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General Information. Organic solvents were distilled prior to use. Organic solutions were 

concentrated under reduced pressure using a rotary evaporator. Chromatographic purification of products 

was accomplished using forced-flow chromatography on ICN 60 32-64 mesh silica gel 63. Thin-layer 

chromatography (TLC) was performed on EM Reagents 0.25 mm silica gel 60-F plates. Developed 

chromatograms were visualized by fluorescence quenching and with anisaldehyde stain. 1H and 13C NMR 

spectra were recorded (400 MHz for 1H and 100 MHz for 13C), and were internally referenced to residual 

protio solvent signals. Data for 1H NMR are reported as follows: chemical shift (ppm), multiplicity (s = 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant (Hz) and integration. Data 

for 13C NMR are reported in terms of chemical shift. IR spectra were recorded on an FT IR spectrometer 

and are reported in wave numbers. Optical rotations were taken on a digital polarimeter. High-resolution 

mass spectroscopy (HRMS) was performed by electron impact (EI). Enantiomeric excesses were 

determined using an HPLC instrument with Chiralpak columns as noted. 

 

 

General Procedure for Friedel‒Crafts Reaction of Indoles with Cyclic N-Sulfimines.  
To a solution of cyclic N-sulfimine 2 (0.1 mmol) in toluene (0.75 mL) was added catalyst 3b (0.01 mmol). 

The solution was stirred at ‒40 °C for 10 min, and then indole 1 (0.15 mmol) was added in one portion. 

The reaction mixture was stirred at ‒40 °C until cyclic N-sulfimine 2 was complete consumed, as 

determined by TLC. Then, the resulting mixture was diluted with water and extracted with CH2Cl2. The 

combined organic layer was washed with brine, dried over anhydrous MgSO4, and concentrated in vacuo. 

The crude residue was purified by flash column chromatography with EtOAc/hexanes as eluent to afford 

desired product 4. The enantiomeric excess was determined using HPLC analysis. 
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(S)-4-(1-Methy-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4a). 29 mg, yield 

93%, White solid; m.p. 84-86 °C; [α]ୈଶଶ = +64.9 (c = 0.44, CHCl3); 91% ee; 1H NMR (400 MHz, CDCl3) 

 7.40–7.30 (m, 2H), 7.29–7.24 (m, 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.17 (s, 1H), 7.12–7.02 (m, 4H), 6.23 

(d, J = 7.8 Hz, 1H), 4.73 (d, J = 7.8 Hz, 1H), 3.82 (s, 3H); 13C NMR (100 MHz, CDCl3) 150.15, 136.46, 
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128.56, 128.35, 127.41, 124.31, 124.19, 121.63, 120.98, 119.16, 117.84, 117.69, 109.69, 108.99, 54.05, 

31.98; IR (neat) 3269, 2921, 2851, 1717, 1614, 1550, 1478, 1450, 1412, 1193, 1164, 1098, 1011 cm-1; 

HRMS (EI) m/z calcd for [M]+ C16H14N2O3S: 314.0725 Found: 314.0754; Chiralpak IA column and IA 

guard column (15% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 17.8 min and 

minor-isomer tr = 11.0 min. 
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(S)-4-(1-Benzyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4b). 30 mg, yield 

76%, White solid; m.p. 85-87 °C; [α]ୈଶଷ = +28.5 (c = 0.38, CHCl3); 90% ee; 1H NMR (400 MHz, CDCl3) 

 7.37–7.26 (m, 5H), 7.25–7.18 (m, 3H), 7.17–7.12 (m, 2H), 7.10 (d, J = 8.2 Hz, 1H), 7.08–7.03 (m, 3H), 

6.23 (d, J = 8.5 Hz, 1H), 5.32 (s, 2H), 4.77 (d, J = 8.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) 151.25, 

137.20, 136.60, 129.67, 129.00, 128.77, 128.38, 128.06, 126.96, 125.58, 125.29, 122.94, 121.93, 120.50, 

119.07, 118.82, 111.41, 110.58, 55.15, 50.3; IR (neat) 3271, 2922, 2852, 1613, 1551, 1450, 1413, 1354, 

1281, 1192, 1164, 1097, 1013 cm-1; HRMS (EI) m/z calcd for [M]+ C22H18N2O3S: 390.1038 Found: 

390.1025; Chiralpak IA column and IA guard column (15% EtOH:hexanes, 1.0 mL/min flow, = 254 

nm); major-isomer tr = 18.1 min and minor-isomer tr = 22.5 min. 
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(S)-4-(1-Allyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4c). 29 mg, yield 

85%, White solid; m.p. 115-117 °C; [α]ୈଶଵ = +50.4 (c = 0.34, CHCl3); 92% ee; 1H NMR (400 MHz, 

CDCl3)  7.36 (d, J = 8.3 Hz, 1H), 7.32 (ddd, J = 9.0, 4.8, 0.7 Hz, 1H), 7.26–7.20 (m, 3H), 7.10 (d, J = 

8.2 Hz, 1H), 7.08–7.02 (m, 3H), 6.23 (d, J = 8.5 Hz, 1H), 6.07–5.95 (m, 1H), 5.26 (dd, J = 10.2, 1.2 Hz, 

1H), 5.14 (ddd, J = 17.1, 2.7, 1.6 Hz, 1H), 4.79–4.70 (m, 3H); 13C NMR (100 MHz, CDCl3) 151.23, 

136.98, 132.79, 129.65, 128.41(two peaks overlapping), 125.51, 125.28, 122.77, 121.98, 120.38, 119.02, 
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118.80, 118.12, 111.15, 110.46, 55.16, 49.03; IR (neat) 3262, 2921, 2851, 1614, 1579, 1551, 1467, 1450, 

1412, 1356, 1262, 1193, 1164, 1097, 1011 cm-1; HRMS (EI) m/z calcd for [M]+ C18H16N2O3S: 340.0882 

Found: 340.0896; Chiralpak IA column and IA guard column (10% EtOH:hexanes, 1.0 mL/min flow, = 

254 nm); major-isomer tr = 20.1 min and minor-isomer tr = 26.8 min. 
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(S)-4-(1-Benzyl-5-methoxy-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4d). 40 

mg, yield 95%, White solid; m.p. 181-183 °C; [α]ୈଶଵ = +58.8 (c = 0.43, CHCl3); 94% ee; 1H NMR (400 

MHz, CDCl3) 7.36–7.25 (m, 4H), 7.18 (d, J = 8.9 Hz, 1H), 7.16 (s, 1H), 7.14–7.05 (m, 5H), 6.84 (dd, J 

= 8.9, 2.4 Hz, 1H), 6.66 (d, J = 2.3 Hz, 1H), 6.21 (d, J = 8.2 Hz, 1H), 5.26 (s, 2H), 4.81 (d, J = 8.3 Hz, 

1H), 3.68 (s, 3H); 13C NMR (100 MHz, CDCl3) 154.54, 151.30, 136.72, 132.25, 129.65, 129.13, 128.98, 

128.48, 128.01, 126.86, 126.25, 125.30, 121.88, 118.79, 113.09, 111.42, 110.98, 100.67, 55.77, 55.09, 

50.54; IR (neat) 3260, 2919, 1622, 1580, 1485, 1449, 1363, 1280, 1210, 1165, 1098, 1037cm-1; HRMS 

(EI) m/z calcd for [M]+ C23H20N2O4S: 420.1144 Found: 420.1156; Chiralpak IA column and IA guard 

column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 20.2 min and minor-

isomer tr = 24.6 min. 
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(S)-4-(5-Benzoyl-1-benzyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4e). 36 

mg, yield 73%, White solid; m.p. 130-132 °C; [α]ୈଶ = +45.2 (c = 0.34, CHCl3); 97% ee; 1H NMR (400 

MHz, CDCl3) 7.39–7.26 (m, 9H), 7.19 (d, J = 9.0 Hz, 1H), 7.17 (s, 1H), 7.14–7.03 (m, 5H), 6.92 (dd, J 

= 8.9, 2.4 Hz, 1H), 6.71 (d, J = 2.3 Hz, 1H), 6.18 (d, J = 8.5 Hz, 1H), 5.26 (s, 2H), 4.92 (s, 2H), 4.71 (d, J 

= 8.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) 153.61, 151.26, 137.13, 136.67, 132.44, 129.68, 129.22, 

128.99, 128.61, 128.42, 128.04, 127.96, 127.63, 126.90, 126.06, 125.31, 121.81, 118.80, 113.79, 111.45, 

110.85, 102.27, 70.70, 55.16, 50.53; IR (neat) 3282, 2922, 2864, 1620, 1578, 1482, 1450, 1417, 1357, 
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1262, 1189, 1163, 1096, 1024 cm-1; HRMS (EI) m/z calcd for [M]+ C29H24N2O4S: 496.1457 Found: 

496.1457; Chiralpak IA column and IA guard column (30% EtOH:hexanes, 1.0 mL/min flow, = 254 

nm); major-isomer tr = 16.9 min and minor-isomer tr = 27.7 min. 
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(S)-4-(1-Benzyl-5-bromo-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4f). 35 

mg, yield 74%, Colorless gum; [α]ୈଶଵ = +54.1 (c = 0.37, CHCl3); 88% ee; 1H NMR (400 MHz, CDCl3) 

7.41 (d, J = 1.5 Hz, 1H), 7.37–7.26 (m, 5H), 7.20 (s, 1H), 7.18 (d, J = 8.7 Hz, 1H), 7.13–7.02 (m, 5H), 

6.18 (d, J = 8.3 Hz, 1H), 5.29 (s, 2H), 4.78 (d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) 151.24, 

136.14, 135.76, 129.92(two peaks overlapping), 129.09, 128.22, 128.19, 127.45, 126.84, 125.96, 125.37, 

121.63, 121.40, 119.00, 113.93, 112.10, 111.14, 54.77, 50.59; IR (neat) 3274, 2921, 2851, 1610, 1580, 

1548, 1468, 1450, 1413, 1301, 1192, 1164, 1097, 1026 cm-1; HRMS (EI) m/z calcd for [M]+ 

C22H17BrN2O3S: 468.0143 Found: 468.0114; Chiralpak IA column and IA guard column (15% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 18.4 min and minor-isomer tr = 22.1 

min. 
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(S)-4-(5-Methoxy-1-methyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4g). 

34 mg, yield 98%, White solid; m.p. 84-86 °C; [α]ୈଵ଼ = +86.2 (c = 0.33, CHCl3); 89% ee; 1H NMR (400 

MHz, CDCl3) 7.38–7.29 (m, 1H), 7.24 (d, J = 8.5 Hz, 1H), 7.14–7.03 (m, 4H), 6.91 (dd, J = 8.9, 2.4 Hz, 

1H), 6.64 (d, J = 2.3 Hz, 1H), 6.21 (d, J = 8.2 Hz, 1H), 4.74 (d, J = 8.2 Hz, 1H), 3.77 (s, 3H), 3.71 (s, 3H); 
13C NMR (100 MHz, CDCl3) 154.43, 151.28, 132.70, 129.68, 129.61, 128.54, 125.96, 125.25, 121.96, 

118.76, 112.89, 110.85, 110.32, 100.52, 55.80, 55.08, 33.21; IR (neat) 3262, 2920, 1719, 1623, 1579, 

1488, 1450, 1421, 1361, 1262, 1165, 1099, 1062, 1017 cm-1; HRMS (EI) m/z calcd for [M]+ C17H16N2O4S: 
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344.0831 Found: 344.0822; Chiralpak IB column and IB guard column (20% EtOH:hexanes, 1.0 mL/min 

flow, = 254 nm); minor-isomer tr = 24.5 min and major-isomer tr = 31.2 min. 
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(S)-4-(5-Benzoyl-1-methyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4h). 41 

mg, yield 99%, White solid; m.p. 82-84 °C; [α]ୈଵଽ = +73.7 (c = 0.38, CHCl3); 89% ee; 1H NMR (400 MHz, 

CDCl3) 7.40–7.27 (m, 6H), 7.24 (d, J = 8.9 Hz, 1H), 7.11–7.01 (m, 4H), 6.98 (dd, J = 8.9, 2.3 Hz, 1H), 

6.69 (d, J = 2.3 Hz, 1H), 6.16 (d, J = 8.4 Hz, 1H), 4.92 (d, J = 6.1 Hz, 2H), 4.71 (d, J = 8.5 Hz, 1H), 3.75 

(s, 3H); 13C NMR (100 MHz, CDCl3) 153.44, 151.24, 137.17, 132.89, 129.83, 129.64, 128.60, 128.51, 

127.94, 127.63, 125.80, 125.27, 121.91, 118.75, 113.62, 110.90, 110.20, 102.24, 70.74, 55.13, 33.20; IR 

(neat) 3268, 2922, 1622, 1578, 1547, 1451, 1415, 1390, 1261, 1189, 1165, 1099, 1020 cm-1; HRMS (EI) 

m/z calcd for [M]+ C23H20N2O4S: 420.1144 Found: 420.1125; Chiralpak IA column and IA guard column 

(20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 26.6 min and minor-isomer tr = 

46.0 min. 
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(S)-4-(5-Bromo-1-methyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4i). 34 

mg, yield 87%, White solid; m.p. 164-166 °C; [α]ୈଵଽ = +75.2 (c = 0.26, CHCl3); 68% ee; 1H NMR (400 

MHz, CDCl3) 7.36 (ddd, J = 10.4, 7.2, 1.6 Hz, 3H), 7.23 (d, J = 8.7 Hz, 1H), 7.15–7.01 (m, 4H), 6.18 (d, 

J = 8.4 Hz, 1H), 4.71 (d, J = 8.4 Hz, 1H), 3.80 (s, 3H); 13C NMR (100 MHz, CDCl3) 151.22, 136.15, 

130.47, 129.88, 128.25, 127.15, 125.73, 125.33, 121.48, 121.42, 118.97, 113.73, 111.56, 110.53, 54.77, 

33.27; IR (neat) 3265, 2923, 1729, 1613, 1580, 1545, 1422, 1402, 1359, 1302, 1197, 1072, 1047, 1007 

cm-1; HRMS (EI) m/z calcd for [M]+ C16H13BrN2O3S: 391.9830 Found: 391.9811; Chiralpak IA column 

and IA guard column (7% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 37.6 min and 

minor-isomer tr = 42.2 min. 
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(S)-4-(5-Cyano-1-methyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4j). 15 

mg, yield 45%, White solid; m.p. 227-229 °C; [α]ୈଵଽ = +115.6 (c = 0.15, CHCl3); 84% ee; 1H NMR (400 

MHz, CDCl3) 7.61 (s, 1H), 7.49 (dd, J = 8.6, 1.4 Hz, 1H), 7.45–7.35 (m, 2H), 7.29 (s, 1H), 7.17–7.07 

(m, 2H), 7.02 (d, J = 7.7 Hz, 1H), 6.23 (d, J = 8.3 Hz, 1H), 4.87 (d, J = 8.3 Hz, 1H), 3.86 (s, 3H); 13C 

NMR (100 MHz, CDCl3) 151.23, 138.95, 131.79, 130.15, 128.06, 125.65, 125.42, 125.32, 124.67, 

121.05, 120.09, 119.18, 112.24, 110.99, 103.51, 54.49, 33.38; IR (neat) 3188, 2221, 1615, 1581, 1485, 

1453, 1433, 1381, 1363, 1281, 1164, 1098, 1015 cm-1; HRMS (EI) m/z calcd for [M]+ C17H13N3O3S: 

339.0678 Found: 339.0674; Chiralpak IA column and IA guard column (13% EtOH:hexanes, 1.0 mL/min 

flow, = 254 nm); major-isomer tr = 35.8 min and minor-isomer tr = 61.6 min. 
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(S)-4-(5-Methoxycarbonyl-1-methyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-

dioxide (4k). 32 mg, yield 85%, White solid; m.p. 210-212 °C; [α]ୈଵଽ = +97.38 (c = 0.41, CHCl3); 88% ee; 
1H NMR (400 MHz, CDCl3) 8.08 (d, J = 0.9 Hz, 1H), 7.96 (dd, J = 8.7, 1.4 Hz, 1H), 7.43–7.32 (m, 2H), 

7.17 (s, 1H), 7.15–7.02 (m, 3H), 6.28 (d, J = 8.5 Hz, 1H), 4.91 (d, J = 8.6 Hz, 1H), 3.87 (s, 3H), 3.83 (s, 

3H); 13C NMR (100 MHz, CDCl3) 167.68, 151.32, 139.77, 130.76, 129.85, 128.24, 125.28, 125.23, 

124.11, 122.35, 121.65, 121.59, 118.98, 112.76, 109.71, 54.57, 52.01, 33.29; IR (neat) 3152, 2948, 2923, 

2849, 1684, 1612, 1453, 1411, 1369, 1246, 1196, 1173, 1096, 1021 cm-1; HRMS (EI) m/z calcd for [M]+ 

C18H16N2O5S: 372.0780 Found: 372.0764; Chiralpak IA column and IA guard column (20% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 23.9 min and minor-isomer tr = 27.8 

min. 
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(S)-4-(1-Methyl-5-nitro-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4l). 32 mg, 

yield 88%, White solid; m.p. 227-229 °C; [α]ୈଵଽ = ‒169.3 (c = 0.22, CHCl3); 78% ee; 1H NMR (400 MHz, 

CDCl3) 8.29 (d, J = 2.1 Hz, 1H), 8.15 (dd, J = 9.1, 2.2 Hz, 1H), 7.45–7.35 (m, 2H), 7.27 (s, 1H), 7.16–

7.09 (m, 2H), 7.05 (d, J = 7.6 Hz, 1H), 6.28 (d, J = 7.9 Hz, 1H), 4.96 (d, J = 8.1 Hz, 1H), 3.88 (s, 3H); 13C 

NMR (100 MHz, CDCl3) 151.30, 141.99, 140.06, 132.64, 130.15, 128.08, 125.38, 125.07, 120.94, 

119.21, 118.31, 116.19, 114.06, 110.12, 54.28, 33.61; IR (neat) 3253, 2922, 2852, 1728, 1578, 1548, 

1516, 1483, 1450, 1363, 1331, 1196, 1090, 1044 cm-1; HRMS (EI) m/z calcd for [M]+ C16H13N3O5S: 

359.0576 Found: 359.0570; Chiralpak IA column and IA guard column (20% EtOH:hexanes, 1.0 mL/min 

flow, = 254 nm); major-isomer tr = 21.9 min and minor-isomer tr = 29.6 min. 
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(S)-4-(6-Chloro-1-methyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4m). 17 

mg, yield 48%, White solid; m.p. 100-102 °C; [α]ୈଵଽ = +71.5 (c = 0.12, CHCl3); 78% ee; 1H NMR (400 

MHz, CDCl3) 7.38–7.31 (m, 2H), 7.16 (s, 1H), 7.11 (dd, J = 8.4, 6.2 Hz, 2H), 7.09–7.00 (m, 3H), 6.20 

(d, J = 8.4 Hz, 1H), 4.70 (d, J = 8.4 Hz, 1H), 3.78 (s, 3H); 13C NMR (100 MHz, CDCl3) 151.22, 137.97, 

130.02, 129.80, 128.94, 128.29, 125.29, 123.93, 121.67, 121.01, 119.86, 118.90, 111.17, 110.14, 54.88, 

33.16; IR (neat) 3270, 2923, 2853, 1716, 1580, 1477, 1451, 1416, 1360, 1329, 1256, 1192, 1165, 1099, 

1067, 1010 cm-1; HRMS (EI) m/z calcd for [M]+ C16H13ClN2O3S: 348.0335 Found: 348.0332; Chiralpak 

IA column and IA guard column (10% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 

27.4 min and minor-isomer tr = 32.7 min. 
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(S)-4-(6-Fluoro-1-methyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4n). 29 

mg, yield 88%, White solid; m.p. 182-184 °C; [α]ୈଵଽ = ‒11.2 (c = 0.28, CHCl3); 85% ee; 1H NMR (400 

MHz, CDCl3) 7.38–7.31 (m, 1H), 7.16–7.04 (m, 5H), 7.03 (dd, J = 9.5, 2.2 Hz, 1H), 6.83 (td, J = 9.3, 

2.3 Hz, 1H), 6.20 (d, J = 8.3 Hz, 1H), 4.72 (d, J = 8.2 Hz, 1H), 3.77 (s, 3H); 13C NMR (100 MHz, 

CDCl3) 160.23 (d, J1 = 240.0 Hz), 159.04, 151.21, 137.68 (d, J3 = 11.9 Hz), 129.76, 128.35, 125.28, 

121.86, 121.76, 119.92, 119.82, 118.86, 111.12, 109.12 (d, J2 = 24.7 Hz), 96.53 (d, J2 = 26.2 Hz), 54.97, 

33.18; IR (neat) 3251, 2959, 2923, 1730, 1625, 1578, 1547, 1477, 1413, 1338, 1287, 1205, 1163, 1103, 

1002 cm-1; HRMS (EI) m/z calcd for [M]+ C16H13FN2O3S: 332.0631 Found: 332.0636; Chiralpak IA 

column and IA guard column (15% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 16.7 

min and minor-isomer tr = 19.4 min. 
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(S)-4-(1,7-Dimethyl-1H-indol-3-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4o). 26 mg, 

yield 79%, White solid; m.p. 148-150 °C; [α]ୈଵଽ = +43.8 (c = 0.37, CHCl3); 88% ee; 1H NMR (400 MHz, 

CDCl3) 7.32 (dtd, J = 8.2, 4.2, 2.2 Hz, 1H), 7.10 (d, J = 8.2 Hz, 1H), 7.08–7.02 (m, 4H), 6.98–6.88 (m, 

2H), 6.19 (d, J = 8.4 Hz, 1H), 4.71 (d, J = 8.4 Hz, 1H), 4.07 (s, 3H), 2.77 (s, 3H); 13C NMR (100 MHz, 

CDCl3) 151.22, 136.29, 130.94, 129.60, 128.41, 126.42, 125.35, 125.27, 122.20, 122.01, 120.53, 118.78, 

116.88, 110.37, 55.08, 37.09, 19.72; IR (neat) 3256, 2925, 1605, 1580, 1480, 1450, 1406, 1372, 1253, 

1195, 1165, 1095, 1011 cm-1; HRMS (EI) m/z calcd for [M]+ C17H16N2O3S: 328.0882 Found: 328.0898; 

Chiralpak IA column and IA guard column (15% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-

isomer tr = 18.9 min and minor-isomer tr = 23.8 min. 
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(S)-4-(1-Methyl-1H-indol-3-yl)-6-methyl-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4p). 31 

mg, yield 95%, White solid; m.p. 104-106 °C; [α]ୈଶ = +61.2 (c = 0.36, CHCl3); 91% ee; 1H NMR (400 

MHz, CDCl3)  7.40–7.34 (m, 1H), 7.29–7.24 (m, 2H), 7.15 (s, 1H), 7.13–7.04 (m, 2H), 6.98 (d, J = 8.4 

Hz, 1H), 6.85 (s, 1H), 6.17 (d, J = 8.4 Hz, 1H), 4.68 (d, J = 8.4 Hz, 1H), 3.82 (s, 3H), 2.17 (s, 3H); 13C 

NMR (100 MHz, CDCl3) 149.13, 137.51, 135.03, 130.27, 129.29, 128.51, 125.42, 122.67, 121.59, 

120.22, 118.92, 118.53, 111.02, 110.02, 55.11, 33.06, 20.77; IR (neat) 3267, 2921, 1550, 1486, 1411, 

1376, 1333, 1280, 1257, 1203, 1173, 1106, 1064, 1014 cm-1; HRMS (EI) m/z calcd for [M]+ C17H16N2O3S: 

328.0882 Found: 328.0894; Chiralpak IA column and IA guard column (10% EtOH:hexanes, 1.0 mL/min 

flow, = 254 nm); major-isomer tr = 25.6 min and minor-isomer tr = 32.9 min. 

 

4q
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(S)-4-(1-Methyl-1H-indol-3-yl)-6-methoxy-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4q). 

34 mg, yield 99%, White solid; m.p. 167-169 °C; [α]ୈଶ = +71.5 (c = 0.31, CHCl3); 93% ee; 1H NMR (400 

MHz, CDCl3)  7.36 (d, J = 8.2 Hz, 1H), 7.30–7.24 (m, 2H), 7.15 (s, 1H), 7.11–7.05 (m, 1H), 7.03 (d, J = 

9.0 Hz, 1H), 6.85 (dd, J = 9.0, 3.0 Hz, 1H), 6.58–6.53 (m, 1H), 6.18 (d, J = 8.4 Hz, 1H), 4.67 (d, J = 8.4 

Hz, 1H), 3.81 (s, 3H), 3.61 (s, 3H); 13C NMR (100 MHz, CDCl3) 156.57, 145.03, 137.51, 129.27, 

125.39, 122.91, 122.72, 120.27, 119.68, 118.88, 115.10, 113.12, 110.79, 110.03, 55.71, 55.21, 33.06; IR 

(neat) 3246, 2928, 2842, 1615, 1551, 1490, 1415, 1390, 1335, 1286, 1253, 1160, 1066, 1008 cm-1; HRMS 

(EI) m/z calcd for [M]+ C17H16N2O4S: 344.0831 Found: 344.00798; Chiralpak IA column and IA guard 

column (15% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 19.4 min and minor-

isomer tr = 22.8 min. 
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(S)-4-(1-Methyl-1H-indol-3-yl)-6-fluoro-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4r). 32 

mg, yield 96%, White solid; m.p. 91-93 °C; [α]ୈଶ = +21.7 (c = 0.38, CHCl3); 84% ee; 1H NMR (400 MHz, 

CDCl3)  7.38 (d, J = 8.3 Hz, 1H), 7.31–7.26 (m, 1H), 7.22 (d, J = 8.0 Hz, 1H), 7.19 (s, 1H), 7.12–7.06 

(m, 2H), 7.06–6.99 (m, 1H), 6.77 (dd, J = 8.7, 2.4 Hz, 1H), 6.18 (d, J = 8.4 Hz, 1H), 4.73 (d, J = 8.4 Hz, 

1H), 3.83 (s, 3H); 13C NMR (100 MHz, CDCl3) 159.26 (d, J1 = 245.3 Hz), 147.06, 137.57, 129.40, 

125.12, 123.86 (d, J3 = 7.2 Hz), 120.43, 120.3 (d, J3 = 8.3 Hz), 118.69, 116.77 (d, J2 = 23.9 Hz), 114.89 

(d, J2 = 25.0 Hz), 110.19, 110.02, 55.10, 33.10; IR (neat) 3266, 2920, 1617, 1550, 1480, 1415, 1388, 1334, 

1254, 1200, 1156, 1095, 1065 cm-1; HRMS (EI) m/z calcd for [M]+ C16H13FN2O3S: 332.0631 Found: 

332.0659; Chiralpak IA column and IA guard column (10% EtOH:hexanes, 1.0 mL/min flow, = 254 

nm); major-isomer tr = 20.1 min and minor-isomer tr = 22.9 min. 
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(S)-4-(1-Methyl-1H-indol-3-yl)-6-chloro-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4s). 34 

mg, yield 99%, White solid; m.p. 144-146 °C; [α]ୈଶ = +78.0 (c = 0.38, CHCl3); 84% ee; 1H NMR (400 

MHz, CDCl3) 7.38 (d, J = 8.3 Hz, 1H), 7.33–7.26 (m, 2H), 7.23 (d, J = 8.0 Hz, 1H), 7.18 (s, 1H), 7.09 (t, 

J = 7.5 Hz, 1H), 7.07–7.01 (m, 2H), 6.17 (d, J = 8.4 Hz, 1H), 4.76 (d, J = 8.4 Hz, 1H), 3.83 (s, 3H); 13C 

NMR (100 MHz, CDCl3) 149.68, 137.56, 130.51, 129.79, 129.40, 128.19, 125.14, 123.81, 122.88, 

120.47, 120.24, 118.65, 110.21, 109.95, 54.96, 33.13; IR (neat) 3270, 2930, 1550, 1471, 1414, 1388, 

1334, 1293, 1273, 1252, 1192, 1162, 1108, 1064 cm-1; HRMS (EI) m/z calcd for [M]+ C16H13ClN2O3S: 

348.0335 Found: 348.0345; Chiralpak IB column and IB guard column (20% EtOH:hexanes, 1.0 mL/min 

flow, = 254 nm); major-isomer tr = 14.2 min and minor-isomer tr = 17.6 min. 
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(S)-4-(1-Methyl-1H-indol-3-yl)-6-bromo-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4t). 36 

mg, yield 92%, White solid; m.p. 108-110 °C; [α]ୈଶ = +88.6 (c = 0.19, CHCl3); 83% ee; 1H NMR (400 

MHz, CDCl3) 7.43 (ddd, J = 8.7, 2.4, 0.7 Hz, 1H), 7.38 (d, J = 8.3 Hz, 1H), 7.31–7.26 (m, 1H), 7.25–

7.21 (m, 1H), 7.19 (dd, J = 2.3, 0.9 Hz, 1H), 7.17 (s, 1H), 7.12–7.06 (m, 1H), 6.98 (d, J = 8.8 Hz, 1H), 

6.17 (d, J = 8.1 Hz, 1H), 4.77 (d, J = 8.2 Hz, 1H), 3.83 (s, 3H); 13C NMR (100 MHz, CDCl3) 150.25, 

137.56, 132.71, 131.09, 129.38, 125.13, 124.19, 122.90, 120.58, 120.48, 118.64, 118.00, 110.21, 109.96, 

54.87, 33.13; IR (neat) 3264, 2919, 1549, 1468, 1414, 1388, 1322, 1254, 1189, 1163, 1107, 1077, 1030, 

1014 cm-1; HRMS (EI) m/z calcd for [M]+ C16H13BrN2O3S: 391.9830 Found: 391.9814; Chiralpak IA 

column and IA guard column (7% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 30.9 

min and minor-isomer tr = 37.6 min. 
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(S)-4-(1-Methyl-1H-indol-3-yl)-7-methyl-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4u). 30 

mg, yield 93%, White solid; m.p. 94-96 °C; [α]ୈଶ = +41.3 (c = 0.36, CHCl3); 89% ee; 1H NMR (400 MHz, 

CDCl3) 7.36 (d, J = 8.3 Hz, 1H), 7.25 (td, J = 8.0, 3.1 Hz, 2H), 7.14 (s, 1H), 7.09–7.02 (m, 1H), 6.95–

6.89 (m, 2H), 6.86 (d, J = 8.0 Hz, 1H), 6.17 (d, J = 8.4 Hz, 1H), 4.68 (d, J = 8.5 Hz, 1H), 3.80 (s, 3H), 

2.34 (s, 3H); 13C NMR (100 MHz, CDCl3) 151.02, 140.14, 137.53, 129.36, 128.16, 126.19, 125.41, 

122.67, 120.18, 118.97(two peaks overlapping), 118.89, 110.95, 110.02, 54.96, 33.04, 21.04; IR (neat) 

3262, 2920, 1624, 1550, 1501, 1475, 1410, 1261, 1188, 1149, 1099, 1065, 1012 cm-1; HRMS (EI) m/z 

calcd for [M]+ C17H1N2O3S: 328.0882 Found: 328.0880; Chiralpak IA column and IA guard column (15% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 13.6 min and minor-isomer tr = 18.2 

min. 
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(S)-4-(1-Methyl-1H-indol-3-yl)-7-methoxy-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4v). 

15 mg, yield 45%, White solid; m.p. 144-146 °C; [α]ୈଶ = +36.7 (c = 0.22, CHCl3); 80% ee; 1H NMR (400 

MHz, CDCl3) 7.37 (d, J = 8.3 Hz, 1H), 7.30–7.26 (m, 1H), 7.25–7.22 (m, 1H), 7.17 (s, 1H), 7.08 (dd, J 

= 11.0, 4.0 Hz, 1H), 6.95 (d, J = 8.1 Hz, 1H), 6.65–6.60 (m, 2H), 6.17 (d, J = 8.5 Hz, 1H), 4.66 (d, J = 8.6 

Hz, 1H), 3.82 (s, 3H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3) 160.37, 151.87, 137.55, 129.35, 

129.08, 125.33, 122.69, 120.21, 119.00, 113.69, 112.18, 110.95, 110.03, 103.35, 55.64, 54.75, 33.06; IR 

(neat) 3255, 2920, 2850, 1734, 1622, 1575, 1502, 1466, 1416, 1357, 1269, 1235, 1200, 1187, 1152, 1088, 

1029 cm-1; HRMS (EI) m/z calcd for [M]+ C17H16N2O4S: 344.0831 Found: 344.0851; Chiralpak IA 

column and IA guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 13.5 

min and minor-isomer tr = 18.0 min. 
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(S)-4-(1-Methyl-1H-indol-3-yl)-6,8-dichloro-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4w). 

35 mg, yield 91%, White solid; m.p. 101-103 °C; [α]ୈଶସ = +64.4 (c = 0.26, CHCl3); 81% ee; 1H NMR (400 

MHz, CDCl3) 7.44–7.36 (m, 2H), 7.33–7.26 (m, 1H), 7.23 (d, J = 8.0 Hz, 1H), 7.20 (s, 1H), 7.15–7.08 

(m, 1H), 6.95 (dd, J = 2.4, 1.0 Hz, 1H), 6.17 (d, J = 8.4 Hz, 1H), 4.90 (d, J = 8.5 Hz, 1H), 3.84 (s, 3H); 
13C NMR (100 MHz, CDCl3) 145.89, 137.56, 130.20, 130.16, 129.45, 126.63, 125.25, 124.94, 124.71, 

123.02, 120.62, 118.55, 110.29, 109.48, 55.20, 33.17; IR (neat) 3272, 2923, 1550, 1444, 1423, 1389, 

1335, 1267, 1199, 1156, 1093, 1033, 1015 cm-1; HRMS (EI) m/z calcd for [M]+ C16H12Cl2N2O3S: 

381.9946 Found: 381.9930; Chiralpak IB column and IB guard column (10% EtOH:hexanes, 1.0 mL/min 

flow, = 254 nm); major-isomer tr = 32.1 min and minor-isomer tr = 42.5 min. 
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(S)-4-(1-Methyl-1H-indol-3-yl)-6,8-dibromo-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4x). 

44 mg, yield 94%, White solid; m.p. 113-115 °C; [α]ୈଶଶ = +59.4 (c = 0.39, CHCl3); 84% ee; 1H NMR (400 

MHz, CDCl3) 7.70 (dd, J = 2.3, 0.8 Hz, 1H), 7.39 (d, J = 8.3 Hz, 1H), 7.32–7.26 (m, 1H), 7.26–7.22 (m, 

1H), 7.19 (s, 1H), 7.12 (ddd, J = 15.1, 5.1, 0.9 Hz, 2H), 6.17 (d, J = 6.7 Hz, 1H), 4.92 (d, J = 7.1 Hz, 1H), 

3.84 (s, 3H); 13C NMR (100 MHz, CDCl3) 147.34, 137.55, 135.83, 130.26, 129.46, 125.70, 124.97, 

123.01, 120.62, 118.57, 117.85, 113.55, 110.28, 109.51, 55.12, 33.18; IR (neat) 3268, 2924, 1707, 1616, 

1552, 1475, 1420, 1388, 1291, 1266, 1192, 1146, 1089, 1066 cm-1; HRMS (EI) m/z calcd for [M]+ 

C16H12Br2N2O3S: 469.8935 Found: 469.8945; Chiralpak AD-H column and AD-H guard column (10% 

EtOH:hexanes, 1.0 mL/min flow, = 220 nm); major-isomer tr = 20.5 min and minor-isomer tr = 25.4 

min. 
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(S)-4-(1-Methyl-1H-indol-3-yl)-8-methoxy-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (4y). 

33 mg, yield 96%, White solid; m.p. 169-171 °C; [α]ୈଶହ = +64.2 (c = 0.32, CHCl3); 85% ee; 1H NMR (400 

MHz, CDCl3) 7.38–7.34 (m, 1H), 7.28–7.23 (m, 2H), 7.16 (s, 1H), 7.06 (td, J = 7.3, 0.9 Hz, 1H), 6.97 (t, 

J = 8.0 Hz, 1H), 6.90 (d, J = 7.6 Hz, 1H), 6.66–6.58 (m, 1H), 6.22 (d, J = 8.5 Hz, 1H), 4.75 (d, J = 8.5 Hz, 

1H), 3.91 (s, 3H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3) 148.77, 140.92, 137.48, 129.36, 125.36, 

124.72, 123.04, 122.66, 120.19, 119.53, 118.93, 111.73, 110.83, 110.03, 56.25, 55.25, 33.06; IR (neat) 

3299, 3237, 2932, 1614, 1581, 1550, 1475, 1403, 1354, 1272, 1200, 1151, 1079, 1009 cm-1; HRMS (EI) 

m/z calcd for [M]+ C17H16N2O4S: 344.0831 Found: 344.0831; Chiralpak IA column and IA guard column 

(20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 16.2 min and minor-isomer tr = 

20.5 min. 
 



RSC Adv. Supporting Information  S15 

Enantioselective Friedel‒Crafts Reaction of N-Benzylpyrrole 5 with Cyclic N-

Sulfimine 2a.  
To a solution of cyclic N-sulfimine 2 (0.1 mmol) in toluene (0.75 mL) was added catalyst 3d (0.01 

mmol). The solution was stirred at ‒20 °C for 10 min, and then N-benzylpyrrole 5 (0.15 mmol) was added 

in one portion. The reaction mixture was stirred at ‒20 °C for 72 h. Then, the resulting mixture was 

diluted with water and extracted with CH2Cl2. The combined organic layer was washed with brine, dried 

over anhydrous MgSO4, and concentrated in vacuo. The crude residue was purified by flash column 

chromatography with EtOAc/hexanes as eluent to afford desired product 6. The enantiomeric excess was 

determined using HPLC analysis. 
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(S)-4-(1-Benzyl-1H-pyrrol-2-yl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine 2,2-dioxide (6). 19 mg, yield 

57%, Colorless gum; [α]ୈଶଶ = +91.9 (c = 0.24, CHCl3); 74% ee; 1H NMR (400 MHz, CDCl3)  7.42–7.27 

(m, 4H), 7.16–7.01 (m, 5H), 6.85 (dd, J = 2.6, 1.8 Hz, 1H), 6.24–6.15 (m, 1H), 6.10 (dd, J = 3.6, 1.6 Hz, 

1H), 5.94 (s, 1H), 5.13 (q, J = 16.2 Hz, 2H), 4.30 (s, 1H); 13C NMR (100 MHz, CDCl3) 151.43, 137.32, 

129.94, 129.20, 128.33, 128.20, 127.64, 126.46, 125.09, 124.80, 120.42, 118.90, 111.83, 108.00, 77.35, 

77.03, 76.72, 54.47, 51.0; IR (neat) 3274, 2924, 2853, 1481, 1451, 1417, 1362, 1286, 1197, 1166, 1099 

cm-1; HRMS (EI) m/z calcd for [M]+ C18H16N2O3S: 340.0882 Found: 340.0874; Chiralpak IB column and 

IB guard column (3% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 21.6 min and 

minor-isomer tr = 20.7 min. 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

4i

O
S

HN

O O

N
Me

Br



RSC Adv. Supporting Information  S25 

1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

13C NMR (100 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 
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1H NMR (400 MHz) in CDCl3 
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