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1. General 

All reactions were carried out under an atmosphere of nitrogen using the standard Schlenk 

techniques, unless otherwise noted. Commercially available reagents were used without further 

purification. Solvents were treated prior to use according to the standard methods. 1H NMR, 13C 

NMR spectra were recorded at 400 MHz and 100 MHz with the Brucker spectrometer. 19F was 

recorded at 376 MHz with Brucker spectrometer. Chemical shifts are reported in ppm using 

tetramethylsilane as internal standard when using CDCl3 as solvent for 1H NMR spectra. The 

following abbreviations were used to symbolize the multiplicities: s = singlet, d = doublet, t = 

triplet, q = quartet, m = multiplet, br = broad. Flash column chromatography was performed on 

silica gel (200-300 mesh). All reactions were monitored by TLC analysis. Optical rotations were 

measured by the polarimeter. Enantiomeric excess was determined by HPLC analysis using chiral 

column described below in detail. 

2. Synthesis of Seven-membered Cyclic N-Sulfonyl Imines 

Seven-membered cyclic N-sulfonylimines 1 can be conveniently prepared by slightly modified 

procedure from readily available 2-bromobenzenesulfonamide and 2-acylphenylboronic acids 

according to the known literature procedure.1-3 The detailed synthetic steps include palladium- 

catalyzed Suzuki coupling reaction and trifluoroacetic acid promoted intramolecular cyclization. 

 

General Procedure: 2-Formylbenzeneboronic acid (3.000 g, 20 mmol), Pd(amphos)Cl2 (0.212 

g, 0.3 mmol), 2-bromo-N-(tert-butyl)benzenesulfonamide (2.922 g, 10.0 mmol) and potassium 

phosphate (6.368 g, 30.0 mmol) in 1,4-dioxane (50 mL) and water (30 mL) was stirred at reflux 

for 16 h, then cooled to ambient temperature, the solvent was removed under the reduced pressure, 

diluted with water (10 mL), then extracted with dichloromethane (30 mL × 3). The combined 

organic layer was dried over anhydrous sodium sulfate. After filtration, the solvent was concen- 

trated in vacuo, and the residue was purified by flash chromatography to give products S1. 

Subsequently, the above products (0.952 g, 3.0 mmol) and trifluoroacetic acid (7 mL/g of 

coupling product) in dichloromethane (45 mL) was stirred at ambient temperature for 20 min, then 

the mixture pH adjusted to 7 with saturated sodium bicarbonate solution. The organic layer was 

separated and the aqueous layer extracted with dichloromethane (30 mL × 3). The combined 

organic layer was dried over anhydrous sodium sulfate. After filtration, the solvent was removed 

under reduced pressure and the crude product was recrystallized with ethyl acetate to give the 

cyclic N-sulfonyl imines 1. 

Dibenzo[d,f][1,2]thiazepine 5,5-dioxide (1a): 1.220 g, 41% yield (two steps), white solid, mp 

268-269 oC, new compound, Rf = 0.45 (hexanes/ethyl acetate 3/1), 1H NMR (400 MHz, CDCl3) δ 
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8.87 (s, 1H), 8.31 (dd, J = 7.9, 1.0 Hz, 1H), 7.92 (d, J = 7.8 Hz, 1H), 7.83-7.75 (m, 

3H), 7.75-7.69 (m, 2H), 7.66 (td, J = 7.6, 1.0 Hz, 1H). 13C NMR (100 MHz, 

CDCl3) δ 172.8, 140.6, 138.9, 135.6, 133.8, 133.4, 132.9, 131.4, 131.3, 130.1, 

129.7, 128.9 128.2. HRMS Calculated for C13H10NO2S [M+H]+ 244.0427, found: 

244.0426. 

9-Methoxydibenzo[d,f][1,2]thiazepine 5,5-dioxide (1b): 0.479 g, 50% yield (two steps), 

yellow solid, mp 232-233 oC, new compound, Rf = 0.40 (hexanes/ethyl acetate 3/1), 1H NMR (400 

MHz, CDCl3) δ 8.80 (s, 1H), 8.27 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 8.6 Hz, 

1H), 7.80-7.55 (m, 3H), 7.30 (d, J = 8.7 Hz, 2H), 3.94 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 172.4, 159.5, 138.0, 135.6, 134.1, 133.7, 133.1, 131.7, 

131.0, 129.0, 128.2, 120.0, 115.0, 55.8. HRMS Calculated for C14H12NO3S [M+H]+ 274.0532, 

found: 274.0531. 

10-Chlorodibenzo[d,f][1,2]thiazepine 5,5-dioxide (1c): 1.135 g, 41% yield (two steps), white 

solid, mp 256-257 oC, new compound, Rf = 0.45 (hexanes/ethyl acetate 3/1), 1H NMR (400 MHz, 

CDCl3) δ 8.82 (s, 1H), 8.30 (d, J = 7.9 Hz, 1H), 7.90 (d, J = 1.6 Hz, 1H), 

7.83-7.77 (m, 1H), 7.76-7.71 (m, 3H), 7.62 (dd, J = 8.3, 1.8 Hz, 1H). 13C NMR 

(100 MHz, CDCl3) δ 171.7, 142.2, 139.9, 138.9, 134.3, 134.0, 132.7, 131.3, 

131.3, 130.3, 130.1, 129.1, 128.3. HRMS Calculated for C13H9ClNO2S [M+H]+ 

278.0037, found: 278.0034. 

9-Chlorodibenzo[d,f][1,2]thiazepine 5,5-dioxide (1d): 0.801 g, 31% yield (two steps), white 

solid, mp 235-236 oC, new compound, Rf = 0.50 (hexanes/ethyl acetate 3/1), 1H NMR (400 MHz, 

CDCl3) δ 8.78 (s, 1H), 8.29 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 8.5 Hz, 1H), 

7.81-7.74 (m, 2H), 7.74-7.66 (m, 3H). 13C NMR (100 MHz, CDCl3) δ 171.2, 

138.8, 138.7, 135.0, 134.7, 134.1, 134.0, 133.3, 131.5, 131.2, 130.6, 130.0, 

128.5. HRMS Calculated for C13H9ClNO2S [M+H]+ 278.0037, found: 278.0036. 

7-Methyldibenzo[d,f][1,2]thiazepine 5,5-dioxide (1e): 0.106 g, 7% yield (two steps), yellow 

solid, mp 192-193 oC, new compound, Rf = 0.25 (hexanes/ethyl acetate 5/1), 1H NMR (400 MHz, 

CDCl3) δ 8.23 (d, J = 7.8 Hz, 1H), 7.80-7.61 (m, 6H), 7.57 (t, J = 7.6 Hz, 1H), 

2.65 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 183.1, 140.2, 138.6, 136.3, 135.9, 

133.5, 132.1, 130.9, 130.4, 129.0, 128.6, 128.3, 127.5, 29.1. HRMS Calculated 

for C14H12NO2S [M+H]+ 258.0583, found: 258.0585. 
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3. Pd-catalyzed Asymmetric Arylation of Cyclic N-Sulfonyl Imines 

 
Ligand (S)-tBu-Phox (5.8 mg, 0.015 mmol) and Pd(CF3CO2)2 (3.3 mg, 0.01 mmol) were placed 

in a dried Schlenk tube under nitrogen atmosphere, and degassed anhydrous acetone (1 mL) was 

added. The mixture was stirred at room temperature for 1 hour. The solvent was removed under 

vacuum to give the catalyst. Under nitrogen atmosphere, to the mixture of seven-membered cyclic 

N-sulfonyl imines (1a-1d, 0.20 mmol) and arylboronic acids (0.60 mmol) was added the above 

catalyst with 2,2,2-trifluoroethanol (3.0 mL). The solution was stirred at 40 oC for 4-72 h. The 

reaction mixture was cooled to room temperature, and the solvent was removed under reduced 

pressure. Flash chromatography on silica gel using hexanes/ethyl acetate as the eluent gave the 

chiral products 3.  

(R)-(+)-7-Phenyl-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3aa): 63 mg, 98% 

yield, white solid, mp 204-205 oC, new compound, Rf = 0.50 (hexanes/ethyl acetate 3/1), 99% ee, 

[α]20
D = 51.35 (c 1.26, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 7.7 Hz, 

1H), 7.80-7.70 (m, 1H), 7.69-7.54 (m, 2H), 7.50-7.34 (m, 6H), 7.31-7.23 (m, 2H), 

6.84-6.71 (m, 1H), 5.35 (brs, 1H), 5.30 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 

140.1, 139.0, 138.0, 137.1, 136.2, 133.5, 130.2, 129.5, 129.2, 129.1, 129.0, 128.8, 

128.7, 128.5, 128.1, 125.9, 60.5. HPLC: Chiracel AD-H column, 220 nm, 30 oC, 

n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 12.7 min and 18.3 min (major). 

HRMS Calculated for C19H16NO2S [M+H]+ 322.0896, found: 322.0895. 

(+)-7-(4-Methoxyphenyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ab): 69 mg, 

98% yield, white solid, mp 114-115 oC, new compound, Rf = 0.60 (hexanes/ethyl acetate 3/1), 

95% ee, [α]20
D = 52.08 (c 0.72, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.07 

(d, J = 7.6 Hz, 1H), 7.80-7.72 (m, 1H), 7.68-7.56 (m, 2H), 7.43-7.40 (m, 2H), 

7.38-7.25 (m, 3H), 6.92 (d, J = 8.1 Hz, 2H), 6.84-6.77 (m, 1H), 5.31 (brs, 1H), 

5.26 (s, 1H), 3.83 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 160.0, 139.9, 139.0, 

137.1, 136.4, 133.4, 130.2, 129.8, 129.4, 129.2, 129.1, 129.0, 128.6, 125.9, 

114.3, 60.1, 55.4. HPLC: Chiracel OD-H column, 220 nm, 30 oC, 

n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 20.0 min and 23.5 min (major). 

HRMS Calculated for C20H18NO3S [M+H]+ 352.1002, found: 352.1006. 

(+)-7-(p-Tolyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ac): 67 mg, 99% yield, 

white solid, mp 110-111 oC, new compound, Rf = 0.80 (hexanes/ethyl acetate 3/1), 97% ee, [α]20
D 

= 27.65 (c 1.28, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 7.7 Hz, 

1H), 7.78-7.71 (m, 1H), 7.68-7.54 (m, 2H), 7.43-7.38 (m, 2H), 7.33-7.27 (m, 

3H), 7.21-7.13 (m, 2H), 6.84-6.74 (m, 1H), 5.31 (brs, 1H), 5.26 (s, 1H), 2.36 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 140.0, 139.0, 138.4, 136.3, 134.9, 133.4, 

130.2, 129.5, 129.5, 129.1, 129.0, 128.6, 128.0, 125.9, 60.4, 21.2. HPLC: 

Chiracel AD-H column, 220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 

mL/min, retention time 13.4 min and 21.8 min (major). HRMS Calculated for C20H18NO2S 
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[M+H]+ 336.1053, found: 336.1049. 

(+)-7-(4-(tert-Butyl)phenyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ad): 75 

mg, 99% yield, white solid, mp 125-126 oC, new compound, Rf = 0.75 (hexanes/ethyl acetate 3/1), 

96% ee, [α]20
D = 50.12 (c 1.56, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.97 (d, 

J = 7.7 Hz, 1H), 7.71-7.63 (m, 1H), 7.61-7.55 (m, 1H), 7.51 (t, J = 7.5 Hz, 1H), 

7.40-7.18 (m, 7H), 6.82-6.70 (m, 1H), 5.24 (brs, 1H), 5.19 (s, 1H), 1.26 (s, 9H) 
13C NMR (100 MHz, CDCl3) δ 151.6, 140.0, 139.1, 137.1, 136.3, 134.8, 133.4, 

130.2, 129.5, 129.1, 129.0, 128.6, 127.8, 125.9, 125.8, 60.4, 34.7, 31.4. HPLC: 

Chiracel AD-H column, 220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 

mL/min, retention time 13.1 min and 24.4 min (major). HRMS Calculated for C23H24NO2S 

[M+H]+ 378.1522, found: 378.1524. 

(+)-7-(m-Tolyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ae): 64 mg, 95% yield, 

white solid, mp 179-180 oC, new compound, Rf = 0.75 (hexanes/ethyl acetate 3/1), 98% ee, [α]20
D 

= 47.26 (c 1.28, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.7 Hz, 

1H), 7.79-7.72 (m, 1H), 7.68-7.56 (m, 2H), 7.47-7.40 (m, 2H), 7.31-7.15 (m, 

5H), 6.86-6.74 (m, 1H), 5.33 (brs, 1H), 5.26 (s, 1H), 2.34 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 140.0, 139.0, 138.6, 137.9, 137.1, 136.2, 133.4, 130.2, 

129.5, 129.2, 129.2, 129.0, 128.7, 128.7, 125.9, 125.2, 60.5, 21.4. HPLC: 

Chiracel AD-H column, 220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention 

time 12.0 min and 13.4 min (major). HRMS Calculated for C20H18NO2S [M+H]+ 336.1053, found: 

336.1056. 

(+)-7-(o-Tolyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3af): 65 mg, 97% yield, 

white solid, mp 227-228 oC, new compound, Rf = 0.70 (hexanes/ethyl acetate 3/1), 95% ee, [α]20
D 

= 2.27 (c 0.75, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 7.8 Hz, 1H), 

7.85 (d, J = 7.4 Hz, 1H), 7.78 (t, J = 7.5 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.61 

(t, J = 7.6 Hz, 1H), 7.43 (d, J = 4.1 Hz, 2H), 7.34 (t, J = 7.5 Hz, 1H), 7.30-7.23 

(m, 2H), 7.11 (d, J = 7.4 Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 5.35 (brs, 1H), 5.25 

(s, 1H), 1.82 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 140.3, 138.9, 136.9, 136.2, 

135.6, 134.9, 133.5, 131.0, 129.8, 129.3, 129.2, 128.9, 128.8, 128.7, 128.3, 127.6, 126.5, 126.1, 

57.3, 18.9. HPLC: Chiracel AD-H column, 220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 

mL/min, retention time 9.8 min and 12.1 min (major). HRMS Calculated for C20H18NO2S [M+H]+ 

336.1053, found: 336.1052. 

(+)-7-(4-Fluorophenyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxidee (3ag): 67 mg, 

98% yield, white solid, mp 229-230 oC, new compound, Rf = 0.80 (hexanes/ethyl acetate 3/1), 

98% ee, [α]20
D = 44.38 (c 1.53, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.05 (d, J 

= 7.7 Hz, 1H), 7.79-7.72 (m, 1H), 7.68-7.55 (m, 2H), 7.52-7.36 (m, 4H), 7.30 (t, 

J = 7.0 Hz, 1H), 7.17-6.99 (m, 2H), 6.82-6.68 (m, 1H), 5.36 (brs, 1H), 5.29 (s, 

1H). 13C NMR (100 MHz, CDCl3) δ 162.6 (d, J = 246.0 Hz), 140.0, 138.9, 137.0, 

136.0, 133.8, 133.5, 130.2, 129.8, 129.3, 129.2, 129.1, 128.7, 125.9, 115.8 (d, J 

= 22.0 Hz), 59.9. 19F NMR (376 MHz, CDCl3) δ -113.0. HPLC: Chiracel AD-H 

column, 220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 12.5 min 

and 18.5 min (major). HRMS Calculated for C19H15FNO2S [M+H]+ 340.0802, found: 340.0800. 

(+)-7-(4-Chlorophenyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ah): 69 mg, 
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97% yield, white solid, mp 191-192 oC, new compound, Rf = 0.60 (hexanes/ ethyl acetate 3/1), 

99% ee, [α]20
D = 66.19 (c 0.63, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.03 (d, 

J = 7.7 Hz, 1H), 7.80-7.71 (m, 1H), 7.70-7.58 (m, 2H), 7.53-7.25 (m, 7H), 

6.84-6.62 (m, 1H), 5.41 (brs, 1H), 5.28 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 

140.0, 138.9, 136.6, 135.7, 134.4, 133.5, 130.2, 129.4, 129.3, 129.2, 129.1, 

129.1, 128.8, 125.9, 60.0. HPLC: Chiracel AD-H column, 220 nm, 30 oC, 

n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 13.3 min and 19.1 

min (major). HRMS Calculated for C19H15ClNO2S [M+H]+ 356.0507, found: 356.0510. 

(+)-7-(4-Bromophenyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ai): 76 mg, 

95% yield, white solid, mp 211-212 oC, new compound, Rf = 0.60 (hexanes/ethyl acetate 3/1), 

99% ee, [α]20
D = 66.20 (c 1.16, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.01 (d, 

J = 4.7 Hz, 1H), 7.80-7.71 (m, 1H), 7.68-7.55 (m, 2H), 7.54-7.46 (m, 2H), 

7.45-7.39 (m, 2H), 7.37-7.24 (m, 3H), 6.82-6.62 (m, 1H), 5.44 (brs, 1H), 5.26 

(s, 1H). 13C NMR (100 MHz, CDCl3) δ 140.0, 138.8, 137.1, 135.6, 133.5, 132.0, 

130.2, 129.8, 129.4, 129.2, 129.1, 128.8, 125.9, 122.5, 60.00. HPLC: Chiracel 

AD-H column, 220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, 

retention time 14.1 min and 20.4 min (major). HRMS Calculated for C19H15BrNO2S [M+H]+ 

400.0001, found: 400.0006. 

(+)-7-(4-(Trifluoromethyl)phenyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3aj): 

73 mg, 94% yield, white solid, mp 223-224 oC, new compound, Rf = 0.60 (hexanes/ethyl acetate 

3/1), 98% ee, [α]20
D = 46.00 (c 1.80, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 

8.04 (d, J = 7.6 Hz, 1H), 7.81-7.72 (m, 1H), 7.71-7.37 (m, 8H), 7.35-7.28 (m, 

1H), 6.78-6.60 (m, 1H), 5.45 (brs, 1H), 5.37 (s, 1H). 13C NMR (100 MHz, 

CDCl3) δ 142.2, 140.1, 138.8, 137.2, 135.4, 133.6, 130.2, 129.5, 129.3, 129.1, 

128.8, 128.6, 126.0, 125.8, 123.9 (q, J = 271.0 Hz), 60.1. 19F NMR (376 MHz, 

CDCl3) δ -62.6. HPLC: Chiracel AD-H column, 220 nm, 30 oC, n-Hexane/ 

i-PrOH = 80/20, flow = 1.0 mL/min, retention time 10.5 min and 15.7 min (major). HRMS 

Calculated for C20H15F3NO2S [M+H]+ 390.0770, found: 390.0774. 

(+)-7-(Naphthalen-2-yl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ak): 65 mg, 

87% yield, white solid, mp 140-141 oC, new compound, Rf = 0.55 (hexanes/ethyl acetate 3/1), 

95% ee, [α]20
D = 63.58 (c 1.70, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.09 

(d, J = 7.7 Hz, 1H), 8.01 (s, 1H), 7.90-7.57 (m, 6H), 7.55-7.49 (m, 2H), 

7.47-7.33 (m, 3H), 7.25-7.17 (m, 1H), 6.82-6.70 (m, 1H), 5.50 (brs, 1H), 5.45 

(s, 1H). 13C NMR (100 MHz, CDCl3) δ 140.1, 139.0, 137.2, 136.0, 135.4, 

133.5, 133.2, 130.2, 129.7, 129.3, 129.1, 129.0, 128.7, 128.6, 128.2, 127.8, 

126.9, 126.7, 126.6, 126.0, 125.9, 60.5. HPLC: Chiracel AD-H column, 220 

nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 18.2 min and 27.2 min 

(major). HRMS Calculated for C23H18NO2S [M+H]+ 372.1053, found: 372.1050. 

(+)-7-(2,3-Dimethylphenyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ai): 67 mg, 

96% yield, white solid, mp 285-286 oC, new compound, Rf = 0.70 (hexanes/ethyl acetate 3/1), 

91% ee, [α]20
D = 18.77 (c 1.30, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.11 (dd, J = 7.8, 1.0 Hz, 

1H), 7.82 (td, J = 7.6, 1.3 Hz, 1H), 7.77-7.71 (m, J = 2H), 7.65 (td, J = 7.7, 1.3 Hz, 1H), 7.47 (d, J 

= 4.1 Hz, 2H), 7.34-7.24 (m, 2H), 7.23-7.17 (m, 1H), 6.76 (d, J = 7.8 Hz, 1H), 5.43 (d, J = 2.6 Hz, 
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1H), 5.25 (d, J = 2.4 Hz, 1H), 2.25 (s, 3H), 1.75 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 140.1, 139.0, 137.6, 137.0, 136.0, 135.2, 134.1, 133.5, 130.0, 129.8, 

129.3, 129.2, 128.9, 128.9, 128.7, 126.1, 125.9, 125.4, 57.7, 20.5, 14.6. 

HPLC: Chiracel AD-H column, 220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, 

flow = 1.0 mL/min, retention time 9.5 min and 15.2 min (major). HRMS 

Calculated for C21H20NO2S [M+H]+ 350.1209, found: 350.1212. 

(+)-7-(2,4-Dimethylphenyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3am): 69 

mg, 99% yield, white solid, mp 214-215 oC, new compound, Rf = 0.70 (hexanes/ethyl acetate 3/1), 

95% ee, [α]20
D = 9.08 (c 1.30, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.00 (dd, 

J = 7.8, 1.1 Hz, 1H), 7.74-7.60 (m, 3H), 7.54 (td, J = 7.7, 1.3 Hz, 1H), 7.36 (d, 

J = 4.0 Hz, 2H), 7.22-7.14 (m, 1H), 7.09 (d, J = 7.8 Hz, 1H), 6.88 (s, 1H), 6.66 

(d, J = 7.8 Hz, 1H), 5.26 (d, J = 2.5 Hz, 1H), 5.14 (d, J = 2.4 Hz, 1H), 2.27 (s, 

3H), 1.72 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 140.2, 139.0, 138.0, 136.9, 

135.4, 135.1, 133.5, 133.1, 131.8, 129.8, 129.3, 129.2, 128.9, 128.7, 127.5, 

127.1, 126.1, 57.2, 21.0, 18.8. HPLC: Chiracel AD-H column, 220 nm, 30 oC, n-Hexane/i-PrOH = 

80/20, flow = 1.0 mL/min, retention time 10.1 min and 12.7 min (major). HRMS Calculated for 

C21H20NO2S [M+H]+ 350.1209, found: 350.1204. 

(+)-7-(3,5-Dimethylphenyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3an): 66 

mg, 94% yield, white solid, mp 202-203 oC, new compound, Rf = 0.80 (hexanes/ethyl acetate 3/1), 

95% ee, [α]20
D = 55.23 (c 1.28, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.09 

(dd, J = 7.8, 1.0 Hz, 1H), 7.79 (t, J = 7.3 Hz, 1H), 7.73-7.59 (m, 2H), 7.53- 

7.41 (m, 2H), 7.38-7.29 (m, 1H), 7.14-6.96 (m, 3H), 6.92-6.80 (m, 1H), 5.33 

(brs, 1H), 5.25 (s, 1H), 2.33 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 140.0, 

139.1, 138.5, 137.8, 137.2, 136.3, 133.3, 130.2, 130.1, 129.5, 129.1, 129.0, 

128.6, 125.9, 60.5, 21.3. HPLC: Chiracel OD-H column, 220 nm, 30 oC, 

n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, retention time 12.1 min and 14.1 min (major). 

HRMS Calculated for C21H20NO2S [M+H]+ 350.1209, found: 350.1212. 

(+)-7-(furan-3-yl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ao): 40 mg, 64% 

yield, white solid, mp 107-108 oC, new compound, Rf = 0.70 (hexanes/ethyl acetate 3/1), 98% ee, 

[α]20
D = 19.30 (c 0.72, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 7.7 Hz, 

1H), 7.77-7.70 (m,1H), 7.69-7.51 (m, 3H), 7.49-7.34 (m, 4H), 7.15 (s, 1H), 6.33 

(brs, 1H), 5.46 (s, 1H), 5.26 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 144.0, 141.0, 

140.0, 138.9, 135.1, 133.5, 130.2, 129.5, 129.2, 128.9, 128.7, 125.9, 123.5, 110.0, 

53.7. HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-Hexane/i-PrOH = 80/20, 

flow = 1.0 mL/min, retention time 13.5 min and 14.6 min (major). HRMS Calculated for 

C17H13NNaO3S [M+Na]+ 334.0508, found: 334.0516. 

(+)-7-(benzofuran-2-yl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ap): 19 mg, 

26% yield, white solid, mp 137-138 oC, new compound, Rf = 0.50 (hexanes/ethyl acetate 4/1), 

97% ee, [α]20
D = 29.09 (c 0.44, CHCl3). 

1H NMR (400 MHz, MeOD) δ 7.91 (d, 

J = 7.7 Hz, 1H), 7.82-7.44 (m, 3H), 7.43-7.28 (m, 3H), 7.28-6.48 (m, 6H), 5.35 

(s, 1H). 13C NMR (100 MHz, MeOD) δ 154.9, 154.8, 140.3, 138.7, 134.4, 

133.2, 130.0, 129.2, 128.6, 128.4, 127.9, 125.1, 124.1, 122.7, 120.7, 110.6, 

105.0, 55.5. HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-Hexane/i-PrOH 
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= 80/20, flow = 1.0 mL/min, retention time 15.8 min and 19.8 min (major). HRMS Calculated for 

C21H16NO3S [M+H]+ 362.0845, found: 362.0856. 

(-)-9-Methoxy-7-phenyl-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ba): 66 mg, 

94% yield, white solid, mp 193-194 oC, new compound, Rf = 0.55 (hexanes/ethyl acetate 3/1), 

99% ee, [α]20
D = -56.42 (c 1.26, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.05 (d, J 

= 7.2 Hz, 1H), 7.76-7.69 (m, 1H), 7.68-7.51 (m, 2H), 7.47-7.29 (m, 6H), 6.95 (dd, 

J = 8.5, 2.6 Hz, 1H), 6.39-6.27 (m, 1H), 5.34 (brs, 1H), 5.29 (s, 1H), 3.68 (s, 3H). 
13C NMR (100 MHz, CDCl3) δ 160.0, 138.9, 137.9, 137.7, 133.4, 132.4, 130.3, 

130.1, 128.9, 128.6, 128.1, 128.0, 125.9, 116.4, 113.6, 60.6, 55.2. HPLC: 

Chiracel IC column, 220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/ 

min, retention time 49.1 min (major) and 53.0 min. HRMS Calculated for C20H18NO3S [M+H]+ 

352.1002, found: 352.1003. 

(+)-10-Chloro-7-phenyl-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ca): 67 mg, 

94% yield, white solid, mp 236-237 oC, new compound, Rf = 0.80 (hexanes/ethyl acetate 3/1), 

98% ee, [α]20
D = 50.53 (c 1.30, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.99 (d, J 

= 7.6 Hz, 1H), 7.75-7.65 (m, 1H), 7.62-7.50 (m, 2H), 7.48-7.20 (m, 6H), 

7.17-7.13 (m, 1H), 6.72-6.50 (m, 1H), 5.29 (brs, 1H), 5.16 (s, 1H). 13C NMR 

(100 MHz, CDCl3) δ 141.6, 137.6, 137.6, 135.1, 134.8, 133.6, 130.9, 130.1, 

129.3, 129.0, 128.9, 128.8, 128.0, 126.1, 60.0. HPLC: Chiracel AD-H column, 

220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, retention time 16.9 min and 18.4 

min (major). HRMS Calculated for C19H15ClNO2S [M+H]+ 356.0507, found: 356.0510. 

(-)-9-Chloro-7-phenyl-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3da): 68 mg, 

96% yield, white solid, mp 227-228 oC, new compound, Rf = 0.60 (hexanes/ethyl acetate 3/1), 

99% ee, [α]20
D = -11.29 (c 1.16, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 8.05 (d, 

J = 7.5 Hz, 1H), 7.82-7.71 (m, 1H), 7.68-7.56 (m, 2H), 7.48-7.32 (m, 7H), 

6.82-6.60 (m, 1H), 5.38 (brs, 1H), 5.24 (s, 1H). 13C NMR (100 MHz, CDCl3) δ 

138.5, 138.0, 137.9, 137.2, 135.2, 133.5, 130.3, 130.1, 129.7, 129.4, 129.1, 

129.0, 128.9, 128.0, 126.0, 60.3. HPLC: Chiracel AD-H column, 220 nm, 30 oC, 

n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 13.2 min and 15.0 

min (major). HRMS Calculated for C19H15ClNO2S [M+H]+ 356.0507, found: 356.0502. 

(+)-7-Methyl-7-phenyl-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ea): 28 mg, 

84% yield, white solid, mp 239-240 oC, new compound, Rf = 0.70 (hexanes/ethyl acetate 3/1), 

99% ee, [α]20
D = 68.61 (c 0.72, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.76 (dd, 

J = 13.5, 7.6 Hz, 2H), 7.53-7.41 (m, 2H), 7.25-7.11 (m, 3H), 6.82 (m, 3H), 6.74 

(d, J = 7.3 Hz, 1H), 6.63 (d, J = 3.0 Hz, 2H), 5.94 (brs, 1H), 1.82 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 145.6, 140.7, 140.1, 138.0, 132.5, 130.9, 129.9, 

129.2, 128.6, 127.6, 127.4, 127.0, 126.1, 124.6, 124.3, 63.2, 33.5. HPLC: Chiracel AD-H column, 

220 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 10.2 min (major) 

and 15.1 min HRMS Calculated for C20H18NO2S [M+H]+ 336.1053, found: 336.1050. 

(+)-7-(4-Methoxyphenyl)-7-methyl-6,7-dihydrodibenzo[d,f][1,2]thiazepine-5,5-dioxide 

(3eb): 32 mg, 88% yield, white solid, mp 164-165 oC, new compound, Rf = 0.55 (hexanes/ethyl 

acetate 3/1), 99% ee, [α]20
D = 47.85 (c 0.56, CHCl3). 

1H NMR (400 MHz, CDCl3) 
1H NMR (400 

MHz, CDCl3) δ 7.86-7.76 (m, 2H), 7.58-7.46 (m, 3H), 7.30-7.22 (m, 2H), 6.89-6.80 (m, 1H), 6.61 

S
NH

O
O

Ph
Cl
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(d, J = 8.0 Hz, 2H), 6.41 (d, J = 8.0 Hz, 2H), 6.02 (brs, 1H), 3.63 (s, 3H), 

1.87 (s, 3H).13C NMR (100 MHz, CDCl3) δ 157.6, 140.7, 140.3, 140.1, 

138.0, 137.7, 132.5, 130.9, 129.8, 129.1, 128.5, 127.4, 126.9, 125.9, 124.3, 

112.9, 62.8, 55.2, 33.6. HPLC: Chiracel IA column, 254 nm, 30 oC, 

n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 11.6 min 

and 12.6 min (major). HRMS Calculated for C21H20NO3S [M+H]+ 366.1158, found: 366.1162. 

(+)-7-(4-(tert-Butyl)phenyl)-7-methyl-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide 

(3ec): 35 mg, 90% yield, white solid, mp 257-258 oC, new compound,  Rf = 0.75 (hexanes/ethyl 

acetate 3/1), 99% ee, [α]20
D = 56.53 (c 0.52, CHCl3). 

1H NMR (400 MHz, 

CDCl3) δ 7.88-7.74 (m, 2H), 7.58-7.46 (m, 2H), 7.25-7.07 (m, 3H), 6.87 (d, 

J = 7.9 Hz, 2H), 6.78-6.72 (m, 1H), 6.60 (d, J = 7.9 Hz, 2H), 6.10 (brs, 1H), 

1.91 (s, 3H), 1.15 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 148.8, 142.5, 

140.8, 140.5, 140.2, 138.1, 132.2, 130.7, 129.9, 129.1, 128.5, 127.2, 126.9, 124.6, 124.4, 124.3, 

63.0, 34.2, 33.1, 31.1. HPLC: Chiracel IA column, 254 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow 

= 1.0 mL/min, retention time 8.9 min and 10.2 min (major). HRMS Calculated for C24H26NO2S 

[M+H]+ 392.1679, found: 392.1670. 

(+)-7-methyl-7-(p-tolyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ed): 33 mg, 

95% yield, white solid, mp 106-107 oC, new compound, Rf = 0.75 (hexanes/ethyl acetate 3/1), 

99% ee, [α]20
D = 44.54 (c 0.66, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.81 

(dd, J = 14.6, 7.2 Hz, 2H), 7.59-7.46 (m, 2H), 7.32-7.25 (m, 2H), 7.24-7.19 

(m, 1H), 6.82 (d, J = 6.8 Hz, 1H), 6.68 (d, J = 7.5 Hz, 2H), 6.57 (d, J = 7.6 

Hz, 2H), 6.08 (brs, 1H), 2.12 (s, 3H), 1.87 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 142.7, 140.7, 140.2, 140.1, 138.1, 135.6, 132.4, 130.9, 129.9, 129.1, 128.5, 128.2, 127.4, 

127.0, 124.6, 124.3, 63.1, 33.6, 20.7. HPLC: Chiracel IA column, 254 nm, 30 oC, n-Hexane/ 

i-PrOH = 80/20, flow = 1.0 mL/min, retention time 9.9 min and 11.8 min (major). HRMS 

Calculated for C21H20NO2S [M+H]+ 350.1209, found: 350.1223. 

(+)-7-methyl-7-(m-tolyl)-6,7-dihydrodibenzo[d,f][1,2]thiazepine 5,5-dioxide (3ee): 32 mg, 

92% yield, white solid, mp 178-179 oC, new compound, Rf = 0.50 (hexanes/ethyl acetate 3/1), 

99% ee, [α]20
D = 90.29 (c 0.68, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.83 (d, 

J = 7.3 Hz, 2H), 7.59-7.47 (m, 2H), 7.31-7.26 (m, 2H), 7.22-7.16 (m, 1H), 

6.83-6.75 (m, 2H), 6.73-6.67 (m, 1H), 6.51 (s, 1H), 6.46-6.40 (m, 1H), 5.98 

(brs, 1H), 2.04 (s, 3H), 1.88 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 145.3, 

140.7, 140.1, 140.1, 138.2, 137.0, 132.5, 130.8, 129.9, 129.1, 128.5, 127.6, 

127.3, 126.9, 126.7, 125.2, 124.2, 122.3, 63.2, 33.3, 21.1.HPLC: Chiracel IA column, 254 nm, 30 
oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 7.5 min (major). and 9.9 min 

HRMS Calculated for C21H19NNaO2S [M+Na]+ 372.1029, found: 372.1041. 
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4. Determination of Absolute Configuration of Products 

To determine the absolute configuration of (+)-7-Phenyl-6,7-dihydrodibenzo[d,f][1,2]thiazepine 

5,5-dioxide (+)-3aa (99% ee), firstly, (+)-3aa was upgraded to >99% ee by recrystallization with 

n-hexane/ethyl acetate. Then, n-hexane was added into the solution of (+)-3aa (>99% ee) in 

dichloromethane, then the solution was slowly evaporated and single crystal of (+)-3aa was 

obtained after 1 days. The crystal was grown from the solution, which is suitable for X-ray 

diffraction analysis. The structure in Figure S1 showed that the absolute configuration of (+)-3aa 

is R [CCDC 1877280] contains the structure and supplementary crystallographic data for 

(R)-(+)-3aa. These data can be obtained free of charge from the Cambridge Crystallographic Data 

Centre via www.ccdc. cam.ac.uk. 

 
Figure S1. X-ray crystallographic analysis of (R)-(+)-3aa 
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