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1. General and Materials 

General: All reactions were carried out under an atmosphere of nitrogen using standard Schlenk 
techniques or in a nitrogen-filled glovebox, unless otherwise noted. The chemical shifts for 1H NMR 
were recorded in ppm downfield from tetramethylsilane (TMS) with the solvent resonance as the 
internal standard. The chemical shifts for 13C NMR were recorded in ppm downfield using the central 
peak of d-chloroform (77.23 ppm) as the internal standard. Coupling constants (J) are reported in Hz 
and refer to apparent peak multiplications. Flash column chromatography was performed on silica gel 
(200-300 mesh). Optical rotations were measured with JASCO P-1010 polarimeter.The configuration 
was determined by comparison of rotation sign with the literature data or by analogue. 

Materials: Commercially available reagents were used throughout without further purification. 
Acetone was distilled from anhydrous CaSO4. The other solvents for asymmetric hydrogenation 
reaction were purchased without further purification. (S,S)-f-Binaphane was prepared according to the 
literature.1 
 
2. Typical Procedure for Synthesis of Intermediate Ketones (1) 

Intermediate ketones 1 were prepared from the corresponding substituted starting materials 
according to the procedures reported in the literature.2,3 
 

1

R1 SO2NHR3 R1 SO2NHR3

R2

O
1) n-BuLi, RCHO

2) PCC, CH2Cl2

 

To a solution of the intermediate alcohol (2.1 mmol) in CH2Cl2 (15 mL) was added PCC (888 mg, 
4.1 mmol). The resulting dark-brown solution was stirred for overnight at ambient temperature. After 
addition of Et2O (50 mL) and additional stirring (30 min), the mixture was filtered (Et2O) through a 
short pad of silica gel. Concentration in vacuo afforded the analytically pure ketones 1.  

 
2-(o-tert-Butyl phenylsulfonylcarbamate)-1-phenylethanone (1a). Yield: 81%, mp = 129-131 

oC，1H NMR (400 MHz, CDCl3): δ 1.38 (s, 9H), 4.84 (s, 2H), 7.16 (br, 1H), 7.32-7.33 (m, 1H), 
7.49-7.53 (m, 3H), 7.59-7.63 (m, 2H), 8.05 (d, J = 8.2 Hz, 1H), 8.23 (d, J = 7.8 Hz, 1H). 13C NMR 
(100 MHz, CDCl3): δ 28.0, 43.6, 84.4, 126.1, 127.8, 128.6, 129.0, 131.7, 133.7, 133.8, 134.0, 134.6, 
136.6, 137.6, 148.9, 196.8. HRMS Calculated for C19H21NO5SNa (M+Na)+ 398.1038, found: 
398.1049. 
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2-(o-tert-Butyl phenylsulfonylcarbamate)-1-o-tolylethanone (1b). Yield: 97%, mp = 131-132 
oC,  1H NMR (400 MHz, CDCl3): δ 1.35 (s, 9H), 2.49 (s, 3H), 4.74 (s, 2H), 7.25-7.31 (m, 1H), 
7.38-7.39 (m, 1H), 7.45-7.49 (m, 1H), 7.58-7.60 (m, 1H), 7.72 (br, 1H), 7.86 (d, J = 7.5 Hz, 1H), 8.19 
(d, J = 7.0 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 21.8, 28.0, 46.2, 84.4, 126.1, 127.7, 129.2, 131.6, 
132.1, 132.4, 133.7, 133.9, 134.8, 136.9, 137.7, 139.2, 149.3. HRMS Calculated for C20H23NO5SNa 
(M+Na)+ 412.1195, found: 412.1201. 

2-(o-tert-Butyl phenylsulfonylcarbamate)-1-m-tolylethanone (1c). Yield: 99%, mp = 121-123 
oC，1H NMR (400 MHz, CDCl3): δ 1.35 (s, 9H), 2.39 (s, 3H), 4.79 (s, 2H), 7.28-7.30 (m, 1H), 
7.35-7.38 (m, 2H), 7.46-7.48 (m, 1H), 7.57-7.59 (m, 1H), 7.82-7.84 (m, 2H), 8.20 (d, J = 7.9 Hz, 1H). 
13C NMR (100 MHz, CDCl3): δ 21.6, 28.0, 43.6, 84.3, 125.8, 127.6, 128.9, 129.1, 131.6, 133.7, 133.9, 
134.5, 134.8, 136.6, 137.6, 138.8, 149.2. 197.1. HRMS Calculated for C20H23NO5SNa (M+Na)+ 

412.1195, found: 412.1181. 
2-(o-tert-Butyl phenylsulfonylcarbamate)-1-p-tolylethanone (1d). Yield: 77%, mp = 142-143 

oC, 1H NMR (400 MHz, CDCl3): δ 1.37 (s, 9H), 2.43 (s, 3H), 4.79 (s, 2H), 7.28-7.33 (m, 4H), 
7.46-7.49 (m, 1H), 7.58-7.62 (m, 1H), 7.94 (d, J = 8.1 Hz, 1H), 8.22 (d, J = 7.9 Hz, 1H). 13C NMR 
(100 MHz, CDCl3): δ 21.9, 28.0, 43.4, 84.3, 127.7, 128.7, 129.7, 131.6, 133.7, 133.9, 134.8, 144.7, 
196.5. HRMS Calculated for C20H23NO5SNa (M+Na)+ 412.1195, found: 412.1201. 

2-(o-tert-Butyl phenylsulfonylcarbamate)-1-p-methoxyphenylethanone (1e). Yield: 83%, mp = 
142-143 oC，1H NMR (400 MHz, CDCl3): δ 1.37 (s, 9H), 3.88 (s, 3H), 4.77 (s, 2H), 6.95 (d, J = 8.6 
Hz, 2H), 7.31 (d, J = 7.5 Hz, 1H), 7.45-7.49 (m, 2H), 7.57-7.59 (m, 1H), 8.02 (d, J = 8.6 Hz, 2H), 8.21 
(d, J = 7.9 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 28.0, 43.1, 55.7, 84.3, 114.2, 127.6, 129.6, 130.9, 
131.6, 133.6, 133.9, 134.9, 137.5, 149.0, 164.1, 195.4. HRMS Calculated for C20H23NO6SNa 
(M+Na)+ 428.1144, found: 428.1138. 

2-(o-tert-Butyl phenylsulfonylcarbamate)-1-p-fluorophenylethanone (1f). Yield: 77%, mp = 
141-142 oC，1H NMR (400 MHz, CDCl3): δ 1.36 (s, 9H), 4.79 (s, 2H), 7.13-7.17 (m, 2H), 7.31 (d, J = 
7.5 Hz, 1H), 7.47-7.51 (m, 2H), 7.59-7.63 (m, 1H), 8.05-8.07 (m, 2H), 8.20 (d, J = 7.9 Hz, 1H). 13C 
NMR (100 MHz, CDCl3): δ 27.9, 43.4, 84.5, 115.9, 116.2, 127.7, 131.2, 131.3, 131.6, 132.9, 133.6, 
134.0, 134.5, 137.5, 149.3, 164.9, 167.4, 195.4. HRMS Calculated for C19H20FNO5FSNa (M+Na)+ 

416.0944, found: 416.0928. 
2-(o-tert-Butyl phenylsulfonylcarbamate)-1-p-chlorophenylethanone (1g). Yield: 92%, mp = 

153-155 oC，1H NMR (400 MHz, CDCl3): δ 1.36 (s, 9H), 4.78 (d, J = 3.2 Hz, 2H), 7.29-7.32 (m, 1H), 
7.44-7.51 (m, 3H), 7.59-7.61 (m, 1H), 7.96-7.99 (m, 2H), 8.19-8.22 (m, 1H). 13C NMR (100 MHz, 
CDCl3): δ 28.0, 43.6, 84.5, 127.9, 129.3, 130.0, 131.6, 133.6, 134.0, 134.3, 134.9, 137.6, 140.2, 149.1, 
195.8. HRMS Calculated for C19H20NO5SClNa (M+Na)+ 432.0648, found: 432.0661. 

tert-Butyl 2-(2-oxopropyl)phenylsulfonylcarbamate (1h). Yield: 85%, mp = 146-147 oC，1H 
NMR (400 MHz, CDCl3): δ 1.38 (s, 9H), 2.26 (s, 3H), 4.22 (s, 2H), 7.45-7.49 (m, 1H), 7.57-7.61 (m, 
2H), 8.18 (d, J = 8.0 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 28.0, 30.0, 48.5, 84.5, 127.8, 131.5, 
133.6, 134.0, 134.2, 137.5, 149.4, 205.7. HRMS Calculated for C14H19NO5NaS (M+Na)+ 336.0882, 
found: 336.0896. 

tert-Butyl 2-(2-oxopentyl)phenylsulfonylcarbamate (1i). Yield: 88%, mp = 120-121 oC，1H 
NMR (400 MHz, CDCl3): δ 0.90 (t, J = 7.4 Hz, 3H), 1.37 (s, 9H), 1.59-1.65 (m, 2H), 2.52 (t, J = 7.4 
Hz, 2H), 4.19 (s, 2H), 7.28 (d, J = 7.4 Hz, 1H), 7.43-7.47 (m, 1H), 7.57-7.60 (m, 1H), 8.16 (d, J = 7.9 
Hz, 1H), 8.28 (br, 1H). 13C NMR (100 MHz, CDCl3): δ 13.8, 17.2, 28.0, 44.6, 47.6, 84.5, 127.6, 131.5, 
133.7, 133.9, 134.3, 137.4, 149.6. 207.7. HRMS Calculated for C16H23NO5SNa (M+Na)+ 364.1195, 
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found: 364.1190. 
tert-Butyl 2-(2-oxoheptyl)phenylsulfonylcarbamate (1j). Yield: 88%, mp = 106-107 oC, 1H 

NMR (400 MHz, CDCl3): δ 0.87-0.90 (m, 3H), 1.25-1.34 (m, 4H), 1.38 (s, 9H), 1.59-1.63 (m, 2H), 
2.52-2.55 (m, 2H), 4.19 (s, 2H), 7.26-7.28 (m, 1H), 7.46-7.48 (m, 1H), 7.57-7.58 (m, 1H), 7.62 (br, 
1H), 8.17-8.19 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 14.1, 22.6, 23.5, 28.0, 31.5, 42.8, 47.8, 84.4, 
127.7, 131.5, 133.6, 133.9, 134.2, 207.8. HRMS Calculated for C21H23NO5SNa (M+Na)+ 392.1474, 
found: 392.1493. 

tert-Butyl 2-(2-oxo-4-phenylbutyl)phenylsulfonylcarbamate (1k). Yield: 88%, mp = 117-119 
oC，1H NMR (400 MHz, CDCl3): δ 1.38 (s, 9H), 2.88-2.94 (m, 4H), 4.17 (s, 2H), 7.18-7.21 (m, 5H), 
7.27-7.29 (m, 2H), 7.45 (m, 1H), 7.56 (m, 1H), 8.17 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 27.9, 
29.7, 43.9, 47.6, 84.4, 126.2, 127.5, 128.5, 128.6, 131.4, 133.6, 133.9, 134.0, 137.3, 140.9, 149.6，
206.7. HRMS Calculated for C21H25NO5SNa (M+Na)+ 426.1351, found: 426.1364.  

2-(o-tert-Butyl –m-tolylsulfonylcarbamate)-1-phenylethanone (1l). Yield: 98%, mp = 133-135 
oC，1H NMR (400 MHz, CDCl3): δ 1.17 (s, 9H), 2.39 (s, 3H), 4.68 (s, 1H), 4.75 (m, 2H), 7.14-7.16 (m, 
1H), 7.29-7.31 (m, 1H), 7.45-7.49 (m, 2H), 7.56-7.58 (m, 1H), 7.91 (br, 1H), 8.05 (d, J = 7.8 Hz, 1H). 
13C NMR (100 MHz, CDCl3): δ 21.2, 30.1, 42.9, 55.5, 128.7, 129.0, 130.2, 130.7, 133.4, 133.7, 136.7, 
137.7, 141.1, 197.9. HRMS Calculated for C19H23.NO3SNa (M+Na)+ 368.1296, found: 368.1309. 

tert-Butyl 2-(2-(furan-2-yl)-2-oxoethyl)phenylsulfonylcarbamate (1m). Yield: 77%, mp = 
133-134 oC，1H NMR (400 MHz, CDCl3): δ 1.35 (s, 9H), 4.69 (s, 2H), 6.58 (br, 1H), 7.31-7.32 (m, 
1H), 7.36-7.38 (m, 1H), 7.46-7.50 (m, 1H), 7.58-7.64 (m, 2H), 8.22 (d, J = 0.8 Hz, 1H). 13C NMR 
(100 MHz, CDCl3): δ 28.0, 43.0, 112.8, 118.3, 127.9, 131.6, 133.7, 133.9, 147.0. HRMS Calculated 
for C17H19NO6SNa (M+Na)+ 388.0831, found: 388.0836. 
 
3. Typical Procedure for Synthesis of Cyclic Enesulfonamides (2) 

TFA, CH2Cl2
O2
S

R2

NH

21 R2

O
SO2NHR3R1 R1

reflux

 
TFA (0.24 mL, 3.0 mmol) were added to a solution of ketone compound 1 (1.0 mmol) in CH2Cl2 

(20 mL). The resulting solution was heated to reflux for overnight, then cooled to ambient temperature 
and filtered through a pad of silica gel. Concentration in vacuo and purification by flash 
chromatography afforded cyclic enesulfonamides 2. 

3-Phenyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2a) (known compound4). Yield: 90%, mp 
= 202-204 oC，1H NMR (400 MHz, CDCl3): δ 6.68 (s, 1H), 6.87 (s, 1H), 7.48-7.51 (m, 5H), 7.60-7.64 
(m, 1H), 7.70-7.72 (m, 2H), 7.91 (d, J = 7.6 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 106.9, 121.6, 
126.8, 127.8, 129.4, 130.5, 132.4, 134.4.  

3-o-Tolyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2b). Yield: 77%, mp = 155-156 oC，1H 
NMR (400 MHz, CDCl3): δ 2.46 (s, 3H), 6.24 (s, 1H), 7.02 (s, 1H), 7.21-7.46 (m, 6H), 7.56-7.58 (m, 
1H), 7.82 (d, J = 7.8 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 20.2, 108.5, 121.5, 126.3, 127.4, 127.6, 
129.8, 130.1, 131.3, 132.4, 133.7, 134.6, 137.8, 139.7. HRMS Calculated for C15H13NO2SNa 
(M+Na)+ 294.0565, found: 294.0561. 

3-m-Tolyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2c). Yield: 90%, mp = 218-219 oC，1H 
NMR (400 MHz, CDCl3): δ 2.43 (s, 3H), 6.64-6.66 (m, 1H), 6.89 (br, 1H), 7.25-7.29 (m, 1H), 
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7.35-7.38 (m, 1H), 7.48-7.50 (m, 4H), 7.58-7.61 (m, 1H), 7.90 (d, J = 7.9 Hz, 1H). 13C NMR (100 
MHz, CDCl3): δ 21.6, 106.7, 121.6, 123.9, 127.4, 127.7, 129.2, 131.3, 132.4. HRMS Calculated for 
C15H13NO2SNa (M+Na)+ 294.0565, found: 294.0555. 

3-p-Tolyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2d). Yield: 77%, mp = 270-271 oC，1H 
NMR (400 MHz, d6-DMSO): δ 2.37(s, 3H), 6.94 (s, 1H), 7.32 (d, J = 0.8 Hz, 2H), 7.52-7.55 (m, 1H), 
7.66-7.68 (m, 4H), 7.82 (d, J = 0.8 Hz, 1H), 11.00 (br, 1H). 13C NMR (100 MHz, d6-DMSO): δ 21.5, 
105.7, 121.2, 127.2, 128.0, 128.2, 130.0, 131.9, 132.6, 134.2, 139.8, 140.3. HRMS Calculated for 
C15H13NO2SNa (M+Na)+ 294.0565, found: 294.0551. 

3-p-Methoxyphenyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2e). Yield: 78%, mp = 209-211 
oC，1H NMR (400 MHz, CDCl3): δ 3.86 (s, 3H), 6.58 (s, 1H), 6.84 (m, 1H), 6.96-6.99 (m, 2H), 
7.46-7.48 (m, 2H), 7.58-7.65 (m, 3H), 7.89 (d, J = 7.4 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 55.7, 
105.6, 114.7, 121.6, 127.5, 127.6, 128.3, 132.4. HRMS Calculated for C15H13NO3SNa (M+Na)+ 

310.0514, found: 310.0504. 
3-p-Fluorophenyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2f). Yield: 77%, mp = 236-237 

oC，1H NMR (400 MHz, d6-DMSO): δ 6.96-6.99 (m, 1H), 7.31-7.39 (m, 2H), 7.54-7.58 (m, 1H), 
7.65-7.71 (m, 2H), 7.82-7.85 (m, 3H), 10.08 (br, 1H). 13C NMR (100 MHz, d6-DMSO): δ 106.4, 116.1, 
116.4, 121.0, 128.1, 129.4, 129.5, 131.1, 131.9, 132.5, 133.9, 138.6, 162.3, 164.7. HRMS Calculated 
for C14H10FNO2SNa (M+Na)+ 298.0314, found: 298.0301. 

3-p-Chlorophenyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2g). Yield: 93%, mp = 273-275 
oC，1H NMR (400 MHz, DMSO): δ 7.05 (s, 1H), 7.55-7.59 (m, 3H), 7.68-7.73 (m, 2H), 7.79-7.85 (m, 
3H), 11.1 (br, 1H). 13C NMR (100 MHz, DMSO): δ 107.2, 121.2, 128.4, 128.5, 128.9, 129.5, 132.2, 
132.8, 133.6, 133.9, 135.1, 138.5. HRMS Calculated for C14H10NO2SClNa (M+Na)+ 314.0018, found: 
314.0013. 

3-Methyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2h) (known compound5). Yield: 89%, mp 
= 106-107 oC，1H NMR (400 MHz, CDCl3): δ 2.16 (s, 3H), 6.04 (s, 1H), 7.17 (br, 1H), 7.29-7.31 (m, 
1H), 7.41-7.42 (m, 1H), 7.52-7.54 (m, 1H), 7.86 (d, J = 7.9 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 
21.2, 105.6, 121.5, 126.6, 126.9, 132.4. 

3-Propyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2i). Yield: 95%, mp = 78-80 oC，1H NMR 
(400 MHz, CDCl3): δ 0.97-1.00 (m, 3H), 1.65-1.71 (m, 2H), 2.36-2.39 (m, 2H), 6.06 (s, 1H), 7.14 (br, 
1H), 7.30-7.32 (m, 1H), 7.38-7.42 (m, 1H), 7.52-7.56 (m, 1H), 7.86 (d, J = 7.9 Hz, 1H). 13C NMR 
(100 MHz, CDCl3): δ 13.5, 20.5, 36.8, 105.4, 121.4, 126.8, 126.9, 132.3, 133.8, 140.9. HRMS 
Calculated for C11H13NO2SNa (M+Na)+ 274.0878, found: 274.0881. 

3-Amyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2j). Yield: 73%, mp = 81-83 oC，1H NMR 
(400 MHz, CDCl3): δ 0.89-0.93 (m, 3H), 1.34-1.59 (m, 4H), 1.63-1.67 (m, 2H), 2.37-2.41 (m, 2H), 
6.07 (s, 1H), 6.72(br, 1H), 7.31-7.33 (m, 1H), 7.39-7.43 (m, 1H), 7.53-7.57 (m, 1H), 7.86 (d, J = 7.6 
Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 14.1, 22.5, 26.9, 31.2, 34.9, 105.0, 121.4, 126.8, 126.9, 
130.7, 132.3, 133.9, 141.2. HRMS Calculated for C11H13NO2SNa (M+Na)+ 246.0565, found: 
246.0556. 

3-(2-Phenylethyl)-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2k). Yield: 88%, mp = 65-67 oC，
1H NMR (400 MHz, CDCl3): δ 2.63-2.67 (m, 2H), 2.92-2.96 (m, 2H), 5.96 (s, 1H), 7.18-7.35 (m, 6H), 
7.48-7.49 (m, 1H), 7.65 (s, 1H), 7.84 (d, J = 7.8 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 33.8, 36.9, 
105.5, 121.4, 126.6, 126.9, 127.1, 128.7, 128.8, 130.6, 132.4, 133.7, 140.4. HRMS Calculated for 
C16H16NO2S (M+H)+ 286.0902, found: 286.0900. 

3-Phenyl-2H-1λ6-m-methyl-benzo[e][1,2]thiazine 1,1-Dioxide (2l). Yield: 77%, mp = 207-209 
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oC，1H NMR (400 MHz, CDCl3): δ 2.47 (s, 3H), 6.65 (s, 1H), 6.87 (s, 1H), 7.38-7.47 (m, 5H), 
7.68-7.71 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 21.6, 106.9, 121.5, 126.6, 127.8, 129.3, 130.3, 
133.4, 138.5. HRMS Calculated for C15H13NO2SNa (M+Na)+ 294.0565, found: 294.0553. 

3-Fural-2H-1λ6-benzo[e][1,2]thiazine 1,1-Dioxide (2m). Yield: 82%, mp = 181-183 oC，1H 
NMR (400 MHz, CDCl3): δ 6.54 (s, 1H), 6.75 (s, 1H), 6.78 (d, J = 3.3 Hz, 1H), 7.19 (br, 1H), 
7.45-7.48 (m, 2H), 7.53 (s, 1H), 7.57-7.61 (m, 1H), 7.89(d, J = 7.9 Hz, 1H). 13C NMR (100 MHz, 
CDCl3): δ 104.5, 109.7, 112.5, 121.7, 127.8, 127.9, 132.5, 144.4. HRMS Calculated for C12H10NO3S 
(M+H)+ 248.0381, found: 248.0382. 

 
4. Typical Procedure for Synthesis of Cyclic Enesulfonamides (4) 

Cyclic enesulfonamides 4 were prepared from saccharin according to the procedures reported in 
the literature.9  

R1
NH

S

O

1) PCl5 then EtOH

2) LDA, CH3CO2R2 R1
NH

S

CO2R24

O O OΟ

 
3-Ethoxy-1,2-benzisothiazole 1,l –Dioxide: In a dry 250-mL singleneck, round-bottomed flask 

equipped with magnetic stir bar and air condenser were placed 1.83 g (10 mmol) of saccharin and 2.71 
g (13 mmol, 1.3 equiv) of PCl5. The contents were gently heated until the reaction had subsided, at 
which time the temperature was raised to 175 oC for an additional 1.6 h. The POC13 was removed by 
suction to give crude 3-chloro-1,2-benzisothiazole 1,l-dioxide, which was treated with 90 mL of 
absolute ethanol. After the reaction mixture was refluxed for 1 h, the solution was filtered, the filtrate 
was cooled in an ice bath, and the resulting solid was collected by filtration to give 
3-ethoxy-1,2-benzisothiazole 1,l –dioxide 0.82 g (39%). 

In a dry 100-mL two-necked round-bottom flask equipped with a magnetic stirring bar, argon, 
and syringe inlets was placed 422 mg (2.0 mmol) of 3-ethoxy-l,2-benzisothiazole 1,l-dioxide in 20 mL 
of dry THF. After the reaction mixture was cooled to -78 oC in a dry ice-acetone bath, 1.1 equiv of the 
appropriate organolithium reagent of the ethyl acetate was added via syringe. The reaction mixture 
was stirred for 4 h at this temperature, and quenched at -78 oC by addition of 40 mL of saturated 
NH4Cl solution. The aqueous layer was extracted three times with EtOAc (3 X 20 mL), and the 
organic extracts were dried over anhydrous Na2SO4. After concentration in vacuo, the residue was 
finally purified by flash chromatography to give 4. 

 
(1,1-Dioxo-1H-1λ6-benzo[d]isothiazol-3-yl)-acetic acid methyl ester (4a). Yield: 67%, mp = 

184-187 oC，1H NMR (400 MHz, CDCl3): δ 3.82 (s, 3H), 5.71 (s, 1H), 7.72-7.77 (m, 3H), 7.88-7.90 
(m, 1H), 10.1 (br, 1H). 13C NMR (100 MHz, CDCl3): δ 52.1, 88.4, 121.8, 122.6, 128.9, 132.9, 133.8, 
143.8, 168.9. C10H9NO4SNa (M+Na)+ 262.0150, found: 262.0146.  

(1,1-Dioxo-1H-1λ6-benzo[d]isothiazol-3-yl)-acetic acid ethyl ester (4b) (Known compound 6).  
Yield: 67%, mp = 174-176 oC，1H NMR (400 MHz, CDCl3): δ 1.32-1.36 (m, 3H), 4.24-4.29 (m, 2H), 
5.71 (s, 1H), 7.72-7.76 (m, 3H), 7.88-7.90 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 14.5, 61.1, 88.9, 
121.8, 122.6, 128.9, 132.9, 133.8, 134.3, 143.7, 168.6.  
 

(1,1-Dioxo-1H-1λ6-benzo[d]isothiazol-3-yl)-acetic acid t-butyl ester (4c). Yield: 67%, mp = 
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155-156 oC，1H NMR (400 MHz, CDCl3): δ 1.53 (s, 9H), 5.64 (s, 1H), 7.69-7.73 (m, 3H), 7.87-7.88 
(m, 1H). 13C NMR (100 MHz, CDCl3): δ 28.4, 81.8, 90.7, 121.8, 122.4, 129.1, 132.7, 133.7, 134.2, 
142.9, 168.2. HRMS Calculated for C13H15NO4SNa (M+Na)+ 304.0619, found: 304.0630. 

(1,1-Dioxo-1H-1λ6-benzo[d]isothiazol-3-yl)-acetic acid benzyl ester (4d). Yield: 77%, mp = 
169-171 oC，1H NMR (400 MHz, CDCl3): δ 5.25 (s, 2H), 5.76 (s, 1H), 7.36-7.41 (m, 5H), 7.71-7.74 
(m, 3H), 7.87-7.89 (m, 1H), 10.14 (br, 1H). 13C NMR (100 MHz, CDCl3): δ 66.7, 88.3, 121.7, 122.4, 
128.4, 128.5, 128.7, 132.8, 133.7, 135.6, 143.9, 168.3. HRMS Calculated for C16H13NO4SNa 
(M+Na)+ 338.0463, found: 338.0465. 

(1,1-Dioxo-1H-1λ6-p-methyl-benzo[d]isothiazol-3-yl)-acetic acid ethyl ester (4e). Yield: 77%, 
mp = 215-217 oC，1H NMR (400 MHz, CDCl3): δ 1.31-1.35 (m, 3H), 2.51 (s, 3H), 4.24-4.29 (m, 2H), 
5.68 (s, 1H), 7.50-7.53 (m, 2H), 7.75 (d, J = 8.0 Hz, 1H), 10.08 (br, 1H). 13C NMR (100 MHz, CDCl3): 
δ 14.5, 22.1, 60.9, 88.5, 121.5, 122.7, 131.7, 133.8, 143.9, 144.9, 168.7. HRMS Calculated for 
C12H13NO4SNa (M+Na)+ 290.0463, found: 290.0450. 
 
5. Typical Procedure for Asymmetric Hydrogenation of Enesulfonamides (2) 

Pd(OCOCF3)2/Ligand

H2 , T, TFE

NH
S

R2

O O

NH
S

R2

O O
R1 R1

2 3
2a-2g, 2l, 2m: L = (R,Sp)-JosiPhos
2h-2k: L = (R,Rp)-WalPhos  

Typical procedure for asymmetric hydrogenation of Cyclic Enamines: Ligand (0.003 mmol) 
and Pd(OCO CF3)2 (0.85 mg, 0.0025 mmol) were placed in a dried Schlenk tube under nitrogen 
atmosphere, and degassed anhydrous acetone was added. The mixture was stirred at rt 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 dry TFE (3.0 mL). To the enammine (0.125 mmol) was added this 
catalyst solution, and then the mixture was transferred to an autoclave. The autoclave was stirred 
under 70 oC (oil bath temperature was showed). After releasing of the hydrogen, the autoclave was 
opened and the reaction mixture was evaporated. Conversion was determined by 1H NMR analysis. 
The enantiomeric excess was determined by HPLC after purification on silica gel using petroleum 
ether and EtOAc. (Notes: for substrates 2a-2g, 2l, 2m, (R,Sp)-JosiPhos was used; substrates 2h-2k, 
(R,Rp)-WalPhos was used). 

 Racemates of 3 were prepared by the reduction of the corresponding enamines using Pd/C in 
MeOH or hydrogenation of corresponding substrates with racemic ligands. 
 

3,4-Dihydro-3-phenyl-2H-1λ6-benzo[e][1,2]thiazine 1,1-dioxide (3a) (known compound4). 
Yield: 96%, 98% ee (R), [α]25

D = + 51.7 (c 0.93, CHCl3); mp = 126-128 oC，1H NMR (400 MHz, 
CDCl3): δ 3.16-3.27 (m, 2H), 4.90-4.97 (m, 1H), 5.03 (d, J = 10.4 Hz, 1H), 7.22-7.25 (m, 1H), 
7.32-7.47 (m, 7H), 7.76 (d, J = 7.8 Hz, 2H). 13C NMR (100 MHz, CDCl3): δ 35.8, 56.9, 123.9, 126.4, 
127.9, 128.6, 129.2, 129.6, 132.4, 135.2, 137.9, 139.8. HPLC (OD-H column, iPrOH/hexane 30/70, 
0.7 mL min-1, 254 nm): t1 = 16.1 min (minor), t2 = 19.9 min (major). 

3,4-Dihydro-3-phenyl-2H-1λ6-o-methyl-benzo[e][1,2]thiazine 1,1-dioxide (3b). Yield: 97%,  
98% ee (R), [α]24

D = + 11.4 (c 0.77, CHCl3); mp = 182-183 oC，1H NMR (400 MHz, CDCl3): δ 2.46 (s, 
3H), 3.13 (dd, J = 16.6, 3.6 Hz, 1H), 3.34-3.41 (m, 1H), 4.67 (d, J = 10.4 Hz, 1H), 5.15-5.22 (m, 1H), 
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7.25-7.29 (m, 4H), 7.40-7.43 (m, 2H), 7.46-7.49 (m, 1H), 7.84 (d, J = 7.6 Hz, 1H). 13C NMR (100 
MHz, CDCl3): δ 19.4, 34.5, 53.6, 124.2, 125.2, 126.8, 128.1, 128.6, 129.7, 131.3, 132.4, 135.3, 136.4, 
137.3. HRMS Calculated for C15H15NO2SNa (M+Na)+ 296.0721, found: 296.0728. HPLC (OD-H 
column, iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 12.0 min (minor), t2 = 14.8 min (major). 

3,4-Dihydro-3-phenyl-2H-1λ6-m-methyl-benzo[e][1,2]thiazine 1,1-dioxide (3c). Yield: 97%,  
97% ee (R), [α]24

D = + 46.2 (c 0.63, CHCl3); mp = 147-149 oC，1H NMR (400 MHz, CDCl3): δ 2.39 (s, 
3H), 3.21-3.24 (m, 2H), 4.86-4.94 (m, 2H), 7.16-7.17 (m, 1H), 7.21-7.32 (m, 4H), 7.35-7.39 (m, 1H), 
7.44-7.47 (m, 1H), 7.79-7.81 (d, J = 0.7 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 21.7, 35.8, 56.9, 
123.3, 123.9, 127.2, 127.9, 129.1, 129.3, 129.6, 132.4, 135.2, 137.9, 138.9, 139.7. HRMS Calculated 
for C15H15NO2SNa (M+Na)+ 296.0721, found: 296.0717. HPLC (OD-H column, iPrOH/hexane 30/70, 
0.7 mL min-1, 254 nm): t1 = 11.3 min (minor), t2 = 13.4 min (major). 

3,4-Dihydro-3-phenyl-2H-1λ6-p-methyl-benzo[e][1,2]thiazine 1,1-dioxide (3d). Yield: 99%, 
97% ee (R), [α]24

D = + 18.7(c 0.47, CHCl3); mp = 151-152 oC，1H NMR (400 MHz, CDCl3): δ 2.37 (s, 
3H), 3.24 (d, J = 6.6 Hz, 2H), 4.70 (d, J = 9.8 Hz, 1H), 4.92-4.96 (m, 1H), 7.21-7.33 (m, 5H), 
7.39-7.43 (m, 1H), 7.47-7.50 (m, 1H), 7.85 (d, J = 7.5 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 21.3, 
35.8, 56.7, 123.9, 126.3, 128.0, 129.7, 129.8, 132.4. HRMS Calculated for C15H15NO2SNa (M+Na)+ 

296.0721, found: 296.0711. HPLC (OD-H column, iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 
13.7 min (minor), t2 = 18.4 min (major). 

3,4-Dihydro-3-phenyl-2H-1λ6-p-methoxyl-benzo[e][1,2]thiazine 1,1-dioxide (3e) (known  
compound3). Yield: 97%, 95% ee (R), [α]24

D = + 28.6 (c 0.77, CHCl3); mp = 123-125 oC，1H NMR 
(400 MHz, CDCl3): δ 3.19-3.23 (m, 2H), 3.82 (s, 3H), 4.84-4.87 (m, 2H), 6.93 (d, J = 8.4 Hz, 2H), 
7.24 (m, 1H), 7.34-7.37 (m, 3H), 7.44-7.46 (m, 1H), 7.79-7.81 (d, J = 7.6Hz, 1H). 13C NMR (100 
MHz, CDCl3): δ 35.8, 55.6, 56.5, 114.5, 123.9, 127.7, 127.9, 129.7, 131.9, 132.4, 135.2, 137.9, 159.7. 
HPLC (OD-H column, iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 14.9 min (minor), t2 = 20.6 
min (major). 

3,4-Dihydro-3-phenyl-2H-1λ6-p-fluoro-benzo[e][1,2]thiazine 1,1-dioxide (3f) (known 
compound3). Yield: 99%, 98% ee (R), [α]24

D = + 59.2 (c 0.50, CHCl3); mp = 141-143 oC，1H NMR 
(400 MHz, CDCl3): δ 3.17-3.27 (m, 2H), 4.88-4.95 (m, 1H), 5.02 (d, J = 10.3 Hz, 2H), 7.07-7.12 (m, 
2H), 7.24-7.26 (m, 1H), 7.35-7.48 (m, 4H), 7.77-7.79 (d, J = 7.8 Hz, 1H). 13C NMR (100 MHz, 
CDCl3): δ 35.7, 56.4, 115.9, 116.2, 123.8, 128.1, 128.2, 128.3, 129.6, 132.5, 134.9, 135.7, 137.9, 
163.9. HPLC (OD-H column, iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 13.1 min (minor), t2 = 
17.2 min (major). 

3,4-Dihydro-3-phenyl-2H-1λ6-p-chloro-benzo[e][1,2]thiazine 1,1-dioxide (3g) (known 
compound3). Yield: 97%, 98% ee (R), [α]24

D = + 26.9 (c 1.00, CHCl3); mp = 148-150 oC，1H NMR 
(400 MHz, CDCl3): δ 3.23-3.29 (m, 2H), 4.78 (br, 1H), 4.90-4.94 (m, 1H), 7.29-7.31 (m, 1H), 
7.38-7.44 (m, 5H), 7.48-7.52 (m, 1H), 7.83-7.86 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 35.6, 56.5, 
123.9, 126.4, 127.8, 128.2, 128.6, 129.2, 129.4, 129.6, 132.6. HPLC (OD-H column, iPrOH/hexane 
30/70, 0.7 mL min-1, 254 nm): t1 = 12.7 min (minor), t2 = 16.4 min (major). 

3-Methyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (3h) (known compound7).Yield: 
99%, 98% ee (R),  [α]24

D = - 69.4 (c 0.53, CHCl3); mp = 181-183 oC，1H NMR (400 MHz, CDCl3): δ 
1.40 (d, J = 6.5 Hz, 3H), 2.77-2.84 (m, 1H), 2.97 (dd, J = 17.1, 3.2 Hz, 1H), 4.02-4.12 (m, 1H), 4.28 
(br, 1H), 7.20-7.22 (m, 1H), 7.36-7.39 (m, 1H), 7.43-7.47 (m, 1H), 7.90 (d, J = 7.8 Hz, 1H). 13C NMR 
(100 MHz, CDCl3): δ 22.0, 36.5, 49.7, 124.3, 127.9, 129.6, 132.3. HPLC (OD-H column, 
iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 8.3 min (major), t2 = 14.4 min (minor). 
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3-Propyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (3i). Yield: 92%, 96% ee (R), 
[α]24

D  = - 60.4 (c 0.87, CHCl3); mp = 80-82 oC，1H NMR (400 MHz, CDCl3): δ 0.96-0.99 (m, 3H), 
1.49-1.65 (m, 4H), 2.71-2.79 (m, 1H), 2.90 (dd, J = 17.1, 3.9 Hz, 1H), 3.85-3.90 (m, 1H), 4.45 (br, 
1H), 7.16 (d, J = 7.6 Hz, 1H), 7.29-7.41 (m, 2H), 7.74 (d, J = 7.8 Hz, 1H). 13C NMR (100 MHz, 
CDCl3): δ 13.9, 18.8, 34.8, 38.1, 53.4, 124.2, 127.8, 129.7, 132.2, 135.5, 137.7. HRMS Calculated for 
C11H15NO2SNa (M+Na)+ 248.0721, found: 248.0714. HPLC (OD-H column, iPrOH/hexane 30/70, 0.7 
mL min-1, 254 nm): t1 = 8.9 min (major), t2 = 18.6 min (minor). 

3-Amyl -3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (3j). Yield: 90%, 90% ee (R), [α]24
D 

= - 30.52 (c 0.83, CHCl3); mp = 93-94 oC，1H NMR (400 MHz, CDCl3): δ 0.89-0.93 (m, 3H), 
1.32-1.37 (m, 4H), 1.58-1.62 (m, 2H), 1.63-1.66 (m, 2H), 2.75-2.83 (m, 1H), 2.95 (dd, J = 17.0, 3.9 
Hz, 1H), 3.89 (m, 1H), 4.25 (d, J = 11.5 Hz, 1H), 7.19-7.22 (d, J = 7.6 Hz, 1H), 7.34-7.38 (m, 1H), 
7.41-7.45 (m, 1H), 7.80 (d, J = 7.8 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 14.2, 22.7, 25.2, 31.6, 
34.9, 36.2, 53.8, 124.3, 127.9, 129.7, 132.2, 135.4, 137.8. HRMS Calculated for C13H19NO2SNa 
(M+Na)+ 276.1034, found: 276.1023. HPLC (AD-H column, iPrOH/hexane 30/70, 0.7 mL min-1, 254 
nm): t1 = 7.0 min (major), t2 = 9.1 min (minor). 

3-2-Phenylethyl-3,4-dihydro-2H-benzo[e][1,2]thiazine 1,1-dioxide (3k). Yield: 75%, 96% ee 
(R), [α]24

D = - 5.74 (c 0.73, CHCl3);  mp = 65-67 oC，1H NMR (400 MHz, CDCl3): δ 1.92-1.98 (m, 
2H), 2.79-2.95 (m, 4H), 3.85-3.88 (m, 1H), 4.37 (br, 1H), 7.17-7.26 (m, 4H), 7.28-7.39 (m, 3H), 
7.40-7.42 (m, 1H), 7.79 (d, J = 7.8 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 31.7, 34.9, 37.9, 53.1, 
124.3, 126.5, 127.9, 128.8, 129.7, 132.3, 135.2, 137.8, 140.9. HRMS Calculated for C16H17NO2SNa 
(M+Na)+ 310.0878, found: 310.0868. HPLC (OD-H column, iPrOH/hexane 30/70, 0.7 mL min-1, 254 
nm): t1 = 13.6 min (major), t2 = 32.5 min (minor). 

3-Phenyl-3,4-dihydro-2H-m-methyl-benzo[e][1,2]thiazine 1,1-dioxide (3l). Yield: 97%, 96% 
ee  (R), [α]24

D = + 49.3 (c 0.60, CHCl3); mp = 197-198 oC，1H NMR (400 MHz, CDCl3): δ 2.38 (s, 
3H), 3.19 (d, J = 7.8 Hz, 2H), 4.79 (d, J = 10.4 Hz, 1H), 4.93-4.97 (m, 1H), 7.14-7.16 (d, J = 7.9 Hz, 
1H), 7.25-7.28 (m, 1H), 7.34-7.45 (m, 5H), 7.64 (s, 1H). 13C NMR (100 MHz, CDCl3): δ 21.3, 35.5, 
57.0, 124.1, 126.4, 128.6, 129.2, 129.5, 132.0, 133.3, 137.6, 138.2, 139.8. HRMS Calculated for 
C15H15NO2SNa (M+Na)+ 296.0721, found: 296.0721. HPLC (OD-H column, iPrOH/hexane 30/70, 0.7 
mL min-1, 254 nm): t1 = 12.6 min (minor), t2 = 16.0 min (major).  

3-Fural-3,4-dihydro-2H- m-methyl-benzo[e][1,2]thiazine 1,1-dioxide (3m). Yield: 99%, 81% 
ee (R) ), [α]15

D = + 138.6 (c 0.20, CHCl3); mp = 109-111 oC，1H NMR (400 MHz, CDCl3): δ 3.24 (dd, 
J = 17.1, 4.2 Hz, 1H), 3.32-3.40 (m, 1H), 4.77 (d, J = 11.1 Hz, 1H), 5.09-5.15 (m, 1H), 6.39 (m, 2H), 
7.26-7.28 (m, 1H), 7.38-7.43 (m, 2H), 7.46-7.49 (m, 1H), 7.82 (d, J = 7.6 Hz, 1H). 13C NMR (100 
MHz, CDCl3): δ 33.2, 51.1, 107.4, 110.8, 124.3, 128.2, 129.8, 132.5, 134.4, 137.7, 143.0, 151.7. 
HRMS Calculated for C12H11NO3SNa (M+Na)+ 272.0357, found: 272.0361. HPLC (OD-H column, 
iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 11.9 min (minor), t2 = 14.0 min (major). 
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6. Typical Procedure for Asymmetric Hydrogenation of Enesulfonamides (4) 

NH

O2
S

4 CO2R2

R1
NH

O2
S

5 CO2R2

R1

Pd(OCOCF3)2/(S,S)-f-Binaphane

H2 , RT, TFE

 
Typical procedure for asymmetric hydrogenation of Cyclic Enamines: (S,S)-f-Binaphane (2.4 

mg, 0.003 mmol) and Pd(OCO CF3)2 (0.85 mg, 0.0025 mmol) were placed in a dried Schlenk tube 
under nitrogen atmosphere, and degassed anhydrous acetone was added. The mixture was stirred at rt 
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 dry TFE (3.0 mL). To the enammine (0.125 mmol) was 
added this catalyst solution, and then the mixture was transferred to an autoclave. The autoclave was 
stirred under room temperature. After release of the hydrogen, the autoclave was opened and the 
reaction mixture was evaporated. Conversion was determined by 1H NMR analysis. The enantiomeric 
excess was determined by HPLC after purification on silica gel using petroleum ether and EtOAc. 

 Racemates of 5 were prepared by the reduction of the corresponding enamines using Pd/C in 
MeOH or hydrogenation of corresponding substrates with racemic ligands. 

 
(1,1-Dioxo-2,3-dihydro-1H-1λ6-benzo[d]isothiazol-3-yl)-acetic acid methyl ester (5a) (known 

compound8). Yield: 97%, 86% ee (S), [α]24
D = - 112.5 (c 0.7, CHCl3), mp = 139-141 oC，1H NMR 

(400 MHz, CDCl3): δ 2.77-2.84 (m, 1H), 2.97-3.02 (dd, J = 17.0, 3.4 Hz, 1H), 2.97 (s, 3H), 5.09-5.13 
(m, 1H), 5.56 (br, 1H), 7.40 (d, J = 7.7 Hz, 1H), 7.55-7.65 (m, 2H), 7.81 (d, J = 7.3 Hz, 1H). 13C NMR 
(100 MHz, CDCl3): δ 40.2, 52.4, 53.6, 121.6, 123.9, 129.8, 133.3, 138.0, 171.3. HPLC (OD-H column, 
iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 12.3 min (major), t2 = 15.5 min (minor).  

(1,1-Dioxo-2,3-dihydro-1H-1λ6-benzo[d]isothiazol-3-yl)-acetic acid ethyl ester (5b) (known  
compound8). Yield: 97%, 92% ee (S), [α]24

D = - 112.5 (c 0.7, CHCl3); mp = 116-117 oC，1H NMR 
(400 MHz, CDCl3): δ 1.25-1.30 (m, 3H), 2.80-2.83 (m, 1H), 2.97 (m, 1H), 4.19-4.23 (m, 2H), 5.12 (m, 
1H), 5.43 (br, 1H), 7.38-7.40 (m, 1H), 7.57-7.65 (m, 2H), 7.81 (d, J = 7.7 Hz, 1H). 13C NMR (100 
MHz, CDCl3): δ14.3, 40.5, 53.8, 61.7, 121.8, 124.1, 129.9, 133.5, 138.2. HPLC (OJ-H column, 
iPrOH/hexane 30/70, 0.8 mL min-1, 254 nm): t1 = 22.1 min (minor), t2 = 24.2 min (major).  

(1,1-Dioxo-2,3-dihydro-1H-1λ6-benzo[d]isothiazol-3-yl)-acetic acid t-butyl ester (5c). Yield:  
97%, 96% ee (R), [α]24

D = + 1.17 (c 0.84, CHCl3); mp = 114-115 oC，1H NMR (400 MHz, CDCl3): δ 
1.46 (s, 9H), 2.69-2.76 (m, 1H), 2.92 (dd, J = 16.8, 3.4 Hz, 1H), 5.02-5.07 (m, 1H), 5.47 (br, 1H), 7.38 
(d, J = 7.6 Hz, 1H), 7.54-7.58 (m, 1H), 7.62-7.66 (m, 1H), 7.79-7.82 (d, J = 7.6 Hz, 1H). 13C NMR 
(100 MHz, CDCl3): δ 28.2, 41.2, 53.9, 82.6, 121.7, 124.1, 129.9, 133.4, 138.5, 163.2, 170.1. HRMS 
Calculated for C13H17NO4SNa (M+Na)+ 306.0776, found: 306.0772. HPLC (OD-H column, 
iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 9.1 min (major), t2 = 10.0 min (minor). 

(1,1-Dioxo-2,3-dihydro-1H-1λ6-benzo[d]isothiazol-3-yl)-acetic acid benzyl ester (5d). Yield: 
97%, 87% ee (S), [α]24

D = - 48.95 (c 0.84, CHCl3); mp = 132-133 oC，1H NMR (400 MHz, CDCl3): δ 
2.82-2.88 (m, 1H), 3.04 (m, 1H), 5.09-5.29 (m, 3H), 5.45 (br, 1H), 7.34-7.38 (m, 6H), 7.54-7.62 (m, 
2H), 7.80 (d, J = 7.6 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 40.4, 53.6, 67.3, 121.7, 123.9, 128.5, 
128.6, 128.7, 129.8, 133.3, 137.9, 170.6. HRMS Calculated for C16H15NO4SNa (M+Na)+ 340.0619, 
found: 340.0633. HPLC (OD-H column, iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 17.8 min 
(major), t2 = 24.6 min (minor). 
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(1,1-Dioxo-2,3-dihydro-1H-1λ6-p-methyl-benzo[d]isothiazol-3-yl)-acetic acid ethyl ester (5e).  
Yield: 99%, 87% ee (S), [α]24

D = -105.79 (c 0.42, CHCl3); mp = 161-162 oC，1H NMR (400 MHz, 
CDCl3): δ 1.25-1.30 (m, 3H), 2.46 (s, 3H), 2.76 (dd, J = 16.9, 10.0 Hz, 1H), 2.95 (dd, J = 16.9, 3.4 Hz, 
1H), 4.19-4.25 (m, 2H), 5.03-5.07 (m, 1H), 5.51 (br, 1H), 7.17 (s, 1H), 7.35 (d, J = 8.0 Hz, 1H), 7.67 
(d, J = 8.0 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 14.4, 22.0, 40.6, 53.7, 61.7, 121.6, 124.4, 130.9, 
138.6, 144.5, 170.9. HRMS Calculated for C12H15NO4SNa (M+Na)+ 292.0619, found: 292.0609. 
HPLC (OD-H column, iPrOH/hexane 30/70, 0.7 mL min-1, 254 nm): t1 = 32.7 min (minor), t2 = 35.0 
min (major). 

 
7. Isotopic Labeling Experiments Using D2 and CF3CH2OD 

Deuteration with D2: 

NH
S

OO

Ph

NH
S

OO

D
TFE, D2

Ph
Pd(OCOCF3)2/(S)-SegPhos

H H

αβ α
β

 

(S)-SegPhos (3.7 mg, 0.006 mmol) and Pd(OCOCF3)2 (1.7 mg, 0.005 mmol) were placed in a 
dried Schlenk tube under nitrogen atmosphere, and degassed anhydrous acetone was added. The 
mixture was stirred at rt 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 dry TFE (3.0 mL). To the 
enesulfonamide 3a (64 mg, 0.25 mmol) was added this catalyst solution, and then the mixture was 
transferred to an autoclave. The autoclave was filled with D2 of 10 atm, and stirred under 70 oC (oil 
bath temperature was showed) for 24 h. The product was obtained after purification on silica gel using 
petroleum ether and EtOAc. 1H NMR analysis of the crude hydrogenated product showed that one 
deuterium atom was incorporated to the α-position, and deuterium at the β-position was not observed, 
which suggested that the hydrogenation of enesulfonamides was conducted via N-sulfonylimine 
intermediates (Figure 1). 
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For the full conversion experiment: (R,Sp)-Josiphos (1.9 mg, 0.003 mmol) and Pd(OCOCF3)2 (0.9 
mg, 0.0025 mmol) were placed in a dried Schlenk tube under nitrogen atmosphere, and degassed 
anhydrous acetone was added. The mixture was stirred at rt 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 dry CF3CH2OD (3.0 mL). To the enesulfonamide 3a (32 mg, 0.125 mmol) was added this 
catalyst solution, and then the mixture was transferred to an autoclave. The autoclave was filled with 
H2 of 28 atm, and stirred under 70 oC (oil bath temperature was showed) for 18 h. The product and the 
starting material were obtained after purification on silica gel using petroleum ether and EtOAc. 1H 
NMR analysis of the crude hydrogenated product showed that one deuterium atom was incorporated 
to the β-position. 

For the incomplete conversion experiment: Under the above conditions with H2 pressure was 1 
atm and stirred under 65 oC (oil bath temperature was showed) for 3 h. 1H NMR analysis of the crude 
hydrogenated product showed that one deuterium atom was incorporated to the β-position, while no 
deuterium atom was observed in the recovered starting materials (Figure 2).  
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Figure 2 

The above experiments confirmed that the hydrogenation of enesulfonamides was conducted via 
N-sulfonylimine intermediates, and the tautomerization process of enesulfonamides to N-sulfonylimine 
intermediates was slower than the hydrogenation. 
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8. Determination of Absolute Configuration of Hydrogenated Product 3. 
Recrystallization from DCM/hexane gave sulfonamide 3c (>99% ee) as a colorless crystal, and its 

absolute configuration was assigned as (R)-3c by X-ray diffraction analysis.  

 
Crystal data and structure refinement for 3c.  
 
   Identification code               p212121  
   Empirical formula               C15 H15 N O2 S  
   Formula weight                 273.34  
   Temperature                    296(2) K  
   Wavelength                    0.71073 A  
   Crystal system, space group       Orthorhombic,  P2(1)2(1)2(1)  
   Unit cell dimensions              a = 4.972(4) A   alpha = 90 deg.  
                                  b = 13.870(10) A    beta = 90 deg.  
                                  c = 19.934(14) A   gamma = 90 deg.  
   Volume                         1374.5(16) A^3  
   Z, Calculated density             4,  1.321 Mg/m^3  
   Absorption coefficient            0.232 mm^-1  
   F(000)                         576  
   Crystal size                     0.21 x 0.18 x 0.15 mm  
   Theta range for data collection      2.52 to 25.99 deg.  
   Limiting indices                 -6<=h<=6, -17<=k<=14, -20<=l<=24  
   Reflections collected / unique       6867 / 2682 [R(int) = 0.0773]  
   Completeness to theta = 25.99      99.4 %  
   Absorption correction             None  
   Max. and min. transmission        0.9660 and 0.9528  
   Refinement method              Full-matrix least-squares on F^2  
   Data / restraints / parameters       2682 / 0 / 177  
   Goodness-of-fit on F^2           1.015  
   Final R indices [I>2sigma(I)]      R1 = 0.0588, wR2 = 0.1139  
   R indices (all data)               R1 = 0.0907, wR2 = 0.1275  
   Absolute structure parameter       -0.07(14)  
   Largest diff. peak and hole        0.184 and -0.228 e.A^-3 
 
Bond lengths [A] and angles [deg] for 3c.  
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            C(1)-C(2)                     1.366(5)  
            C(1)-C(6)                     1.400(4)  
            C(1)-S(1)                     1.763(4)  
            C(2)-C(3)                     1.383(5)  
            C(2)-H(2)                     0.9300  
            C(3)-C(4)                     1.372(6)  
            C(3)-H(3)                     0.9300  
            C(4)-C(5)                     1.373(5)  
            C(4)-H(4)                     0.9300  
            C(5)-C(6)                     1.393(5)  
            C(5)-H(5)                     0.9300  
            C(6)-C(7)                     1.515(5)  
            C(7)-C(8)                     1.521(4)  
            C(7)-H(7A)                    0.9700  
            C(7)-H(7B)                    0.9700  
            C(8)-N(1)                     1.497(4)  
            C(8)-C(9)                     1.520(5)  
            C(8)-H(8)                     0.9800  
            C(9)-C(10)                    1.370(5)  
            C(9)-C(14)                    1.400(5)  
            C(10)-C(11)                   1.393(5)  
            C(10)-H(10)                   0.9300  
            C(11)-C(12)                   1.392(6)  
            C(11)-C(15)                   1.506(6)  
            C(12)-C(13)                   1.388(6)  
            C(12)-H(12)                   0.9300  
            C(13)-C(14)                   1.367(5)  
            C(13)-H(13)                   0.9300  
            C(14)-H(14)                   0.9300  
            C(15)-H(15A)                  0.9600  
            C(15)-H(15B)                  0.9600  
            C(15)-H(15C)                  0.9600  
            N(1)-S(1)                     1.598(3)  
            N(1)-H(1N)                    0.79(3)  
            O(1)-S(1)                     1.437(3)  
            O(2)-S(1)                     1.432(3)  
            C(2)-C(1)-C(6)              121.6(3)  
            C(2)-C(1)-S(1)              117.9(3)  
            C(6)-C(1)-S(1)              120.4(3)  
            C(1)-C(2)-C(3)              120.1(4)  
            C(1)-C(2)-H(2)              119.9  
            C(3)-C(2)-H(2)              119.9  
            C(4)-C(3)-C(2)              119.4(4)  
            C(4)-C(3)-H(3)              120.3  
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            C(2)-C(3)-H(3)              120.3  
            C(3)-C(4)-C(5)              120.6(4)  
            C(3)-C(4)-H(4)              119.7  
            C(5)-C(4)-H(4)              119.7  
            C(4)-C(5)-C(6)              121.2(4)  
            C(4)-C(5)-H(5)              119.4  
            C(6)-C(5)-H(5)              119.4  
            C(5)-C(6)-C(1)              117.1(3)  
            C(5)-C(6)-C(7)              119.7(3)  
            C(1)-C(6)-C(7)              123.2(3)  
            C(6)-C(7)-C(8)              114.3(3)  
            C(6)-C(7)-H(7A)             108.7  
            C(8)-C(7)-H(7A)             108.7  
            C(6)-C(7)-H(7B)             108.7  
            C(8)-C(7)-H(7B)             108.7  
            H(7A)-C(7)-H(7B)            107.6  
            N(1)-C(8)-C(9)              109.1(3)  
            N(1)-C(8)-C(7)              110.0(3)  
            C(9)-C(8)-C(7)              114.6(3)  
            N(1)-C(8)-H(8)              107.6  
            C(9)-C(8)-H(8)              107.6  
            C(7)-C(8)-H(8)              107.6  
            C(10)-C(9)-C(14)            118.4(4)  
            C(10)-C(9)-C(8)             122.6(3)  
            C(14)-C(9)-C(8)             119.0(3)  
            C(9)-C(10)-C(11)            122.7(4)  
            C(9)-C(10)-H(10)            118.7  
            C(11)-C(10)-H(10)           118.7  
            C(12)-C(11)-C(10)           118.2(4)  
            C(12)-C(11)-C(15)           121.2(4)  
            C(10)-C(11)-C(15)           120.6(4)  
            C(13)-C(12)-C(11)           119.2(4)  
            C(13)-C(12)-H(12)           120.4  
            C(11)-C(12)-H(12)           120.4  
            C(14)-C(13)-C(12)           121.8(4)  
            C(14)-C(13)-H(13)           119.1  
            C(12)-C(13)-H(13)           119.1  
            C(13)-C(14)-C(9)            119.7(4)  
            C(13)-C(14)-H(14)           120.2  
            C(9)-C(14)-H(14)            120.2  
            C(11)-C(15)-H(15A)          109.5  
            C(11)-C(15)-H(15B)          109.5  
            H(15A)-C(15)-H(15B)         109.5  
            C(11)-C(15)-H(15C)          109.5  
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            H(15A)-C(15)-H(15C)         109.5  
            H(15B)-C(15)-H(15C)         109.5  
            C(8)-N(1)-S(1)              117.0(2)  
            C(8)-N(1)-H(1N)             114(3)  
            S(1)-N(1)-H(1N)             116(2)  
            O(2)-S(1)-O(1)              117.34(17)  
            O(2)-S(1)-N(1)              108.69(18)  
            O(1)-S(1)-N(1)              107.63(18)  
            O(2)-S(1)-C(1)              105.57(17)  
            O(1)-S(1)-C(1)              111.24(17)  
            N(1)-S(1)-C(1)              105.78(17)  
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