDCl3) δ 7.68 (d, J = 7.9 Hz, 1H), 7.60 (s, 1H), 7.57 (d, J = 7.9 Hz, 1H), 

7.49 – 7.48 (m, 2H), 7.45 – 7.44 (m, 2H), 3.78 (d, J = 12.8 Hz, 1H), 3.67 (q, J = 6.6 Hz, 1H), 3.50 

(d, J = 12.8 Hz, 1H), 2.13 (brs, 1H), 1.48 (d, J = 6.6 Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 144.9, 139.8, 139.4, 137.6, 130.9, 130.0 (q, J = 32.3 Hz), 

128.9, 128.0, 127.7, 125.3 (q, J = 273.4 Hz), 125.2 (q, J = 4.2, 3.7 Hz), 125.1, 124.7 (q, J = 3.8 

Hz), 50.1, 49.2, 18.8 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.80 mL/min, 254 nm): t1 = 6.9 min (minor), t2 = 10.3 min (major). 

HRMS (ESI) Calculated for C16H15NF3 [M+H]+ 278.1151; found 278.1142. 

 

(S)-2-fluoro-4,7-dimethyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2h): an oil, 22.6 mg, 94% yield, 

96% ee; [α]25
D = + 15.3 (c = 0.50, CHCl3).  

1H NMR (500 MHz, CDCl3) δ 7.48 – 7.46 (m, 2H), 7.44 – 7.43 (m, 2H), 7.02 (dd, J = 9.5, 2.5 Hz, 

1H), 6.97 (dd, J = 9.5, 2.5 Hz, 1H), 3.96 (d, J = 13.0 Hz, 1H), 3.65 (q, J = 6.6 Hz, 1H), 3.22 (d, J 

= 13.0 Hz, 1H), 2.48 (s, 3H), 2.22 (brs, 1H), 1.51 (d, J = 6.6 Hz, 3H);  
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13C {1H} NMR (126 MHz, CDCl3) δ 161.5 (d, J = 244.8 Hz), 143.6 (d, J = 8.2 Hz), 140.8 (d, J = 

2.4 Hz), 139.1, 137.5 (d, J = 8.0 Hz), 130.8 (d, J = 3.1 Hz), 128.5, 127.8, 127.5, 124.8, 116.3 (d, J 

= 20.8 Hz), 112.3 (d, J = 21.3 Hz), 50.2, 43.8, 19.8 (d, J = 1.7 Hz), 18.6 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.80 mL/min, 254 nm): t1 = 7.7 min (minor), t2 = 12.8 min (major). 

HRMS (ESI) Calculated for C16H17NF [M+H]+ 242.1340; found 242.1331. 

 

(S)-2,3-difluoro-7-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2i): an oil, 21.6 mg, 88% yield, 

97% ee; [α]25
D = + 29.1 (c = 0.61, CHCl3) .  

1H NMR (500 MHz, CDCl3) δ 7.49 – 7.43 (m, 3H), 7.40 – 7.38 (m, 1H), 7.31 – 7.28 (m, 1H), 

7.18 (dd, J = 10.5, 8.0 Hz, 1H), 3.72 (q, J = 6.6 Hz, 1H), 3.69 (d, J = 12.8 Hz, 1H), 3.43 (d, J = 

12.8 Hz, 1H), 2.41 (brs, 1H), 1.51 (d, J = 6.6 Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 149.8 (dd, J = 252.0, 10.0 Hz), 149.7 (dd, J = 252.0, 8.8 Hz), 

139.3, 139.0, 137.8 (dd, J = 6.0, 3.7 Hz), 133.6 – 133.1 (m), 128.7, 127.8, 127.8, 125.2, 117.2 (d, J 

= 16.6 Hz), 116.5 (d, J = 17.2 Hz), 50.2, 48.5, 18.8 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.80 mL/min, 254 nm): t1 = 7.6 min (minor), t2 = 16.2 min (major). 

HRMS (ESI) Calculated for C15H14NF2 [M+H]+ 246.1089; found 246.1082. 

 
(S)-2-chloro-5-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2j): an oil, 22.1 mg, 91% yield, 96% 

ee; [α]25
D = + 7.4 (c = 0.72, CHCl3).  

1H NMR (500 MHz, CDCl3) δ 7.46 – 7.41 (m, 6H), 7.36 (d, J = 7.5 Hz, 1H), 3.76 (d, J = 12.5 Hz, 

1H), 3.68 (q, J = 6.5 Hz, 1H), 3.50 (d, J = 12.5 Hz, 1H), 1.96 (brs, 1H), 1.48 (d, J = 6.5 Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 142.9, 139.9, 137.6, 136.8, 133.2, 128.7, 128.5, 128.1, 127.9, 

127.8, 127.6, 126.5, 49.7, 49.2, 18.8 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (OD-3 column, 

hexane/iPrOH 85/15, 0.40 mL/min, 254 nm): t1 = 15.4 min (major), t2 = 18.1 min (minor). 

HRMS (ESI) Calculated for C15H15NCl [M+H]+ 244.0888; found 244.0880. 
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(S)-3-methoxy-5-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2k): an oil, 22.4 mg, 94% yield, 

97% ee; [α]25
D = + 65.2 (c = 0.61, CHCl3).  

1H NMR (500 MHz, CDCl3) δ 7.46 – 7.44 (m, 2H), 7.40 (d, J = 8.5 Hz, 1H), 7.37 – 7.34 (m, 2H), 

7.03 (s, 1H), 6.98 (dd, J = 8.5, 2.5 Hz, 1H), 3.90 (s, 3H), 3.78 – 3.67 (m, 2H), 3.52 (d, J = 12.5 Hz, 

1H), 2.18 (brs, 1H), 1.49 (d, J = 6.5 Hz, 3H);  
13C {1H} NMR (126 MHz, CDCl3) δ 159.7, 141.0, 140.7, 136.6, 133.7, 129.0, 128.4, 127.9, 127.6, 

127.5, 112.3, 111.2, 55.4, 50.3, 49.4, 18.9 ppm.  

Enantiomeric excess was determined by HPLC for the corresponding benzamide (OD-3 column, 

hexane/iPrOH 85/15, 0.40 mL/min, 254 nm): t1 = 19.0 min (minor), t2 = 20.4 min (major). 

HRMS (ESI) Calculated for C16H18NO [M+H]+ 240.1383; found 240.1374. 

 

(S)-5-methyl-6,7-dihydro-5H-benzo[c]pyrido[2,3-e]azepine (2l): an oil, 18.6 mg, 89% yield, 84% 

ee; [α]25
D = – 84.2 (c = 0.41, CHCl3). Following the general procedure using 2 equivalent of Ti(OiPr)4.  

1H NMR (400 MHz, CDCl3) δ 8.68 (dd, J = 4.8, 1.6 Hz, 1H), 7.83 (dd, J = 7.5, 1.4 Hz, 1H), 7.79 

(dd, J = 7.9, 1.6 Hz, 1H), 7.50 (td, J = 7.5, 1.5 Hz, 1H), 7.44 (td, J = 7.4, 1.5 Hz, 1H), 7.35 – 7.32 

(m, 2H), 3.80 (d, J = 13.1 Hz, 1H), 3.74 (q, J = 6.6 Hz, 1H), 3.53 (d, J = 13.1 Hz, 1H), 2.30 (brs, 

1H), 1.49 (d, J = 6.6 Hz, 3H);  
13C {1H} NMR (101 MHz, CDCl3) δ 158.5, 148.4, 140.1, 136.8, 134.7, 134.6, 133.4, 129.5, 128.3, 

128.2, 122.6, 49.6, 49.2, 18.4 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.80 mL/min, 254 nm): t1 = 9.0 min (minor), t2 = 10.4 min (major). 

HRMS (ESI) Calculated for C14H15N2 [M+H]+ 211.1230; found 211.1223. 

NH

CH3

Chemical Formula: C16H17N
Exact Mass: 223.1361  

(S)-5-ethyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2m): an oil, 18.1 mg, 81% yield, 60% ee; 

[α]25
D = +15.4 (c = 0.31, CHCl3).  

1H NMR (400 MHz, CDCl3) δ 7.51 – 7.38 (m, 7H), 7.37 – 7.32 (m, 1H), 3.75 (d, J = 12.8 Hz, 1H), 

3.47 (d, J = 12.8 Hz, 1H), 3.43 (t, J = 7.2 Hz, 1H), 2.03 (brs, 1H), 1.98 – 1.92 (m, 1H), 1.84 – 1.77 
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(m, 1H), 0.89 (t, J = 7.4 Hz, 3H);  
13C {1H} NMR (101 MHz, CDCl3) δ 141.6, 141.2, 138.1, 137.0, 128.2, 128.2, 128.1, 128.0, 128.0, 

127.6, 127.4, 125.7, 57.1, 49.2, 26.1, 11.5 ppm. 

Enantiomeric excess was determined by HPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.80 mL/min, 254 nm): t1 = 7.2 min (minor), t2 = 13.0 min (major). 

HRMS (ESI) Calculated for C16H18NCl [M+H]+ 224.1434; found 224.1426. 

Part 2:  

Table S1. Optimization of reaction conditions for the synthesis of diaryl-substituted 

dibenz[c,e]azepines.a-c 

(2) [Ir(COD)Cl]2/Ligand

Ti(OiPr)4, H2, Solvent, 

rt, 24 h

(1) HCl/Et2O, DCM

Ph

O
* NH

Ph

Entry Ligand Conv.(%)b 2n: ee (%)c

1 ZhaoPhos >99 -36

2 >99 89

3 >99 86

4 >99 75

5 >99 89

6 >99 76

7 >99 84

(S)-Segphos

(S)-MeO-BiPhep

(S)-DifluorPhos

(S)-Segphos

(S)-Segphos

(S)-Segphos

8 >99 89(S)-Segphos

9d >99 80(S)-Segphos

10e >99 89(S)-Segphos

1n 2n

Solvent

DCM

DCM

DCM

DCM

iPrOH

THF

Toluene
iPrOH

iPrOH

11e,f >99 89(S)-Segphos iPrOH

EtOAc

NHBoc
N

Ph

2n'

2n/2n'b

65/35

36/64

53/47

43/57

47/53

42/58

32/68

35/65

61/39

70/30

85/15(72)  
aReaction conditions: 1n (0.1 mmol), [Ir(COD)Cl]2 (0.5 mol%), ligand (1.1 mol%), HCl/Et2O (4.0 

equiv), Ti(OiPr)4 (1 equiv), solvent (0.6 mL); bDetermined by1H NMR; isolated yield of 2n in 

parentheses; cDetermined by UPLC; dThe reaction was conducted at 50 oC; e60 atm H2 was used 

for 36 h; f2 mol% loading of [Ir(COD)Cl]2 was used for 48 h. 
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General procedure for the synthesis of 5-aryl-substituted dibenz[c,e]azepines  

 

In a glovebox, to a 2.5 mL vial was added the catalyst precursor [Ir(cod)Cl]2 (13.4 mg, 0.02 

mmol), (S)-SegPhos (26.8 mg, 0.044 mmol) and anhydrous CH2Cl2 (0.5 mL) under argon 

atmosphere. The mixture was stirred for 0.5 h at room temperature to give a clear solution. 

To a 5 mL vial was added substrate 1 (0.1 mmol) and CH2Cl2 (0.6 mL), followed by addition 

of HCl (2 M in Et2O) (4 equiv). The resulting mixture was stirred at room temperature for 6 h. All 

volatiles were then removed, and the crude intermediate was transferred to an argon-filled 

glovebox. An aliquot of the above in situ prepared catalyst solution (50 μL, 0.002 mmol) was 

transferred to the vial containing crude intermediate via a syringe, followed by addition of 0.6 mL 
iPrOH and Ti(OiPr)4 (1.0 equiv). The vial was placed in an autoclave which was then charged with 

60 atm of H2. The reaction was stirred at rt for 48 h. After carefully releasing the hydrogen, the 

solution was neutralized with aqueous sodium bicarbonate solution (5 mL), and then extracted 

with DCM (5 mL×2). The combined organic phases were concentrated and passed through a short 

column of silica gel with ethyl acetate/petroleum ether (1/3) as eluents to give the chiral products. 

The obtained products were pure enough for NMR analysis. The enantiomeric excesses were 

determined by UPLC analysis. (The absolute configuration of the axial chirality is not indicated at 

this stage, due to the lack of sufficient evidence and support from literature) 

 

 
(S)-5-phenyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2n): an oil, 19.5 mg, 72% yield, 89% ee; 

[α]25
D = + 3.5 (c = 0.25, CHCl3).  

1H NMR (500 MHz, CDCl3) δ 7.55 (dd, J = 7.6, 1.3 Hz, 1H), 7.49 – 7.38 (m, 5H), 7.38 – 7.32 (m, 

4H), 7.30 – 7.26 (m, 1H), 7.22 (td, J = 7.6, 1.4 Hz, 1H), 6.78 (dd, J = 7.7, 1.2 Hz, 1H), 4.83 (s, 

1H), 3.87 (d, J = 13.6 Hz, 1H), 3.63 (d, J = 13.6 Hz, 1H), 2.32 (brs, 1H);  
13C {1H} NMR (126 MHz, CDCl3) δ 141.8, 141.0, 141.0, 139.4, 137.3, 128.5, 128.3, 128.2, 128.2, 

128.0, 127.9, 127.9, 127.8, 127.7, 127.5, 127.3, 60.1, 49.6 ppm. 

Enantiomeric excess was determined by UPLC (OD-3 column, hexane/iPrOH 80/20, 0.50 mL/min, 

254 nm): t1 = 2.0 min (major), t2 = 2.9 min (minor). 

HRMS (ESI) Calculated for C20H18N [M+H]+ 272.1434; found 272.1423. 
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(S)-5-(o-tolyl)-6,7-dihydro-5H-dibenzo[c,e]azepine (2o): an oil, 19.4 mg, 68% yield, 88% ee; 

[α]25
D = –2.8 (c = 0.26, CHCl3). 

1H NMR (500 MHz, CDCl3) δ 7.55 (dd, J = 7.6, 1.3 Hz, 1H), 7.49 – 7.42 (m, 2H), 7.41 (td, J = 

7.4, 1.4 Hz, 1H), 7.37 – 7.32 (m, 2H), 7.27 (s, 1H), 7.22 – 7.21 (m, 3H), 7.10 (d, J = 6.9 Hz, 1H), 

6.81 (dd, J = 7.7, 1.2 Hz, 1H), 4.80 (s, 1H), 3.86 (d, J = 13.6 Hz, 1H), 3.62 (d, J = 13.6 Hz, 1H), 

2.33 (s, 3H), 2.28 (brs, 1H);  
13C {1H} NMR (126 MHz, CDCl3) δ 141.6, 141.0, 140.9, 139.5, 137.8, 137.3, 129.2, 128.3, 128.2, 

128.1, 128.0, 128.0, 127.9, 127.8, 127.8, 127.7, 127.5, 125.6, 60.0, 49.6, 21.5 ppm. 

Enantiomeric excess was determined by UPLC (OD-3 column, hexane/iPrOH 80/20, 0.50 mL/min, 

254 nm): t1 = 1.8 min (major), t2 = 2.9 min (minor). 

HRMS (ESI) Calculated for C21H20N [M+H]+ 286.1590; found 286.1579. 

 

(S)-5-(3-fluorophenyl)-6,7-dihydro-5H-dibenzo[c,e]azepine (2p): an oil, 22.8 mg, 79% yield, 

87% ee; [α]25
D = + 4.5 (c = 0.51, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.54 (dd, J = 7.5, 1.5 Hz, 1H), 7.49 – 7.37 (m, 4H), 7.34 (td, J = 

7.5, 1.4 Hz, 1H), 7.28 – 7.21 (m, 3H), 7.14 (d, J = 7.7 Hz, 1H), 6.96 (td, J = 8.3, 2.1 Hz, 1H), 6.78 

(dd, J = 7.8, 1.2 Hz, 1H), 4.84 (s, 1H), 3.86 (d, J = 13.6 Hz, 1H), 3.61 (d, J = 13.6 Hz, 1H), 2.01 

(brs, 1H);  
13C {1H} NMR (126 MHz, CDCl3) δ 162.9 (d, J = 245.2 Hz), 144.8 (d, J = 6.9 Hz), 140.9, 140.8, 

138.9, 137.2, 129.5 (d, J = 8.1 Hz), 128.4, 128.1, 128.1, 128.0, 127.9, 127.9, 127.8, 127.7, 124.0 

(d, J = 2.8 Hz), 115.4 (d, J = 22.0 Hz), 114.0 (d, J = 21.2 Hz), 59.7 (d, J = 1.8 Hz), 49.5 ppm. 

Enantiomeric excess was determined by UPLC (OD-3 column, hexane/iPrOH 80/20, 0.50 mL/min, 

254 nm): t1 = 2.0 min (major), t2 = 2.3 min (minor). 

HRMS (ESI) Calculated for C20H17NF [M+H]+ 290.1340; found 290.1329. 
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(S)-3-fluoro-7-phenyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2q): an oil, 20.5 mg, 74% yield, 91% 

ee; [α]25
D = + 1.71 (c = 0.59, CHCl3). 

1H NMR (500 MHz, CDCl3) δ 7.54 (dd, J = 8.5, 5.5 Hz, 1H), 7.45 (t, J = 7.9 Hz, 3H), 7.41 – 7.36 

(m, 3H), 7.33 – 7.30 (m, 1H), 7.26 (td, J = 7.5, 1.5 Hz, 1H), 7.19 (td, J = 8.5, 2.7 Hz, 1H), 7.09 

(dd, J = 8.8, 2.7 Hz, 1H), 6.82 (d, J = 7.7 Hz, 1H), 4.85 (s, 1H), 3.86 (d, J = 13.7 Hz, 1H), 3.64 (d, 

J = 13.6 Hz, 1H), 2.36 (brs, 1H); 
13C {1H} NMR (126 MHz, CDCl3) δ 162.7 (d, J = 247.1 Hz), 141.6, 140.0, 139.3 (d, J = 6.7 Hz), 

139.2, 136.9 (d, J = 3.2 Hz), 129.3 (d, J = 8.1 Hz), 128.5, 128.3, 128.2, 127.9, 127.7, 127.6, 127.4, 

114.8 (d, J = 21.0 Hz), 114.6 (d, J = 21.3 Hz), 60.2, 49.4 ppm. 

Enantiomeric excess was determined by UPLC (OD-3 column, hexane/iPrOH 80/20, 0.50 mL/min, 

254 nm): t1 = 2.0 min (major), t2 = 2.5 min (minor). 

HRMS (ESI) Calculated for C20H17NF [M+H]+ 290.1340; found 290.1329. 

 

(S)-3-fluoro-7-phenyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2r): an oil, 19.5 mg, 65% yield, 81% 

ee; [α]25
D = + 37.0 (c = 0.46, CHCl3). 

1H NMR (500 MHz, CDCl3) δ 7.54 (dd, J = 7.6, 1.3 Hz, 1H), 7.50 – 7.45 (m, 3H), 7.42 – 7.34 (m, 

5H), 7.31 (d, J = 7.2 Hz, 1H), 6.93 (dd, J = 8.4, 2.7 Hz, 1H), 6.38 (d, J = 2.7 Hz, 1H), 4.86 (s, 1H), 3.90 

(d, J = 13.5 Hz, 1H), 3.70 (s, 3H), 3.67 (d, J = 13.5 Hz, 1H), 2.29 (brs, 1H); 
13C {1H} NMR (126 MHz, CDCl3) δ 159.4, 141.4, 140.9, 140.8, 137.0, 133.6, 128.8, 128.5, 128.3, 

128.1, 127.9, 127.8, 127.6, 127.4, 114.5, 112.4, 60.2, 55.2, 49.6 ppm. 

Enantiomeric excess was determined by UPLC (OD-3 column, hexane/iPrOH 80/20, 0.50 mL/min, 

254 nm): t1 = 2.1 min (major), t2 = 3.4 min (minor). 

HRMS (ESI) Calculated for C21H20NO [M+H]+ 302.1539; found 302.1532. 

 

(S)-2-chloro-5-phenyl-6,7-dihydro-5H-dibenzo[c,e]azepine (2s): 24.7 mg, 81% yield, 84% ee; 

[α]25
D = - 4.3 (c = 0.51, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.53 (dd, J = 7.5, 1.7 Hz, 1H), 7.50 – 7.45 (m, 1H), 7.45 – 7.37 (m, 

4H), 7.37 – 7.27 (m, 4H), 7.17 (dd, J = 8.4, 2.3 Hz, 1H), 6.70 (d, J = 8.3 Hz, 1H), 4.77 (s, 1H), 3.87 (d, 

J = 13.7 Hz, 1H), 3.61 (d, J = 13.7 Hz, 1H), 2.16 (brs, 1H); 
13C {1H} NMR (101 MHz, CDCl3) δ 142.6, 141.3, 139.7, 138.0, 137.3, 133.3, 129.8, 128.9, 128.4, 

128.3, 128.2, 128.1, 127.7, 127.7, 127.6, 127.5, 59.6, 49.4 ppm. 

Enantiomeric excess was determined by UPLC (OD-3 column, hexane/iPrOH 80/20, 0.50 mL/min, 
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254 nm): t1 = 2.0 min (major), t2 = 2.6 min (minor). 

HRMS (ESI) Calculated for C20H17NCl [M+H]+ 306.1044; found 306.1035. 

 

4. Synthetic applications. 
4.1. The synthesis route towards bioactive compound of B 

 

S-4-1 and S-4-2 were synthesized according to a known procedure.7 

A sealed tube was charged with the aryl iodide S-4-2 (0.2 mmol, 1 equiv), the arylboronate 

S-4-1 (0.3 mmol, 1.5 equiv), Pd(OAc)2 (0.05 equiv), DavePhos (0.1 equiv), Ba(OH)2
.8 H2O (1.1 

equiv) and a 9/1 mixture of dioxane and water ([S-4-2] = 0.5 M). The tube was sealed, placed in 

an oil bath and then to heated at 100°C for 3 h. After cooling down to room temperature, the 

mixture was filtered through celite and MgSO4. The filtrate was concentrated and then purified by 

flash chromatography on silica gel (petroleum ether/ethyl acetate = 3/1) to give an inseparable 

mixture of the expected product and a by-product of the reaction (the protodeiodination product or 

pinacol). The product S-4-3 was subjected to HCl/Et2O (2M, 4 equiv) in DCM (0.5 mL) for 6 h, 

then neutralized with 1N NaHCO3, the organic phase was concentrated and purified by flash 

chromatography on silica gel with ethyl acetate/petroleum ether (1/1) as eluents to afford the 

imine S-4-4 26% yield for 2 steps, 17.5 mg. 

  Asymmetric hydrogenation of the imine hydrochlorides salts S-4-4 (15 mg) follows the general 

procedure for the synthesis of 5-alkyl-substituted dibenz[c,e]azepines with a slightly revised 

conditions: using 2 mol% of [Ir(COD)Cl]2, 4.4 mol% of ZhaoPhos and 3 equiv of Ti(OiPr)4.  

 

1,2,3-trimethoxy-7-methyl-5H-[1,3]dioxolo[4',5':4,5]benzo[1,2-c]benzo[e]azepine (S-4-4): 

17.5 mg, 26% yield for 2 steps. 
1H NMR (400 MHz, CDCl3) δ 7.31 (s, 1H), 7.03 (s, 1H), 6.77 (s, 1H), 6.09 (d, J = 1.4 Hz, 1H), 6.05 

(d, J = 1.4 Hz, 1H), 4.49 (d, J = 10.7 Hz, 1H), 3.91 (s, 3H), 3.89 (s, 3H), 3.66-3.63 (m, 4H), 2.33 (s, 

3H); 
13C {1H} NMR (101 MHz, CDCl3) δ 153.0, 151.7, 147.6, 146.1, 141.7, 137.2, 130.9, 130.4, 129.9, 
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123.1, 110.6, 106.4, 106.3, 101.6, 61.1, 60.9, 56.0, 54.9, 26.1 ppm. 

HRMS (ESI) Calculated for C19H20NO5 [M+H]+ 342.1336; found 342.1327. 

 

(7R,12bR)-1,2,3-trimethoxy-7-methyl-6,7-dihydro-5H-[1,3]dioxolo[4',5':4,5]benzo[1,2-c]benz

o[e]azepine (B):7 12.3 mg, 81% yield, 75% ee. [α]25
D = – 13.8 (c = 0.67, CHCl3). (lit.

[7] [α]25
D = – 47 

(c = 0.87, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.05 (s, 1H), 6.97 (s, 1H), 6.73 (s, 1H), 6.03 (d, J = 1.5 Hz, 1H), 6.00 

(d, J = 1.5 Hz, 1H), 3.92 (s, 3H), 3.91 (s, 3H), 3.70 (s, 3H), 3.73 – 3.62 (m, 2H), 3.38 (d, J = 12.5 Hz, 

1H), 2.88 (brs, 1H), 1.55 (d, J = 6.6 Hz, 3H);  
13C {1H} NMR (101 MHz, CDCl3) δ 153.0, 150.6, 147.2, 146.5, 142.1, 131.8, 131.4, 130.2, 125.9, 

110.0, 108.0, 105.2, 101.2, 61.1, 60.9, 56.1, 49.9, 48.8, 18.2 ppm. 

Enantiomeric excess was determined by UPLC for the corresponding benzamide (AD-3 column, 

hexane/iPrOH 80/20, 0.50 mL/min, 254 nm): t1 = 4.4 min (major), t2 = 9.2 min (minor). 

 

4.2. Synthesis towards 7-member cyclic amino acid derivative 7 

 

 
Step 1 

 To a solution of 2a (105 mg, 0.5 mmol) in tBuOH (2 mL) was added 1N NaOH (aq) (1 mL) 

followed by addition of (Boc)2O (130 mg, 0.6 mmol). The resulting mixture was stirred at rt for 3 

h. The solution was concentrated and purified by flash chromatography on silica gel with ethyl 

acetate/petroleum ether (1/30) as eluents to afford 5 (145 mg, 94% yield, 95% ee). 

Step 2 

  A solution of 5 (31 mg, 0.1 mmol) in dry THF (1 mL) was cooled to -78 oC under N2 

atmosphere. To the solution was slowly added tBuOK (1 M in THF, 0.5 mmol), followed by 

addition of 1 M LDA (0.5 mL). The solution was stirred at -78 oC for 1.5 h. Methyl chloroformate 

(0.3 mmol) was then added and the mixture was stirred at -78 oC for 1.5 h and then allowed warm 

to room temperature for overnight. The mixture was quenched by addition of saturated aqueous 

ammonium chloride (5 mL) and the organic layer was extracted with ethyl acetate (3 x 5 mL). The 

combined organic phases were concentrated under reduced pressure and the residue was purified 

by flash chromatography (ethyl acetate/petroleum ether 1:6) to give 6 as a mixture of two rotamers 

(28.2 mg, 77% yield, 95% ee). 

Step 3 

  To the solution of 6 (36.7 mg, 0.1 mmol) in DCM (1 mL) was added 2 M HCl/Et2O (0.3 mL), 

and the solution was stirred for 2 h before quench with 1 N NaHCO3 (2 mL). The organic phase 

was extracted with DCM (2 x 3 mL), and the combined organic phases were concentrated under 



24 
 

reduced pressure. The residue was purified by flash chromatography (ethyl acetate/petroleum 

ether = 1/3) to give 7 (24.3 mg, 91% yield). 

 

tert-butyl (S)-5-methyl-5,7-dihydro-6H-dibenzo[c,e]azepine-6-carboxylate (5):8 145 mg, 94% 

yield, 95% ee. [α]25
D = – 305.7 (c = 0.77, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.52 – 7.34 (m, 8H), 5.10 (s, 2H), 3.71 (d, J = 13.7 Hz, 1H), 1.53 (s, 

9H), 0.86 (d, J = 6.9 Hz, 3H);  
13C {1H} NMR (101 MHz, CDCl3) δ 153.7, 141.0, 139.2, 139.2, 135.3, 130.2, 129.6, 129.2, 128.6, 

128.3, 128.2, 128.2, 127.6, 79.8, 57.6, 53.5, 28.6, 21.4 ppm. 

Enantiomeric excess was determined by UPLC (AD-3 column, hexane/iPrOH 98/2, 0.30 mL/min, 

254 nm): t1 = 3.5 min (major), t2 = 3.9 min (minor). 

 

6-(tert-butyl) 5-methyl(5R,7S)-7-methyl-5,7-dihydro-6H-dibenzo[c,e]azepine-5,6-dicarbo 

xylate (6)：28.2 mg, 77% yield, 95 % ee. [α]25
D = – 217.5 (c = 0.67, CHCl3). Product was isolated 

as a 1.3:1 mixture of rotamers. 1H NMR and 13C NMR data listed is for the mixture of rotamers. 
1H NMR (400 MHz, CDCl3) δ 7.51 – 7.29 (m, 8 x 2.3H), 6.04 (s, 1.3H), 5.76 (s, 1H), 5.46 (d, J = 7.0 

Hz, 1H), 5.22 (q, J = 6.9 Hz, 1.3H), 3.15 (s, 3H), 3.14 (s, 3.9H), 1.56 (s, 9 x 1.3H), 1.51 (s, 9H), 0.90 (d, 

J = 7.1 Hz, 3 x 1.3H), 0.87 (d, J = 7.1 Hz, 3H)； 
13C {1H} NMR (101 MHz, CDCl3) δ 171.4, 171.2, 154.3, 153.6, 140.2, 139.9, 139.0, 138.9, 138.4, 

138.2, 134.5, 134.0, 130.9, 130.9, 130.7, 130.5, 129.7, 129.4, 129.3, 129.2, 128.5, 128.5, 128.4, 128.4, 

128.3, 128.3, 128.2, 128.1, 80.6, 80.6, 61.5, 60.0, 57.3, 56.2, 52.0, 52.0, 28.6, 28.5, 21.4, 20.9 ppm. 

Enantiomeric excess was determined by UPLC (OD-3 column, hexane/iPrOH 95/5, 0.30 mL/min, 

254 nm): t1 = 4.7 min (major), t2 = 5.6 min (minor). 

HRMS (ESI) Calculated for C22H26NO4 [M+H]+ 368.1856; found 368.1847. 

 

methyl (5R,7S)-7-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine-5-carboxylate (7): 24.3 mg, 91% 

yield. [α]25
D = + 16.8 (c =0.47, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.50 – 7.37 (m, 7H), 7.10 (d, J = 7.5 Hz, 1H), 4.35 (s, 1H), 3.77 (s, 3H), 

3.66 (q, J = 6.5 Hz, 1H), 1.49 (d, J = 6.5 Hz, 3H);  
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13C {1H} NMR (126 MHz, CDCl3) δ 173.0, 140.8, 140.3, 138.8, 134.9, 128.5, 128.4, 128.4, 128.1, 

128.0, 127.8, 125.1, 125.0, 60.6, 52.2, 49.4, 18.7 ppm. 

HRMS (ESI) Calculated for C17H18NO2 [M+H]+ 268.1332; found 268.1321. 

 

4.3. Synthesis of Ligand 1, 2 and their application in asymmetric hydrogenation of 

α-dehydroamino acid derivatives 

 

To a solution of (R)-binoP-Cl or (S)-binoP-Cl (0.2 mmol) in dry toluene (2 mL) was added dry 

diisopropylethylamine (1.1 equiv), followed by addition of 2a (1.1 equiv) in dry toluene (0.3 mL) 

at 0 oC. The mixture was stirred for 3 h at room temperature. The solvent was removed in vacuo 

and the residue was purified by flash chromatography (ethyl acetate/petroleum ether = 1/20) to 

afford the product L1 or L2 as a white solid. 

 

(5S)-6-((11bR) 

(dinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-yl)-5-methyl-6,7-dihydro-5H-dibenzo[c,e]a

zepine (L1): 37.6 mg, 36% yield. [α]25
D = – 244.9 (c = 0.49, CHCl3).  

1H NMR (500 MHz, CDCl3) δ 8.03 (d, J = 8.8 Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.81 (d, J = 8.1 Hz, 

1H), 7.68 (d, J = 8.8 Hz, 1H), 7.62 (d, J = 8.7 Hz, 1H), 7.57 – 7.48 (m, 4H), 7.48 – 7.42 (m, 3H), 7.42 – 

7.34 (m, 3H), 7.32 – 7.26 (m, 2H), 7.26 – 7.21 (m, 1H), 7.10 (dd, J = 7.5, 1.3 Hz, 1H), 7.07 (d, J = 8.8 

Hz, 1H), 4.94 (dq, J = 14.3, 7.1 Hz, 1H), 4.00 (d, J = 12.9 Hz, 1H), 3.18 (dd, J = 12.9, 3.1 Hz, 1H), 

0.99 (d, J = 7.0 Hz, 3H); 
13C {1H} NMR (126 MHz, CDCl3) δ 150.2 (d, J = 4.9 Hz), 149.6, 141.4, 139.6, 139.6 (d, J = 6.7 Hz), 

139.5, 136.3 (d, J = 2.6 Hz), 132.8, 132.5, 131.4, 130.7, 130.3, 130.1, 129.3, 129.3, 129.1, 128.3, 128.3, 

128.2, 128.16, 128.0, 127.5, 127.1, 126.9, 126.1, 126.0, 124.8, 124.5, 124.0 (d, J = 5.0 Hz), 122.7 (d, J 

= 2.2 Hz), 122.1 (d, J = 1.8 Hz), 121.9, 57.0 (d, J = 44.0 Hz), 45.4 (d, J = 3.9 Hz), 24.5 (d, J = 5.5 Hz) 

ppm. 
31P NMR (202 MHz, CDCl3) δ 143.63 ppm. 

HRMS (ESI) Calculated for C35H27NO2P [M+H]+ 524.1774; found 524.1765. 

 

 

(5S)-6-((11bS)-dinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-yl)-5-methyl-6,7-dihydro-5H

-dibenzo[c,e]azepine (L2): 54.4 mg, 52% yield. [α]25
D = + 153.9 (c = 0.40, CHCl3). 
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1H NMR (400 MHz, CDCl3) δ 8.03 – 7.97 (m, 3H), 7.93 (d, J = 8.2 Hz, 1H), 7.54 (d, J = 8.7 Hz, 1H), 

7.49 – 7.24 (m, 14H), 6.94 (d, J = 7.5 Hz, 1H), 4.75 – 4.42 (m, 1H), 4.00 (dd, J = 13.4, 6.7 Hz, 1H), 

3.74 (dd, J = 13.3, 2.1 Hz, 1H), 0.96 (d, J = 7.0 Hz, 3H); 
13C {1H} NMR (101 MHz, CDCl3) δ 149.8 (d, J = 4.6 Hz), 149.6, 141.5, 139.4, 139.4, 136.0 (d, J = 

7.2 Hz), 132.8 (d, J = 1.7 Hz), 132.8, 131.4, 130.8, 130.3, 130.1, 129.5, 129.2, 129.1, 128.3, 128.2 (d, J 

= 1.8 Hz), 128.0, 128.0, 127.8, 127.6, 127.1 (d, J = 1.6 Hz), 126.1 (d, J = 1.6 Hz), 124.8, 124.7, 124.0 

(d, J = 5.0 Hz), 122.6, 122.6, 122.0 (d, J = 1.9 Hz), 57.1 (d, J = 23.5 Hz), 47.3 (d, J = 19.6 Hz), 24.4 (d, 

J = 5.2 Hz) ppm. 
31P NMR (162 MHz, CDCl3) δ 146.52 ppm. 

HRMS (ESI) Calculated for C35H27NO2P [M+H]+ 524.1774; found 524.1763. 

 

 
In a glovebox, to a solution of [Rh(COD)2]BF4 (2.0 mg, 0.005mmol) in CH2Cl2 (0.5 mL) was 

added ligand L1 or L2(5.75 mg, 2.2 equiv.), The resulting mixture was stirred for 30 min. 

To a 2.5 mL vial was added substrate S-8 (0.1 mmol) and dry DCM (0.5 mL), then an aliquot 

of the above in situ prepared catalyst solution (100 μL, 0.001mmol) was transferred to the vial via 

a syringe. The vial was placed in an autoclave which was then charged with 10 atm of H2. The 

reaction was stirred at rt for 12 h. After carefully releasing the hydrogen, the solution was 

concentrated and passed through a short column of silica gel with ethyl acetate/petroleum ether 

(1/2) as eluents to give the chiral products. The obtained products were pure enough for NMR 

analysis. The enantiomeric excesses were determined by HPLC analysis. 

 
L1: ethyl acetyl-L-phenylalaninate(8): 22.6 mg, 96% yield, 98% ee; [α]25

D = + 71.9 (c = 0.61, 

CHCl3). 

L2: ethyl acetyl-D-phenylalaninate(8):9 22.7 mg, 97% yield, 97% ee. [α]25
D = – 77.3 (c = 0.41, 

CHCl3). 
1H NMR (500 MHz, CDCl3) δ 7.32 – 7.25 (m, 3H), 7.13 – 7.12 (m, 2H), 6.03 (d, J = 7.8 Hz, 1H), 

4.88 (dt, J = 7.7, 5.9 Hz, 1H), 4.19 (qt, J = 7.2, 1.3 Hz, 2H), 3.13 (t, J = 6.2 Hz, 2H), 2.00 (s, 3H), 1.26 

(t, J = 7.1 Hz, 3H); 
13C {1H} NMR (126 MHz, CDCl3) δ 171.7, 169.6, 135.9, 129.3, 128.5, 127.1, 61.5, 53.2, 37.9, 23.2, 

14.1 ppm. 

Enantiomeric excess was determined by HPLC (OD-H column, hexane/iPrOH 90/10, 1 mL/min, 

220 nm): t1 = 7.7 min (minor), t2 = 9.8 min (major) using L1. 

Enantiomeric excess was determined by HPLC (OD-H column, hexane/iPrOH 90/10, 1 mL/min, 

220 nm): t1 = 7.6 min (major), t2 = 9.9 min (minor) using L2. 
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5. Mechanistic study 
5.1 Evaluation of Lewis acid additivesa 

The procedure follows General procedure for the synthesis of 5-alkyl-substituted 

dibenz[c,e]azepines using the corresponding Lewis acids in place of Ti(OiPr)4. 

 
We tested some other Lewis acids including AlCl3, InCl3, FeCl3, Zn(OTf)2, BF3•Et2O and 

Ti(OEt)4, and the results disclosed that only titanium Lewis acid could efficiently accelerate the 

transformation. The success of titanium Lewis acid is partly due to its excellent solubility, 

compared to other metal salts (AlCl3, InCl3, FeCl3) in iPrOH. Although Zn(OTf)2 and BF3•Et2O 

were soluble, very low conversion of imines were observed in both cases. We tentatively proposed 

that the titanium Lewis acid could activate the in situ formed imine intermediate. However, when 

we mixed the independently prepared imine with 1.0 equiv of Ti(OiPr)4, no obvious complexation 

was detected from 1H NMR and 13C NMR study (see 5.3). 

5.2  Control experiments and deuterium labeling experiments 

The procedure follows General procedure for the synthesis of 5-alkyl-substituted 

dibenz[c,e]azepines. In experiment (1), the reaction was conducted in iPrOH in the absence of H2 

gas. The reduction process was completely shut down, and only 1e-imine was obtained. In 

experiment (2), the reaction was conducted in iPrOH or THF as solvent in the presence of D2 gas. 

Completely deuterium-labeled products at C1 position were obtained in both cases, which 

demonstrated D2 gas was the real reducing reagent. Meanwhile, no deuterium incorporation at C2 

position was observed, which excluded the possibility of hydrogenating enamine intermediates. 



28 
 

 

 

 
1-fluoro-7-methyl-5H-dibenzo[c,e]azepine (1e-imine): 21.4 mg, 95% yield (0.1 mmol scale). 1H 

NMR (600 MHz, CD3OD) δ 7.79 (d, J = 7.8 Hz, 1H), 7.75 (d, J = 7.8 Hz, 1H), 7.62 (t, J = 7.6 Hz, 1H), 

7.56 (t, J = 7.6 Hz, 1H), 7.48 (d, J = 7.7 Hz, 1H), 7.42 – 7.37 (m, 1H), 7.19 (t, J = 8.8 Hz, 1H), 5.00 (s, 

1H), 3.45 (s, 1H), 2.34 (d, J = 6.3 Hz, 3H); 
13C {1H} NMR (151 MHz, CD3OD) δ 170.4, 158.7 (d, J = 244.5 Hz), 140.5 (d, J = 4.2 Hz), 137.7 (d, 

J = 2.2 Hz), 134.9, 130.1, 128.9, 128.6 (d, J = 8.8 Hz), 127.8, 127.7, 127.0 (d, J = 17.3 Hz), 123.9 (d, J 

= 3.2 Hz), 114.1 (d, J = 22.7 Hz), 44.2, 24.4 ppm. 

HRMS (ESI) Calculated for C15H13NF [M+H]+ 226.1027; found 226.1023.  

 

(7S)-1-fluoro-7-methyl-6,7-dihydro-5H-dibenzo[c,e]azepine-7-d: 20.7 mg, 91% yield (0.1 

mmol scale). 1H NMR (400 MHz, CDCl3) δ 8.03 – 6.68 (m, 7H), 4.21 (d, J = 13.2 Hz, 1H), 3.18 (dd, 

J = 13.2, 3.1 Hz, 1H), 1.99 (s, 1H), 1.47 (s, 1H). 

5.3  NMR experiments to study the interaction of 1e-imine with Ti(OiPr)4 

In an oven-dried NMR tube, 1e-imine (15 mg) was dissolved in 0.6 mL CD3OD, and Ti(OiPr)4 

(1.0 or 2.0 equivs) was then added. The resulting mixture was sonicated for 5 min, the NMR data was 

then collected.  

With 1 equiv of Ti(OiPr)4, no obvious complexation was observed from 1H NMR and 13C NMR 

specta. With 2 equivalents of Ti(OiPr)4, the 1H NMR chemical shift of 1e-imine did not change, 

however, the integration of Me group decreased a lot. 

NMR experiments in CDCl3 were also conducted, again no obvious complexation was observed 

(not shown). 
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1H NMR for Ti(OiPr)4 in CDCl3 (400 M). 

 
1H NMR for 1e-imine (in CD3OD, 400 M) 
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1H NMR for 1e-imine+Ti(OiPr)4 (1:1) (in CD3OD, 400 M) 
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1H NMR for 1e-imine+Ti(OiPr)4 (1:2) (in CD3OD, 400 M) 
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13C NMR for 1e-imine+Ti(OiPr)4 (1:2) (in CD3OD, 600 M) 

 
13C NMR for 1e-imine (in CD3OD, 600 M) 
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7. NMR Spectra 
1H NMR for S-2a (500 MHz, CDCl3) 

 
13C NMR for S-2a (126 MHz, CDCl3) 
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1H NMR for S-2b (400 MHz, CDCl3) 
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13C NMR for S-2b (101 MHz, CDCl3) 
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1H NMR for S-2c (400 MHz, CDCl3) 

 

 
13C NMR for S-2c (101 MHz, CDCl3) 
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1H NMR for S-2d (400 MHz, CDCl3) 

 
 
13C NMR for S-2d (101 MHz, CDCl3) 
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1H NMR for S-2e (500 MHz, CDCl3) 

 
13C NMR for S-2e (126 MHz, CDCl3) 
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1H NMR for S-2f (500 MHz, CDCl3) 

 
13C NMR for S-2f (126 MHz, CDCl3) 
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1H NMR for S-2g (500 MHz, CDCl3) 

 
13C NMR for S-2g (126 MHz, CDCl3) 
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1H NMR for S-2h (400 MHz, CDCl3) 

 
 
13C NMR for S-2h (101 MHz, CDCl3) 

 
 

 

 



41 
 

1H NMR for S-2i (500 MHz, CDCl3) 

 
13C NMR for S-2i (126 MHz, CDCl3) 
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1H NMR for 1a (500 MHz, CDCl3) 

 
13C NMR for 1a (126 MHz, CDCl3) 
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1H NMR for 1b (500 MHz, CDCl3) 

 

 
13C NMR for 1b (126 MHz, CDCl3) 
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1H NMR for 1c (400 MHz, CDCl3) 

 

 
13C NMR for 1c (101 MHz, CDCl3) 
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1H NMR for 1d (500 MHz, CDCl3) 

 
13C NMR for 1d (126 MHz, CDCl3) 
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1H NMR for 1e (400 MHz, CDCl3) 
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1H NMR for 1f (500 MHz, CDCl3) 
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1H NMR for 1g (400 MHz, CDCl3) 
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1H NMR for 1h (500 MHz, CDCl3) 
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1H NMR for 1i (400 MHz, CDCl3) 
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1H NMR for 1j (400 MHz, CDCl3) 
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1H NMR for 1k (400 MHz, CDCl3) 
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13C NMR for 1k (101 MHz, CDCl3) 
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1H NMR for 1l (400 MHz, CDCl3) 
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1H NMR for 1m (500 MHz, CDCl3) 
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13C NMR for 1m (126 MHz, CDCl3) 
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1H NMR for 1n (400 MHz, CDCl3) 

 
13C NMR for 1n (101 MHz, CDCl3) 
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1H NMR for 1o (400 MHz, CDCl3) 
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1H NMR for 1p (400 MHz, CDCl3) 
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13C NMR for 1p (101 MHz, CDCl3) 
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1H NMR for 1q (400 MHz, CDCl3) 

 

 
13C NMR for 1q (101 MHz, CDCl3) 
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1H NMR for 1r (500 MHz, CDCl3) 
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1H NMR for 1s (500 MHz, CDCl3) 
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13C NMR for 1s (126 MHz, CDCl3) 
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1H NMR for 2a (400 MHz, CDCl3) 

 
13C NMR for 2a (101 MHz, CDCl3) 
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1H NMR for 2b (500 MHz, CDCl3) 
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1H NMR for 2c (500 MHz, CDCl3) 
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1H NMR for 2d (500 MHz, CDCl3) 
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1H NMR for 2e (500 MHz, CDCl3) 
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1H NMR for 2f (500 MHz, CDCl3) 
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1H NMR for 2g (500 MHz, CDCl3) 
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1H NMR for 2h (500 MHz, CDCl3) 
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1H NMR for 2i (500 MHz, CDCl3) 
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1H NMR for 2j (500 MHz, CDCl3) 
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1H NMR for 2p (500 MHz, CDCl3) 
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1H NMR for 2q (500 MHz, CDCl3) 
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13C NMR for 2r (126 MHz, CDCl3) 

 

 

 



79 
 

 
1H NMR for 2s (500 MHz, CDCl3) 
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1H NMR for S-4-4 (400 MHz, CDCl3) 

 
13C NMR for S-4-4 (126 MHz, CDCl3) 
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1H NMR for B (500 MHz, CDCl3) 

 

 
13C NMR for B (101 MHz, CDCl3) 
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1H NMR for 5 (400 MHz, CDCl3) 
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1H NMR for 6 (400 MHz, CDCl3) 
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1H NMR for 7 (400 MHz, CDCl3) 
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1H NMR for L1 (500 MHz, CDCl3) 
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31P NMR for L1 (202 MHz, CDCl3) 
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13C NMR for L2 (126 MHz, CDCl3) 
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1H NMR for 8 (500 MHz, CDCl3) 

 

 

 
13C NMR for 8 (126 MHz, CDCl3) 

 
1H NMR for 1e-imine (600 MHz, CD3OD) 
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1H NMR for 1e-imine (600 MHz, CD3OD) 
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13C NMR for 1e-imine (151 MHz, CD3OD) 
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  1H NMR for d-2e (400 MHz, CDCl3) 
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8. HPLC spectra 
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