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1. General and Materials  

General: All reactions were carried out under an atmosphere of nitrogen using standard 
Schlenk techniques, unless otherwise noted. 1H NMR and 13C NMR spectra were recorded at 
room temperature in CDCl3 on 400 MHz instrument with tetramethylsilane (TMS) as internal 
standard. Enantiomeric excess was determined by HPLC analysis, using chiral column described 
below in detail. Optical rotations were measured by polarimeter. Flash column chromatography 
was performed on silica gel (200-300 mesh). All reactions were monitored by TLC analysis. The 
configuration was determined by X-ray crystallographic analysis. 

Materials: Commercially available reagents were used throughout without further 
purification other than those detailed below. The solvents for asymmetric hydrogenation reaction 
were purchased without further purification. 

 
2. Typical Procedure for the Preparation of Diaryl Ether 

 
Typical Procedure for the Preparation of Diphenyl Ether 6a: To a reaction mixture of 
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NaH (0.32 g, 8 mmol) and DMF (10 mL) was added dropwise a solution of phenol (0.71 g, 7.5 
mmol) in DMF, it was stirred for 1 h at room temperature. Subsequently, o-fluoro nitrobenzene 
(0.71 g, 5 mmol) in DMF (2 mL) was dropped slowly to the mixture above and stirred for another 
1 h at room temperature, then stirred for 12 h at 50 oC. After routine workup, the crude product 
was purified by flash chromatography on silica gel using petroleum ether and EtOAc to give 6a. 

 
1-nitro-2-phenoxybenzene (6a).1 92% yield, 1H NMR (400 MHz, CDCl3) δ 7.00-7.06 (m, 3H), 

7.17-7.21 (m, 2H), 7.36-7.40 (m, 2H), 7.48-7.49 (m, 1H), 7.95 (dd, J = 8.2, 1.7 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 119.1, 119.4, 120.7, 123.3, 124.8, 
125.9, 130.3, 134.3, 150.9, 156.0. 

 
1-nitro-2-(p-tolyloxy)benzene (6b).2 93% yield, 1H NMR (400 MHz, CDCl3) δ 2.35 (s, 3H), 6.96 

(dd, J = 8.0, 5.0 Hz, 3H), 7.16 (dd, J = 14.6, 8.0 Hz, 3H), 7.44-7.49 (m, 1H), 
7.92 (dd, J = 8.0, 1.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 20.9, 119.6, 
120.0, 122.8, 125.8, 130.7, 134.2, 134.6, 141.2, 151.5, 153.4. 

 
1-methyl-2-(2-nitrophenoxy)benzene (6c).3 93% yield, 1H NMR (400 MHz, CDCl3) δ 2.23 (s, 

3H), 6.80 (t, J = 7.4 Hz, 1H), 6.93 (d, J = 7.9 Hz, 1H), 7.12-7.15 (m, 2H), 7.20 
(t, J = 7.9 Hz, 1H), 7.27 (d, J = 7.4 Hz, 1H), 7.43 (t, J = 1.6 Hz, 1H), 7.93 (dd, J 
= 8.0, 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 16.1, 118.5, 120.0, 122.3, 
125.5, 125.9, 127.6, 130.2, 132.0, 134.3, 140.5, 151.3, 153.1. 

 
1-isopropyl-2-(2-nitrophenoxy)benzene (6d). 75% yield, 1H NMR (400 MHz, CDCl3) δ 1.22 (d, 

J = 8.0 Hz, 3 H), 1.26 (d, J = 4.7 Hz, 3H), 3.21-3.28 (m, 1H), 6.86 (d, J = 8.4 
Hz, 1H), 6.91 (t, J = 4.9 Hz, 1H), 7.15 (t, J = 7.3 Hz, 1H), 7.19-7.21 (m, 2H), 
7.39 (t, J = 4.4 Hz, 1H), 7.44 (t, J = 1.1 Hz, 1H), 7.95 (dd, J = 8.0, 1.7 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ 23.1, 27.4, 118.7, 120.0, 122.3, 125.6, 125.9, 
127.3, 127.6, 134.2, 140.5, 140.7, 151.7, 152.2; HRMS Calculated for 

C15H15NO3Na[M+Na]+280.0950, found 280.0948. 
 
4-(2-nitrophenoxy)biphenyl (6e).3 81% yield, 1H NMR (400 MHz, CDCl3) δ 7.09-7.13 (m, 3H), 

7.18-7.22 (m, 1H), 7.29-7.36 (m, 1H), 7.45 (t, J = 7.3 Hz, 2H), 7.53-7.61 
(m, 5H), 7.98 (dd, J = 8.2, 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 
119.6, 120.9, 123.5, 126.0, 127.2, 127.5, 128.9, 129.0, 134.4, 137.9, 140.4, 

141.6, 150.8, 155.5. 
 
2-(2-nitrophenoxy)biphenyl (6f).4 83% yield, 1H NMR (400 MHz, CDCl3) δ 6.75 (d, J = 8.4 Hz, 

1H), 7.00 (t, J = 7.8 Hz, 1H), 7.08 (d, J = 7.9 Hz, 1H), 7.25 (d, J = 6.8 Hz, 1H), 
7.30-7.38 (m, 5H), 7.48 (d, J = 7.4 Hz, 1H), 7.52 (d, J = 8.0 Hz, 2H), 7.82 (d, J 
= 8.1 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 119.0, 120.8, 122.4, 125.8, 127.7, 
128.4, 129.2, 131.8, 134.1, 137.0, 140.5, 151.2, 152.0. 

 
4-methyl-1-nitro-2-phenoxybenzene (6g).5 27% yield, 1H NMR (400 MHz, CDCl3) δ 2.34 (s, 
3H), 6.80 (s, 1H), 6.98-7.05 (m, 3H), 7.18 (dd, J = 7.4, 1.0 Hz, 1H), 7.35-7.40 (m, 2H), 7.89 (dd, J 
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= 8.4, 1.9 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 21.8, 119.3, 121.2, 124.2, 
124.6, 126.0, 130.2, 139.2, 146.2, 150.9, 156.1. 
 

1-(4-fluorophenoxy)-2-nitrobenzene (6h).6 81% yield, 1H NMR (400 MHz, CDCl3) δ 6.96 (d, J 
= 8.4 Hz, 1H), 6.99-7.08 (m, 4H), 7.19 (dd, J = 13.6, 7.9 Hz, 1H), 7.50 (t, J 
= 7.9 Hz, 1H), 7.92 (t, J = 3.9 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 116.7, 
117.0, 120.0, 121.0, 123.3, 125.9, 134.4, 141.3, 151.4 (d, JC-F = 65 Hz), 
159.6 (d, JC-F = 242 Hz). 

 
1-chloro-2-(2-nitrophenoxy)benzene (6i).7 81% yield, 1H NMR (400 MHz, CDCl3) δ 6.76 (d, J = 

8.4 Hz, 1H), 6.99 (dd, J = 8.0, 1.3 Hz, 1H), 7.10-7.14 (m, 2H), 7.18-7.21 (m, 
1H), 7.39-7.43 (m, 2H), 7.90 (dd, J = 8.2, 1.4 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ 119.1, 121.6, 123.4, 126.1, 126.4, 128.5, 131.3, 134.5, 140.6, 150.5, 
151.0. 

 
1-bromo-2-(2-nitrophenoxy)benzene (6j).8 82% yield, 1H NMR (400 MHz, CDCl3) δ 6.85 (d, J 

= 8.4 Hz, 1H), 7.04 (d, J = 8.1 Hz, 1H), 7.11 (dd, J = 7.8, 1.2 Hz, 1H), 7.20 (t, J 
= 8.1 Hz, 1H), 7.33 (t, J = 7.9 Hz, 1H), 7.50 (t, J = 8.3 Hz, 1H), 7.65 (dd, J = 
8.0, 1.3 Hz, 1H), 7.98 (d, J = 8.1 Hz); 13C NMR (100 MHz, CDCl3) δ 115.3, 
119.3, 121.4, 123.4, 126.1, 126.6, 129.2, 134.3, 134.5, 150.4, 152.3. 

 
3. Typical Procedure for the Reduction of Nitro Group and Acylation 

 
Typical Procedure for the Preparation of Intermediate 7a: Compound 6a (2.0 g, 9.3 

mmol) was dissolved in 5 mL of EtOH, 5% palladium on charcoal (0.10 g) and 0.25 ml of AcOH 
were added to the solution, the reduction was carried out with hydrogen gas at an initial pressure 
of 60 psi for 12 h. The catalyst was filtered off. Then concentration in vacuo and purification by 
flash chromatography afforded aniline derivative. Subsequently, the product was dissolved in 20 
mL of CH2Cl2 and cooled to 0 oC, then acetyl chloride (0.70 g, 8.9 mmol) was added slowly to the 
solution, the temperature increased spontaneous to ambient temperature, and monitored by TLC. 
Then water (20 mL) was added to the mixture. The organic layers was washed by brine (1×30 mL), 
dried by anhydrous Na2SO4, concentrated in vacuo. The residue was purified by flash 
chromatography on silica gel using petroleum ether and EtOAc to give 7a. 

 
N-(2-phenoxyphenyl)acetamide (7a).5 White solid, mp = 74-76 oC, 89% yield, 1H NMR (400 

MHz, CDCl3) δ 2.16 (s, 3H), 6.83 (d, J = 8.1 Hz, 1H), 7.01 (dd, J = 14.0, 8.1 
Hz, 3H), 7.09-7.17 (m, 2H), 7.36 (t, J = 8.4 Hz, 2H), 7.77 (br, 1H), 8.43 (d, J 
= 8.1 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 25.0, 117.8, 118.8, 121.1, 
124.1, 124.2, 130.0, 130.2, 145.7, 156.6, 168.5. 
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N-(2-(p-tolyloxy)phenyl)acetamide (7b).5 White solid, mp = 74-75 oC, 92% yield, 1H NMR (400 
MHz, CDCl3) δ 2.18 (s, 3H), 2.35 (s, 3H), 6.79 (d, J = 8.0 Hz, 1H), 6.91-6.99 
(m, 3H), 7.08 (t, J = 7.6 Hz, 1H), 7.16 (d, J = 8.2 Hz, 2H), 7.79 (br, 1H), 8.43 
(d, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 20.9, 25.1, 117.2, 119.0, 
120.9, 123.8, 124.0, 129.7, 130.6, 133.8, 146.2, 154.1, 168.5. 

 
N-(2-(o-tolyloxy)phenyl)acetamide (7c).5 White solid, mp = 79-82 oC, 92% yield, 1H NMR (400 

MHz, CDCl3) δ 2.18 (s, 3H), 2.24 (s, 3H), 6.59 (d, J = 8.1 Hz, 1H), 6.91 (dd, J 
= 16.7, 7.9 Hz, 2H), 7.03 (t, J = 7.8 Hz, 1H), 7.10 (t, J = 7.4 Hz, 1H), 7.18 (t, J 
= 7.6 Hz, 1H), 7.26 (t, J = 7.4 Hz, 1H), 7.89 (br, 1H), 8.43 (d, J = 8.1 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ 16.2, 25.0, 115.5, 119.9, 120.8, 123.1, 123.9, 

124.8, 127.6, 128.9, 129.9, 131.8, 146.3, 153.8, 168.5.  
 
N-(2-(2-isopropylphenoxy)phenyl)acetamide (7d). White solid, mp = 63-66 oC, 93% yield, 1H 

NMR (400 MHz, CDCl3) δ 1.26 (s, 3H), 1.27 (s, 3H), 2.20 (s, 3H), 3.24-3.31 
(m, 1H), 6.66 (d, J = 8.1 Hz, 1 H), 6.86 (t, J = 5.6 Hz, 1H), 6.95 (t, J = 8.0 Hz, 
1H), 7.06 (t, J = 7.7 Hz, 1H), 7.18 (dd, J = 5.6, 3.2 Hz, 2H), 7.39 (dd, J = 5.4, 
3.6 Hz, 1H), 7.88 (br, 1H), 8.44 (d, J = 8.0 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ 23.2, 25.0, 27.2, 116.0, 119.7, 120.8, 123.2, 124.0, 125.0, 127.3, 129.1, 

140.1, 146.7, 152.9, 168.4; HRMS Calculated for C17H19NO2Na [M+Na]+ 292.1313, found 
292.1317. 
 
N-(2-(biphenyl-4-yloxy)phenyl)acetamide (7e). White solid, mp = 136-138 oC, 94% yield, 1H 

NMR (400 MHz, CDCl3) δ 2.18 (s, 3H), 6.92 (d, J = 8.0 Hz, 1H), 7.04 (t, J 
= 7.4 Hz, 1H), 7.09-7.16 (m, 3H), 7.36 (t, J = 6.9 Hz, 1H), 7.46 (t, J = 7.2 
Hz, 2H), 7.58-7.60 (m, 4H), 7.80 (br, 1H), 8.47 (d, J = 7.9 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ 25.0, 118.0, 119.0, 121.2, 124.2, 124.3, 127.1, 

127.4, 128.8, 129.0, 130.1, 137.2, 140.4, 145.6, 156.1, 168.5; HRMS Calculated for C20H18NO2 
[M+H]+ 304.1338, found 304.1347. 
 
N-(2-(biphenyl-2-yloxy)phenyl)acetamide (7f). 95% yield, 1H NMR (400 MHz, CDCl3) δ 2.04 

(s, 3H), 6.83 (d, J = 8.1 Hz, 1H), 6.99-7.03 (m, 3H), 7.25 (t, J = 7.5 Hz, 1H), 
7.29-7.38 (m, 4H), 7.46 (t, J = 5.8 Hz, 3H), 7.49 (br, 1H), 8.34 (d, J = 8.0 Hz, 
1H); 13C NMR (100 MHz, CDCl3) δ 24.9, 117.1, 120.1, 121.0, 123.7, 123.9, 
124.9, 127.7, 128.5, 129.1, 129.2, 129.6, 131.6, 133.9, 137.6, 146.3, 153.0, 

168.4; HRMS Calculated for C20H18NO2 [M+H]+ 304.1338, found 304.1345. 
 
N-(4-methyl-2-phenoxyphenyl)acetamide (7g).5 White solid, mp = 59-60 oC, 83% yield, 1H 

NMR (400 MHz, CDCl3) δ 2.14 (s, 3H), 2.24 (s, 3H), 6.66 (s, 1H), 6.92 (d, J 
= 8.2 Hz, 1H), 7.01 (d, J = 7.9 Hz, 2H), 7.15 (t , J = 7.3 Hz, 1H), 7.36 (t, J = 
8.2 Hz, 2H), 7.65 (br, 1H), 8.27 (d, J = 8.3 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ 21.1, 25.0, 118.5, 118.7, 121.1, 123.9, 124.8, 127.4, 130.1, 134.2, 

145.6, 156.7, 168.4. 
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N-(2-(4-fluorophenoxy)phenyl)acetamide (7h). White solid, mp = 76-78 oC, 89% yield, 1H 
NMR (400 MHz, CDCl3) δ 2.18 (s, 3H), 6.76 (d, J = 8.1 Hz, 1H), 6.97-7.00 
(m, 3H), 7.03-7.11 (m, 3H), 7.76 (br, 1H), 8.42 (d, J = 8.0 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ 25.0, 116.6, 116.9, 120.5, 120.6, 121.2, 124.1, 
129.6, 146.2, 152.2, 159.3 (d, JC-F = 241 Hz), 168.5; HRMS Calculated for 

C14H13NO2F [M+H]+ 246.0930, found 246.0924. 
 
N-(2-(2-chlorophenoxy)phenyl)acetamide (7i).9 White solid, mp = 82-84 oC, 93% yield, 1H 

NMR (400 MHz, CDCl3) δ 2.16 (s, 3H), 6.83 (d, J = 7.8 Hz, 1H), 6.98-7.03 (m, 
2H), 7.09-7.17 (m, 2H), 7.36 (t, J = 8.3 Hz, 2H), 7.76 (br, 1H), 8.43 (d, J = 7.9 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 25.0, 117.9, 118.8, 121.1, 124.1, 124.2, 
125.6, 128.4, 130.2, 131.1, 145.7, 156.6, 168.5. 

 
N-(2-(2-bromophenoxy)phenyl)acetamide (7j).9 White solid, mp = 90-92 oC, 91% yield, 1H 

NMR (400 MHz, CDCl3) δ 2.19 (s, 3H), 6.75 (t, J = 1.0 Hz, 1H), 6.98-7.00 (m, 
2H), 7.04-7.12 (m, 2H), 7.28 (t, J = 7.5 Hz, 1H), 7.65 (dd, J = 8.0, 1.4 Hz, 1H), 
7.82 (br, 1H), 8.42 (d, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 25.0, 
114.8, 117.1, 120.6, 121.4, 124.0, 124.4, 125.9, 129.1, 129.5, 134.1, 145.4, 

152.9, 168.6. 
 
N-(2-phenoxyphenyl)propionamide (7k).5 75% yield, 1H NMR (400 MHz, CDCl3) δ 1.17-1.22 

(m, 3H), 2.35-2.42 (m, 2H), 6.86 (t, J = 1.3 Hz, 1H), 7.01-7.03 (m, 3H), 
7.10-7.15 (m, 2H), 7.34-7.38 (m, 2H), 7.74 (br, 1H), 8.47 (d, J = 7.9 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ 9.8, 31.1, 118.0, 118.7, 121.0, 124.0, 124.3, 
130.2, 145.5, 156.7, 172.2. 

 
N-(2-phenoxyphenyl)butyramide (7l).5 White solid, mp = 65-66 oC, 85% yield, 1H NMR (400 

MHz, CDCl3) δ 0.96 (t, J = 7.4 Hz, 3H), 1.68-1.75 (m, 2H), 2.33 (t, J = 7.4 Hz, 
2H), 6.85 (d, J = 8.1 Hz, 1H), 6.98-7.02 (m, 3H), 7.13 (dd, J = 17.8, 7.4 Hz, 
2H), 7.36 (t, J = 7.8 Hz, 2H), 7.72 (br, 1H), 8.47 (d, J = 8.0 Hz, 1H); 13C 
NMR (100 MHz, CDCl3) δ 13.8, 19.2, 40.1, 118.0, 118.7, 121.1, 124.0, 124.3, 

130.2, 145.6, 156.7, 171.5. 
 
N-(2-phenoxyphenyl)-2-phenylacetamide (7m). White solid, mp = 134-136 oC, 78% yield, 1H 

NMR (400 MHz, CDCl3) δ 3.68 (s, 2H), 6.76 (d, J = 7.9 Hz, 2H), 6.84 (d, J = 
8.1 Hz, 1H), 6.99 (t, J = 7.8 Hz, 1H), 7.06-7.17 (m, 4H), 7.23-7.29 (m, 5H), 
7.68 (br, 1H), 8.41 (d, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 45.2, 
117.6, 119.0, 121.0, 123.6, 124.4, 124.8, 127.7, 129.3, 129.6, 130.0, 130.4, 

134.3, 144.9, 156.8, 169.3; HRMS Calculated for C20H18NO2 [M+H]+ 304.1338, found 304.1344. 
 
N-(2-phenoxyphenyl)benzamide (7n).10 White solid, mp = 72-74 oC, 86% yield, 1H NMR (400 

MHz, CDCl3) δ 6.94 (d, J = 1.2 Hz, 1H), 7.07-7.10 (m, 3H), 7.17-7.20 (m, 2H), 
7.37-7.52 (m, 5H), 7.82 (t, J = 7.8 Hz, 2H), 8.57 (br, 1H), 8.67 (d, J = 8.2 Hz, 
1H); 13C NMR (100 MHz, CDCl3) δ 118.0, 118.6, 121.0, 124.1, 124.3, 127.1, 
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128.8, 130.0, 130.1, 131.9, 135.0, 146.0, 156.5, 165.4. 
 
4. Typical Procedure for Cyclization to Seven-membered Cyclic Imines 

O

N
H

R1

O

PPA, POCl3

120 oC N

O

R1

87

R4 R2
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Typical Procedure for the Preparation of Cyclic Imine 8a: To a mixture of polyphosphoric 

acid (PPA) (7.0 g) and phosphorus oxychloride (2.1 g, 13.5 mmol) was added amido derivative of 
diphenyl ether 7a (0.62 g, 2.7 mmol). The reaction mixture was heated at 120 oC for 3 h and 
poured into ice-cold water, then treated with aqueous ammonia and extracted with CH2Cl2 (3×50 
mL), dried with anhydrous Na2SO4, concentrated under vacuum, the crude product was purified 
by flash chromatography on silica gel eluted by petroleum ether and EtOAc to give 8a. 

 
(Z)-11-methyldibenzo[b,f][1,4]oxazepine (8a).11 Yellow solid, mp = 82-84 oC, 88% yield, 1H 

NMR (400 MHz, CDCl3) δ 2.63 (s, 3H), 7.13-7.15 (m, 3H), 7.16-7.20 (m, 2H), 
7.26-7.29 (m, 1H), 7.41 (dd, J = 15.8, 7.9 Hz, 2H); 13C NMR (100 MHz, CDCl3) 
δ 27.8, 120.8, 121.0, 125.2, 125.7, 127.4, 127.8, 128.6, 129.2, 132.9, 140.8, 
152.7, 161.0, 167.5. 

 
(Z)-2,11-dimethyldibenzo[b,f][1,4]oxazepine (8b). 89% yield, 1H NMR (400 MHz, CDCl3) δ 

2.30 (s, 3H), 2.63 (s, 3H), 7.06 (d, J = 8.8 Hz, 1H), 7.14 (dd, J = 3.7, 1.8 Hz, 
3H), 7.19-7.20 (m, 2H), 7.29-7.31 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 
20.8, 27.6, 120.4, 120.6, 125.5, 127.2, 127.6, 128.7, 133.3, 134.6, 140.8, 
152.7, 158.8, 167.4; HRMS Calculated for C15H14NO [M+H]+ 224.1075, 

found 224.1086. 
 
(Z)-4,11-dimethyldibenzo[b,f][1,4]oxazepine (8c). Yellow solid, mp = 49-52 oC, 93% yield, 1H 

NMR (400 MHz, CDCl3) δ 2.46 (s, 3H), 2.61 (s, 3H), 7.05 (t, J = 7.6 Hz, 1H), 
7.11-7.15 (m, 3H), 7.23-7.27 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 16.5, 27.9, 
121.0, 124.7, 125.5, 126.2, 127.0, 127.7, 129.1, 130.2, 134.0, 141.1, 152.5, 
158.8, 167.9; HRMS Calculated for C15H14NO [M+H]+ 224.1075, found 
224.1082. 

 
(Z)-4-isopropyl-11-methyldibenzo[b,f][1,4]oxazepine (8d). White solid, mp = 46-48 oC, 89% 

yield, 1H NMR (400 MHz, CDCl3) δ 1.27 (s, 3H), 1.29 (s, 3H), 2.63 (s, 3H), 
3.76-3.82 (m, 1H), 7.12-7.17 (m, 4H), 7.24-7.29 (m, 2H), 7.38 (dd, J = 7.6, 1.6 
Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 23.6, 26.5, 28.1, 121.0, 125.1, 125.6, 
126.0, 127.1, 127.8, 129.3, 129.6, 140.8, 141.3, 152.7, 157.9, 168.2; HRMS 
Calculated for C17H18NO [M+H]+ 252.1388, found 252.1394. 

 
(Z)-11-methyl-2-phenyldibenzo[b,f][1,4]oxazepine (8e). White solid, mp = 83-84 oC, 91% yield, 
1H NMR (400 MHz, CDCl3) δ 2.71 (s, 3H), 7.17-7.19 (m, 3H), 7.25 (d, J = 7.9 Hz, 1H), 7.33-7.39 
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(m, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.52 (t, J = 1.2 Hz, 2H), 7.63 (t, J = 2.2 
Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 27.8, 120.8, 121.3, 125.8, 127.2, 
127.3, 127.5, 127.8, 127.9, 129.1, 129.4, 131.5, 138.6, 140.0, 140.8, 152.6, 
160.5, 167.4; HRMS Calculated for C20H16NO [M+H]+ 286.1232, found 

286.1236. 
 
(Z)-11-methyl-4-phenyldibenzo[b,f][1,4]oxazepine (8f). Yellow solid, mp = 152-154 oC, 87% 

yield, 1H NMR (400 MHz, CDCl3) δ 2.70 (s, 3H), 6.33 (d, J = 8.0 Hz, 1H), 6.91 
(t, J = 8.0Hz, 1H), 7.06 (t, J = 7.9 Hz, 1H), 7.23-7.26 (m, 2H), 7.42-7.44 (m, 
2H), 7.45-7.49 (m, 3H), 7.59 (d, J = 7.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) 
δ 28.0, 120.9, 125.1, 125.5, 127.1, 127.4, 127.6, 127.8, 128.2, 129.9, 130.1, 
133.5, 134.9, 137.1, 141.0, 152.3, 157.3, 167.6; HRMS Calculated for 

C20H16NO [M+H]+ 286.1232, found 286.1235. 
 
(Z)-7,11-dimethyldibenzo[b,f][1,4]oxazepine (8g). 91% yield, 1H NMR (400 MHz, CDCl3) δ 

2.31 (s, 3H), 2.63 (s, 3H), 6.96 (d, J = 7.6 Hz, 2H), 7.16-7.19 (m, 3H), 
7.39-7.44 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 21.0, 27.6, 120.9, 121.2, 
125.1, 126.4, 127.5, 128.6, 129.2, 132.7, 137.8, 138.3, 152.3, 160.8, 166.6; 
HRMS Calculated for C15H14NO [M+H]+ 224.1075, found 224.1081. 

 
(Z)-2-fluoro-11-methyldibenzo[b,f][1,4]oxazepine (8h). Yellow solid, mp = 72-74 oC, 95% yield, 

1H NMR (400 MHz, CDCl3) δ 2.60 (s, 3H), 7.08-7.17 (m, 6H), 7.27 (dd, J = 
2.8, 1.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 27.6, 114.9 (d, JC-F = 24 
Hz), 119.5 (d, JC-F = 23 Hz), 120.7, 122.3, 125.9, 127.7, 128.0, 130.1, 140.5, 
152.5, 156.9, 159.6 (d, JC-F = 243 Hz), 165.9; HRMS Calculated for 

C14H11NOF [M+H]+ 228.0825, found 228.0823. 
 
(Z)-4-chloro-11-methyldibenzo[b,f][1,4]oxazepine (8i). 87% yield, 1H NMR (400 MHz, CDCl3) 

δ 2.63 (s, 3H), 7.13 (t, J = 7.9 Hz, 1H), 7.17 (dd, J = 5.9, 3.6 Hz, 2H), 7.27-7.31 
(m, 1H), 7.35 (dd, J = 5.8, 3.6 Hz, 2H), 7.49 (d, J = 8.0 Hz, 1H); 13C NMR (100 
MHz, CDCl3) δ 27.8, 121.5, 125.6, 126.1, 126.6, 126.8, 127.6, 127.7, 130.7, 
132.7, 140.5, 151.9, 155.6, 166.5；HRMS Calculated for C14H11NOCl [M+H]+ 
244.0529, found 244.0527. 

 
(Z)-4-bromo-11-methyldibenzo[b,f][1,4]oxazepine (8j).11 96% yield, 1H NMR (400 MHz, 

CDCl3) δ 2.63 (s, 3H), 7.05 (t, J = 7.9 Hz, 1H), 7.18 (dd, J = 6.0, 3.6 Hz, 2H), 
7.28-7.31 (m, 1H), 7.36 (dd, J = 7.8, 1.4 Hz, 1H), 7.43 (t, J = 3.6 Hz, 1H), 7.66 
(dd, J = 7.9, 1.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 27.9, 115.7, 121.7, 
126.1, 127.5, 127.6, 127.7, 130.6, 135.8, 140.4, 152.0, 156.6, 166.4. 
 

(Z)-11-ethyldibenzo[b,f][1,4]oxazepine (8k). 91% yield, 1H NMR (400 MHz, CDCl3) δ 1.32 (t, J 
= 7.4 Hz, 3H), 2.95 (dd, J = 14.8, 7.4 Hz, 2H), 7.14-7.21 (m, 5H), 7.30 (dd, J = 
4.3, 1.0 Hz, 1H), 7.42 (t, J = 7.9 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 11.9, 
33.4, 120.7, 121.0, 125.3, 125.7, 127.2, 127.9, 128.2, 128.6, 132.6, 141.0, 152.7, N
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161.6, 171.6; HRMS Calculated for C15H14NO [M+H]+ 224.1075, found 224.1085. 
 
(Z)-11-propyldibenzo[b,f][1,4]oxazepine (8l).11 Yellow solid, mp = 65-67 oC, 92% yield, 1H 

NMR (400 MHz, CDCl3) δ 1.02 (t, J = 7.4 Hz, 3H), 1.72-1.77(m, 2H), 2.90 (t, J 
= 7.4 Hz, 2H), 7.13-7.20 (m, 5H), 7.26 (t, J = 8.2 Hz, 1H), 7.39-7.43(m, 2H); 
13C NMR (100 MHz, CDCl3) δ 14.0, 21.1, 42.3, 120.7, 121.0, 125.2, 125.7, 
127.2, 127.9, 128.4, 128.6, 132.7, 140.9, 152.8, 161.6, 171.0. 

 
(Z)-11-benzyldibenzo[b,f][1,4]oxazepine (8m). Yellow solid, mp = 92-95 oC, 81% yield, 1H 

NMR (400 MHz, CDCl3) δ 4.29 (s, 2H), 7.12-7.20 (m, 6H), 7.28 (t, J = 7.2 Hz, 
2H), 7.35-7.39 (m, 4H), 7.46 (d, J = 7.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) 
δ 47.0, 120.8, 121.1, 125.2, 125.8, 126.8, 127.7, 128.0, 128.4, 128.5, 128.8, 
129.0, 132.8, 137.6, 140.8, 152.7, 161.7, 168.8; HRMS Calculated for 

C20H16NO [M+H]+ 286.1232, found 286.1234. 
 
(Z)-11-phenyldibenzo[b,f][1,4]oxazepine (8n).11 Yellow solid, mp = 105-107 oC, 71% yield, 1H 

NMR (400 MHz, CDCl3) δ 7.12-7.19 (m, 5H), 7.27-7.33 (m, 1H), 7.42-7.47 (m, 
5H), 7.82 (dd, J = 7.7, 1.4 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 120.9, 121.2, 
124.7, 125.8, 127.6, 127.7, 128.4, 129.9, 130.6, 131.5, 133.2, 140.3, 141.1, 
152.6, 162.2, 167.3. 

 
5. General Procedure for Ir-catalyzed Asymmetric Hydrogenation of Cyclic 

Imines 

 
A mixture of [Ir(COD)Cl]2 (1.7 mg, 0.0025 mmol) and (S)-Xyl-C3*-TunePhos (4.0 mg, 

0.0055 mmol) in 1 mL CH2Cl2 was stirred at room temperature for 10 min in a glovebox, then 
morpholine-HCl salt (6.2 mg, 0.05 mmol) and substrate 8 (0.25 mmol) together with 2 mL of 
CH2Cl2 were added and the solution was stirred for another 10 min. The hydrogenation was 
performed at room temperature under H2 (700 psi) for 20 h. After the hydrogen gas was carefully 
released, the reaction mixture was purified with a silica gel column eluted with petroleum ether 
and EtOAc to give pure product 9. 

Racemates of 9 were prepared by NaBH4 reduction of the corresponding hydrogen substrates 
8 in MeOH. 

 
(-)-(S)-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9a).12 98% yield, 94% ee, [α]30

D = 
-109.1 (c 1.26, CHCl3); 1H NMR (400 MHz, CDCl3) δ 1.63 (d, J = 6.8 Hz, 3H), 
3.67 (br, 1H), 5.05 (dd, J = 13.6, 6.8 Hz, 1H), 6.53 (dd, J = 7.9, 1.4 Hz, 1H), 
6.67 (t, J = 7.8 Hz, 1H), 6.83 (t, J = 7.4 Hz, 1H), 7.10 (t, J = 7.0 Hz, 2H), 
7.15-7.24 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 20.1, 50.1, 118.6, 119.1, 

121.0, 122.0, 124.6, 124.7, 125.5, 129.0, 135.4, 138.4, 144.5, 157.8; HPLC (AD-H, elute: 
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Hexanes/i-PrOH = 80/20, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 7.9 min (major), t2 = 9.2 
min (minor). 
 
(-)-(S)-2,11-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9b). 96% yield, 90% ee, [α]30

D 
= -149.2 (c 1.22, CHCl3);1H NMR (400 MHz, CDCl3) δ 1.63 (d, J = 6.8 Hz, 
3H), 2.32 (s, 3H), 3.71 (br, 1H), 5.03 (dd, J = 13.6, 6.8 Hz, 1H), 6.53 (d, J 
= 7.9 Hz, 1H), 6.66 (t, J = 7.6 Hz, 1H), 6.84 (t, J = 7.4 Hz, 1H), 7.02 (d, J = 
8.4 Hz, 1H), 7.05-7.09 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 20.2, 21.2, 

50.1, 118.6, 119.1, 120.7, 121.9, 124.6, 126.0, 129.3, 134.1, 134.9, 138.4, 144.7, 155.6; HPLC 
(AD-H, elute: Hexanes/i-PrOH = 80/20, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 8.3 min 
(major), t2 = 9.4 min (minor); HRMS Calculated for C15H16NO [M+H]+ 226.1232, found 
226.1232. 
 
(-)-(S)-4,11-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9c). Yellow solid, mp = 52-55 

oC, 98% yield, 91% ee, [α]30
D = -73.6 (c 1.12, CHCl3); 1H NMR (400 MHz, 

CDCl3) δ 1.64 (d, J = 6.8 Hz, 3H), 2.43 (s, 3H), 3.72 (br, 1H), 5.11 (dd, J = 13.7, 
6.8 Hz, 1H), 6.53 (d, J = 7.9 Hz, 1H), 6.66 (t, J = 7.7 Hz, 1H), 6.85 (t, J = 7.6 
Hz, 1H), 6.99-7.06 (m, 2H), 7.14 (t, J = 7.8 Hz, 2H); 13C NMR (100 MHz, 
CDCl3) δ 16.4, 19.9, 49.6, 118.4, 118.7, 122.3, 122.7, 124.3, 124.7, 130.4, 130.6, 

135.5, 138.9, 143.8, 156.0; HPLC (AD-H, elute: Hexanes/i-PrOH = 80/20, detector: 254 nm, flow 
rate: 0.5 mL/min), t1 = 9.7 min (major), t2 = 10.3 min (minor); HRMS Calculated for C15H16NO 
[M+H]+ 226.1232, found 226.1238. 
 
(-)-(S)-4-iso-propyl-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9d). Yellow solid, mp 

= 97-99 oC, 97% yield, 93% ee, [α]30
D = -99.7 (c 1.52, CHCl3); 1H NMR (400 

MHz, CDCl3) δ 1.22 (d, J = 6.8 Hz, 3H), 1.27 (d, J = 7.2 Hz, 3H), 1.63 (d, J = 
6.8 Hz, 3H), 3.62-3.70 (m, 2H), 5.12 (dd, J = 13.6, 6.8 Hz, 1H), 6.52 (dd, J = 
8.0, 1.6 Hz, 1H), 6.64-6.69 (m, 1H), 6.83-6.87 (m, 1H), 7.05-7.13 (m, 3H), 7.22 
(dd, J = 14.4, 8.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 19.8, 23.5, 26.9, 49.7, 

118.4, 118.8, 122.2, 122.5, 124.6, 125.9, 135.7, 138.9, 140.9, 144.2, 155.0; HPLC (AD-H, elute: 
Hexanes/i-PrOH = 99/1, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 12.4 min (minor), t2 = 13.8 
min (major); HRMS Calculated for C17H20NO [M+H]+ 254.1545, found 254.1541.  
 
(-)-(S)-11-methyl-2-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9e). Yellow solid, mp = 

70-71 oC, 94% yield, 86% ee, [α]30
D = -179.2 (c 1.40, CHCl3); 1H NMR  

(400 MHz, CDCl3) δ 1.68 (d, J = 6.8 Hz, 3H), 3.75 (br, 1H), 5.07 (dd, J = 
13.6, 6.8 Hz, 1H), 6.55 (dd, J = 7.9, 1.5 Hz, 1H), 6.63-6.65 (m, 1H), 
6.78-6.81 (m, 1H), 7.11 (dd, J = 8.0, 1.4 Hz, 1H), 7.23 (t, J = 8.2 Hz, 1H), 
7.32 (t, J = 8.2 Hz, 1H), 7.38-7.45 (m, 4H), 7.53 (t, J = 1.4 Hz, 2H); 13C 

NMR (100 MHz, CDCl3) δ 20.3, 50.5, 118.7, 119.3, 121.4, 122.0, 124.5, 124.7, 127.3, 127.7, 
128.7, 129.0, 135.5, 137.8, 138.2, 141.1, 144.5, 157.2; HPLC (AD-H, elute: Hexanes/i-PrOH = 
90/10, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 24.9 min (minor), t2 = 26.2 min (major); 
HRMS Calculated for C20H18NO [M+H]+ 288.1388, found 288.1385. 
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(+)-(S)-11-methyl-4-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9f). 98% yield, 90% ee, 
[α]30

D = + 87.4 (c 1.12, CHCl3); 1H NMR (400 MHz, CDCl3) δ 1.66 (d, J = 6.8 
Hz, 3H), 3.71 (br, 1H), 5.16 (dd, J = 13.3, 6.6 Hz, 1H), 6.47-6.49 (m, 3H), 6.77 
(dd, J = 11.4, 7.2 Hz, 1H), 7.14-7.21 (m, 2H), 7.30 (d, J = 7.3 Hz, 1H), 
7.38-7.46 (m, 3H), 7.53 (d, J = 7.5 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 
19.9, 49.8, 118.2, 118.8, 122.3, 124.4, 124.5, 124.6, 127.4, 128.1, 130.2, 130.4, 

135.0, 136.4, 138.2, 138.7, 144.0, 154.7; HPLC (OD-H, elute: Hexanes/i-PrOH = 99/1, detector: 
254 nm, flow rate: 0.8 mL/min), t1 = 15.9 min (minor), t2 = 21.5 min (major); HRMS Calculated 
for C20H18NO [M+H]+ 288.1388, found 288.1378. 
 
(-)-(S)-7,11-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9g). Yellow solid, mp = 62-64 

oC, 93% yield, 92% ee, [α]30
D = -144.2 (c 0.66, CHCl3); 1H NMR (400 

MHz, CDCl3) δ 1.59 (d, J = 6.8 Hz, 3H), 2.21 (s, 3H), 3.57 (br, 1H), 4.97 
(dd, J = 13.6, 6.8 Hz, 1H), 6.45 (d, J = 8.0 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H), 
6.92 (s, 1H), 7.07 (t, J = 7.4 Hz, 1H), 7.13-7.24 (m, 3H); 13C NMR (100 

MHz, CDCl3) δ 20.2, 20.4, 50.4, 118.9, 120.9, 122.3, 124.4, 125.2, 125.6, 128.9, 129.1, 135.3, 
135.6, 144.5, 157.7; HPLC (AD-H, elute: Hexanes/i-PrOH = 70/30, detector: 254 nm, flow rate: 
0.7 mL/min), t1 = 8.5 min (major), t2 = 9.8 min (minor); HRMS Calculated for C15H16NO [M+H]+ 
226.1232, found 226.1228. 
 
(-)-(S)-2-fluoro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9h). White solid, mp= 

73-74 oC, 98% yield, 90% ee, [α]30
D = -180.1 (c 1.34, CHCl3); 1H NMR  

(400 MHz, CDCl3) δ 1.62 (d, J = 6.8 Hz, 3H), 3.69 (br, 1H), 5.09 (dd, J = 
13.5, 6.7 Hz, 1H), 6.54 (dd, J = 7.9, 1.5 Hz, 1H), 6.68 (t, J = 1.1 Hz, 1H), 
6.87-6.94 (m, 3H), 7.08-7.13 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 19.6, 

49.4, 112.2 (d, JC-F = 24Hz), 115.1 (d, JC-F = 23 Hz), 118.6, 119.3, 121.9, 122.2, 124.9, 137.2, 
138.2, 144.4, 153.7, 159.4 (d, JC-F = 241 Hz); HPLC (OD-H, elute: Hexanes/i-PrOH = 95/5, 
detector: 254 nm, flow rate: 0.7 mL/min), t1 = 10.9 min (minor), t2 = 13.0 min (major); HRMS 
Calculated for C14H13NOF [M+H]+ 230.0981, found 230.0986. 
 
(+)-(S)-4-chloro-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9i). 95% yield, 90% ee, 

[α]30
D = +60.3 (c 0.88, CHCl3); 1H NMR (400 MHz, CDCl3) δ 1.64 (d, J = 6.8 

Hz, 3H), 3.73 (br, 1H), 5.13 (dd, J = 13.2, 6.5 Hz, 1H), 6.53 (d, J = 8.0 Hz, 1H), 
6.69 (t, J = 7.6 Hz, 1H), 6.88 (t, J = 7.5 Hz, 1H), 7.03-7.12 (m, 2H), 7.26-7.34 
(m, 2H); 13C NMR (100 MHz, CDCl3) δ 19.8, 49.7, 118.2, 119.0, 122.8, 123.6, 
125.2, 125.3, 126.5, 129.6, 137.5, 138.3, 143.3, 153.3; HPLC (OD-H, elute: 

Hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 12.0 min (maj.), t2 = 13.0 
min (min.); HRMS Calculated for C14H13NOCl [M+H]+ 246.0686, found 246.0691. 
 
(+)-(S)-4-bromo-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9j). 97% yield, 87% ee, 

[α]30
D = +110.7 (c 0.63, CHCl3); 1H NMR (400 MHz, CDCl3) δ 1.64 (d, J = 

6.8 Hz, 3H), 3.73 (br, 1H), 5.12 (dd, J = 13.7, 6.8 Hz, 1H), 6.53 (dd, J = 8.0, 
1.4 Hz, 1H), 6.70 (t, J = 7.7 Hz, 1H), 6.87 (t, J = 7.7 Hz, 1H), 6.98 (t, J = 7.8 
Hz, 1H), 7.16 (d, J = 7.6 Hz, 1H), 7.35 (dd, J = 8.0, 1.4 Hz, 1H), 7.50 (dd, J = 
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8.0, 1.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 19.8, 49.8, 115.8, 118.2, 119.0, 123.0, 124.4, 
125.3, 125.7, 132.6, 137.4, 138.2, 143.2; HPLC (OD-H, elute: Hexanes/i-PrOH = 97/3, detector: 
254 nm, flow rate: 0.8 mL/min), t1 = 13.8 min (minor), t2 = 14.7 min (major); HRMS Calculated 
for C14H13NOBr [M+H]+ 290.0181, found 290.0184. 
 
(-)-(S)-11-ethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9k).13 Yellow solid, mp = 41-43 oC, 

98% yield, 83% ee, [α]30
D = -40.9 (c 1.22, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 1.03 (t, J = 7.3 Hz, 3H), 2.01-2.15 (m, 2H), 3.49 (br, 1H), 4.33 (t, J = 7.5 Hz, 
1H), 6.57 (d, J = 7.9 Hz, 1H), 6.67 (t, J = 7.7 Hz, 1H), 6.86 (t, J = 7.6 Hz, 1H), 
7.08 (t, J = 7.9 Hz, 2H), 7.16 (t, J = 8.2 Hz, 2H), 7.22-7.26 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ 11.6, 28.0, 59.0, 118.7, 119.0, 121.2, 121.9, 124.3, 124.6, 127.3, 128.9, 134.2, 
137.9, 144.2, 157.4; HPLC (AD-H, elute: Hexanes/i-PrOH = 80/20, detector: 254 nm, flow rate: 
0.5 mL/min), t1 = 11.0 min (major), t2 = 11.8 min (minor). 
 
(-)-(S)-11-propyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9l). 97% yield, 81% ee, [α]30

D = 
-87.7 (c 1.58, CHCl3); 1H NMR (400 MHz, CDCl3) δ 0.98 (t, J = 7.2 Hz, 3H), 
1.33-1.42 (m, 1H), 1.47-1.56 (m, 1H),  2.00-2.08 (m, 2H), 3.95 (br, 1H), 4.46 
(t, J = 7.4 Hz, 1H), 6.56 (d, J = 7.9 Hz, 1H), 6.66 (t, J = 7.4 Hz, 1H), 6.85 (t, J = 
7.3 Hz, 1H), 7.07 (t, J = 7.8 Hz, 2H), 7.16 (t, J = 7.6 Hz, 2H), 7.22-7.26 (m, 1H); 

13C NMR (100 MHz, CDCl3) δ 14.2, 20.2, 37.1, 56.9, 118.7, 118.9, 121.2, 121.9, 124.4, 124.6, 
127.2, 128.9, 134.5, 137.9, 144.1, 157.5; HPLC (AD-H, elute: Hexanes/i-PrOH = 80/20, detector: 
254 nm, flow rate: 0.7 mL/min), t1 = 7.4 min (major), t2 = 8.3 min (minor); HRMS Calculated for 
C16H18NO [M+H]+ 240.1388, found 240.1389. 
 
(-)-(S)-11-benzyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9m). 90% conv., 52% ee, [α]30

D = 
-100.3 (c 1.02, CHCl3); 1H NMR (400 MHz, CDCl3) δ 3.30-3.34 (m, 1H), 
3.41-3.47 (m, 1H), 3.97 (br, 1H), 4.58 (dd, J = 9.8, 4.7 Hz, 1H), 6.46 (d, J = 7.9 
Hz, 1H), 6.73 (t, J = 7.4 Hz, 1H), 6.86 (t, J = 7.8 Hz, 1H), 7.08 (t, J = 7.2 Hz, 
1H), 7.15 (d, J = 7.6 Hz, 2H), 7.20-7.27 (m, 5H), 7.31 (dd, J = 14.5, 7.0 Hz, 2H); 
13C NMR (100 MHz, CDCl3) δ 41.7, 59.5, 119.0, 119.2, 121.4, 122.0, 124.4, 

124.6, 126.8, 127.7, 128.8, 129.2, 129.6, 133.7, 137.6, 138.9, 144.1, 157.3; HPLC (AD-H, elute: 
Hexanes/i-PrOH = 80/20, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 8.9 min (major), t2 =10.4 
min (minor); HRMS Calculated for C20H18NO [M+H]+ 288.1388, found 288.1388. 
 
(-)-(S)-11-phenyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (9n).13 12% conv., 78% ee, [α]30

D = 
-16.4 (c 0.2, CHCl3); 1H NMR (400 MHz, CDCl3) δ 4.23 (br, 1H), 5.89 (s, 1H), 
6.63 (t, J = 1.4 Hz, 1H), 6.69-6.71 (m, 1H), 6.88 (t, J = 7.6 Hz, 2H), 7.02-7.05 
(m, 1H), 7.08-7.10 (m, 1H), 7.18-7.24 (m, 2H), 7.33-7.42 (m, 5H); 13C NMR 
(100 MHz, CDCl3) δ 60.5, 118.8, 119.6, 121.3, 122.0, 124.4, 124.9, 127.4, 

127.9, 128.6, 128.9, 129.4, 134.5, 138.4, 141.9, 144.9, 157.7; HPLC (AD-H, elute: 
Hexanes/i-PrOH = 70/30, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 9.2 min (major), t2 = 12.4 
min (minor). 
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6. The Determination of the Absolute Configuration 

N
H

O

Br

Me
N

O

Br

Me

1) Benzoyl chloride

PhO

2) Recrystallization in DCM/hexane

9j: 87% ee (S)-10: > 99% ee  
(+)-(S)-4-bromo-10-benzoyl-11-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine (10). To 

a stirred solution of 9j (215 mg, 0.74 mmol) in anhydrous benzene (5.0 mL) was added 
dropwisely a solution of benzoyl chloride (104 mg, 0.74 mmol) at 0 oC. The mixture was stirred at 
room temperature for 72 h. Benzene was removed in vacuum, then water (20 mL) was added, 
which was extracted by CH2Cl2 (2×30 mL), the combined organic layer was washed successively 
with saturated NaHCO3 solution and brine, then dried with anhydrous Na2SO4. After removal of 
the solvent, the residue was subjected to column chromatograph to give the desired white solid 10 
(266 mg, 91% yield). The product was finally recrystallized from hexane and dichloromethane to 
give the colorless crystals with > 99% ee. mp = 129-131 oC, [α]20

D = +526.6 (c 1.08, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 1.35 (d, J = 7.0 Hz, 3H), 6.39 (d, J = 5.7 Hz, 1H), 6.72 (d, J = 7.5 Hz, 
1H), 6.88-6.95 (m, 2H), 7.14-7.26 (m, 5H), 7.37-7.43 (m, 3H), 7.51 (d, J = 7.8 Hz, 1H); 13C NMR 
(100 MHz, CDCl3) δ 23.4, 52.0, 115.7, 122.3, 124.4, 125.2, 128.1, 128.5, 129.0, 129.5, 130.4, 
130.8, 132.2, 132.4, 133.0, 135.5, 150.0, 153.0, 170.1; HPLC (OD-H, elute: Hexanes/i-PrOH = 
90/10, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 9.0 min (minor), t2 =11.2 min (major); 
HRMS Calculated for C21H17NO2Br [M+H]+ 394.0443, found 394.0438. 

 
Fig. 1 X-Ray Crystal Structure of (S)-10. 

 
 Table 1  Crystal data and structure refinement for (S)-10.  
   

Identification code               cd21162  
       Empirical formula               C21H16BrNO2  
       Formula weight                 394.26  
       Temperature                    293(2) K  
       Wavelength                     0.71073 A  
       Crystal system, space group        Tetragonal,  P4(3)2(1)2  
       Unit cell dimensions              a = 8.0493(5) A   alpha = 90 deg.  
                                      b = 8.0493(5) A   beta = 90 deg.  
                                      c = 54.900(5) A   gamma = 90 deg.  
       Volume                         3557.1(4) A3  
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       Z, Calculated density             8,  1.472 Mg/m3  
       Absorption coefficient            2.325 mm-1  
       F(000)                         1600  
       Crystal size                     0.386 x 0.257 x 0.122 mm  
       Theta range for data collection      2.56 to 25.99 deg.  
       Limiting indices                  -9<=h<=9, -9<=k<=9, -67<=l<=41  
       Reflections collected / unique       19376 / 3481 [R(int) = 0.0631]  
       Completeness to theta = 25.99      100.0 %  
       Absorption correction             Empirical  
       Max. and min. transmission        1.0000 and 0.4536  
       Refinement method               Full-matrix least-squares on F2  
       Data / restraints / parameters        3481 / 0 / 228  
       Goodness-of-fit on F^2            1.056  
       Final R indices [I>2sigma(I)]       R1 = 0.0433, wR2 = 0.1064  
       R indices (all data)               R1 = 0.0667, wR2 = 0.1149  
       Absolute structure parameter       0.028(14)  
       Extinction coefficient             0.0000(5)  
       Largest diff. peak and hole         0.420 and -0.390 e.A-3 
 
Table 2  Bond lengths [A] and angles [deg] for (S)-10. 
 

Br(1)-C(2)                    1.893(5)  
            N(1)-C(9)                     1.369(5)  
            N(1)-C(16)                    1.424(4)  
            N(1)-C(7)                     1.458(5)  
            O(1)-C(1)                     1.363(5)  
            O(1)-C(17)                    1.381(4)  
            O(2)-C(9)                     1.217(5)  
            C(1)-C(2)                     1.388(5)  
            C(1)-C(6)                     1.407(6)  
            C(2)-C(3)                     1.367(7)  
            C(3)-C(4)                     1.366(7)  
            C(3)-H(3)                     0.9300  
            C(4)-C(5)                     1.381(7)  
            C(4)-H(4)                     0.9300  
            C(5)-C(6)                     1.393(5)  
            C(5)-H(5)                     0.9300  
            C(6)-C(7)                     1.518(5)  
            C(7)-C(8)                     1.537(6)  
            C(7)-H(7)                     0.9800  
            C(8)-H(8A)                    0.9600  
            C(8)-H(8B)                    0.9600  
            C(8)-H(8C)                    0.9600  
            C(9)-C(10)                    1.496(6)  
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            C(10)-C(15)                   1.379(6)  
            C(10)-C(11)                   1.381(6)  
            C(11)-C(12)                   1.385(7)  
            C(11)-H(11)                   0.9300  
            C(12)-C(13)                   1.356(8)  
            C(12)-H(12)                   0.9300  
            C(13)-C(14)                   1.369(8)  
            C(13)-H(13)                   0.9300  
            C(14)-C(15)                   1.380(7)  
            C(14)-H(14)                   0.9300  
            C(15)-H(15)                   0.9300  
            C(16)-C(21)                   1.367(5)  
            C(16)-C(17)                   1.375(5)  
            C(17)-C(18)                   1.375(5)  
            C(18)-C(19)                   1.377(6)  
            C(18)-H(18)                   0.9300  
            C(19)-C(20)                   1.364(7)  
            C(19)-H(19)                   0.9300  
            C(20)-C(21)                   1.388(6)  
            C(20)-H(20)                   0.9300  
            C(21)-H(21)                   0.9300  
            C(9)-N(1)-C(16)             121.4(3)  
            C(9)-N(1)-C(7)              118.4(3)  
            C(16)-N(1)-C(7)             117.5(3)  
            C(1)-O(1)-C(17)             118.7(3)  
            O(1)-C(1)-C(2)              115.9(4)  
            O(1)-C(1)-C(6)              124.4(3)  
            C(2)-C(1)-C(6)              119.6(4)  
            C(3)-C(2)-C(1)              122.5(5)  
            C(3)-C(2)-Br(1)             118.5(4)  
            C(1)-C(2)-Br(1)             118.8(3)  
            C(4)-C(3)-C(2)              118.3(5)  
            C(4)-C(3)-H(3)              120.9  
            C(2)-C(3)-H(3)              120.9  
            C(3)-C(4)-C(5)              120.7(5)  
            C(3)-C(4)-H(4)              119.7  
            C(5)-C(4)-H(4)              119.7  
            C(4)-C(5)-C(6)              122.2(5)  
            C(4)-C(5)-H(5)              118.9  
            C(6)-C(5)-H(5)              118.9  
            C(5)-C(6)-C(1)              116.6(4)  
            C(5)-C(6)-C(7)              116.8(4)  
            C(1)-C(6)-C(7)              126.6(3)  
            N(1)-C(7)-C(6)              114.4(3)  
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            N(1)-C(7)-C(8)              110.9(3)  
            C(6)-C(7)-C(8)              112.0(3)  
            N(1)-C(7)-H(7)              106.3  
            C(6)-C(7)-H(7)              106.3  
            C(8)-C(7)-H(7)              106.3  
            C(7)-C(8)-H(8A)             109.5  
            C(7)-C(8)-H(8B)             109.5  
            H(8A)-C(8)-H(8B)            109.5  
            C(7)-C(8)-H(8C)             109.5  
            H(8A)-C(8)-H(8C)            109.5  
            H(8B)-C(8)-H(8C)            109.5  
            O(2)-C(9)-N(1)              121.7(4)  
            O(2)-C(9)-C(10)             121.2(4)  
            N(1)-C(9)-C(10)             117.0(4)  
            C(15)-C(10)-C(11)           119.6(4)  
            C(15)-C(10)-C(9)            122.3(4)  
            C(11)-C(10)-C(9)            118.0(4)  
            C(10)-C(11)-C(12)           119.1(5)  
            C(10)-C(11)-H(11)           120.4  
            C(12)-C(11)-H(11)           120.4  
            C(13)-C(12)-C(11)           121.0(5)  
            C(13)-C(12)-H(12)           119.5  
            C(11)-C(12)-H(12)           119.5  
            C(12)-C(13)-C(14)           120.1(5)  
            C(12)-C(13)-H(13)           120.0  
            C(14)-C(13)-H(13)           120.0  
            C(13)-C(14)-C(15)           119.9(6)  
            C(13)-C(14)-H(14)           120.1  
            C(15)-C(14)-H(14)           120.1  
            C(10)-C(15)-C(14)           120.2(5)  
            C(10)-C(15)-H(15)           119.9  
            C(14)-C(15)-H(15)           119.9  
            C(21)-C(16)-C(17)           119.2(3)  
            C(21)-C(16)-N(1)            121.9(4)  
            C(17)-C(16)-N(1)            118.9(3)  
            C(16)-C(17)-C(18)           122.0(4)  
            C(16)-C(17)-O(1)            119.9(3)  
            C(18)-C(17)-O(1)            117.8(4)  
            C(17)-C(18)-C(19)           118.0(4)  
            C(17)-C(18)-H(18)           121.0  
            C(19)-C(18)-H(18)           121.0  
            C(20)-C(19)-C(18)           121.0(4)  
            C(20)-C(19)-H(19)           119.5  
            C(18)-C(19)-H(19)           119.5  
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            C(19)-C(20)-C(21)           120.1(4)  
            C(19)-C(20)-H(20)           119.9  
            C(21)-C(20)-H(20)           119.9  
            C(16)-C(21)-C(20)           119.7(4)  
            C(16)-C(21)-H(21)           120.1  
            C(20)-C(21)-H(21)           120.1 
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8. Copy of NMR, HRMS and HPLC for Racemic and Chiral Compounds 
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