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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 and 19F 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. Optical rotations were measured by polarimeter. Flash column 

chromatography was performed on silica gel (200-300 mesh). All reactions were monitored by 

TLC analysis. 

2. The Preparation of Keto Sulfonamides 

Keto sulfonamides 1 were prepared from the corresponding aldehydes and N-tert-butylbenze- 

nesulfonamide according to the following procedures. 

 

To a cooled (0 oC) solution of N-tert-butylbenzenesulfonamide (853 mg, 4.0 mmol) in THF (20 

mL) was added n-butyl lithium (3.5 mL, 8.8 mmol, 2.5 M in n-hexane). After stirring the resulting 

mixture for 30 min, a solution of aldehyde (4.4 mmol) in THF (5 mL) was added dropwise over a 

period of 20 min and stirring was continued for additional 2 hours, the mixture was poured into a 

saturated aqueous ammonium chloride solution (20 mL). The aqueous layer was extracted three 

times with ethyl acetate (20 mL×3), and the organic extracts were dried over anhydrous sodium 

sulfate. After concentration in vacuo, the residue was finally purified by flash chromatography to 

afford the corresponding alcohol. To a solution of the entire amount of intermediate alcohol in 

dichloromethane (25 mL) was added PCC (3.10 g, 13.9 mmol). The resulting dark-brown solution 

was stirred for overnight at ambient temperature. After addition of diethyl ether (10 mL) and 

additional stirring (30 min), the mixture was filtered through a pad of silica gel. Concentration in 

vacuo afforded the analytically pure keto sulfonamides 1. The yields given are overall yields for 

two steps. 

2-Benzoyl-N-tert-butylbenzenesulfonamide (1a): 0.951 g, 75% yield (4 mmol scale), white solid, 

mp 82-83 oC. 1H NMR (400 MHz, CDCl3) δ 8.14-8.12 (m, 1H), 7.80-7.78 (m, 2H), 7.61-7.57 (m, 

3H), 7.44 (t, J = 7.7 Hz, 2H), 7.36 (dd, J = 7.1, 1.5 Hz, 1H), 5.24 (br, 1H), 1.30 

(s, 9H); 13C NMR (100 MHz, CDCl3) δ 198.1, 142.7 , 137.6, 136.4, 134.1, 

131.2, 130.7, 130.3, 129.3, 128.9, 128.6, 55.3, 30.3. HRMS Calculated for 

C17H20NO3S [M+H]+ 340.0978, found: 340.0971. 

N-tert-Butyl-2-(2-methylbenzoyl)-benzenesulfonamide (1b): 0.857 g, 65% yield (4 mmol scale), 

white solid, mp 136-137 oC. 1H NMR (400 MHz, CDCl3) δ 8.14 (d, J = 7.7 Hz, 1H), 7.59 (t, J = 

7.3 Hz, 1H), 7.52 (t, J = 7.3 Hz, 1H), 7.41 (dd, J = 13.2, 7.2 Hz, 2H), 7.27 (d, J 

= 7.7 Hz, 2H), 7.20 (t, J = 7.5 Hz, 1H), 5.47 (br, 1H), 2.49 (s, 3H), 1.32 (s, 9H); 
13C NMR (100 MHz, CDCl3) δ 200.1, 142.6, 140.0, 139.4, 136.7, 132.6, 132.4, 

131.8, 131.4, 130.7, 129.9, 129.1, 125.7, 55.3, 30.4, 21.2. HRMS Calculated for 

C18H22NO3S [M+H]+ 354.1134, found: 354.1136. 
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N-tert-Butyl-2-(3-methylbenzoyl)-benzenesulfonamide (1c): 1.127 g, 85% yield (4 mmol scale), 

white solid, mp 84-85 oC. 1H NMR (400 MHz, CDCl3) δ 8.14-8.12 (m, 1H), 7.62-7.56 (m, 4H), 

7.40 (d, J = 7.6 Hz, 1H), 7.37-7.33 (m, 2H), 5.25 (br, 1H), 2.37 (s, 3H), 1.30 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ 198.3, 142.7, 138.5, 137.8, 136.5, 135.0, 

131.2, 131.0, 130.3, 129.3, 128.9, 128.5, 128.2, 55.3, 30.3, 21.4. HRMS 

Calculated for C18H22NO3S [M+H]+ 354.1134, found: 354.1131. 

N-tert-Butyl-2-(4-methylbenzoyl)-benzenesulfonamide (1d): 0.805 g, 61% yield (4 mmol scale), 

white solid, mp 120-121 oC. 1H NMR (400 MHz, CDCl3) δ 8.14-8.11 (m, 1H), 7.70 (d, J = 8.2 Hz, 

2H), 7.62-7.57 (m, 2H), 7.37-7.35 (m, 1H), 7.25 (d, J = 8.5 Hz, 2H), 5.26 (br, 

1H), 2.42 (s, 3H), 1.30 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 197.8, 145.3, 

142.7, 137.9, 134.0, 131.2, 130.9, 130.2, 129.4, 129.3, 128.9, 55.3, 30.3, 21.9. 

HRMS Calculated for C18H22NO3S [M+H]+ 354.1134, found: 354.1140. 

N-tert-Butyl-2-(4-fluorobenzoyl)-benzenesulfonamide (1e): 1.192g, 89% yield (4 mmol scale), 

white solid, mp 82-83 oC. 1H NMR (400 MHz, CDCl3) δ 8.13 (d, J = 7.3 Hz, 1H), 7.83 (dd, J = 

7.9, 5.7 Hz, 2H), 7.65-7.58 (m, 2H), 7.35 (d, J = 7.2 Hz, 1H), 7.12 (t, J = 8.1 Hz, 

2H), 5.19 (br, 1H), 1.29 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 196.5, 166.3 (d, 

J = 256.8 Hz), 142.6, 137.4, 133.4 (d, J = 9.7 Hz), 132.9 (d, J = 2.9 Hz), 131.3, 

130.4, 129.0, 116.0, 115.9 (d, J = 22.1 Hz), 55.3, 30.2; 19F NMR (376 MHz, 

CDCl3) δ -130.17. HRMS Calculated for C17H18FNO3SNa [M+Na]+ 358.0884, 

found: 358.0881. 

2-Acetyl-N-tert-butylbenzenesulfonamide (1f): 0.458 g, 45% yield (4 mmol scale), white solid, 

mp 84-85 oC. 1H NMR (400 MHz, CDCl3) δ 8.06 (dd, J = 7.8, 1.2 Hz, 1H), 

7.62-7.54 (m, 3H), 5.42 (br, 1H), 2.63 (s, 3H), 1.24 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ 204.5, 141.4, 139.2, 131.9, 130.8, 129.1, 127.8, 55.2, 30.5, 30.3. 

HRMS Calculated for C12H17NO3SNa [M+Na]+ 278.0821, found: 278.0825. 

N-tert-Butyl-2-pentanoylbenzenesulfonamide (1g): 0.482 g, 41% yield (4 mmol scale), colorless 

oil. 1H NMR (400 MHz, CDCl3) δ 8.04 (dd, J = 7.6, 1.3 Hz, 1H), 7.60-7.52 (m, 2H), 7.48 (dd, J = 

7.3, 1.4 Hz, 1H), 5.34 (br, 1H), 2.92 (t, J = 7.3 Hz, 2H), 1.75-1.67 (m, 2H), 

1.44-1.35 (m, 2H), 1.25 (s, 9H), 0.93 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 207.5, 141.4, 139.7, 131.9, 130.4, 129.0, 127.4, 55.2, 42.8, 30.3, 25.8, 

22.3, 14.0. HRMS Calculated for C15H23NO3SNa [M+Na]+ 320.1291, found: 

320.1283. 

N-tert-Butyl-2-(3-methylbutanoyl)-benzenesulfonamide (1h): 0.508 g, 43% yield (4 mmol 

scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J = 7.7, 1.3 Hz, 1H), 7.60-7.48 (m, 

3H), 5.43 (br, 1H), 2.81 (d, J = 6.7 Hz, 2H), 2.36-2.26 (m, 1H), 1.25 (s, 9H), 

1.00 (d, J = 6.7 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 206.6, 141.4, 139.6, 

131.8, 130.5, 129.0, 127.8, 55.2, 51.7, 30.3, 24.3, 22.6. HRMS Calculated for 

C15H23NO3SNa [M+Na]+ 320.1291, found: 320.1303. 

N-tert-Butyl-2-(cyclohexanecarbonyl)-benzenesulfonamide (1i): 0.426 g, 33% yield (4 mmol 

scale), white solid, mp 110-111 oC. 1H NMR (400 MHz, CDCl3) δ 8.07 (dd, J = 

7.6, 1.3 Hz, 1H), 7.61-7.51 (m, 3H), 5.49 (br, 1H), 3.02-2.94 (m, 1H), 1.91 (d, J 

= 12.4 Hz, 2H), 1.82-1.77 (m, 2H), 1.68-1.66 (m, 1H), 1.54-1.48 (m, 2H), 

1.30-1.18 (m, 12H); 13C NMR (100 MHz, CDCl3) δ 209.9, 142.1, 138.9, 131.8, 
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130.5, 129.2, 127.6, 55.2, 50.1, 30.3, 28.7, 25.9, 25.9. HRMS Calculated for C17H25NO3SNa 

[M+Na]+ 346.1447, found: 346.1438. 

2-Benzoyl-N-(tert-butyl)-4-methylbenzenesulfonamide (1j): 0.690 g, 52% yield (4 mmol scale), 

white solid, mp 158-159 oC. 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 8.1 Hz, 1H), 7.81-7.79 (m, 

2H), 7.62-7.59 (m, 1H), 7.48-7.44 (m, 2H), 7.40 (d, J = 8.1 Hz, 1H), 7.15 (s, 

1H), 5.14 (s, 1H), 2.42 (s, 3H), 1.29 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

198.2, 142.0, 139.9, 137.7, 136.5, 133.9, 130.7, 130.7, 129.6, 129.0, 128.5, 

55.1, 30.2, 21.4. HRMS Calculated for C18H21NO3SNa [M+Na]+ 354.1134, 

found: 354.1137. 

2-Benzoyl-N-(tert-butyl)-4-methoxybenzenesulfonamide (1k): 1.013 g, 73% yield (4 mmol 

scale), white solid, mp 142-143 oC. 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.8 Hz, 1H), 7.82 

(d, J = 7.5 Hz, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.47-7.43 (m, 2H), 7.05 (dd, J 

= 8.8, 2.4 Hz, 1H), 6.83-6.82 (m, 1H), 5.05 (s, 1H), 3.84 (s, 3H), 1.29 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ 197.5, 161.4, 139.5, 136.2, 134.3, 

134.1, 131.1, 130.7, 128.6, 115.3, 114.2, 55.8, 55.0, 30.2. HRMS 

Calculated for C18H21NO4SNa [M+Na]+ 370.1083, found: 370.1086.  

2-Benzoyl-N-(tert-butyl)-4-chlorobenzenesulfonamide (1l): 0.841 g, 60% yield (4 mmol scale), 

white solid, mp 103-104 oC. 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.5 Hz, 1H), 7.80 (d, J = 

7.3 Hz, 2H), 7.65-7.57 (m, 2H), 7.50-7.46 (m, 2H), 7.34-7.33 (m, 1H), 5.11 

(s, 1H), 1.31 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 196.4, 141.2, 139.3, 

137.7, 135.8, 134.4, 130.7, 130.4, 130.2, 129.0, 128.7, 55.4, 30.2. HRMS 

Calculated for C17H18ClNO3SNa [M+Na]+ 374.0588, found: 374.0592.  

N-(tert-Butyl)-4-methyl-2-pentanoylbenzenesulfonamide (1m): 0.469 g, 38% yield (4 mmol 

scale), white solid, mp 57-58 oC. 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.1 Hz, 1H), 7.33 (d, 

J = 8.1 Hz, 1H), 7.26 (s, 1H), 5.27 (s, 1H), 2.92 (t, J = 7.3 Hz, 2H), 2.45 (s, 

3H), 1.75-1.68 (m, 2H), 1.46-1.36 (m, 2H), 1.25 (s, 9H), 0.95 (t, J = 7.3 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 207.5, 142.5, 139.7, 138.5, 130.7, 

129.0, 127.9, 55.0, 42.7, 30.2, 25.7, 22.2, 21.4, 13.9. HRMS Calculated for 

C16H25NO3SNa [M+Na]+ 334.1449, found: 334.1449. 

2-Benzoyl-N-(tert-butyl)-3-fluoro-6-methylbenzenesulfonamide (1n): 0.456 g, 33% yield (4 

mmol scale), white solid, mp 179-180 oC. 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 7.3 Hz, 2H), 

7.58-7.54 (m, 1H), 7.46-7.42 (m, 2H), 7.39-7.36 (m, 1H), 7.26-7.20 (m, 1H), 

4.75 (s, 1H), 2.72 (s, 3H), 1.27 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 192.9, 

157.7 (d, J = 248.0 Hz), 140.9 (d, J = 2.3 Hz), 137.5, 134.9 (d, J = 7.5 Hz), 

133.7, 133.6 (d, J = 3.8 Hz), 129.3, 128.7, 128.2 (d, J = 20.5 Hz), 119.5 (d, J = 

21.7 Hz), 55.9, 30.2, 20.7; 19F NMR (376 MHz, CDCl3) δ -115.29. HRMS Calculated for 

C18H24FN2O3S [M+NH4]
+ 367.1486, found: 367.1490.  

Keto sulfonamide 7 was prepared from saccharin and phenylmagnesium bromide according to 

the following procedures. The compound 7 is known. 1 
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To a degassed THF (20 mL) solution of saccharin (0.915 g, 5.0 mmol) at 25 °C was added fresh 

prapared phenylmagnesium bromide (15.0 mmol, 1.0 M in THF) dropwise. The resulting mixture 

was further stirred at the same temperature for 4 hours before being quenched with a saturated 

aqueous ammonium chloride solution. The aqueous layer was extracted further with dichlorome- 

thane (30 mL×3); then the combined organic layer was washed with brine and dried over sodium 

sulfate. Evaporation of the solvent in ice-water bath gave the crude product. The solid obtained 

was washed two times with cold n-hexane and hot n-hexane (60-70 oC), then, crystallization of the 

insoluble part from toluene gave 0.146 g keto sulfonamide 7 in 11% yield. 

Keto sulfonamides 3 were prepared from the corresponding aldehydes and N-tert-butyl-2-me- 

thyl benzenesulfonamide according to the following procedures. 

 

To a cooled (0 oC) solution of N-tert-butyl-2-methylbenzenesulfonamide (4.0 mmol) in THF 

(15 mL) was added n-butyl lithium (3.5 mL, 8.8 mmol, 2.5 M in n-hexane). After stirring the 

resulting mixture for 45 min, a solution of aldehyde (4.4 mmol) in THF (10 mL) was added 

dropwise over a period of 20 min and stirring was continued for additional 3 hours, the mixture 

was poured into a saturated aqueous ammonium chloride solution (20 mL). The aqueous layer was 

extracted three times with ethyl acetate (20 mL×3), and the organic extracts were dried over 

anhydrous sodium sulfate. After concentration in vacuo, the residue was finally purified by flash 

chromatography to afford the corresponding alcohol. To a solution of the entire amount of 

intermediate alcohol in dichloromethane (25 mL) was added PCC (1.724 g, 8.0 mmol). The 

resulting dark-brown solution was stirred for overnight at ambient temperature. After addition of 

diethyl ether (10 mL) and additional stirring (30 min), the mixture was filtered through a pad of 

silica gel. Concentration in vacuo afforded the analytically pure keto sulfonamide compounds 3. 

The yields given are overall yields for two steps. 

N-tert-Butyl-2-(2-oxo-2-phenylethyl)-benzenesulfonamide (3a): 0.873 g, 53% yield (5 mmol 

scale), white solid, mp 88- 89 oC. 1H NMR (400 MHz, CDCl3) δ 8.12-8.05 (m, 3H), 7.62-7.58 (m, 

1H), 7.53-7.48 (m, 3H), 7.41 (td, J = 7.8, 1.2 Hz, 1H), 7.30-7.27 (m, 1H), 4.83 

(s, 2H), 4.55 (br, 1H), 1.17 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 197.5, 141.4, 

136.6, 133.8, 133.7, 133.5, 132.5, 129.7, 128.9, 128.6, 127.5, 55.5, 43.1, 30.0. 

HRMS Calculated for C18H22NO3S [M+H]+ 332.1315, found: 332.1318. 

N-tert-Butyl-2-(2-oxo-2-o-tolylethyl)-benzenesulfonamide (3b): 0.728 g, 53% yield (4 mmol 

scale), white solid, mp 81-82 oC. 1H NMR (400 MHz, CDCl3) δ 8.09 (dd, J = 7.9, 1.3 Hz, 1H), 

7.90 (d, J = 7.7 Hz, 1H), 7.53-7.49 (m, 1H), 7.43-7.39 (m, 2H), 7.33-7.25 (m, 

3H), 4.76 (br, 2H), 2.52 (s, 3H), 1.22 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

201.0, 141.6, 139.1, 137.0, 133.8, 133.5, 132.5, 132.4, 132.0, 129.6, 129.3, 

127.6, 126.1, 55.5, 46.1, 30.2, 21.7. HRMS Calculated for C19H24NO3S [M+H]+ 

346.1471, found: 346.1472. 

N-tert-Butyl-2-(2-oxo-2-m-tolylethyl)-benzenesulfonamide (3c): 0.504 g, 37% yield (4 mmol 

scale), white solid, mp 97-98 oC. 1H NMR (400 MHz, CDCl3) δ 8.10 (dd, J = 7.9, 1.2 Hz, 1H), 

7.87-7.85 (m, 2H), 7.51 (td, J = 7.5, 1.3 Hz, 1H), 7.42-7.35 (m, 3H), 7.28-7.26 (m, 1H), 4.81 (s, 
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2H), 4.57 (br, 1H), 2.42 (s, 3H), 1.17 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

197.7, 141.5, 138.8, 136.6, 134.5, 133.9, 133.5, 132.5, 129.6, 129.1, 128.8, 

127.5, 125.9, 55.5, 43.2, 30.0, 21.5. HRMS Calculated for C19H24NO3S [M+H]+ 

346.1471, found: 346.1475. 

N-tert-Butyl-2-(2-oxo-2-p-tolylethyl)-benzenesulfonamide (3d): 0.613 g, 44% yield (4 mmol 

scale), white solid, mp 84-85 oC. 1H NMR (400 MHz, CDCl3) δ 8.10 (dd, J = 8.0, 1.3 Hz, 1H), 

7.96 (d, J = 8.2 Hz, 2H), 7.50 (td, J = 7.5, 1.4 Hz, 1H), 7.39 (td, J = 7.8, 1.3 Hz, 

1H), 7.29-7.26 (m, 3H), 4.79 (s, 2H), 4.59 (br, 1H), 2.42 (s, 3H), 1.16 (s, 9H); 
13C NMR (100 MHz, CDCl3) δ 197.1, 144.6, 141.4, 134.1, 134.0, 133.5, 132.5, 

129.6, 129.6, 128.8, 127.4, 55.4, 42.9, 30.0, 21.8. HRMS Calculated for 

C19H24NO3S [M+H]+ 346.1471, found: 346.1470. 

N-tert-Butyl-2-(2-(4-fluorophenyl)-2-oxo-ethyl)-benzenesulfonamide (3e): 0.728 g, 52% yield 

(4 mmol scale), white solid, mp 115-116 oC. 1H NMR (400 MHz, CDCl3) δ 8.04-8.00 (m, 3H), 

7.45 (td, J = 7.5, 1.2 Hz, 1H), 7.35 (td, J = 7.8, 1.1 Hz, 1H), 7.21-7.19 (m, 1H), 

7.11-7.07 (m, 2H), 4.71 (s, 2H), 4.43 (br, 1H), 1.10 (s, 9H); 19F NMR (376 MHz, 

CDCl3) δ -104.31; 13C NMR (100 MHz, CDCl3) δ 195.9, 166.1 (d, J = 255.6 

Hz), 141.3, 133.5, 133.4, 133.0 (d, J = 3.1 Hz), 132.6, 131.3 (d, J = 9.4 Hz), 

129.7, 127.7, 116.1 (d, J = 21.9 Hz), 55.5, 43.2, 30.0. HRMS Calculated for 

C18H20FNO3S [M+H]+ 350.1221, found: 350.1226. 

N-tert-Butyl-2-(2-oxo-propyl)-benzenesulfonamide (3f): 0.461 g, 57% yield (3 mmol scale), 

white solid, mp 87-88 oC. 1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J = 7.9, 1.2 Hz, 1H), 7.51 (td, J 

= 7.5, 1.3 Hz, 1H), 7.40 (td, J = 7.8, 1.2 Hz, 1H), 7.27-7.24 (m, 1H), 4.95 (br, 

1H), 4.22 (s, 2H), 2.26 (s, 3H), 1.23 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

206.1, 141.5, 133.4, 133.2, 132.5, 129.5, 127.6, 55.4, 48.4, 30.2, 30.1. HRMS 

Calculated for C13H20NO3S [M+H]+ 270.1158, found: 270.1158. 

N-tert-Butyl-2-(2-oxo-pentyl)-benzenesulfonamide (3g): 0.319 g, 36% yield (3 mmol scale), 

white solid, mp 86-87 oC. 1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J = 7.9, 1.1 Hz, 1H), 7.50 (td, J 

= 7.5, 1.2 Hz, 1H), 7.39 (td, J = 7.8, 1.1 Hz, 1H), 7.24 (d, J = 7.5 Hz, 1H), 4.94 

(br, 1H), 4.20 (s, 2H), 2.54 (t, J = 7.3 Hz, 2H), 1.66-1.61 (m, 2H), 1.24 (s, 9H), 

0.93 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 208.4, 141.5, 133.3, 

133.3, 132.4, 129.5, 127.5, 55.4, 47.7, 44.7, 30.2, 17.2, 13.8. HRMS Calculated 

for C15H24NO3S [M+H]+ 298.1471, found: 298.1472. 

N-tert-Butyl-2-(2-cyclohexyl-2-oxo-ethyl)-benzenesulfonamide (3h): 0.516 g, 51% yield (3 

mmol scale), white solid, mp 79-80 oC. 1H NMR (400 MHz, CDCl3) δ 8.05 (dd, J = 7.9, 1.1 Hz, 

1H), 7.48 (td, J = 7.5, 1.3 Hz, 1H), 7.38 (td, J = 7.8, 1.2 Hz, 1H), 7.19 (d, J = 

7.5 Hz, 1H), 4.81 (s, 1H), 4.29 (s, 2H), 2.58-2.51 (m, 1H), 1.96-1.93 (m, 2H), 

1.82-1.79 (m, 2H), 1.70-1.64 (m, 1H), 1.42-1.23 (m, 14H); 13C NMR (100 MHz, 

CDCl3) δ 211.6, 141.6, 133.6, 133.3, 132.4, 129.6, 127.5, 55.4, 50.8, 46.0, 30.2, 

28.7, 25.9, 25.7. HRMS Calculated for C18H28NO3S [M+H]+ 338.1784, found: 338.1783. 

N-(tert-Butyl)-4-methyl-2-(2-oxo-2-phenylethyl)-benzenesulfonamide 

(3i): 0.976 g, 71% yield (4 mmol scale), white solid, mp 119-120 oC. 1H 

NMR (400 MHz, CDCl3) δ 8.07 (d, J = 7.8 Hz, 2H), 7.97 (d, J = 8.1 Hz, 

1H), 7.62-7.58 (m, 1H), 7.51-7.48 (m, 2H), 7.20 (d, J = 8.1 Hz, 1H), 7.08 (s, 
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1H), 4.78 (s, 2H), 4.46 (s, 1H), 2.38 (s, 3H), 1.16 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 197.5, 

143.1, 138.4, 136.5, 134.0, 133.5, 133.5, 129.7, 128.8, 128.5, 128.1, 55.3, 43.0, 29.9, 21.3. HRMS 

Calculated for C19H23NO3SNa [M+Na]+ 368.1291, found: 368.1294.  

N-(tert-Butyl)-4-methoxy-2-(2-oxo-2-phenylethyl)-benzenesulfonamide (3j): 0.345 g, 60% 

yield (1.6 mmol scale), white solid, mp 134-135 oC. 1H NMR (400 MHz, CDCl3) δ 8.07-8.02 (m, 

3H), 7.62-7.58 (m, 1H), 7.51-7.49 (m, 2H), 6.87 (dd, J = 8.9, 2.4 Hz, 1H), 

6.78-6.77 (m, 1H), 4.78 (s, 2H), 4.40 (s, 1H), 3.83 (s, 3H), 1.16 (s, 9H); 
13C NMR (100 MHz, CDCl3) δ 197.2, 162.4, 136.5, 135.8, 133.6, 133.1, 

131.9, 128.8, 128.5, 118.9, 111.9, 55.5, 55.2, 43.2, 29.9.  HRMS 

Calculated for C19H24NO4S [M+H]+ 362.1421, found: 362.1424.  

N-(tert-Butyl)-4-fluoro-2-(2-oxo-2-phenylethyl)-benzenesulfonamide (3k): 0.404 g, 46% yield 

(2.5 mmol scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.11 (dd, J = 8.9, 5.7 Hz, 1H), 

8.07-8.05 (m, 2H), 7.65-7.61 (m, 1H), 7.53-7.51 (m, 2H), 7.12-7.07 (m, 1H), 

7.01 (dd, J = 9.1, 2.6 Hz, 1H), 4.81 (s, 2H), 4.39 (br, 1H), 1.16 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 196.6, 164.5 (d, J = 254.7 Hz), 137.3 (d, J = 3.4 

Hz), 137.0 (d, J = 8.9 Hz), 136.2, 133.8, 132.3 (d, J = 9.3 Hz), 129.0, 128.5, 

120.5 (d, J = 22.6 Hz), 114.4 (d, J = 21.6 Hz), 55.5, 43.0, 29.8; 19F NMR (376 MHz, CDCl3) δ 

-106.54. HRMS Calculated for C18H24FN2O3S [M+NH4]
+ 367.1486, found: 367.1490.  

N-(tert-Butyl)-4-methyl-2-(2-oxohexyl)-benzenesulfonamide (3l): 0.765 g, 59% yield (4 mmol 

scale), white solid, mp 99-100 oC. 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 8.1 Hz, 1H), 7.18 (d, 

J = 8.1 Hz, 1H), 7.03 (s, 1H), 4.84 (s, 1H), 4.16 (br, 2H), 2.56 (t, J = 7.4 Hz, 

2H), 2.39 (s, 3H), 1.62-1.55 (m, 2H), 1.36-1.29 (m, 2H), 1.23 (s, 9H), 0.90 

(t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 208.6, 143.0, 138.5, 

133.9, 133.1, 129.6, 128.1, 55.2, 47.5, 42.5, 30.1, 25.7, 22.3, 21.3, 13.9. 

HRMS Calculated for C17H28NO3S [M+H]+ 326.1784, found: 326.1787.  

N-(tert-Butyl)-4-methoxy-2-(2-oxohexyl)-benzenesulfonamide (3m): 0.435 g, 67% yield (1.9 

mmol scale), white solid, mp 72-73 oC. 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.9 Hz, 1H), 

6.85 (dd, J = 8.8, 2.4 Hz, 1H), 6.72 (d, J = 2.4 Hz, 1H), 4.77 (s, 1H), 4.16 

(s, 2H), 3.85 (s, 3H), 2.56 (t, J = 7.4 Hz, 2H), 1.62-1.55 (m, 2H), 

1.35-1.28 (m, 2H), 1.23 (s, 9H), 0.90 (t, J = 7.3 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 208.2, 162.3, 135.4, 133.2, 131.8, 118.7, 111.9, 55.5, 55.1, 

47.7, 42.5, 30.1, 25.7, 22.3, 13.9. HRMS Calculated for C17H28NO4S [M+H]+ 342.1734, found: 

342.1734.  

Keto sulfonamides 5 were prepared from the corresponding substituted oxiranes and N-tert- 

butyl-2-methylbenzenesulfonamide according to the following procedures. 

 

To a cooled (0 oC) solution of N-tert-butyl-2-methylbenzenesulfonamide (4.0 mmol) in THF 

(15 mL) was added n-butyl lithium (3.5 mL, 8.8 mmol, 2.5 M in n-hexane). After stirring the 

resulting mixture for 30 min, a solution of substituted oxiranes (4.4 mmol) in THF (10 mL) was 
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added dropwise over a period of 20 min and stirring was continued for additional 3 hours, the 

mixture was poured into a saturated aqueous ammonium chloride solution (20 mL). The aqueous 

layer was extracted three times with ethyl acetate (20 mL×3), and the organic extracts were dried 

over anhydrous sodium sulfate. After concentration in vacuo, the residue was finally purified by 

flash chromatography to afford the corresponding alcohol. To a solution of the entire amount of 

intermediate alcohol in dichloromethane (25 mL) was added PCC (1.724 g, 8.0 mmol). The 

resulting dark- brown solution was stirred for overnight at ambient temperature. After addition of 

diethyl ether (10 mL) and additional stirring (30 min), the mixture was filtered through a pad of 

silica gel. Concentration in vacuo afforded the analytically pure keto sulfonamide compounds 5. 

The yields given are overall yields for two steps. 

N-tert-Butyl-2-(3-oxo-butyl)-benzenesulfonamide (5a): 1.040 g, 61% yield (6 mmol scale), 

white solid, mp 106-107 oC. 1H NMR (400 MHz, CDCl3) δ 8.03-8.00 (m, 1H), 7.45 (t, J = 7.5 Hz, 

1H), 7.32-7.27 (m, 2H), 4.90 (br, 1H), 3.24 (t, J = 7.6 Hz, 2H), 2.87 (t, J = 7.6 

Hz, 2H), 2.15 (s, 3H), 1.22 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 208.2, 141.2, 

140.2, 132.6, 131.5, 129.6, 126.6, 55.1, 45.0, 30.3, 30.1, 27.1. HRMS Calculated 

for C14H21NO3S [M+H]+ 284.1315, found: 284.1320. 

N-tert-Butyl-2-(3-oxo-heptyl)-benzenesulfonamide (5b): 0.287 g, 35% yield (2.5 mmol scale), 

colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 7.8 Hz, 1H), 7.44 (t, J = 7.2 Hz, 1H), 

7.30-7.28 (m, 2H), 4.86 (br, 1H), 3.24 (t, J = 7.4 Hz, 2H), 2.84 (t, J = 7.5 Hz, 

2H), 2.40 (t, J = 7.4 Hz, 2H), 1.55-1.52 (m, 2H), 1.29-1.25 (m, 2H), 1.22 (s, 9H), 

0.87 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 210.6, 141.2, 140.4, 

132.6, 131.5, 129.6, 126.5, 55.0, 44.0, 42.7, 30.3, 27.1, 26.0, 22.4, 13.9. HRMS 

Calculated for C17H28NO3S [M+H]+ 326.1784, found: 326.1786. 

N-tert-Butyl-2-(3-oxo-nonyl)-benzenesulfonamide (5c): 0.829 g, 59% yield (4 mmol scale), 

colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 7.7 Hz, 1H), 7.47-7.43 (m, 1H), 7.32-7.28 

(m, 2H), 5.25-5.19 (br, 1H), 3.28 (t, J = 7.5 Hz, 2H), 2.86 (t, J = 7.4 Hz, 2H), 

2.41 (t, J = 7.3 Hz, 2H), 1.60-1.53 (m, 2H), 1.26-1.24 (m, 16H), 0.87-0.85 (m, 

3H); 13C NMR (100 MHz, CDCl3) δ 210.6, 141.2, 140.3, 132.4, 131.4, 129.3, 

126.3, 54.8, 43.9, 42.9, 31.6, 30.1, 28.8, 26.9, 23.7, 22.4, 14.0. HRMS 

Calculated for C19H32NO3S [M+H]+ 354.2097, found: 354.2101. 

N-tert-Butyl-4-methyl-2-(3-oxo-heptyl)-benzenesulfonamide (5d): 0.875 g, 65% yield (4 mmol 

scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 8.5 Hz, 1H), 7.10-7.09 (m, 2H), 

4.97 (br, 1H), 3.21 (t, J = 7.6 Hz, 2H), 2.85 (t, J = 7.5 Hz, 2H), 2.41 (t, J = 

7.4 Hz, 2H), 2.36 (s, 3H), 1.57-1.53 (m, 2H), 1.32-1.27 (m, 2H), 1.23 (s, 

9H), 0.89 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 210.6, 143.0, 

140.1, 138.3, 132.1, 129.6, 127.0, 54.8, 44.0, 42.6, 30.1, 27.0, 25.9, 22.3, 

21.3, 13.9. HRMS Calculated for C18H30NO3S [M+H]+ 340.1941, found: 340.1940. 

N-tert-Butyl-4-methoxy-2-(3-oxo-heptyl)-benzenesulfonamide (5e): 1.071 g, 75% yield (4 

mmol scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.5 Hz, 1H), 6.80-6.76 (m, 

2H), 4.76 (br, 1H), 3.84 (s, 3H), 3.21 (t, J = 7.6 Hz, 2H), 2.85 (t, J = 7.6 

Hz, 2H), 2.41 (t, J = 7.5 Hz, 2H), 1.57-1.53 (m, 2H), 1.31-1.26 (m, 2H), 

1.22 (s, 9H), 0.89 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 210.5, 

162.6, 142.6, 133.0, 132.0, 117.0, 111.0, 55.6, 54.8, 44.0, 42.7, 30.2, 27.3, 
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26.0, 22.4, 13.9. HRMS Calculated for C18H30NO4S [M+H]+ 356.1890, found: 356.1898. 

N-tert-Butyl-2-(3-oxo-3-phenylpropyl)-benzenesulfonamide (5f): 1.284 g, 62% yield (6 mmol 

scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.9 Hz, 1H), 7.96 (d, J = 7.5 Hz, 

2H), 7.56-7.53 (m, 1H), 7.48-7.30 (m, 5H), 4.92 (br, 1H), 3.43 (s, 4H), 1.24 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ 199.4, 141.2, 140.3, 136.7, 133.2, 132.6, 

131.6, 129.5, 128.6, 128.2, 126.5, 55.0, 40.2, 30.2, 27.5. HRMS Calculated for 

C19H24NO3S [M+H]+ 346.1471, found: 346.1479.  

N-tert-Butyl-2-(3-(4-fluorophenyl)-3-oxo-propyl)-4-methoxybenzenesulfonamide (5g): 0.317 

g, 49% yield (1.8 mmol scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.11-7.97 (m, 3H), 

7.48-7.45 (m, 1H), 7.38-7.28 (m, 2H), 7.09 (t, J = 8.5 Hz, 2H), 5.01 (br, 1H), 

3.41 (dd, J = 12.0, 5.4 Hz, 4H), 1.24 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

197.9, 165.8 (d, J = 254.7 Hz), 141.2, 140.2, 133.1 (d, J = 3.0 Hz), 132.6, 

131.7, 130.8 (d, J = 9.3 Hz), 129.5, 126.6, 115.7 (d, J = 21.9 Hz), 55.0, 40.2, 

30.2, 27.6; 19F NMR (376 MHz, CDCl3) δ -105.11. HRMS Calculated for C19H23FNO3S [M+H]+ 

364.1377, found: 364.1375. 

N-tert-Butyl-2-(3-(4-chlorophenyl)-3-oxopropyl)-benzenesulfonamide (5h): 0.489 g, 54% yield 

(2.4 mmol scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 7.9 Hz, 1H), 7.89 (d, J 

= 8.5 Hz, 2H), 7.48-7.30 (m, 5H), 4.98 (br, 1H), 3.45-3.36 (m, 4H), 1.24 (s, 9H); 

13C NMR (100 MHz, CDCl3) δ 198.2, 141.2, 140.1, 139.6, 135.0, 132.6, 131.7, 

129.6, 129.5, 128.9, 126.6, 55.0, 40.2, 30.2, 27.6. HRMS Calculated for 

C19H23ClNO3S [M+H]+ 380.1082, found: 380.1084. 

N-tert-Butyl-4-methyl-2-(3-oxo-3-phenylpropyl)-benzenesulfonamide (5i): 0.714 g, 66% yield 

(3 mmol scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.97-7.91 (m, 3H), 7.55-7.51 (m, 1H), 

7.45-7.41 (m, 2H), 7.17-7.15 (m, 1H), 7.11 (d, J = 8.1 Hz, 1H), 4.87 (br, 

1H), 3.44-3.35 (m, 4H), 2.36 (s, 3H), 1.23 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ 199.6, 143.2, 140.3, 138.4, 136.8, 133.2, 132.4, 129.8, 128.7, 

128.2, 127.2, 54.9, 40.4, 30.3, 27.6, 21.4. HRMS Calculated for 

C20H26NO3S [M+H]+ 360.1628, found: 360.1626. 

N-tert-Butyl-4-methoxy-2-(3-oxo-3-phenylpropyl)-benzenesulfonamide (5j): 0.735 g, 65% 

yield (3 mmol scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.01-7.96 (m, 3H), 7.56 (t, J = 

7.4 Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H), 6.87 (d, J = 2.6 Hz, 1H), 6.80 (dd, J 

= 8.9, 2.6 Hz, 1H), 4.65 (br, 1H), 3.84 (s, 3H), 3.46-3.36 (m, 4H), 1.23 (s, 

9H); 13C NMR (100 MHz, CDCl3) δ 199.5, 162.7, 142.7, 136.8, 133.3, 

133.1, 132.2, 128.8, 128.3, 117.2, 111.1, 55.6, 54.9, 40.3, 30.3, 27.9. 

HRMS Calculated for C20H26NO4S [M+H]+ 376.1577, found: 376.1583.
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3. The Procedure for Intramolecular Asymmetric Reductive Amination 

Table S1. Optimization of the reaction conditions for the synthesis of γ-sultams 2aa 

 

entry solvent L acid yield (%)b ee (%)c 

1 TFE L4 -- -- -- 

2 TFE L4 PhCOOH -- -- 

3 TFE L4 TFA -- -- 

4 TFE L4 TsOH·H2O 90 88 

5 TFE L4 L-CSA 94 88 

6 TFE L4 D-CSA 96 89 

7 DCM L4 D-CSA 51 86 

8 Toluene L4 D-CSA 82 80 

9 TFE L5 D-CSA 94 88 

10 TFE L6 D-CSA 92 93 

11 TFE L1 D-CSA 96 97 
a Conditions: 1a (0.2 mmol), Pd(OCOCF3)2 (3.0 mol %), ligand (3.3 mol %), acid 
(100 mol %), H2 (600 psi), solvent (3.0 mL), 50 oC, 24 h. b Isolated yield. c 
Determined by HPLC. 

 

The optimal reaction conditions were established: Pd(OCOCF3)2/(S,S)-f-Binaphane as the 

catalyst, D-CSA as the additive, TFE as the solvent and reaction temperature 50 oC. 

Intramolecular asymmetric reductive amination of keto sulfonamides 1 were performed accor- 

ding to the following procedures. 

 

Bisphosphine ligand (S,S)-f-Binaphane (5.3 mg, 0.0066 mmol) and Pd(OCOCF3)2 (2.0 mg, 

0.006 mmol) were placed in a dried Schlenk tube under nitrogen atmosphere, and degassed 

anhydrous acetone was added. The mixture was stirred at room temperature for 1 h. The solvent 

was removed under vacuum to give the catalyst. This catalyst was taken into a glove box filled 

with nitrogen and dissolved in 2,2,2-trifluoroethanol (TFE, 1.0 mL). To the mixture of keto 

sulfonamides 1 (0.2 mmol) and D-(-)-camphorsulfonic acid (46 mg, 0.2 mmol) in 2,2,2-trifluoro- 

ethanol was added this catalyst solution, and then the mixture was transferred to an autoclave, 

which was charged hydrogen gas (600 psi). The autoclave was stirred under directed condition (oil 

bath temperature was showed if it was heated). After release of the hydrogen, the autoclave was 
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opened and the reaction mixture was evaporated. Purification was performed on silica gel using 

n-hexane/ ethyl acetate as the eluent to give the chiral products 2. The enantiomeric excesses were 

determined by chiral HPLC. The absolute configurations of 2 were determined by comparison of 

rotation sign with literature data.  

Racemates of 2 were prepared by the reduction of the corresponding imines using sodium 

borohydride in methanol. 

(+)-3-Phenyl-1,2-benzisothiazoline 1,1-dioxide (2a): (Known compound),1,2 47 mg, 96% yield 

(0.2 mmol scale), 98% ee (S), white solid, [α]20
D = +88.33 (c 0.54, CHCl3) [lit.

1 [α]20
 D = +101.50 

(c 1.50, CHCl3), 97% ee (S)]. 1H NMR (400 MHz, CDCl3) δ 7.82-7.79 (m, 1H), 

7.56-7.50 (m, 2H), 7.40-7.33 (m, 5H), 7.15-7.12 (m, 1H), 5.71 (d, J = 4.0 Hz, 1H), 

5.10 (br, 1H); 13C NMR (100 MHz, CDCl3) δ 139.9, 138.8, 134.9, 133.4, 129.6, 

129.4, 129.2, 127.7, 125.5, 121.2, 61.5. HPLC: Chiracel OJ-H column, 254 nm, 30 
oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 21.9 min (maj) and 24.3 min. 

(+)-3-(o-Tolyl)-1,2-benzisothiazoline 1,1-dioxide (2b): (Known compound),1,2 51 mg, 98% yield 

(0.2 mmol scale), 94% ee (S), white solid, [α]20
D = +10.80 (c 1.10, CHCl3) [lit.

1 [α]20
 D = +12.50 (c 

1.00, CHCl3), 99% ee (S)]. 1H NMR (400 MHz, CDCl3) δ 7.83-7.81 (m, 1H), 

7.59-7.53 (m, 2H), 7.28-7.23 (m, 2H), 7.19-7.15 (m, 1H), 7.13-7.10 (m, 2H), 6.00 

(d, J = 4.4 Hz, 1H), 5.00 (d, J = 4.2 Hz, 1H), 2.44 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 140.2, 136.8, 136.3, 135.6, 133.4, 131.3, 129.5, 129.1, 128.2, 127.1, 

125.3, 121.3, 58.4, 19.5. HPLC: Chiracel OD-H column, 254 nm, 30 oC, n-hexane /i-propanol = 

70/30, flow = 0.7 mL/min, retention time 13.9 min (maj) and 16.8 min. 

(+)-3-(m-Tolyl)-1,2-benzisothiazoline 1,1-dioxide (2c): (Known compound),1,2 47 mg, 90% yield 

(0.2 mmol scale), 97% ee (S), white solid, [α]20
D = +100.27 (c 1.10, CHCl3) [lit.

1 [α]20
 D = +93.49 

(c 1.00, CHCl3), 96% ee (S)]. 1H NMR (400 MHz, CDCl3) δ 7.79-7.77 (m, 1H), 

7.55-7.48 (m, 2H), 7.27-7.23 (m, 1H), 7.16-7.12 (m, 4H), 5.67 (s, 1H), 5.30 (s, 

1H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 140.0, 139.1, 138.8, 134.7, 

133.3, 129.8, 129.4, 129.1, 128.1, 125.4, 124.7, 121.1, 61.3, 21.4. HPLC: Chiracel 

OJ-H column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 

18.2 min (maj) and 20.5 min. 

(+)-3-(p-Tolyl)-1,2-benzisothiazoline 1,1-dioxide (2d): (Known compound),1,2 48 mg, 92% yield 

(0.2 mmol scale), 83% ee (S), white solid, [α]20
D = +75.54 (c 1.10, CHCl3) [lit.

1 [α]20
 D = +90.89 (c 

1.00, CHCl3), 98% ee (S)]. 1H NMR (400 MHz, CDCl3) δ 7.82-7.78 (m, 1H), 

7.56-7.50 (m, 2H), 7.27-7.23 (m, 2H), 7.18 (d, J = 7.8 Hz, 2H), 7.14-7.12 (d, J = 

7.9 Hz, 1H), 5.68 (d, J = 4.0 Hz, 1H), 5.11 (d, J = 3.3 Hz, 1H), 2.34 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 140.2, 139.1, 135.8, 134.9, 133.4, 130.0, 129.5, 127.6, 

125.5, 121.2, 61.3, 21.3. HPLC: Chiracel OD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 

70/30, flow = 0.7 mL/min, retention time 22.1 min and 26.1 min (maj). 

(+)-3-(4-Fluoro-phenyl)-1,2-benzisothiazoline 1,1-dioxide (2e): (Known compound),1,2 49 mg, 

92% yield (0.2 mmol scale), 96% ee (S), white solid, [α]20
D = +94.49 (c 1.20, CHCl3) [lit.

1 [α]20
 D 

= +92.10 (c 1.00, CHCl3), 97% ee (S)]. 1H NMR (400 MHz, CDCl3) δ 7.85-7.80 (m, 

1H), 7.60-7.53 (m, 2H), 7.38-7.33 (m, 2H), 7.15-7.12 (m, 1H), 7.10-7.04 (m, 2H), 

5.73 (d, J = 4.2 Hz, 1H), 5.15 (d, J = 3.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 

163.1 (d, J = 248.5 Hz), 139.7 (d, JC-F = 0.9 Hz), 134.9, 134.7 (d, J = 3.2 Hz), 

NH
S

O O

Ph

NH
S

O O

Ar
Ar = 2-MeC 6H4

NH
S

O O

Ar
Ar = 3-MeC 6H4

NH
S

O O

Ar
Ar = 4-MeC 6H4

NH
S

O O

Ar
Ar = 4-FC 6H4
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133.6, 129.8, 129.6 (d, JC-F = 8.4 Hz) , 125.4, 121.3, 116.4 (d, JC-F =21.8 Hz), 60.7 (d, JC-F = 0.7 

Hz); 19F NMR (376 MHz, CDCl3) δ -112.2. HPLC: Chiracel OD-H column, 220 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 13.1 min (maj) and 20.4 min. 

(-)-3-Methyl-1,2-benzisothiazoline 1,1-dioxide (2f): (Known compound),1,2 37 mg, 95% yield 

(0.2 mmol scale), 95% ee (S), white solid, [α]20
D = -18.96 (c 1.45, CHCl3) [lit.

2a [α]20
 D = -20.70 (c 

1.00, CHCl3), 93% ee (S)].1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 7.8 Hz, 1H), 

7.63-7.59 (m, 1H), 7.52-7.48 (m, 1H), 7.38 (d, J = 7.7 Hz, 1H), 5.09 (br, 1H), 

4.81-4.75 (m, 1H), 1.59 (d, J = 6.7 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 141.9, 

135.5, 133.3, 129.2, 124.0, 121.2, 53.5, 21.5. HPLC: Chiracel OD-H column, 254 

nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.8 mL/min, retention time 12.9 min (maj) and 

16.7 min. 

(-)-3-n-Butyl-1,2-benzisothiazoline 1,1-dioxide (2g): (Known compound),1,2 43 mg, 96% yield 

(0.2 mmol scale), 94% ee (S), colorless oil, [α]20
D = -46.92 (c 0.78, CHCl3) [lit.

1 [α]20
 D = -48.70 (c 

1.00, CHCl3), 94% ee (S)]. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 7.8 Hz, 

1H), 7.62-7.59 (m, 1H), 7.52-7.50 (m, 1H), 7.38 (d, J = 7.8 Hz, 1H), 5.06 (br, 

1H), 4.69 (dt, J = 8.7, 4.3 Hz, 1H), 1.99-1.93 (m, 1H), 1.76-1.72 (m, 1H), 

1.47-1.32 (m, 4H), 0.91 (t, J = 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

140.8, 135.7, 133.2, 129.3, 124.2, 121.4, 58.0, 35.6, 27.9, 22.5, 14.0. HPLC: Chiracel OD-H 

column, 220 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 11.3 min 

(maj) and 21.2 min. 

(-)-3-i-Butyl-1,2-benzisothiazoline 1,1-dioxide (2h): (Known compound),1,2 44 mg, 98% yield 

(0.2 mmol scale), 96% ee (S), white solid, [α]20
D = -52.38 (c 0.42, CHCl3) [lit.

1 [α]20
 D = -68.80 (c 

0.60, CHCl3), 97% ee (S)].1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 7.7 Hz, 1H), 

7.61-7.57 (m, 1H), 7.50-7.46 (m, 1H), 7.35 (d, J = 7.7 Hz, 1H), 5.18 (d, J = 4.8 Hz, 

1H), 4.72-4.67 (m, 1H), 1.93-1.82 (m, 1H), 1.74-1.63 (m, 2H), 0.99 (dd, J = 18.4, 

6.6 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 141.5, 135.6, 133.1, 129.2, 124.2, 

121.3, 56.2, 45.2, 25.5, 23.5, 21.4. HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/ 

i-propanol = 80/20, flow = 0.7 mL/min, retention time 12.2 min (maj) and 25.9 min. 

(-)-3-Cyclohexyl-1,2-benzisothiazoline 1,1-dioxide (2i): (Known compound), 1,2 49 mg, 96% 

yield (0.2 mmol scale), 90% ee (S), white solid, [α]20
D = -46.99 (c 1.23, CHCl3), [lit.

1 [α]20
D = 

-34.00 (c 0.70, CHCl3), 97% ee (S)]. 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 7.8 

Hz, 1H), 7.62-7.57 (m, 1H), 7.52-7.48 (t, J = 7.5 Hz, 1H), 7.37 (d, J = 7.8 Hz, 1H), 

5.11 (d, J = 4.8 Hz, 1H), 4.64-4.62 (m, 1H), 1.86-1.79 (m, 3H), 1.67-1.63 (m, 2H), 

1.31-1.12 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 139.1, 135.8, 133.1, 129.3, 

124.5, 121.4, 63.0, 42.8, 30.8, 26.4, 26.0, 25.9, 25.8. HPLC: Chiracel OD-H column, 220 nm, 30 
oC, n-hexane/i-propanol = 75/ 25, flow = 0.7 mL/min, retention time 9.6 min (maj) and 24.9 min. 

(+)-5-Methyl-3-phenyl-1,2-benzisothiazoline 1,1-dioxide (2j): 49 mg, 94% yield (0.2 mmol), 

97% ee (S), white solid, 171-172 oC, [α]20
D = +64.54 (c 1.23, CHCl3). 

1H NMR (400 MHz, CDCl3) 

δ 7.66 (d, J = 8.0 Hz, 1H), 7.39-7.34 (m, 5H), 7.30 (d, J = 8.0 Hz, 1H), 6.89 (s, 

1H), 5.66 (d, J = 4.1 Hz, 1H), 5.23 (d, J = 3.7 Hz, 1H), 2.34 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 144.4, 140.2, 139.1, 132.0, 130.5, 129.2, 129.0, 127.6, 

125.5, 120.9, 61.2, 21.7. HPLC: Chiracel OD-H column, 220 nm, 30 oC, 
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n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 16.5 min and 17.8 min (maj). 

HRMS Calculated for C14H14NO2S [M+H]+ 260.0740, found: 260.0742. 

(+)-5-Methoxy-3-phenyl-1,2-benzisothiazoline 1,1-dioxide (2k): 53 mg, 96% yield (0.2 mmol 

scale), 97% ee (S), white solid, 120-121 oC, [α]20
D = +21.93 (c 1.40, CHCl3). 

1H NMR (400 MHz, 

CDCl3) δ 7.69 (d, J = 8.7 Hz, 1H), 7.36-7.33 (m, 5H), 7.01 (dd, J = 8.6, 1.9 

Hz, 1H), 6.51 (d, J = 1.4 Hz, 1H), 5.64 (s, 1H), 5.17 (s, 1H), 3.75 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 163.8, 142.5, 138.9, 129.3, 129.0, 127.6, 126.9, 

122.6, 116.5, 109.2, 61.2, 55.8. HPLC: Chiracel OD-H column, 220 nm, 30 
oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 20.3 min and 22.5 min (maj). 

HRMS Calculated for C14H14NO3S [M+H]+ 276.0689, found: 276.0691. 

(+)-5-Chloro-3-phenyl-1,2-benzisothiazoline 1,1-dioxide (2l): 53 mg, 95% yield (0.2 mmol 

scale), 67% ee (S), white solid, 143-144 oC, [α]20
D = +16.52 (c 1.58, CHCl3). 

1H NMR (400 MHz, 

CDCl3) δ 7.73 (d, J = 8.3 Hz, 1H), 7.48 (dd, J = 8.3, 1.4 Hz, 1H), 7.42-7.34 (m, 

5H), 7.09 (s, 1H), 5.67 (s, 1H), 5.28 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 

141.9, 139.8, 138.0, 133.3, 130.1, 129.4, 129.4, 127.6, 125.6, 122.5, 60.9. HPLC: 

Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 

mL/min, retention time 18.4 min and 22.0 min (maj). HRMS Calculated for C13H11Cl NO2S 

[M+H]+ 280.0194, found: 280.0194.  

(-)-5-Methyl-3-butyl-1,2-benzisothiazoline 1,1-dioxide (2m): 46 mg, 96% yield (0.2 mmol 

scale), 95% ee (S), white solid, 67-68 oC, [α]20
D = -66.52 (c 1.15, CHCl3). 

1H NMR (400 MHz, 

CDCl3) δ 7.63 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.16 (s, 1H), 5.00 

(d, J = 4.8 Hz, 1H), 4.66-4.62 (m, 1H), 2.45 (s, 3H), 2.00-1.92 (m, 1H), 

1.74-1.72 (m, 1H), 1.44-1.35 (m, 4H), 0.93-0.90 (m, 3H); 13C NMR (100 MHz, 

CDCl3) δ 144.1, 141.1, 132.9, 130.2, 124.4, 121.0, 57.8, 35.6, 27.9, 22.4, 21.8, 

13.9. HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 

mL/min, retention time 7.9 min (maj) and 9.4 min. HRMS Calculated for C12H18NO2S [M+H]+ 

240.1053, found: 240.1055. 

(+)-4-Fluoro-7-methyl-3-phenyl-1,2-benzisothiazoline 1,1-dioxide (2n): 54 mg, 96% yield (0.2 

mmol scale), 89% ee (S), white solid, 162-164 oC, [α]20
D = +113.33 (c 1.08, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.38-7.33 (m, 5H), 7.29-7.26 (m, 1H), 7.12-7.08 (m, 1H), 5.73 

(d, J = 3.5 Hz, 1H), 5.14-5.11 (br, 1H), 2.63 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

156.1 (d, J = 252.6 Hz), 137.9, 135.2 (d, J = 3.2 Hz), 133.3 (d, J = 6.5 Hz), 129.9 (d, 

J = 4.4 Hz), 129.1, 129.1, 127.5 (d, J = 0.7 Hz), 126.6 (d, J = 18.7 Hz), 120.2 (d, J 

= 19.6 Hz), 58.1, 16.3; 19F NMR (376 MHz, CDCl3) δ -119.92. HPLC: Chiracel OD-H column, 

220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 11.5 min and 16.3 

min (maj). HRMS Calculated for C14H13FNO2S [M+H]+ 278.0646, found: 278.0647. 

 

Bisphosphine ligand (R,Sp)-Cy-JosiPhos (3.9 mg, 0.0066 mmol) and Pd(OCOCF3)2 (2.0 mg, 
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anhydrous acetone was added. The mixture was stirred at room temperature for 1 h. The solvent 

was removed under vacuum to give the catalyst. This catalyst was taken into a glove box filled 

with nitrogen and dissolved in 2,2,2-trifluoroethanol (TFE, 1.0 mL). To the mixture of keto 

sulfonamides 3 (0.2 mmol) and D-(-)-camphorsulfonic acid (46 mg, 0.2 mmol) in 2,2,2-trifluoro- 

ethanol was added this catalyst solution, and then the mixture was transferred to an autoclave, 

which was charged hydrogen gas (200 psi). The autoclave was stirred under directed condition (oil 

bath temperature was showed if it was heated). After release of the hydrogen, the reaction mixture 

was evaporated. Purification was performed on silica gel using n-hexane/ethyl acetate as the 

eluent to give the chiral products 4. The enantiomeric excesses were determined by chiral HPLC. 

The absolute configurations of aryl substituents of 4 were determined by comparison of rotation 

sign with literature data. The absolute configurations of alkyl substituents of 4 were based on 

single-crystal X-ray diffraction analysis. 

Racemates of 4 were prepared by the reduction amination of the corresponding keto sulfona- 

mides catalyzed by racemic catalyst. 

(+)-3,4-Dihydro-3-phenyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide (4a): (Known compound),3 

50 mg, 96% yield (0.2 mmol scale), 97% ee (R), white solid, [α]20
D = +37.28 (c 1.25, CHCl3), [lit.

3 

[α]25
D = +51.70 (c 0.93, CHCl3), 98% ee (R)]. 1H NMR (400 MHz, CDCl3) δ 

7.77-7.75 (m, 1H), 7.44-7.39 (m, 5H), 7.36-7.34 (m, 2H), 7.25-7.21 (m, 1H), 5.03 

(d, J = 10.5 Hz, 1H), 4.93 (td, J = 10.3, 5.7 Hz, 1H), 3.22-3.19 (m, 2H); 13C NMR 

(100 MHz, CDCl3) δ 139.6, 137.8, 135.1, 132.3, 129.5, 129.1, 128.5, 127.9, 126.3, 123.7, 56.9, 

35.7. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-hexane/ i-propanol = 70/30, flow = 0.7 

mL/min, retention time 14.4 min and 18.1 min (maj). 

(+)-3,4-Dihydro-3-(o-tolyl)-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide (4b): (Known compou- 

nd),3 49 mg, 89% yield (0.2 mmol scale), 96% ee (R), white solid, [α]20
D = +8.86 (c 1.23, CHCl3), 

[lit.3 [α]24
D = +11.40 (c 0.77, CHCl3), 98% ee (R)]. 1H NMR (400 MHz, CDCl3) 

δ 7.73 (d, J = 7.8 Hz, 1H), 7.43-7.40 (m, 2H), 7.34-7.20 (m, 5H), 5.20 -5.00 (m, 

2H), 3.34-3.27 (m, 1H), 3.06-3.01 (m, 1H), 2.41 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 137.5, 137.2, 136.2, 135.3, 132.3, 131.1, 129.6, 128.4, 127.9, 126.7, 

125.2, 123.9,  53.4, 34.3, 19.2. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-hexane/ 

i-propanol = 70/30, flow = 0.7 mL/min, retention time 13.9 min and 18.1 min (maj). 

(+)-3,4-Dihydro-3-(m-tolyl)-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide (4c): (Known com- 

pound),3 52 mg, 95% yield (0.2 mmol scale), 95% ee (R), white solid, [α]20
D = +39.15 (c 0.94, 

CHCl3), [lit.3 [α]24
D = +46.20 (c 0.63, CHCl3), 97% ee (R)]. 1H NMR (400 

MHz, CDCl3) δ 7.75 (d, J = 7.8 Hz, 1H), 7.43 (td, J = 7.6, 1.2 Hz, 1H), 

7.35-7.28 (m, 2H), 7.27-7.16 (m, 4H), 5.09-5.06 (br, 1H), 4.94-4.87 (m, 1H), 

3.25-3.13 (m, 2H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 139.6, 138.9, 

137.8, 135.3, 132.4, 129.6, 129.3, 129.1, 127.9, 127.2, 123.8, 123.3, 56.9, 35.7, 

21.7. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 

mL/min, retention time 12.4 min and 15.5 min (maj).  

(+)-3,4-Dihydro-3-(p-tolyl)-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide 

(4d): (Known compou- nd),3 52 mg, 95% yield (0.2 mmol scale), 79% ee 

(R), white solid, [α]20
D = +31.44 (c 1.04, CHCl3), [lit.

3 [α]24
D = +18.70 (c 

0.47, CHCl3), 97% ee (R)]. 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 7.8 
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Hz, 1H), 7.42 (t, J = 7.5 Hz, 1H), 7.34-7.28 (m, 3H), 7.25-7.18 (m, 3H), 5.10-5.07 (br, 1H), 

4.91-4.84 (m, 1H), 3.23-3.10 (m, 2H), 2.35 (s, 3H); 13C NMR (10 MHz, CDCl3) δ 138.2, 137.7, 

136.7, 135.2, 132.2, 129.7, 129.6, 127.8, 126.2, 123.8, 56.5, 35.6, 21.2. HPLC: Chiracel OD-H 

column, 230 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.9 min 

and 18.1 min (maj). 

(+)-3,4-Dihydro-3-(4-fluorophenyl)-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide (4e): (Known 

compound),3 55 mg, 98% yield (0.2 mmol scale), 98% ee (R), white solid, [α]20
D = +34.74 (c 1.35, 

CHCl3), [lit.
3 [α]24

D = +59.20 (c 0.50, CHCl3), 98% ee (R)]. 1H NMR (400 

MHz, CDCl3) δ 7.73-7.71 (m, 1H), 7.45-7.40 (m, 3H), 7.34-7.31 (m, 1H), 

7.22 (d, J = 7.7 Hz, 1H), 7.12-7.06 (m, 2H), 5.19-5.16 (br, 1H), 4.92-4.86 

(m, 1H), 3.24-3.14 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 162.5 (d, J = 

247.2 Hz), 137.5, 135.5 (d, J = 3.1 Hz), 134.9, 132.3, 129.4, 128.1 (d, J = 8.3 Hz), 127.8, 123.5, 

115.9 (d, J = 21.6 Hz), 56.2, 35.5; 19F NMR (376 MHz, CDCl3) δ -113.56. HPLC: Chiracel OD-H 

column, 230 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.3 min 

and 17.4  min (maj).  

(+)-3-Methyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (4f): (Known compound),3 35 

mg, 90% yield (0.2 mmol scale), 94% ee, white solid, [α]20
D = +80.88 (c 0.68, CHCl3), [lit.

3 [α]24
D 

= -69.40 (c 0.53, CHCl3), 98% ee]. 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 7.7 

Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H), 7.29 (t, J = 7.3 Hz, 1H), 7.12 (d, J = 7.6 Hz, 

1H), 4.74-4.71 (br, 1H), 4.02-3.93 (m, 1H), 2.90-2.85 (m, 1H), 2.75-2.68 (m, 1H), 

1.37 (d, J = 6.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 137.0, 135.3, 132.0, 129.4, 127.6, 123.8, 

49.4, 36.0, 21.7. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-hexane/i-propanol = 70/30, 

flow = 0.7 mL/min, retention time 9.3 min and 17.7 min (maj).  

(+)-3-n-Propyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (4g): (Known compound),3 

42 mg, 93% yield (0.2 mmol scale), 95% ee, white solid, [α]20
D = +57.89 (c 0.76, CHCl3), [lit.

3 

[α]24
D = -60.40 (c 0.87, CHCl3), 96% ee]. 1H NMR (400 MHz, CDCl3) δ 

7.69-7.67 (m, 1H), 7.35 (t, J = 7.3 Hz, 1H), 7.29-7.27 (m, 1H), 7.11 (d, J = 7.3 

Hz, 1H), 4.65 (t, J = 11.7 Hz, 1H), 3.83 (br, 1H), 2.88-2.83 (m, 1H), 2.74-2.67 

(m, 1H), 1.61-1.54 (m, 4H), 0.96 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 137.4, 135.4, 

131.9, 129.5, 127.5, 123.8, 53.2, 37.8, 34.5, 18.6, 13.7. HPLC: Chiracel OD-H column, 230 nm, 

30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 8.3 min &  17.8 min 

(maj).  

(+)-3-Cyclohexyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (4h): (Known compou- 

nd),4 49 mg, 92% yield (0.2 mmol scale), 96% ee, white solid, [α]20
D = +61.00 (c 0.90, CHCl3). 

1H 

NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.7 Hz, 1H), 7.34 (t, J = 7.4 Hz, 1H), 7.25 

(t, J = 7.7 Hz, 1H), 7.10 (d, J = 7.7 Hz, 1H), 4.73-4.70 (m, 1H), 3.64-3.55 (br, 1H), 

2.90-2.73 (m, 2H), 2.03-1.98 (m, 1H), 1.81-1.68 (m, 4H), 1.55-1.48 (m, 1H), 

1.37-1.02 (m, 5H); 13C NMR (100 MHz, CDCl3) δ 137.7, 135.8, 132.0, 129.8, 127.6, 123.9, 58.3, 

42.5, 31.9, 29.2, 28.9, 26.4, 26.1, 26.0. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-hexane/ 

i-propanol = 70/30, flow = 0.7 mL/min, retention time 7.9 min and 14.7 min (maj). 

(+)-6-Methyl-3-phenyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (4i): 50 mg, 91% 

yield (0.2 mmol scale), 88% ee (R), white solid, mp 210-211 oC, [α]20
D = +42.24 (c 1.25, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 1H), 7.47-7.36 (m, 5H), 7.21 (d, J = 8.0 Hz, 
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1H), 7.10 (s, 1H), 5.01-4.83 (m, 1H), 4.86-4.83 (br, 1H), 3.29-3.17 (m, 2H), 

2.41 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 142.9, 139.6, 135.0, 134.9, 

129.8, 129.0, 128.6, 128.4, 126.2, 123.7, 56.8, 35.7, 21.5. HPLC: Chiracel 

OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 0.7 

mL/min, retention time 13.0 min and 15.5 min (maj). HRMS Calculated for C15H16NO2S [M+H]+ 

274.0896, found: 274.0896.  

(+)-6-Methoxy-3-phenyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (4j): 54 mg, 93% 

yield (0.2 mmol scale), 89% ee (R), white solid, mp 186-187 oC, [α]20
D = +42.81 (c 1.35, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.70 (d, J = 8.7 Hz, 1H), 7.43- 7.32 (m, 5H), 

6.83 (dd, J = 8.7, 2.4 Hz, 1H), 6.68 (d, J = 2.2 Hz, 1H), 5.05-5.02 (br, 1H), 

4.93 (td, J = 10.9, 4.7 Hz, 1H), 3.82 (s, 3H), 3.23-3.10 (m, 2H); 13C NMR 

(100 MHz, CDCl3) δ 162.1, 139.5, 137.2, 129.9, 129.0, 128.3, 126.2, 125.7, 114.0, 113.6, 56.7, 

55.5, 36.1. HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, flow = 

0.7 mL/min, retention time 17.5 min and 21.9 min (maj). HRMS Calculated for C15H16NO3S 

[M+H]+ 290.0845, found: 290.0845. 

(+)-6-Fluoro-3-phenyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (4k): 52 mg, 98% 

yield (0.2 mmol scale), 96% ee (R), white solid, mp 172-174oC, [α]20
D = +55.18 (c 1.08, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.77 (dd, J = 8.6, 5.4 Hz, 1H), 7.42- 7.34 (m, 

5H), 7.07-7.02 (m, 1H), 6.97 (d, J = 8.9 Hz, 1H), 5.08-5.06 (br, 1H), 4.95 (td, 

J = 10.8, 4.7 Hz, 1H), 3.30-3.16 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 

164.3 (d, J = 254.4 Hz), 139.1, 138.3 (d, J = 8.7 Hz), 133.9 (d, J = 3.3 Hz), 129.1, 128.6, 126.4 (d, 

J = 9.4 Hz), 126.2, 116.2 (d, J = 22.4 Hz), 115.4 (d, J = 22.6 Hz), 56.6, 35.8; 19F NMR (376 MHz, 

CDCl3) δ -105.43. HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 70/30, 

flow = 0.7 mL/min, retention time 13.7 min and 15.6 min (maj). HRMS Calculated for HRMS 

Calculated for C14H13FNO2S [M+H]+ 278.0646, found: 278.0646.   

(+)-3-Butyl-6-methyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (4l): 49 mg, 96% yield 

(0.2 mmol scale), 96% ee (S), colorless oil, [α]20
D = +57.26 (c 1.50, CHCl3). 

1H NMR (400 MHz, 

CDCl3) δ 7.61 (d, J = 8.0 Hz, 1H), 7.11 (d, J = 8.0 Hz, 1H), 6.96 (s, 1H), 

4.54 (d, J = 11.6 Hz, 1H), 3.85- 3.74 (m, 1H), 2.86-2.81 (m, 1H), 2.74-2.67 

(m, 1H), 2.34 (s, 3H), 1.66-1.59 (m, 2H), 1.57-1.29 (m, 4H), 0.92 (t, J = 7.1 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 142.4, 135.4, 134.7, 129.9, 128.3, 123.9, 53.6, 35.5, 34.7, 

27.5, 22.3, 21.5, 14.0. HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 

70/30, flow = 0.7 mL/min, retention time 6.8 min and 9.9 min (maj). HRMS Calculated for 

C13H20NO2S [M+H]+ 254.1209, found: 254.1211. 

(+)-3-Butyl-6-methoxy-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (4m): 50 mg, 93% 

yield (0.2 mmol scale), 96% ee (S), colorless oil, [α]20
D = +67.81 (c 1.28, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.64 (d, J = 8.7 Hz, 1H), 6.80 (dd, J = 8.7, 2.5 Hz, 1H), 

6.59 (d, J = 2.3 Hz, 1H), 4.62-4.59 (m, 1H), 3.84-3.74 (m, 4H), 2.85-2.80 

(m, 1H), 2.74-2.67 (m, 1H), 1.68-1.57 (m, 2H), 1.53-1.30 (m, 4H), 0.93 (t, 

J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 161.8, 137.6, 129.8, 125.8, 113.7, 113.6, 55.4, 

53.5, 35.5, 35.1, 27.5, 22.3, 14.0. HPLC: Chiracel OD-H column, 220 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 8.3 min and 11.3 min (maj). 

HRMS Calculated for C13H20NO3S [M+H]+ 270.1158, found: 270.1161.
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Table S2. Ligand screening for the synthesis of δ-sultams 6aa 

 

entry ligand conv (%)b ee (%)c 

1 L2 [(R,Sp)-Cy-JosiPhos] >95 80 (+) 

2 L3 [(R,Sp)-t-Bu-JosiPhos] >95 98 (+) 

3 L4 [(R)-MeO-Biphep] >95 36 (+) 

4 L5 [(R)-SynPhos] >95 34 (+) 

5 L6 [(R)-DifluorPhos] >95 29 (+) 

6 L7 [(S)-SegPhos] >95 36 (-) 

7 L8 [(R,R)-WalPhos] >95 95 (+) 
a Conditions: 5a (0.1 mmol), Pd(OCOCF3)2 (3.0 mol %), ligand (3.3 mol %), 
TsOH·H2O (100 mol %), H2 (200 psi), TFE (2.0 mL), 80 oC, 24 h. b Determined by 
1H NMR. c Determined by HPLC. 

 

The optimal reaction conditions were established: Pd(OCOCF3)2/(R,Sp)-t-Bu-JosiPhos as the 

catalyst, TsOH·H2O as the additive, TFE as the solvent and reaction temperature 80 oC. 

 

Bisphosphine ligand (R,Sp)-t-Bu-JosiPhos (3.6 mg, 0.0066 mmol) and Pd(OCOCF3)2 (2.0 mg, 

0.006 mmol) were placed in a dried Schlenk tube under nitrogen atmosphere, and degassed 

anhydrous acetone was added. The mixture was stirred at room temperature for 1 h. The solvent 

was removed under vacuum to give the catalyst. This catalyst was taken into a glove box filled 

with nitrogen and dissolved in 2,2,2-trifluoroethanol (TFE, 1.0 mL). To the mixture of keto 

sulfonamides 5 (0.2 mmol) and para-toluenesulfonic acid monohydrate (38 mg, 0.2 mmol) in 

2,2,2-trifluoroethanol was added this catalyst solution, and then the mixture was transferred to an 

autoclave, which was charged hydrogen gas (200 psi). The autoclave was stirred under directed 

condition. After release of the hydrogen, the reaction mixture was evaporated. Purification was 

performed on silica gel using n-hexane/ethyl acetate as the eluent to give the chiral products 6. 

The enantiomeric excesses were determined by chiral HPLC. The absolute configurations of 6 

were based on single-crystal X-ray diffraction analysis.  

Racemates of 6 were prepared by the reduction amination of the corresponding keto sulfona- 

mides catalyzed by racemic catalyst. 
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(+)-3-Methyl-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6a): 20 mg, 95% yield 

(0.1 mmol scale), 98% ee (R), colorless oil, [α]20
D = +28.30 (c 1.00, CHCl3). 

1H NMR (400 MHz, 

CDCl3) δ 7.90-7.81 (m, 1H), 7.43-7.39 (m, 1H), 7.31-7.23 (m, 2H), 4.27 (br, 

1H), 4.04-3.99 (m, 1H), 3.66-3.59 (m, 1H), 2.93-2.88 (m, 1H), 2.08-2.03 (m, 

1H), 1.49-1.40 (m, 1H), 1.26 (d, J = 6.7 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 142.4, 139.4, 132.7, 131.3, 127.0, 126.5, 53.1, 35.6, 34.3, 22.1. HPLC: Chiracel OD-H column, 

220 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 10.2 min and 13.1 

min (maj). HRMS Calculated for C10H14NO2S [M+H]+ 212.0740, found: 121.0740. 

(+)-3-n-Butyl-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6b): 50 mg, 98% yield 

(0.2 mmol scale), 99% ee (R), colorless oil, [α]20
D = +20.46 (c 1.93, CHCl3). 

1H NMR (400 MHz, 

CDCl3) δ 7.71 (d, J = 7.8 Hz, 1H), 7.32 (t, J = 7.4 Hz, 1H), 7.19-7.15 (m, 2H), 

4.26-4.24 (m, 1H), 3.74 (br, 1H), 3.55-3.48 (m, 1H), 2.87-2.82 (m, 1H), 

2.0-1.95 (m, 1H), 1.41-1.18 (m, 7H), 0.83 (t, J = 6.8 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 142.5, 139.4, 132.5, 131.2, 127.0, 126.4, 57.2, 35.7, 34.3, 34.0, 28.0, 22.4, 14.0. 

HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 90/10, flow = 0.7 mL/min, 

retention time 9.7 min and 14.2 min (maj). HRMS Calculated for C13H20NO2S [M+H]+ 254.1209, 

found: 254.1212. 

(+)-3-n-Hexyl-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6c): 54 mg, 96% yield 

(0.2 mmol scale), 98% ee (R), colorless oil, [α]20
D = +19.25 (c 2.15, CHCl3). 

1H NMR (400 MHz, 

CDCl3) δ 7.73 (d, J = 7.5 Hz, 1H), 7.33 (t, J = 7.2 Hz, 1H), 7.19-7.15 (m, 

2H), 4.19-4.17 (m, 1H), 3.75 (br, 1H), 3.56-3.50 (m, 1H), 2.87-2.82 (m, 

1H), 2.00-1.95 (m, 1H), 1.41-1.21 (m, 11H), 0.80 (d, J = 6.6 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 142.5, 139.4, 132.5, 131.2, 127.0, 126.4, 57.2, 36.0, 34.3, 34.0, 31.7, 

29.0, 25.8, 22.6, 14.1. HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 

90/10, flow = 0.7 mL/min, retention time 9.2 min and 15.0 min (maj). HRMS Calculated for 

C15H24NO2S [M+H]+ 282.1522, found: 282.1525. 

(+)-3-n-Butyl-7-methyl-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6d): 49 mg, 

92% yield (0.2 mmol scale), 98% ee (R), white solid, mp 86-88 oC, [α]20
D = +25.48 (c 0.93, 

CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.69-7.66 (m, 1H), 7.04-7.01 (m, 

2H), 4.28-4.20 (m, 1H), 3.81 (br, 1H), 3.59-3.52 (m, 1H), 2.89-2.83 (m, 

1H), 2.35 (s, 3H), 2.05-2.01 (m, 1H), 1.48-1.35 (m, 7H), 0.91 (t, J = 7.0 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 143.1, 139.8, 139.3, 132.1, 127.2, 126.9, 57.2, 35.8, 34.3, 

34.2, 28.0, 22.4, 21.4, 14.0. HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 

85/15, flow = 0.7 mL/min, retention time 8.1 min and 9.7 min (maj). HRMS Calculated for 

C14H22NO2S [M+H]+ 268.1366, found: 268.1367. 

(+)-3-n-Butyl-7-methoxy-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6e): 56 mg, 

98% yield (0.2 mmol scale), >99% ee (R), colorless oil, [α]20
D = +27.33 (c 1.65, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.72 (d, J = 8.6 Hz, 1H), 6.73-6.72 (m, 1H), 6.67 

(dd, J = 8.7, 2.5 Hz, 1H), 4.22-4.19 (m, 1H), 3.82 (s, 3H), 3.79-3.74 (br, 

1H), 3.58-3.52 (m, 1H), 2.86-2.81 (m, 1H), 2.07-2.01 (m, 1H), 

1.49-1.24 (m, 7H), 0.90 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 162.5, 141.5, 134.7, 

129.3, 117.3, 110.3, 57.1, 55.6, 35.8, 34.5, 34.3, 28.1, 22.4, 14.0. HPLC: Chiracel OD-H column, 
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220 nm, 30 oC, n-hexane/i-propanol = 85/15, flow = 0.7 mL/min, retention time 12.1 min and 13.6 

min (maj). HRMS Calculated for C14H22NO3S [M+H]+ 284.1315, found: 284.1315. 

(+)-3-Phenyl-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6f): 24 mg, 89% yield (0.1 

mmol scale), 94% ee (S), colorless oil, [α]20
D = +25.92 (c 0.98, CHCl3). 

1H NMR (400 MHz, 

CDCl3) δ 7.92-7.90 (m, 1H), 7.48-7.42 (m, 1H), 7.36-7.25 (m, 7H), 

5.03-4.97 (m, 1H), 4.53-4.51 (br, 1H), 3.82-3.75 (m, 1H), 3.06-3.00 (m, 1H), 

2.31-2.26 (m, 1H), 2.02-1.90 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 142.1, 

140.5, 138.9, 132.8, 131.4, 129.0, 128.3, 126.9, 126.7, 126.6, 60.7, 34.3, 34.3. HPLC: Chiracel 

OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 85/15, flow = 0.7 mL/min, retention time 

17.2 min and 17.9 min (maj). HRMS Calculated for C15H16NO2S [M+H]+ 274.0896, found: 

274.0898. 

(+)-3-(4-Fluorophenyl)-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6g): 56 mg, 

95% yield (0.2 mmol scale), 93% ee (S), colorless oil, [α]20
D = +13.69 (c 1.68, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.86-7.84 (m, 1H), 7.47-7.44 (m, 1H), 7.35-7.25 

(m, 4H), 7.03-6.99 (m, 2H), 4.99-4.94 (m, 1H), 4.69-4.62 (m, 1H), 

3.78-3.71 (m, 1H), 3.05-2.99 (m, 1H), 2.29-2.24 (m, 1H), 1.97-1.88 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 162.5 (d, J = 247.3 Hz), 142.1, 138.9, 136.5 (d, J = 3.3 Hz), 

132.9, 131.5, 128.5 (d, J = 8.2 Hz), 127.0, 126.8, 115.9 (d, J = 21.5 Hz), 60.0, 34.4, 34.3; 19F 

NMR (376 MHz, CDCl3) δ -113.46. HPLC: Chiracel OD-H column, 220 nm, 30 oC, 

n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 12.9 min and 17.5 min (maj). 

HRMS Calculated for C15H15FNO2S [M+H]+ 292.0802, found: 292.0803. 

(S)-(+)-3-(4-Chlorophenyl)-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6h): 54 mg, 

87% yield (0.2 mmol scale), 97% ee (S), white solid, mp 79-80 oC, [α]20
D = +26.53 (c 0.98, 

CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.92-7.90 (m, 1H), 7.49-7.45 (m, 1H), 7.36-7.26 (m, 6H), 

5.02-4.96 (m, 1H), 4.49-4.47 (m, 1H), 3.80-3.74 (m, 1H), 3.07-3.01 (m, 

1H), 2.31-2.25 (m, 1H), 1.97-1.87 (m, 1H); 13C NMR (100 MHz, CDCl3) 

δ 141.9, 138.9, 138.7, 134.1, 132.9, 131.4, 129.1, 128.1, 127.0, 126.8, 

59.9, 34.2, 34.1. HPLC: Chiracel OD-H column, 210 nm, 30 oC, n-hexane/i-propanol = 85/15, 

flow = 0.7 mL/min, retention time 16.4 min and 22.1 min (maj). HRMS Calculated for 

C15H15ClNO2S [M+H]+ 308.0507, found: 308.0506. 

(+)-3-Phenyl-7-methyl-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6i): 50 mg, 88% 

yield (0.2 mmol scale), 94% ee (S), colorless oil, [α]20
D = +7.81 (c 1.55, CHCl3). 

1H NMR (400 

MHz, CDCl3) δ 7.80-7.78 (m, 1H), 7.35-7.25 (m, 5H), 7.11-7.10 (m, 

2H), 5.00-4.94 (m, 1H), 4.51-4.49 (m, 1H), 3.77-3.70 (m, 1H), 

2.99-2.94 (m, 1H), 2.38 (s, 3H), 2.28-2.24 (m, 1H), 1.97-1.87; 13C NMR 

(100 MHz, CDCl3) δ 143.4, 140.7, 139.4, 138.8, 132.2, 129.0, 128.3, 127.1, 126.7, 60.7, 34.5, 

34.3, 21.5. HPLC: Chiracel OJ-H column, 220 nm, 30 oC, n-hexane/i-propanol = 85/15, flow = 0.7 

mL/min, retention time 30.9 min (maj) and 35.8 min. HRMS Calculated for C16H18NO2S [M+H]+ 

288.1053, found: 288.1053. 

(+)-3-Phenyl-7-methoxy-2,3,4,5-tetrahydrobenzo[f][1,2]thiazepine 1,1-dioxide (6j): 57 mg, 

93% yield (0.2 mmol scale), 95% ee (S), colorless oil, [α]20
D = +7.16 (c 1.48, CHCl3). 

1H NMR 

(400 MHz, CDCl3) δ 7.90-7.88 (m, 1H), 7.37-7.28 (m, 5H), 6.81-6.78 (m, 2H), 5.01-4.95 (m, 1H), 

4.38-4.36 (br, 1H), 3.86 (s, 3H), 3.80-3.73 (m, 1H), 2.99-2.93 (m, 1H), 2.32-2.27 (m, 1H), 
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1.98-1.89 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 162.7, 141.0, 140.6, 134.2, 129.2, 129.0, 128.3, 

126.6, 117.5, 110.4, 60.5, 55.6, 34.5, 34.5. HPLC: Chiracel OD-H 

column, 220 nm, 30 oC, n-hexane/i-propanol = 85/15, flow = 0.7 

mL/min, retention time 22.1 min (maj) and 28.2 min. HRMS 

Calculated for C16H18NO3S [M+H]+ 304.1002, found: 304.1001. 

4. Control Experiments 

 

The in situ prapared bisphosphine ligand and Pd(OCOCF3)2 (2.0 mg, 0.006 mmol) complex was 

taken into a glove box and added to the mixture of keto sulfonamide 7 or imine 8 (0.2 mmol) and 

acid in dochloromethane or 2,2,2-trifluoroethanol. Then, the mixture was transferred to an 

autoclave, which was charged hydrogen gas (600 psi). The autoclave was stirred for 24 h. After 

release of the hydrogen, the autoclave was opened and the reaction mixture was evaporated. The 

reaction mixture was evaporated. Purification was performed on silica gel using n-hexane/ethyl 

acetate as the eluent to give the chiral product 2a. The enantiomeric excesses were determined by 

chiral HPLC. 

5. Determination of Absolute Configurations of Products 

The single crystal of (+)-3-cyclohexyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide 4h 

was grown from the solution of n-hexane and ethyl acetate, which is suitable for X-ray diffraction 

analysis. The structure in Figure S1 showed that the absolute configuration of (+)-4h is (R). 

[CCDC 1507240] contains the structure and supplementary crystallographic data for (+)-4h. 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)-(+)-4h 

To determine the absolute configuration of the product (+)-3-(4-chlorophenyl)-2,3,4,5-tetra- 

hydrobenzo[f][1,2]thiazepine 1,1-dioxide (+)-6h, n-hexane (3.0 mL) was slowly added into the 

solution of (+)-6h in ethyl acetate (1.0 mL) at 50 oC, then the solution was cooled down to room 

temperature. The crystal of (+)-6h was grown from the solution, which is suitable for X-ray 

diffraction analysis. The structure in Figure S2 showed that the absolute configuration of (+)-6h is 
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S. [CCDC 1414841] contains the structure and supplementary crystallographic data for (+)-6h. 

These data can be obtained free of charge from the Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk. 

 

Figure S2. X-ray crystallographic analysis of (S)-(+)-6h 
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7. Copy of NMR and HPLC for the Compounds 
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1e 1H NMR (400 MHz, CDCl3)
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1e 19F NMR (376 MHz, CDCl3)
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1f 1H NMR (400 MHz, CDCl3)

O

NHt-Bu
S

O O

Me



S33 

 

1f 13C NMR (100 MHz, CDCl3)
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1h 1H NMR (400 MHz, CDCl3)
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1i 1H NMR (400 MHz, CDCl3)
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1j 1H NMR (400 MHz, CDCl3)
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1k 1H NMR (400 MHz, CDCl3)
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1l 1H NMR (400 MHz, CDCl3)
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1m 1H NMR (400 MHz, CDCl3)
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1n 1H NMR (400 MHz, CDCl3)
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1n 19F NMR (376 MHz, CDCl3)
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3a 1H NMR (400 MHz, CDCl3)
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3a 13C NMR (100 MHz, CDCl3)
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3b 1H NMR (400 MHz, CDCl3)
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3b 13C NMR (100 MHz, CDCl3)
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3c 1H NMR (400 MHz, CDCl3)
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3c 13C NMR (100 MHz, CDCl3)
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