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1. General information

Chemicals reagents and solvents were purchased from commercial suppliers and used
without further purification. 1H NMR and 13C NMR spectra were recorded on Brucker-400 (400
MHz for 1H, 100MHz for 13C)spectrometer, 19F NMR were recorded on a Varian NMR 400
spectrometer. The chemical shifts are reported in ppm from tetramethylsilane (TMS) with the
solvent resonance as the internal standard. The following abbreviations were used to designate
chemical shift mutiplicities: s = singlet, d = doublet, t =triplet, q = quartet, m = multiplet. All
first-order splitting patterns were assigned on the basis of the appearance of the multiplet. Splitting
patterns that could not be easily interpreted are designated as multiplet (m). HPLC analysis was
performed using Chiralcel columns purchased. Mass spectra were obtained using electrospray
ionization (ESI) mass spectrometer. ESI-MS studies on catalytic complex were conducted on
Thermo LTQ XL. Seven-Membered Cyclic Imines (1a-1r) were prepared according to the
reference.1 Allylboronates (2a-2d) were obtained following the reported procedure.2

.
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2. Optimization of reaction conditions

Table S1. Optimization of the catalysts

Entrya CPA Time (h) Lewis acid Yield (%)b er (3a)c

1 A1 12 Bi(OAc)3 97 39:61
2 A2 12 Bi(OAc)3 98 23:77
3 A3 12 Bi(OAc)3 96 40:60
4 A4 12 Bi(OAc)3 98 39.5:60.5
5 A5 12 Bi(OAc)3 97 47.5:52.5
6 A6 12 Bi(OAc)3 98 45:55
7 A7 12 Bi(OAc)3 98 49:51
8 A8 12 Bi(OAc)3 99 0
9 B1 12 Bi(OAc)3 98 30:70
10 B2 12 Bi(OAc)3 96 14:86
11 B3 12 Bi(OAc)3 85 45.5:54.5
12 B4 12 Bi(OAc)3 98 45.5:54.5
13 C1 12 Bi(OAc)3 97 53.5:46.5
14 C2 12 Bi(OAc)3 98 93:7

a The reaction was carried out with 1a (0.1 mmol), 2a (0.12 mmol), CPA (0.03 equiv), lewis acid (0.03
equiv) and solvent (1.0 mL) at rt. b Isolated yield. cDetermined by HPLC analysis.

Table S2. Optimization of the solvents and lewis acids

Entrya Lewis acid Time (h) Solvent Yield (%)b er (3a)c

1 Bi(OAc)3 12 CH2Cl2 98 93:7
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2 Bi(OAc)3 12 Toluene 98 90.5:9.5
3 Bi(OAc)3 12 EA 98 92.5:7.5
4 Bi(OAc)3 12 MTBE 33 90:10

5 Bi(OAc)3 12 THF 55 58.5:41.
5

6 Bi(OAc)3 12 DCE 97 89.5:10.
5

7 Bi(OAc)3 12 1,4-Dioxane 96 70.5:29.
5

8 Bi(OAc)3 12 Cyclohexane 84 58.5:41.
5

9 BiCl3 12 CH2Cl2 65 0
10 BiBr3 12 CH2Cl2 46 0
11 Bi(OTf)3 12 CH2Cl2 98 0

12 Bi(OH)3 12 CH2Cl2 46 61.5:38.
5

13 AgOAc 12 CH2Cl2 98 56:44
aThe reaction was carried out with 1a (0.1 mmol), 2a (0.12 mmol), CPA (0.03 equiv), lewis acid (0.03
equiv) and solvent (1.0 mL) at rt. bIsolated yield. cDetermined by HPLC analysis.

Table S3. Optimization of the additive, catalyst loading and solvent volume.

Entrya Additive (20 mg) Time (h) Yield (%)b er (3a)c

1 3Å Ms 12 98 91:9
2 4Å Ms 12 97 60:40
3 5Å Ms 12 66 75.5:24.5
4 NaBARF 12 93 59.5:40.5
5 Ethylene glycol 12 82 72:28
6d - 12 98 83.5:16.5
7e - 12 97 90.5:9.5
8f - 12 98 90:10
9g - 12 98 95:5
10h - 12 98 95.5:4.5

a The reaction was carried out with 1a (0.1 mmol), 2a (0.1 mmol), CPA (0.03 equiv), lewis acid (0.03
equiv) and CH2Cl2 (1.0 mL) at rt. b Isolated yield. c Determined by HPLC analysis. d 2 mol% catalyst
loading. e 5 mol% catalyst loading. fCPA/lewis acid = 2:1. gCH2Cl2= 2 ml. hCH2Cl2= 3 ml.
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3. General procedure for the the synthesis of 3a, 5, 7, 10 and 11.

To an oven-dried reaction tube under nitrogen atmosphere, chiral phosphoric acid (S)-C2 (0.003
mmol, 2.2 mg), Bi(OAc)3 (0.003 mmol, 1.2 mg) were dissolved in anhydrous CH2Cl2 (3 mL). Then the
corresponding 1a (0.1 mmol, 19.5 mg) and 2a (0.12 mmol, 22.5 uL) were added. The mixture was
stirred at rt for 12 h. The reaction mixture was purified directly by flash chromatography on silica gel
PE/EA (20/1 to 15/1) to give the product 3a.

To a stirred solution of compound 3a (50.0 mg, 0.21 mmol, 87% ee) in dry THF (2.0 mL),
BH3·SMe2 (0.5 M in THF, 50 uL, 0.63 mmol) was added at 0 ˚C. The mixture was warmed to room
temperature and stirred for 5 h. H2O2 (30%, 1.1 mL) and NaOAc (20%, 1.4 mL) were added in order at
0 oC. And the resulting mixture was stirred for 3 h at room temperature. The aqueous layer was
extracted with EtOAc (5 mL× 3), and the combined organic layers were dried over anhydrous Na2SO4.
After filtered and evaporation, the crude mixture was purified by silica gel column chromatography
PE/EA (2/1 to 1/1) to give compound 4 as colourless oil (30.0 mg, 59% yield, 93.5:6.5 er).

To a stirred solution of compound 4 (67.1 mg, 0.26 mmol) and Ph3P (89.2 mg, 0.34 mmol) in
DCM (2 mL) at 0 oC was added a solution of DIAD (63.1 mg, 0.31 mmol) in DCM (2 mL). The
resulting mixture was warmed to room temperature slowly, and then stirred overnight. The reaction
was quenched with EtOH (1 mL) and concentrated under reduced pressure. The residue was purified
by silica gel flash column chromatography PE/EA (20/1 to 15/1) to afford compound 5 as colourless oil
(57.0 mg, 85% yield, 93.5:6.5 er).

Arcylolchlorid (38.8 uL, 0.48 mmol, 91% ee) was dissolved in dry DCM (2 mL), compound 3a
(92.6 mg, 0.4 mmol) and triehylamine (66.7 uL, 0.48 mmol) was added. After 2 hours, 2 ml of H2O
was added to the reaction mixture. Organic layer was washed with water (2 × 10 mL) and the remained
organic layer was dried over anhydrate Na2SO4, evaporated under reduced pressure to provide
compound 6 as white solid (114.0 mg, 98% yield).

A mixture of compound 6 (45.0 mg, 0.15 mmol) and Grubbs 2nd (12.7 mg, 0.015 mmol) in THF
(3.0 mL) was stirred at 40 oC for 0.5 h. After cooling to room temperature, the crude mixture was
directly purified by silica gel column chromatography PE/EA (20/1 to 15/1) to give white solid 7 (38.0
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mg, 96% yield, 94:6 er).

To a stirred solution of compound 3a (57.0 mg, 0.24 mmol, 91% ee) in DMF (2.0 mL), NaH (60%
in oil, 19.2 mg, 0.48 mmol) was added at 0 ˚C. The resulting mixture was warmed to room temperature,
after stirring for 30 min, allylbromide (41.5 μL, 0.48 mmol) was added. The resulting mixture
continued to stir for 5 h untill disappearance of 3a monitored by TLC. The crude mixture was directly
purified by silica gel column chromatography PE/EA (20/1 to 15/1) to give compound 8 as colourless
oil (64.6 mg, 97% yield, 95.5:4.5 er).

A mixture of compound 8 (37.5 mg, 0.135 mmol) and Grubbs 2nd (11.5 mg, 0.013 mmol) in THF
(3.0 mL) was stirred at 40 oC for 0.5 h. After cooling to room temperature, the crude mixture was
directly purified by silica gel column chromatography PE/EA (20/1 to 15/1) to give white solid 9 (33.0
mg, 98% yield).

The obtained compound 9 (33.0 mg, 0.132 mmol) was dissolved in EA (5 mL), then 10% Pd/C (5
mg) was added, the reaction was carried out overnight in hydrogen atmosphere, the Pd/C was suction
filtered, and concentrated under reduced pressure, the crude mixture was directly purified by silica gel
column chromatography PE/EA (20/1 to 15/1) to give compound 10 as colourless oil (32.5 mg, 98%
yield, 94.5:5.5 er).

The compound 3a (32.4 mg, 0.136 mmol, 91% ee) was dissolved in EA (5 mL), then 10% Pd/C (5
mg) was added, the reaction was carried out overnight in hydrogen atmosphere, the Pd/C was suction
filtered, and concentrated under reduced pressure, the crude mixture was directly purified by silica gel
column chromatography PE/EA (20/1 to 15/1) to give compound 11 as colourless oil (31.5 mg, 97%
yield, 95:5 er).
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4. Proposed Reaction Mechanism.

On the basis of the experiment results and our previous work,3a,b plausible transition-state model
was proposed. Firstly, one molecule of chiral phosphoric acids combined with Bi(OAc)3 to form
complex A, and the following allyl transfering from boron to bismuth atom by transmetalation process
to form intermediate B, and a molecule of AcO-B(Pin) was lost. Then the seven-membered cyclic
imines combined with intermediate B by H-bond interaction in C, and allyl bismuth attacked into C=N
bond from Re face to form product 3a.

5. Analytical data

Compound 3a: (R)-11-allyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 23.3 mg (98% of total yield), er = 95.5:4.5, [α]2 5

D = -1.0 (c = 0.40, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 8.9 min, tminor = 8.4
min.
1H NMR (400 MHz, CDCl3) δ 7.32 - 7.24 (m, 1H), 7.23 - 7.16 (m, 2H), 7.16 - 7.07 (m, 2H), 6.92 -
6.83 (m, 1H), 6.74 - 6.67 (m, 1H), 6.59 (dd, J = 7.9, 1.1 Hz, 1H), 6.05 - 5.67 (m, 1H), 5.33 - 5.05 (m,
2H), 4.67 (dd, J = 9.2, 5.5 Hz, 1H), 4.04 (s, 1H), 2.98 - 2.64 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 156.3, 143.1, 136.7, 134.1, 132.6, 127.9, 125.6, 123.4, 123.2, 120.7,
120.0, 118.00, 117.60, 117.5, 54.4, 37.8.
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HRMS (ESI) calcd for C16H16NO (M+H)+: 238.1226, found: 238.1225.

Compound 3b: (R)-11-allyl-6-chloro-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 26.4 mg (97% of total yield), er = 90.5:9.5, [α]2 5

D = -1.7, (c = 1.30, CH2Cl2);
HPLC condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 40/1, tmajor = 9.9 min, tminor
= 9.6 min.
1H NMR (400 MHz, CDCl3) δ 7.38 - 7.19 (m, 2H), 7.11 - 6.97 (m, 2H), 6.88 (t, J = 7.6 Hz, 1H),
6.70 (t, J = 7.6 Hz, 1H), 6.56 (d, J = 7.9 Hz, 1H), 5.85 (td, J = 16.8, 8.5 Hz, 1H), 5.20 (m, 2H),
4.72 (dd, J = 8.8, 5.9 Hz, 1H), 3.59 (br, 1H), 2.93 - 2.67 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 153.0, 143.0, 137.7, 135.8 134.7, 129.6, 126.5, 125.0, 124.9,
122.5, 119.0, 118.7, 118.3, 55.0, 38.5.
HRMS (ESI) calcd for C16H15ClNO (M+H)+: 272.0837, found: 272.0836 .

Compound 3c: (R)-11-allyl-7-chloro-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 24.0 mg (89% of total yield), er = 95.5:4.5; [α] 2 5

D = -2.8, (c = 0.25, CH2Cl2);
HPLC condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 11.3 min,
tminor = 9.9 min.
1H NMR (400 MHz, CDCl3) δ 7.44 - 7.37 (m, 1H), 7.32 - 7.21 (m, 4H), 6.95 (dd, J = 8.5, 2.4 Hz, 1H),
6.61 (d, J = 8.5 Hz, 1H), 6.05 - 5.88 (m, 1H), 5.37 - 5.28 (m, 2H), 4.74 (dd, J = 9.2, 5.6 Hz, 1H), 3.91
(br, 1H), 3.02 - 2.81 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 156.9, 144.2, 136.5, 134.8, 133.4, 129.1, 126.7, 124.6, 124.3, 122.8,
121.8, 121.0, 119.3, 118.7, 55.4, 38.7.
HRMS (ESI) calcd for C16H15ClNO (M+H)+: 272.0837, found: 272.0835.
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Compound 3d: (R)-11-allyl-7-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 21.4 mg, (85% of total yield), er = 93.5:6.5; [α]2 5

D = -1.8, (c = 1.25, CH2Cl2); HPLC
condition: chiralpak IC, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 6.4 min, tminor = 5.6
min.+
1H NMR (400 MHz, CDCl3) δ 7.36 - 7.27 (m, 1H), 7.23 (dd, J = 7.9, 0.9 Hz, 2H), 7.15 (t, J = 7.4 Hz,
1H), 7.05 (d, J = 8.1 Hz, 1H), 6.55 (dd, J = 8.1, 1.8 Hz, 1H), 6.45 (d, J = 1.4 Hz, 1H), 6.05 - 5.75 (m,
1H), 5.32 - 5.13 (m, 2H), 4.71 (dd, J = 9.2, 5.5 Hz, 1H), 3.83 (br, 1H), 2.98 - 2.64 (m, 2H), 2.25 (s,
3H).
13C NMR (101 MHz, CDCl3) δ 157.5, 142.2, 137.3, 135.2, 134.0, 133.7, 128.9, 126.6, 124.2, 121.5,
120.9, 119.8, 119.0, 118.4, 55.4, 38.8, 20.6.
HRMS (ESI) calcd for C17H18NO (M+H)+: 252.1388, found: 252.1385.

Compound 3e: (R)-11-allyl-8-fluoro-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 20.0 mg (78% of total yield), er=94.5:5.5; [α]2 5

D = 5.3, (c = 1.20, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 10.3 min, tminor = 8.8
min.
1H NMR (400 MHz, CDCl3) δ 7.30 - 7.24 (m, 1H), 7.19 - 7.14 (m, 2H), 7.11 (td, J = 7.5, 1.1 Hz,
1H), 7.02 (dd, J = 8.8, 5.7 Hz, 1H), 6.36 - 6.29 (m, 1H), 6.24 (dd, J = 10.2, 2.9 Hz, 1H), 5.92 -
5.79 (m, 1H), 5.28 - 5.10 (m, 2H), 4.66 (dd, J = 9.2, 5.6 Hz, 1H), 4.01 (br, 1H), 2.96 - 2.63 (m,
2H).
13C NMR (101 MHz, CDCl3) δ 159.61 (d, J = 240.1 Hz), 157.5, 140.1 (d, J = 2.4 Hz), 139.0 (d, J =
10.9 Hz), 134.9, 133.5, 129.2, 126.6, 124.6, 122.6 (d, J = 10.1 Hz), 120.9, 118.7, 104.8 (d, J = 23.1 Hz),
104.3 (d, J = 26.4 Hz), 54.9, 38.8.
19F NMR (376 MHz, CDCl3) δ -119.4.
HRMS (ESI) calcd for C16H15FNO (M+H)+: 256.1132, found: 256.1130.
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Compound 3f: (R)-11-allyl-8-chloro-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 26.7 mg (98% of total yield), er=94.5:5.5, [α]2 5

D = 5.5, (c = 1.00, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 13.6 min, tminor =
10.5 min.
1H NMR (400 MHz, CDCl3) δ 7.55 - 7.48 (m, 1H), 7.44 - 7.33 (m, 3H), 7.25 (d, J = 8.5 Hz, 1H), 6.85
(dd, J = 8.5, 2.5 Hz, 1H), 6.78 (d, J = 2.4 Hz, 1H), 6.23 - 5.98 (m, 1H), 5.57 - 5.36 (m, 2H), 4.95 - 4.72
(m, 1H), 4.31 (br, 1H), 3.23 - 2.80 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 157.1, 142.6, 138.9, 134.8, 133.4, 129.3, 129.2, 126.6, 124.6, 122.8,
121.0, 118.7, 118.4, 117.6, 55.2, 38.8.
HRMS (ESI) calcd for C16H15ClNO (M+H)+: 272.0837, found: 272.0835.

Compound 3g: (R)-11-allyl-8-bromo-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 31.0 mg (98% of total yield), er=90:10; [α] 2 5

D = -2.5, (c = 1.40, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 15.1 min, tminor =
11.7 min.
1H NMR (400 MHz, CDCl3) δ 7.31 - 7.21 (m, 1H), 7.20 - 7.05 (m, 3H), 6.95 (d, J = 8.5 Hz, 1H), 6.74
(dd, J = 8.5, 2.3 Hz, 1H), 6.68 (d, J = 2.3 Hz, 1H), 5.93 - 5.73 (m, 1H), 5.25 - 5.11 (m, 2H), 4.63 (dd, J
= 9.2, 5.5 Hz, 1H), 4.02 (br, 1H), 2.94 - 2.66 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 157.1, 143.1, 139.31, 134.8, 133.4, 129.2, 126.6, 124.6, 123.2, 121.4,
120.9, 120.5, 118.7, 116.8, 55.2, 38.8.
HRMS (ESI) calcd for C16H15BrNO (M+H)+: 316.0337, found: 316.0337.

Compound 3h: (R)-11-allyl-8-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 21.5 mg (82% of total yield), er=95:5; [α]2 5

D = -21.6, (c = 0.90, CH2Cl2); HPLC
condition: chiralpak IC, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 6.4 min, tminor = 8.3
min.
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1H NMR (400 MHz, CDCl3) δ 7.32 - 7.24 (m, 1H), 7.19 (d, J = 7.9 Hz, 2H), 7.11 (td, J = 7.5, 1.1 Hz,
1H), 6.97 (d, J = 1.3 Hz, 1H), 6.71 (dd, J = 8.0, 1.4 Hz, 1H), 6.52 (d, J = 8.0 Hz, 1H), 6.00 - 5.73 (m,
1H), 5.33 - 5.08 (m, 2H), 4.63 (dd, J = 9.1, 5.6 Hz, 1H), 3.80 (br, 1H), 2.96 - 2.66 (m, 2H), 2.27 (s,
3H).
13C NMR (101 MHz, CDCl3) δ 157.2, 144.3, 135.2, 134.9, 133.5, 129.1, 128.8, 126.8, 124.9, 124.1,
122.1, 121.0, 119.0, 118.4, 55.8, 38.9, 20.3.
HRMS (ESI) calcd for C17H18NO (M+H)+: 252.1388, found: 252.1386.

Compound 3i: (R)-11-allyl-8-(tert-butyl)-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 25.4 mg (87% of total yield), er = 83:17, [α]2 5

D = -8.0, (c = 1.25, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 6.0 min, tminor = 9.5
min.
1H NMR (400 MHz, CDCl3) δ 7.19 - 7.13 (m, 1H), 7.08 (d, J = 7.1 Hz, 2H), 7.03 - 6.92 (m, 2H), 6.63
(dd, J = 8.4, 2.1 Hz, 1H), 6.49 (d, J = 2.1 Hz, 1H), 6.04 - 5.63 (m, 1H), 5.38 - 4.82 (m, 2H), 4.60 (dd, J
= 9.2, 5.4 Hz, 1H), 3.62 (br, 1H), 2.95 - 2.30 (m, 2H), 1.16 (s, 9H).
13C NMR (101 MHz, CDCl3) δ 157.6, 147.4, 142.2, 136.8, 135.2, 133.6, 128.9, 126.6, 124.2, 121.2,
121.0, 118.5, 116.4, 115.8, 55.2, 38.8, 34.1, 31.4.
HRMS (ESI) calcd for C20H24NO (M+H)+: 294.1852, found: 294.1858.

Compound 3j: (R)-11-allyl-3-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 20.7 mg (82% of total yield), er = 94.5:5.5, [α]2 5

D = -1.2, (c = 0.90, CH2Cl2);
HPLC condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 10.2 min,
tminor = 12.5 min.
1H NMR (400 MHz, CDCl3) δ 7.11 - 6.98 (m, 3H), 6.94 - 6.78 (m, 2H), 6.72 - 6.62 (m, 1H), 6.55 (dd,
J = 7.9, 1.4 Hz, 1H), 5.96 - 5.75 (m, 1H), 5.26 - 5.04 (m, 2H), 4.61 (dd, J = 9.2, 5.5 Hz, 1H), 3.89 (br,
1H), 2.89 - 2.65 (m, 2H), 2.32 (s, 3H).
13C NMR (101 MHz, CDCl3) δ 157.1, 144.3, 139.1, 137.5, 135.2, 130.5, 126.4, 126.0, 124.9, 124.4,
121.7, 121.5, 119.0, 118.7, 118.4, 55.2, 39.0, 21.0.
HRMS (ESI) calcd for C17H18NO (M+H)+: 252.1388, found: 252.1385.
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Compound 3k: (R)-11-allyl-2-methyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 21.0 mg (84% of total yield), er = 91:9; [α] 2 5

D = 3.4, (c = 1.05, CH2Cl2); HPLC
condition: chiralpak ODH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 6.0 min, tminor = 6.5
min.
1H NMR (400 MHz, CDCl3) δ 7.10 - 7.00 (m, 3H), 6.97 (s, 1H), 6.84 (td, J = 7.8, 1.5 Hz, 1H), 6.67 (td,
J = 7.8, 1.5 Hz, 1H), 6.55 (dd, J = 7.9, 1.5 Hz, 1H), 5.98 - 5.70 (m, 1H), 5.30 - 5.04 (m, 2H), 4.60 (dd,
J = 9.2, 5.5 Hz, 1H), 4.00 (br, 1H), 2.94 - 2.67 (m, 2H), 2.31 (s, 3H).
13C NMR (101 MHz, CDCl3) δ 155.2, 144.3, 137.8, 135.2, 133.8, 133.2, 129.3, 127.2, 124.3, 121.7,
120.7, 119.0, 118.6, 118.4, 55.4, 38.8, 20.9.
HRMS (ESI) calcd for C17H18NO (M+H)+: 252.1388, found: 252.1385.

Compound 3l: (R)-11-allyl-1,3-dimethyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 26.0 mg (98% of total yield), er = 90:10; [α]2 5

D = -3.4, (c = 1.20, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 6.6 min, tminor = 12.8
min.
1H NMR (400 MHz, CDCl3) δ 7.06 (dd, J = 7.9, 1.3 Hz, 1H), 6.88 - 6.80 (m, 2H), 6.75 (s, 1H), 6.64
(td, J = 7.9, 1.5 Hz, 1H), 6.53 (dd, J = 7.9, 1.4 Hz, 1H), 5.79 (ddt, J = 17.0, 10.1, 7.3 Hz, 1H), 5.16 -
4.92 (m, 2H), 4.36 (dd, J = 8.1, 7.0 Hz, 1H), 3.05 - 2.76 (m, 2H), 2.28 (d, J = 12.0 Hz, 6H).
13C NMR (101 MHz, CDCl3) δ 157.3, 143.3, 138.3, 137.4, 135.5, 135.1, 129.0, 127.1, 124.4, 121.6,
119.8, 118.4, 118.1, 117.6, 53.8, 40.5, 20.9, 19.9.
HRMS (ESI) calcd for C18H20NO (M+H)+: 266.1545, found: 266.1542.

Compound 3m: (R)-11-allyl-2-(trifluoromethyl)-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 29.3 mg (96% of total yield), er = 95.5:4.5; [α]2 5

D = -3.4, (c = 1.60, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 7.9 min, tminor = 8.5
min.
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1H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 8.3 Hz, 1H), 7.41 (s, 1H), 7.29 - 7.21 (m, 1H), 7.09 (d,
J = 8.0 Hz, 1H), 6.92 - 6.83 (m, 1H), 6.72 (dd, J = 10.6, 4.7 Hz, 1H), 6.58 (d, J = 7.9 Hz, 1H),
5.84 (ddt, J = 17.4, 9.5, 7.1 Hz, 1H), 5.29 - 5.04 (m, 2H), 4.63 (dd, J = 8.7, 6.0 Hz, 1H), 3.99 (br,
1H), 2.86 - 2.63 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 159.5, 143.8, 137.1, 134.4, 134.0, 126.2 (dd, J = 7.6, 3.8 Hz), 126.1 (q,
J = 32.7 Hz), 125.4, 124.8, 124.3 (q, J = 3.6 Hz), 122.7, 121.6 (d, J = 3.0 Hz), 119.7, 119.1, 55.7, 38.7.
19F NMR (376 MHz, CDCl3) δ -64.3.
HRMS (ESI) calcd for C17H15F3NO (M+H)+: 306.1106, found: 306.1096.

Compound 3n: (R)-11-allyl-2-chloro-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 23.1 mg (85% of total yield), er = 95:5; [α]2 5

D = 9.4, (c = 1.18, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 7.7 min, tminor = 7.4
min.
1H NMR (400 MHz, CDCl3) δ 7.38 - 7.27 (m, 2H), 7.09 - 6.99 (m, 2H), 6.93 - 6.85 (m, 1H), 6.74
- 6.66 (m, 1H), 6.56 (dd, J = 8.0, 1.4 Hz, 1H), 5.93 - 5.79 (m, 1H), 5.30 - 5.10 (m, 2H), 4.72 (dd, J
= 9.2, 5.6 Hz, 1H), 3.82 (br, 1H), 2.97 - 2.68 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 153.0, 143.0, 137.8, 135.9, 134.7, 129.6, 126.5, 125.1, 124.9,
124.8, 122.5, 118.9, 118.8, 118.2, 54.9, 38.5.
HRMS (ESI) calcd for C16H15ClNO (M+H)+: 272.0842, found: 272.0835.

Compound 3o: (R)-11-allyl-2-fluoro-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil，20.1 mg (79% of total yield), er = 90.5:9.5; [α]2 5

D = -4.0 (c = 1.00, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 8.6 min, tminor = 9.3
min.
1H NMR (400 MHz, CDCl3) δ 7.15 - 7.04 (m, 2H), 6.94 - 6.85 (m, 2H), 6.80 (td, J = 8.4, 2.6 Hz,
1H), 6.70 (td, J = 8.0, 1.5 Hz, 1H), 6.57 (dd, J = 7.9, 1.5 Hz, 1H), 5.96 - 5.60 (m, 1H), 5.28 - 5.00
(m, 2H), 4.60 (dd, J = 9.2, 5.6 Hz, 1H), 3.99 (br, 1H), 2.97 - 2.55 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 162.4 (d, J = 247.0 Hz), 158.0 (d, J = 11.0 Hz), 143.8, 137.5,
134.8, 129.7, 127.6 (d, J = 9.6 Hz), 124.7, 121.7, 119.3, 118.8, 118.7, 110.9 (d, J = 21.0 Hz),
108.8 (d, J = 23.1 Hz), 55.1, 38.9.
19F NMR (376 MHz, CDCl3) δ -112.9.
HRMS (ESI) calcd for C16H15FNO (M+H)+: 256.1138, found: 256.1133.
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Compound 3p: (R)-7-allyl-7,8-dihydrobenzo[b]naphtho[2,1-f][1,4]oxazepine
colourless oil, 24.5 mg (85% of total yield), er = 94.5:5.5; [α]2 5

D = 27.4, (c = 1.20, CH2Cl2); HPLC
condition: chiralpak IC, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 12.8 min, tminor = 6.3
min.
1H NMR (400 MHz, CDCl3) δ 8.48 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 8.1 Hz, 1H), 7.57 (dd, J = 15.9,
8.5 Hz, 2H), 7.49 (t, J = 7.5 Hz, 1H), 7.37 - 7.27 (m, 2H), 6.88 (t, J = 7.6 Hz, 1H), 6.74 (t, J = 7.6 Hz,
1H), 6.61 (d, J = 7.9 Hz, 1H), 6.02 - 5.75 (m, 1H), 5.32 - 5.10 (m, 2H), 4.79 (dd, J = 8.8, 5.7 Hz, 1H),
4.11 (br, 1H), 3.05 - 2.74 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 152.3, 144.3, 138.2, 135.2, 134.2, 128.5, 127.6, 127.4, 126.3, 124.7,
124.6, 123.8, 122.1, 121.8, 119.2, 119.0, 118.6, 56.0, 39.3.
HRMS (ESI) calcd for C20H18NO (M+H)+: 288.1383, found: 288.1383.

Compound 3q: (R)-12-allyl-12,13-dihydrobenzo[b]naphtho[2,3-f][1,4]oxazepine
colourless oil, 27.9 mg (97% of total yield), er = 95:5; [α]2 5

D = 93.2, (c = 1.45, CH2Cl2); HPLC
condition: chiralpak IC, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 9.3 min, tminor = 18.9
min.
1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.6 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 8.8 Hz,
1H), 7.58 - 7.49 (m, 1H), 7.46 - 7.33 (m, 2H), 7.16 (dd, J = 8.0, 1.4 Hz, 1H), 6.90 (td, J = 7.7, 1.4 Hz,
1H), 6.75 (td, J = 7.7, 1.5 Hz, 1H), 6.64 (dd, J = 7.9, 1.5 Hz, 1H), 6.04 - 5.60 (m, 1H), 5.28 - 4.86 (m,
3H), 3.14 - 2.97 (m, 1H), 2.93 - 2.79 (m, 1H).
13C NMR (101 MHz, CDCl3) δ 154.3, 144.3, 137.2, 135.3, 131.0, 130.8, 129.4, 128.9, 126.8, 125.9,
124.5, 124.4, 122.2, 121.9, 121.4, 119.5, 119.2, 118.0, 53.3, 40.4.
HRMS (ESI) calcd for C20H18NO (M+H)+: 288.1383, found: 288.1384.

Compound 3r: (R)-11-allyl-10,11-dihydrodibenzo[b,f][1,4]thiazepine
colourless oil, 17.5 mg (69% of total yield), er = 88.5:11.5, [α]2 5

D = -21.6, (c = 0.90, CH2Cl2);
HPLC condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 7.0 min, tminor
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= 8.7 min.
1H NMR (400 MHz, CDCl3) δ 7.58 - 7.47 (m, 1H), 7.35 - 7.19 (m, 3H), 7.14 (dd, J = 7.8, 1.4 Hz, 1H),
6.92 - 6.84 (m, 1H), 6.61 - 6.49 (m, 1H), 6.35 (dd, J = 8.1, 0.9 Hz, 1H), 6.01 - 5.86 (m, 2H), 5.35 - 5.15
(m, 2H), 3.80 (br, 1H), 2.91 - 2.74 (m, 1H), 2.73 - 2.56 (m, 1H).
13C NMR (101 MHz, CDCl3) δ 146.6, 144.6, 136.3, 135.1, 132.0, 131.9, 128.7, 128.2, 128.1, 124.8,
118.5, 118.5, 117.8, 116.3, 53.9, 38.0.
HRMS (ESI) calcd for C16H16NS (M+H)+: 254.1003, found: 254.0097.

Compound 3s: (R)-11-(2-methylenebut-3-en-1-yl)-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 20.5 mg (78% of total yield), er = 87:13, [α]2 5

D = -6.2, (c = 1.00, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 9.2 min, tminor = 6.9
min.
1H NMR (400 MHz, CDCl3) δ 7.39 - 6.91 (m, 10H), 6.75 (t, J = 7.5 Hz, 1H), 6.59 (t, J = 7.6 Hz, 1H),
6.42 (d, J = 7.9 Hz, 1H), 5.31 (s, 1H), 5.06 (s, 1H), 4.43 (dd, J = 9.3, 5.3 Hz, 1H), 3.34 -3.04 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 157.2, 143.9, 142.9, 138.2, 137.3, 133.7, 124.4, 124.3, 121.8, 121.7,
121.1, 119.3, 119.2, 119.1, 118.8, 114.3, 55.2, 36.8.
HRMS (ESI) calcd for C18H18NO (M+H)+: 264.1388, found: 264.1382.

Compound 3t: (R)-11-(2-phenylallyl)-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 15.8 mg (50% of total yield), er = 92:8; [α]2 5

D = -4.5, (c = 0.40, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 12.6 min, tminor = 8.3
min.
1H NMR (400 MHz, CDCl3) δ 7.34 (d, J = 7.1 Hz, 2H), 7.30 - 7.13 (m, 4H), 7.09 (d, J = 7.8 Hz, 1H),
7.00 (t, J = 7.9 Hz, 3H), 6.75 (t, J = 7.5 Hz, 1H), 6.59 (t, J = 7.6 Hz, 1H), 6.42 (d, J = 7.9 Hz, 1H), 5.31
(s, 1H), 5.06 (s, 1H), 4.43 (dd, J = 9.3, 5.3 Hz, 1H), 3.41 – 3.03 (m, 2H).
HRMS (ESI) calcd for C22H20NO (M+H)+: 314.1539, found: 314.1541.
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Compound 3u: (R)-11-(2-methylallyl)-10,11-dihydrodibenzo[b,f][1,4]oxazepine
colourless oil, 24.6 mg (98% of total yield), er = 77:23; [α]2 5

D = -1.4, (c = 1.15, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 19/1, tmajor = 8.1 min, tminor = 7.1
min.
1H NMR (400 MHz, CDCl3) δ 7.34 - 7.06 (m, 6H), 6.87 (t, J = 7.6 Hz, 1H), 6.70 (t, J = 7.6 Hz, 1H),
6.59 (d, J = 7.9 Hz, 1H), 5.03 - 4.79 (m, 3H), 2.93 - 2.56 (m, 2H), 1.83 (s, 3H).
13C NMR (101 MHz, CDCl3) δ 157.5, 144.1, 142.2, 138.0, 134.0, 128.9, 126.1, 124.4, 124.3, 121.7,
121.0, 119.0, 118.5, 114.3, 52.5, 42.3, 22.1.
HRMS (ESI) calcd for C17H18NO (M+H)+: 252.1383, found: 252.1381.

Compound 4: (R)-3-(10,11-dihydrodibenzo[b,f][1,4]oxazepin-11-yl)propan-1-ol
colourless oil, 30.0 mg (59% of yield), er = 93.5:6.5, [α] 2 5

D = 5.4 , (c = 1.80, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 1/4, tmajor = 9.4 min, tminor = 8.9
min.
1H NMR (400 MHz, CDCl3) δ 7.32 - 7.03 (m, 5H), 6.94 - 6.83 (m, 1H), 6.76 - 6.65 (m, 1H), 6.61 (dd,
J = 7.9, 1.1 Hz, 1H), 4.45 (t, J = 7.4 Hz, 1H), 3.71 (t, J = 6.4 Hz, 2H), 2.95 (s, 2H), 2.28 - 2.07 (m, 2H),
1.83 - 1.55 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 157.2, 144.0, 137.4, 134.0, 128.9, 127.2, 124.5, 124.3, 121.8, 121.1,
119.1, 118.8, 62.7, 57.2, 31.5, 30.0.
HRMS (ESI) calcd for C16H18NO2 (M+H)+: 256.1332, found: 256.1332.

Compound 5: (R)-1,2,3,13b-tetrahydrodibenzo[b,f]pyrrolo[1,2-d][1,4]oxazepine
colourless oil, 57.0 mg (85% of yield), er = 93.5:6.5, [α] 2 5

D = -76.5, (c = 0.25, CH2Cl2); HPLC
condition: chiralpak IC, 210 nm, 1 mL/min, hexane/i-PrOH = 40/1, tmajor = 5.7 min, tminor = 5.3
min.
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1H NMR (400 MHz, CDCl3) δ 7.42 - 7.28 (m, 3H), 7.28 - 7.21 (m, 2H), 7.06 (td, J = 8.1, 1.5 Hz, 1H),
6.70 (dd, J = 10.9, 4.2 Hz, 1H), 6.60 (d, J = 7.9 Hz, 1H), 5.65 (t, J = 7.0 Hz, 1H), 3.62 - 3.51 (m, 1H),
3.45 (td, J = 8.4, 5.3 Hz, 1H), 2.58 - 2.46 (m, 1H), 2.41 (td, J = 12.4, 6.4 Hz, 1H), 2.32 - 2.09 (m, 2H).
13C NMR (101 MHz, CDCl3) δ 158.3, 144.2, 139.8, 133.4, 129.0, 125.2, 124.6, 124.5, 121.2, 120.6,
116.7, 114.8, 57.6, 50.0, 29.2, 23.4.
HRMS (ESI) calcd for C16H16NO (M+H)+: 238.1226, found: 238.1229.

Compound 6: (R)-1-(11-allyldibenzo[b,f][1,4]oxazepin-10(11H)-yl)prop-2-en-1-one
white solid, 114.0 mg (98% of yield), er = 95.5:4.5, [α]2 5

D = -308.8, (c = 0.25, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 1/19, tmajor = 12.5 min, tminor=
17.7 min.
1H NMR (400 MHz, CDCl3) δ 7.32 - 7.00 (m, 7H), 6.94 (t, J = 7.2 Hz, 1H), 6.32 (dd, J = 16.7, 1.6 Hz,
1H), 6.19 – 6.02 (m, 2H), 5.79 - 5.64 (m, 1H), 5.50 (dd, J = 10.3, 1.5 Hz, 1H), 5.01 (d, J = 10.2 Hz,
1H), 4.90 (d, J = 17.2 Hz, 1H), 2.34 (dt, J = 15.2, 4.9 Hz, 1H), 2.21 - 2.05 (m, 1H).
13C NMR (101 MHz, CDCl3) δ 165.4, 153.3, 153.1, 131.0, 130.4, 129.7, 129.5, 128.7, 128.4, 128.2,
123.9, 123.0, 121.6, 120.9, 117.8, 55.6, 41.0.
HRMS (ESI) calcd for C19H18NO2 (M+H)+: 292.1332, found: 292.1338.

Compound 7: (R)-1,14b-dihydro-4H-dibenzo[b,f]pyrido[1,2-d][1,4]oxazepin-4-one
white solid, 38.0 mg (96% of yield), er = 94:6, [α]2 5

D = -52.0, (c = 0.65, CH2Cl2); HPLC condition:
chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 3/2, tmajor = 5.3 min, tminor = 6.1 min.
1H NMR (400 MHz, CDCl3) δ 7.50 (dd, J = 8.0, 1.5 Hz, 1H), 7.33 - 7.00 (m, 7H), 6.88 - 6.75 (m, 1H),
6.06 (dd, J = 9.9, 2.3 Hz, 1H), 5.47 (dd, J = 6.2, 2.6 Hz, 1H), 3.14 - 3.05 (m, 1H), 3.03 - 2.93 (m, 1H).
13C NMR (101 MHz, CDCl3) δ 163.1, 156.1, 150.0, 138.7, 131.2, 130.0, 129.5, 129.0, 127.2, 126.4,
126.2, 123.5, 122.5, 121.2, 121.1, 56.7, 26.9.
HRMS (ESI) calcd for C17H14NO2 (M+H)+: 264.1019, found: 264.1018.

Compound 8: (R)-10,11-diallyl-10,11-dihydrodibenzo[b,f][1,4]oxazepine
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colourless oil, 64.6 mg (97% of yield), er = 95.5:4.5, [α]2 5
D = -108.3, (c = 0.65, CH2Cl2); HPLC

condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 1/200, tmajor = 8.9 min, tminor= 8.6
min.
1H NMR (400 MHz, CDCl3) δ 7.31 - 6.93 (m, 6H), 6.90 - 6.78 (m, 2H), 6.02 - 5.84 (m, 1H), 5.73 (ddt,
J = 17.2, 10.1, 7.1 Hz, 1H), 5.30 - 5.10 (m, 2H), 5.06 - 4.93 (m, 2H), 4.02 (t, J = 7.7 Hz, 1H), 3.87 -
3.80 (m, 2H), 2.87 (t, J = 7.2 Hz, 2H).
13C NMR (101 MHz, CDCl3) δ 156.7, 147.6, 138.8, 135.7, 135.2, 132.1, 129.3, 128.8, 124.2, 123.3,
122.0, 121.4, 120.7, 120.7, 116.8, 116.5, 64.6, 58.0, 38.8.
HRMS (ESI) calcd for C19H20NO (M+H)+: 278.1539, found: 278.1544.

Compound 10: (R)-1,3,4,14b-tetrahydro-2H-dibenzo[b,f]pyrido[1,2-d][1,4]oxazepine
colourless oil, 32.5 mg (98% of yield), er = 94.5:5.5, [α]2 5

D = -347.2, (c = 0.50, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 40/1, tmajor = 4.7 min, tminor = 5.1
min.
1H NMR (400 MHz, CDCl3) δ 7.33 - 7.00 (m, 7H), 6.87 (t, J = 7.4 Hz, 1H), 4.03 (d, J = 10.1 Hz, 1H),
3.71 - 3.36 (m, 1H), 3.23 - 2.87 (m, 1H), 2.08 - 1.58 (m, 6H).
13C NMR (101 MHz, CDCl3) δ 155.5, 152.8, 143.0, 132.2, 128.6, 126.9, 124.3, 123.2, 120.7, 119.8,
119.5, 119.3, 64.2, 51.7, 36.3, 24.9, 24.2.
HRMS (ESI) calcd for C17H18NO (M+H)+: 252.1388, found: 252.1386.

Compound 11: (R)-1,3,4,14b-tetrahydro-2H-dibenzo[b,f]pyrido[1,2-d][1,4]oxazepine
colourless oil, 31.5 mg (97% of yield), er = 95:5, [α]2 5

D = 22.2, (c = 0.65, CH2Cl2); HPLC
condition: chiralpak ADH, 210 nm, 1 mL/min, hexane/i-PrOH = 1/19, tmajor = 9.8 min, tminor = 8.3
min.
1H NMR (400 MHz, CDCl3) δ 7.32 - 7.07 (m, 5H), 6.89 (t, J = 7.5 Hz, 1H), 6.70 (t, J = 7.5 Hz, 1H),
6.59 (d, J = 7.9 Hz, 1H), 4.49 (t, J = 7.3 Hz, 1H), 3.90 (br, 1H), 2.20 - 1.95 (m, 2H), 1.63 - 1.35 (m,
2H), 1.01 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, CDCl3) δ 157.3, 143.9, 137.7, 134.3, 128.7, 127.0, 124.4, 124.2, 121.7, 121.1,
118.8, 118.5, 56.8, 36.9, 20.1, 14.0.
HRMS (ESI) calcd for C16H18NO (M+H)+: 240.1388, found: 240.1387
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7. NMR and HPLC spectra
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