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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).  

2. Preparation of Keto Sulfonamides 
Keto sulfonamides 1 were prepared from the corresponding aldehydes and N-tert-butyl-2-sub- 

stituted benzenesulfonamide according to the modified procedures reported in the literature.1 

 
To a cooled (-78 oC) solution of N-tert-butyl-2-substitued-benzenesulfonamide (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 2 hours, the temperature was elevated to room temperature and stired for one 

hour. Then the mixture was cooled to -78 oC, and 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 

and the temperature was allowed to be elevated to room temperature, 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 1. The yields given are overall 

yields for two steps. 

N-tert-Butyl-2-(1-oxo-1-phenylpropan-2-yl)-benzenesulfonamide (1a): 0.717 g, 52% yield 

(4 mmol scale), white solid, mp 114-115 oC. 1H NMR (400 MHz, CDCl3) δ 8.10-8.04 (m, 3H), 

7.44-7.26 (m, 6H), 5.70 (q, J = 6.8 Hz, 1H), 5.01 (s, 1H), 1.58 (d, J = 6.9 Hz, 

3H), 1.20 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 200.5, 140.4, 140.3, 136.3, 

133.1, 133.0, 130.1, 129.6, 129.2, 128.7, 127.1, 55.7, 43.5, 30.1, 19.5. HRMS 

Calculated for C19H24NO3S [M+H]+ 346.1471, found: 346.1472. 

N-tert-Butyl-2-(1-oxo-1-(o-tolyl)-propan-2-yl)-benzenesulfonamide (1b): 1.026 g, 71% yield 

(4 mmol scale), white solid, mp 81-82 oC. 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 7.9 Hz, 1H), 

7.87 (d, J = 7.6 Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H), 7.37 (d, J = 7.7 Hz, 1H), 

7.27-7.26 (m, 2H), 7.18-7.15 (m, 2H), 5.65 (q, J = 6.9 Hz, 1H), 5.04 (br, 1H), 

2.47 (s, 3H), 1.56 (d, J = 6.9 Hz, 3H), 1.17 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ 203.9, 140.5, 140.0, 138.5, 137.3, 132.6, 131.8, 131.2, 129.9, 129.4, 

128.9, 126.9, 125.8, 55.4, 45.5, 30.0, 21.3, 19.2. HRMS Calculated for C20H26NO3S [M+H]+ 

360.1628, found: 360.1630. 
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N-tert-Butyl-2-(1-oxo-1-(m-tolyl)propan-2-yl)-benzenesulfonamide (1c): 0.997 g, 69% yield 

(4 mmol scale), white solid, mp 119-120 oC. 1H NMR (400 MHz, CDCl3)
 δ 8.06-8.04 (m, 1H), 

7.93-7.89 (m, 2H), 7.44-7.40 (m, 1H), 7.33-7.24 (m, 4H), 5.71 (q, J = 6.9 

Hz, 1H), 4.83 (br, 1H), 2.34 (s, 3H), 1.58 (d, J = 6.9 Hz, 3H), 1.21 (s, 9H); 
13C NMR (100 MHz, CDCl3) δ 200.5, 140.2, 140.2, 138.5, 136.1, 133.8, 

132.8, 130.0, 129.5, 129.4, 128.5, 126.9, 126.3, 55.6, 43.2, 30.0, 21.3, 19.4. 

HRMS Calculated for C20H26NO3S [M+H]+ 360.1628, found: 360.1630.  

N-tert-Butyl-2-(1-oxo-1-(p-tolyl)propan-2-yl)-benzenesulfonamide (1d): 0.740 g, 68% yield 

(3 mmol scale), white solid, mp 138-139 oC. 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 7.9 Hz, 

1H), 8.00 (d, J = 8.2 Hz, 2H), 7.44-7.42 (m, 1H), 7.34-7.27 (m, 2H), 7.17 

(d, J = 7.9 Hz, 2H), 5.69 (q, J = 6.9 Hz, 1H), 4.65 (d, J = 5.3 Hz, 1H), 2.34 

(s, 3H), 1.58 (d, J = 6.9 Hz, 3H), 1.20 (s, 9H); 13C NMR (100 MHz, CDCl3) 

δ 200.1, 144.0, 140.5, 140.3, 133.8, 133.0, 130.2, 129.6, 129.5, 129.3, 

127.0, 55.7, 43.3, 30.1, 21.8, 19.5. HRMS Calculated for C20H26NO3S [M+H]+ 360.1628, found: 

360.1626. 

N-tert-Butyl-2-(1-(4-fluorophenyl)-1-oxo-propan-2-yl)-benzenesulfonamide (1e): 0.735 g, 

67% yield (3 mmol scale), white solid, mp 155-156 oC. 1H NMR (400 MHz, CDCl3) δ 8.16-8.12 

(m, 2H), 8.07 (d, J = 8.0 Hz, 1H), 7.46-7.42 (m, 1H), 7.33-7.26 (m, 2H), 

7.05-7.01 (m, 2H), 5.64 (q, J = 6.7 Hz, 1H), 4.64 (br, 1H), 1.59 (d, J = 6.8 

Hz, 3H), 1.25 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 198.7, 165.6 (d, J = 

254.8 Hz), 140.0 (d, J = 2.5 Hz), 133.0, 132.4 (d, J = 2.9 Hz), 131.8, 

131.8, 129.6 (d, J = 28.2 Hz), 127.1, 115.8, 115.6, 55.7, 43.5, 30.0, 19.3; 19F NMR (376 MHz, 

CDCl3) δ -105.2. HRMS Calculated for C19H23FNO3S [M+H]+ 364.1377, found: 364.1379. 

N-tert-Butyl-2-(1-(4-chlorophenyl)-1-oxo-propan-2-yl)-benzenesulfonamide (1f): 0.721 g, 

63% yield (3 mmol scale), white solid, mp 153-154 oC. 1H NMR (400 MHz, CDCl3) δ 

8.07-8.03(m, 3H), 7.44-8.41 (m, 1H), 7.33-7.24 (m, 4H), 5.65-5.61 (m, 

1H), 4.72 (br, 1H), 1.58 (d, J = 6.4 Hz, 3H), 1.26 (s, 9H); 13C NMR (100 

MHz, CDCl3) δ 199.2, 140.3, 140.1, 139.6, 134.6, 133.1, 130.7, 129.9, 

129.7, 129.1, 127.3, 55.9, 43.8, 30.2, 19.4. HRMS Calculated for 

C19H23ClNO3S [M+H]+ 380.1082, found: 380.1083. 

N-tert-Butyl-2-(1-(4-bromophenyl)-1-oxo-propan-2-yl)-benzenesulfonamide (1g): 0.694 g, 

41% yield (4 mmol scale), white solid, mp 149-150 oC. 1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 

7.9 Hz, 1H), 7.97 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.43-7.41 

(m, 1H), 7.33-7.31 (m, 1H), 7.27-7.23 (m, 1H), 5.61 (q, J = 6.7 Hz, 1H), 

4.66 (br, 1H), 1.58 (d, J = 6.8 Hz, 3H), 1.26 (s, 9H); 13C NMR (100 MHz, 

CDCl3) δ 199.4, 140.2, 140.0, 135.0, 133.2, 132.1, 130.8, 129.9, 129.7, 

128.4, 127.3, 55.9, 43.8, 30.2, 19.3. HRMS Calculated for C19H23BrNO3S [M+H]+ 424.0577, 

found: 424.0575. 

N-tert-Butyl-2-(3-oxo-heptan-2-yl)-benzenesulfonamide (1h): 1.209 g, 47% yield (8 mmol 

scale), colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 7.9 Hz, 1H), 

7.53-7.49 (m, 1H), 7.38-7.34 (m, 1H), 7.27-7.25 (m, 1H), 5.14 (br, 1H), 

4.81 (q, J = 6.8 Hz, 1H), 2.50-2.31 (m, 2H), 1.50-1.42 (m, 5H), 1.29 (s, 

9H), 1.20-1.16 (m, 2H), 0.80 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, 
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CDCl3) δ 210.5, 141.1, 139.7, 132.8, 129.4, 129.3, 127.0, 55.4, 47.8, 41.0, 30.1, 25.8, 22.1, 17.9, 

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

N-tert-Butyl-2-(2-oxo-1,2-diphenylethyl)-benzenesulfonamide (1i): 0.380 g, 33% yield (2.8 

mmol scale), white solid, mp 136-137 oC. 1H NMR (400 MHz, CDCl3) δ 8.14 (d, J = 7.4 Hz, 1H), 

8.07 (d, J = 7.5 Hz, 2H), 7.50-7.28 (m, 12H), 4.03 (br, 1H), 0.87 (s, 9H); 13C 

NMR (100 MHz, CDCl3) δ 197.4, 140.6, 138.3, 136.9, 136.1, 133.3, 132.5, 

132.5, 129.9, 129.5, 129.3, 129.2, 128.8, 127.7, 127.4, 55.1, 54.2, 29.6. 

HRMS Calculated for C24H26NO3S [M+H]+ 406.1628, found: 406.1629. 

N-tert-Butyl-2-(2-oxo-1-phenylhexyl)-benzenesulfonamide (1j): 0.443 g, 41% yield (2.8 

mmol scale), white solid, mp 96-97 oC. 1H NMR (400 MHz, CDCl3) δ 8.10-8.08 (m, 1H), 

7.35-7.33 (m, 1H), 7.31-7.21 (m, 7H), 6.36 (s, 1H), 4.88 (s, 1H), 2.66-2.52 

(m, 2H), 1.57-1.52 (m, 2H), 1.28-1.21 (m, 2H), 1.07 (s, 9H), 0.82 (t, J = 

7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 208.1, 141.2, 137.9, 136.5, 

132.2, 132.0, 129.3, 129.3, 129.0, 127.5, 127.2, 58.9, 55.2, 42.4, 29.8, 25.8, 

22.1, 13.9. HRMS Calculated for C22H30NO3S [M+H]+ 388.1941, found: 388.1940. 

N-(tert-Butyl)-4-methyl-2-(1-oxo-1-phenylpropan-2-yl)-benzenesulfonamide (1k): 1.060 g, 

74% yield (4 mmol scale), white solid, mp 150-151 oC. 1H NMR (400 MHz, CDCl3) δ 8.11 (d, J = 

7.5 Hz, 2H), 7.95 (d, J = 8.0 Hz, 1H), 7.49-7.46 (m, 1H), 7.40-7.37 (m, 

2H), 7.10-7.07 (m, 2H), 5.68 (q, J = 6.8 Hz, 1H), 4.58 (br, 1H), 2.30 (s, 

3H), 1.58 (d, J = 6.8 Hz, 3H), 1.21 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

200.4, 143.6, 139.9, 137.2, 136.1, 133.0, 130.4, 129.8, 129.1, 128.6, 127.6, 

55.5, 43.2, 30.0, 21.4, 19.3. HRMS Calculated for C20H25NO3SNa [M+Na]+ 382.1447, found: 

382.1452.  

3. Procedure for Asymmetric Intramolecular Reductive Amination 

 

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 dichloromethane (1.0 mL). To the mixture of keto sulfonamides 1 

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

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

charged hydrogen gas (800 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 opened 

and the reaction mixture was evaporated. To a solution of the crude product in acetone (5.0 mL) 

was added benzyl bromide (30 μL, 0.25 mmol), potassium carbonate (69 mg, 0.50 mmol). Then 

the mixture was heated to reflux for overnight. 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.  

Racemates of 2 was prepared by the reduction amination of the corresponding keto sulfona- 
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mides catalyzed by racemic catalyst. 

(+)-N-Benzyl-3,4-dihydro-3-phenyl-4-methyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide (2a): 

64 mg, 89% yield (0.2 mmol scale), 94% ee, white solid, mp 90-92 oC, [α]20
D = +43.59 (c 0.64, 

CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.97-7.95 (m, 1H), 7.51-7.45 (m, 2H), 

7.37-7.27 (m, 5H), 7.24-7.20 (m, 1H), 7.13 (t, J = 7.5 Hz, 2H), 7.02 (d, J = 6.8 Hz, 

1H), 6.55 (d, J = 7.7 Hz, 2H), 5.15-5.11 (m, 1H), 4.30-4.21 (m, 2H), 3.51-3.47 (m, 

1H), 1.00 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 139.0, 137.5, 136.2, 

135.4, 132.3, 129.0, 128.7, 128.4, 128.3, 128.0, 127.8, 127.0, 126.3, 121.4, 64.7, 47.4, 33.4, 14.2. 

HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 95/5, flow = 0.7 mL/min, 

retention time 14.7 min and 24.6 min (maj). HRMS Calculated for C22H22NO2S [M+H]+ 364.1365, 

found: 364.1364. 

(+)-N-Benzyl-3,4-dihydro-3-(o-Tolyl)-4-methyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide 

(2b): 65 mg, 86% yield (0.2 mmol scale), 57% ee, white solid, mp 123-124 oC, [α]20
D = +18.28 (c 

2.1, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.99-7.97 (m, 1H), 7.55-7.48 (m, 

2H), 7.37-7.27 (m, 5H), 7.13-7.05 (m, 3H), 6.88-6.81 (m, 1H), 6.17 (d, J = 7.5 

Hz, 1H), 5.17-5.13 (m, 1H), 4.76-4.72 (m, 1H), 4.34-4.27 (m, 1H), 3.46-3.42 

(m, 1H), 1.89 (s, 3H), 1.05 (d, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

140.0, 138.5, 137.8, 137.1, 134.3, 133.1, 131.4, 129.5, 129.5. 128.7, 128.5, 127.8, 127.6, 127.2, 

127.1, 122.2, 59.3, 48.5, 34.8, 20.1, 13.9. HPLC: Chiracel OD-H column, 230 nm, 30 oC, 

n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 11.7 min (maj) and 14.9 min. 

HRMS Calculated for C23H24NO2S [M+H]+ 378.1522, found: 378.1516. 

(+)-N-Benzyl-3,4-dihydro-3-(m-Tolyl)-4-methyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide 

(2c): 68 mg, 90% yield (0.2 mmol scale), 94% ee, white solid, mp 117-118 oC, [α]20
D = +37.29 (c 

1.70, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 6.4 Hz, 1H), 

7.51-7.45 (m, 2H), 7.34-7.30 (m, 5H), 7.04-7.00 (m, 3H), 6.34-6.32 (m, 2H), 

5.11 (d, J = 15.8 Hz, 1H), 4.25-4.22 (m, 2H), 3.53-3.49 (m, 1H), 2.16 (s, 3H), 

1.01 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 139.0, 137.9, 137.6, 

136.3, 135.2, 132.2, 129.1, 128.9, 128.6, 128.6, 128.1, 127.7, 126.9, 126.2, 

125.1, 121.4, 64.7, 47.4, 33.4, 21.4, 14.2. HPLC: Chiracel OD-H column, 230 nm, 30 oC, 

n-hexane/i-propanol = 90/10, flow = 0.7 mL/min, retention time 10.2 min and 12.7 min (maj). 

HRMS Calculated for C23H24NO2S [M+H]+ 378.1522, found: 378.1516. 

(+)-N-Benzyl-3,4-dihydro-3-(p-Tolyl)-4-methyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide 

(2d): 69 mg, 91% yield (0.2 mmol scale), 94% ee, colorless oil, [α]20
D = +63.33 (c 2.10, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 6.7 Hz, 1H), 7.52-7.48 (m, 2H), 

7.38-7.33 (m, 5H), 7.03 (d, J = 7.8 Hz, 1H), 6.94 (d, J = 7.8 Hz, 2H), 6.43 

(d, J = 7.8 Hz, 2H), 5.15-5.10 (m, 1H), 4.27-4.21 (m, 2H), 3.51-3.47 (m, 

1H), 2.27 (s, 3H), 1.01 (d, J = 6.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

139.1, 138.1, 137.6, 136.3, 132.2, 132.2, 129.0, 129.0, 128.7, 127.9, 127.7, 127.0, 126.2, 121.3, 

64.4, 47.2, 33.4, 21.1, 14.2. HPLC: Chiracel OD- H column, 230 nm, 30 oC, n-hexane/i-propanol 

= 90/10, flow = 0.7 mL/min, retention time 10.7 min and 14.4 min (maj). HRMS Calculated for 

C23H24NO2S [M+H]+ 378.1522, found: 378.1516. 

(+)-N-Benzyl-3,4-dihydro-3-(4-fluorophenyl)-4-methyl-2H-1λ6-benzo[e][1,2]thiazine 1,1- 

dioxide (2e): 73 mg, 96% yield (0.2 mmol scale), 95% ee, white solid, mp 135-137 oC, [α]20
D = 

N
S

O O

Ph

Me

Bn

N
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O O

Me

Me
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N
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O O
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+41.23 (c 0.73, CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.98-7.96 (m, 1H), 7.53-7.47 (m, 2H), 

7.37-7.30 (m, 5H), 7.04 (d, J = 7.0 Hz, 1H), 6.85-6.81 (m, 2H), 6.53-6.50 

(m, 2H), 5.14-5.10 (m, 1H), 4.29-4.22 (m, 2H), 3.53-3.49 (m, 1H), 1.01 (d, 

J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 162.6 (d, J = 247.3 Hz), 

139.0, 137.2, 135.9, 132.4, 131.2 (d, J = 3.2 Hz), 129.6 (d, J = 8.1 Hz), 

128.9, 128.7, 127.9, 127.2, 126.2, 121.5, 115.3 (d, J = 21.5 Hz), 64.1, 47.4, 33.4, 14.2; 19F NMR 

(376 MHz, CDCl3) δ -113.4. HPLC: Chiracel AD-H column, 230 nm, 30 oC, n-hexane/i-propanol 

= 95/5, flow = 0.7 mL/min, retention time 19.1 min (maj) and 21.5 min. HRMS Calculated for 

C22H21FNO2S [M+H]+ 382.1272, found: 382.1269. 

(+)-N-Benzyl-3,4-dihydro-3-(4-chlorophenyl)-4-methyl-2H-1λ6-benzo[e][1,2]thiazine 1,1- 

dioxide (2f): 70 mg, 89% yield (0.2 mmol scale), 92% ee, white solid, mp 120-122 oC, [α]20
D = 

+82.99 (c 0.70, CHCl3).
 1H NMR (400 MHz, CDCl3) δ 7.98-7.96 (m, 1H), 

7.54-7.47 (m, 2H), 7.34-7.30 (m, 5H), 7.12 (d, J = 8.5 Hz, 2H), 7.04-7.03 

(m, 1H), 6.48 (d, J = 8.4 Hz, 2H), 5.15-5.11 (m, 1H), 4.27-4.23 (m, 2H), 

3.51-3.47 (m, 1H), 1.02 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

138.9, 137.1, 135.8, 134.2, 134.0, 132.4, 129.3, 128.9, 128.8, 128.6, 127.9, 127.2, 126.2, 121.5, 

64.1, 47.4, 33.3, 14.2. HPLC: Chiracel AD-H column, 254 nm, 30 oC, n-hexane/i-propanol = 

90/10, flow = 0.7 mL/min, retention time 13.8 min (maj) and 14.7 min. HRMS Calculated for 

C22H21ClNO2S [M+H]+ 398.0976, found: 398.0973. 

(+)-N-Benzyl-3,4-dihydro-3-(4-bromophenyl)-4-methyl-2H-1λ6-benzo[e][1,2]thiazine 

1,1-dioxide (2g): 75 mg, 85% yield (0.2 mmol scale), 90% ee, white solid, mp 118-119 oC, [α]20
D 

= +65.91 (c 1.15, CHCl3).
 1H NMR (400 MHz, CDCl3) δ 7.98-7.96 (m, 

1H), 7.53-7.47 (m, 2H), 7.37-7.26 (m, 7H), 7.08-7.02 (m, 1H), 6.44-6.41 

(m, 2H), 5.15-5.11 (m, 1H), 4.25-4.22 (m, 2H), 3.51-3.47 (m, 1H), 1.01 (d, 

J = 6.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 138.9, 137.0, 135.8, 134.5, 

132.4, 131.5, 129.6, 128.9, 128.7, 127.9, 127.2, 126.2, 122.4, 121.5, 64.2, 47.4, 33.2, 14.2. HPLC: 

Chiracel AD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, 

retention time 23.7 min and 29.6 min (maj). HRMS Calculated for C22H21BrNO2S [M+H]+ 

442.0476, found: 442.0450. 

(3S,4R)-(-)-N-Benzyl-3-n-butyl-4-methyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide 

(2h): 39 mg, 57% yield (0.2 mmol scale), 85% ee, colorless oil, [α]20
D = -34.66 (c 0.75, CHCl3).

 

1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 7.6 Hz, 1H), 7.52-7.48 (m, 1H), 

7.41-7.37 (m, 1H), 7.30-7.25 (m, 6H), 4.22-4.13 (m, 2H), 3.28-3.23 (m, 1H), 

3.00-2.93 (m, 1H), 1.85-1.82 (m, 1H), 1.68-1.64 (m, 1H), 1.30-1.23 (m, 4H), 

1.16-1.12 (m, 3H), 0.77 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

140.1, 136.6, 136.2, 132.2, 129.1, 128.3, 127.9, 127.7, 126.9, 124.5, 64.6, 51.6, 34.8, 32.8, 28.4, 

22.4, 19.3, 13.9. HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 95/5, flow 

= 0.7 mL/min, retention time 12.5 min (maj) and 13.2 min. HRMS Calculated for C20H26NO2S 

[M+H]+ 344.1679, found: 344.1674. To futher confirm the relative configuration, 2D-NMR 

spectra including the NOESY and COSY were run. No NOE cross peak between C-3 H and C-4 H 

was observed in NOESY spectra, which indicates relative configuration of C-3 H and C-4 H is 

trans configuration. The absolute configuration was assigned by comparison with the analogue. 
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(3S,4S)-(-)-N-Benzyl-3-n-butyl-4-methyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide 

(2h´): 24 mg, 35% yield (0.2 mmol scale), 91% ee, colorless oil, [α]20
D = -36.89 (c 0.45, CHCl3).

 

1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 7.8 Hz, 1H), 7.50-7.26 (m, 8H), 

4.71-4.67 (m, 1H), 4.51-4.47 (m, 1H), 4.02-3.97 (m, 1H), 3.21-3.15 (m, 1H), 

1.79-1.71 (m, 1H), 1.60-1.49 (m, 1H), 1.38-1.31 (m, 4H), 1.28-1.12 (m, 3H), 

0.78 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 140.2, 138.3, 136.9, 

132.1, 128.5, 128.3, 127.8, 127.5, 127.5, 124.5, 60.3, 49.8, 34.5, 28.8, 28.2, 22.4, 16.9, 13.9. 

HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 95/5, flow = 0.7 mL/min, 

retention time 18.7 min (maj) and 24.6 min. HRMS Calculated for C20H26NO2S [M+H]+ 344.1679, 

found: 344.1674. To futher confirm the relative configuration, 2D-NMR spectra including the 

NOESY and COSY spectrum were run. A NOE cross peak (4.00, 3.18) between C-3 H and C-4 H 

was observed in NOESY spectra, which indicates relative configuration of C-3 H and C-3 H is cis 

configuration. The absolute configuration was assigned by comparison with the analogue. 

(-)-N-Benzyl-3-phenyl-4-phenyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (2i): 72 

mg, 85% yield (0.2 mmol scale), 97% ee, white solid, mp 137-138 oC, [α]20
D = -76.58 (c 1.55, 

CHCl3). 
1H NMR (400 MHz, CDCl3) δ 8.08-8.06 (m, 1H), 7.50 (t, J = 7.6 Hz, 

1H), 7.42 (t, J = 7.6 Hz, 1H), 7.32-7.20 (m, 7H), 7.14-7.03 (m, 5H), 6.58 (d, J = 

7.4 Hz, 2H), 6.43 (d, J = 7.6 Hz, 2H), 5.41 (d, J = 6.2 Hz, 1H), 5.18-5.14 (m, 1H), 

4.45 (d, J = 6.2 Hz, 1H), 3.62-3.58 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 

139.6, 136.8, 136.7, 136.6, 135.4, 132.9, 132.4, 129.9, 129.8, 129.5, 129.5, 129.0, 128.9, 128.7, 

128.7, 128.6, 128.1, 122.7, 66.3, 48.6, 48.1.HPLC: Chiracel OD-H column, 220 nm, 30 oC, 

n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 13.1 min (maj) and 17.7 min. 

HRMS Calculated for C27H24NO2S [M+H]+ 426.1522, found: 426.1514.  

(-)-N-Benzyl-3-n-Butyl-4-phenyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (2j): 72 

mg, 89% yield (0.2 mmol scale), 99% ee, white solid, mp 118-119 oC, [α]20
D = -112.55 (c 0.90, 

CHCl3). 
1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 7.4 Hz, 1H), 7.39-7.23 

(m, 10H), 7.09 (d, J = 7.5 Hz, 2H), 6.77 (d, J = 7.5 Hz, 1H), 4.28 (s, 2H), 

4.08-4.07 (m, 2H), 1.72-1.66 (m, 1H), 1.45-1.40 (m, 1H), 1.19-1.17 (m, 1H), 

1.04-0.85 (m, 3H), 0.60 (t, J = 6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

141.1, 139.5, 136.8, 136.6, 132.1, 130.1, 129.6, 129.0, 128.8, 128.3, 127.6, 127.5, 127.1, 124.4, 

64.5, 51.0, 47.4, 32.4, 28.1, 22.0, 13.7. HPLC: Chiracel OD-H column, 220 nm, 30 oC, 

n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 6.9 min and 20.3 min (maj). 

HRMS Calculated for C25H28NO2S [M+H]+ 406.1835, found: 406.1834. 

(3S,4R)-(-)-3-n-Butyl-4-phenyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (2j´): 59 

mg, 89% yield (0.2 mmol scale), white solid, mp 108-110 oC, [α]20
D = -18.33 (c 0.60, CHCl3). 

1H 

NMR (400 MHz, CDCl3) δ 7.78-7.75 (m, 1H), 7.37-7.21 (m, 5H), 7.14-7.12 

(m, 2H), 6.72-6.71 (m, 1H), 4.87-4.84 (m, 1H), 4.04-3.95 (m, 1H), 

3.84-3.82 (m, 1H), 1.59-1.47 (m, 2H), 1.44-1.11 (m, 4H), 0.81 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 141.1, 139.8, 137.3, 132.0, 130.9, 

129.4, 129.1, 127.6, 127.3, 123.4, 59.2, 50.9, 32.7, 27.1, 22.1, 13.8. HRMS Calculated for 

C18H22NO2S [M+H]+ 316.1366, found: 316.1368. 

(+)-N-Benzyl-4,6-dimethyl-3-phenyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (2k): 

70 mg, 92% yield (0.2 mmol scale), 94% ee, colorless oil, [α]20
D = +43.00 (c 1.15, CHCl3). 
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NMR (400 MHz, CDCl3) δ 7.85 (d, J = 7.8 Hz, 1H), 7.41-7.21 (m, 7H), 7.15 (t, J = 7.5 Hz, 2H), 

6.82 (s, 1H), 6.58 (d, J = 7.4 Hz, 2H), 5.12 (d, J = 15.9 Hz, 1H), 4.28-4.27 (m, 

1H), 4.24-4.17 (m, 1H), 3.49 (d, J = 15.9 Hz, 1H), 2.37 (s, 3H), 1.00 (d, J = 

6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 142.8, 137.3, 136.3, 136.2, 135.6, 

129.0, 128.6, 128.3, 128.2, 128.1, 127.7, 127.4, 126.9, 121.5, 64.8, 47.3, 33.4, 

21.9, 14.2. HPLC: Chiracel OD-H column, 220 nm, 30 oC, n-hexane/i-propanol = 93/7, flow = 0.7 

mL/min, retention time 11.3 min and 15.0 min (maj). HRMS Calculated for C23H24NO2S [M+H]+ 

378.1522, found: 378.1529.  

4. Control Experiments 

Enesulfonamide intermidate 3 can be synthesized from the keto sulfonamide 1a according to 

the following procedures. 

NH
S

O O

Me

Ph

TsOH H2O (100 mol%)•

DCM, 50 oC, 5 h

3: 95% yield1a

O
NHt-BuS

O O

Me
Ph

 

To a solution of keto sulfonamides 1a (69 mg, 0.20 mmol) in dichloromethane (5.0 mL) was 

added para-toluenesulfonic acid monohydrate (38 mg, 0.20 mmol). Then the resulting solution 

was stirred for 5 hours at 50 oC. The reaction mixture was evaporated. Purification was performed 

on silica gel using n-hexanes/ethyl acetate as the eluent to give the enesulfonamide product 3. 

4-Methyl-3-phenyl-2H-benzo[e][1,2]thiazine 1,1-dioxide (3): 50 mg, 95% yield (0.2 mmol 

scale), white solid, mp 122-123 oC. 1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 7.5 Hz, 2H), 

7.93-7.89 (m, 2H), 7.70-7.66 (m, 1H), 7.60-7.57 (m, 1H), 7.54-7.45 (m, 3H), 2.89 (s, 1H), 1.98 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 135.7, 135.0, 134.9, 132.4, 132.1, 130.0, 129.6, 128.6, 127.3, 

125.3, 121.2, 112.7, 15.7. HRMS Calculated for C15H14NO2S [M+H]+ 272.0740, found: 272.0740. 

 

The in situ prapared bisphosphine ligand (R,Sp)-t-Bu-JosiPhos (3.6 mg, 0.0066 mmol) and 

Pd(OCOCF3)2 (2.0 mg, 0.006 mmol) complex was taken into a glove box and added to the 

mixture of enesulfonamide 3 (0.2 mmol) and para-toluenesulfonic acid monohydrate (38 mg, 0.2 

mmol) in dichloromethane. Then, the mixture was transferred to an autoclave, which was charged 

hydrogen gas (800 psi). The autoclave was stirred at 100 oC for 48 h. After release of the hydrogen, 

the autoclave was opened and the reaction mixture was evaporated. To a solution of the crude 

product in acetone (5.0 mL) was added benzyl bromide (30 uL, 0.25 mmol), potassium carbonate 

(69 mg, 0.50 mmol). Then the mixture was heated to reflux for overnight. 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 65 mg, 89% yield, 92% ee. 
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5. Determination of Absolute Configurations 

The single crystal of (-)-3-n-butyl-4-phenyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide 

2j´ was grown from the solution of n-hexane and diethyl ether, which is suitable for X-ray 

diffraction analysis. The structure in Figure S1 showed that the absolute configuration of (-)-2j´ is 

(3S,4R). [CCDC 1469313] contains the structure and supplementary crystallographic data for 

(-)-2j´. 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 (3S,4R)-(-)-2j´ 

6. References 

1) C.-B. Yu, K. Gao, D.-S. Wang, L. Shi and Y.-G. Zhou, Chem. Commun., 2011, 47, 5052. 
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7. Copy of NMR and HPLC for the Compounds 
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