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1. 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, 13C and 19F 

NMR spectra were recorded (400 MHz for 1H, 101 MHz for 13C and 400 MHz for 19F), and were internally 

referenced to residual protic solvent signals. Data for 1H NMR are reported as follows: chemical shift 

(ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, dt = doublet 

of triplets, ddd = doublet of doublet of doublets, 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 spectra (HRMS) were measured on a double focusing mass spectrometer with EI-magnetic 

sector. The crystal structure was determined by single-crystal diffractometer (a Bruker D8 Venture 

PHOTON III M14 diffractometer) at the Western Seoul Center of Korea Basic Science Institute. 

Enantiomeric excesses were determined using an HPLC instrument with Chiralpak columns as noted. γ- or 

δ-Hydroxy-α,β-unsaturated ketones,1 cyclic N-sulfonyl ketamine,2 and organocatalysts3 were prepared 

according to literature. 
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2. Control experiment 
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3. Proposed mechanism for asymmetric [3+2]-annulation  
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4. Proposed mechanism for asymmetric [4+2]-annulation  
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5. General procedure I for asymmetric [3+2]-annulation of γ-hydroxy-α,β-

unsaturated ketones with cyclic N-sulfonyl ketimines. 

 

A solution of cyclic N-sulfonyl ketimine 1 (0.15 mmol, 1.5 equiv) and catalyst Ib (0.01 mmol, 0.1 equiv) 

in ClCH2CH2Cl (1.0 mL, 0.1 M) was stirred for 10 min at 0 oC and then added γ-hydroxy-α,β-unsaturated 

ketone 2 (0.10 mmol, 1.0 equiv). The reaction mixture was stirred at room temperature for 24 h. Then, the 

resulting mixture was concentrated in vacuo and was purified by flash column chromatography with 

EtOAc/CH2Cl2/hexanes as eluent to afford desired product 3. The enantiomeric excess was determined 

using HPLC analysis. 

 

Ethyl (3R,9bR)-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-b]oxazole-

9b-carboxylate 5,5-dioxide (3aa) 

 

Synthesized by the general procedure I; 40 mg, yield 98%, 14:1 dr, [α]D
26 = -71.5 (c = 0.98, CHCl3); 96% 

ee; White solid; m.p. 133-135 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, CDCl3) 

8.02–7.95 (m, 2H), 7.83–7.77 (m, 1H), 7.75–7.65 (m, 3H), 7.63–7.57 (m, 1H), 7.49 (tt, J = 6.5, 1.3 Hz, 

2H), 4.84 (td, J = 10.3, 6.1 Hz, 1H), 4.55 (dd, J = 9.0, 6.4 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 4.17 (dd, J = 

9.0, 5.9 Hz, 1H), 3.80 (dd, J = 18.1, 4.4 Hz, 1H), 3.43 (dd, J = 18.1, 9.7 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (100 MHz, CDCl3) 197.1, 167.5, 136.0, 135.9, 134.2, 133.8, 133.6, 132.0, 128.7, 128.0, 

125.2, 121.4, 97.3, 74.4, 63.0, 56.6, 43.2, 13.9; IR (neat) 2950, 2916, 2864, 1737, 1676, 1597, 1450, 1361, 

1257, 1170 cm-1; HRMS (EI) m/z calcd for [M]+ C20H19NO6S: 401.0933 Found: 401.0946; Chiralpak OJ-

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

52.8 min and minor-isomer tr = 65.9 min. 
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Ethyl (3R,9bR)-3-(2-oxo-2-(p-tolyl)ethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-b]oxazole-9b-

carboxylate 5,5-dioxide (3ab) 

 

Synthesized by the general procedure I; 35 mg, yield 84%, 16:1 dr, [α]D
25 = -79.4 (c = 0.92, CHCl3); 97% 

ee; Yellow solid; m.p. 142-143 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, CDCl3) 

7.87 (d, J = 8.3 Hz, 2H), 7.82–7.77 (m, 1H), 7.74–7.63 (m, 3H), 7.30–7.25 (m, 2H), 4.82 (dtd, J = 10.3, 

6.1, 4.3 Hz, 1H), 4.56 (dd, J = 8.9, 6.4 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 4.16 (dd, J = 8.9, 6.0 Hz, 1H), 

3.77 (dd, J = 18.0, 4.3 Hz, 1H), 3.40 (dd, J = 18.0, 9.8 Hz, 1H), 2.42 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (100 MHz, CDCl3)196.7, 167.5, 144.6, 135.9, 134.3, 133.82, 133.6, 131.9, 129.4, 128.2, 

125.2, 121.4, 97.3, 74.5, 62.9, 56.7, 43.1, 21.7, 13.9; IR (neat) 2940, 2909, 2845, 1751, 1671, 1473, 1419, 

1325, 1254, 1175 cm-1; HRMS (EI) m/z calcd for [M]+ C21H21NO6S: 415.1090 Found: 415.1089; Chiralpak 

OJ-H column and OJ-H guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer 

tr = 44.8 min and minor-isomer tr = 54.3 min. 

 

Ethyl (3R,9bR)-3-(2-(4-methoxyphenyl)-2-oxoethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ac)  

 

Synthesized by the general procedure I;  38 mg, yield 92%, 10:1 dr, [α]D
26 = -82.9 (c = 0.98 , CHCl3); 97% 

ee; Yellow solid; m.p. 170-172 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, CDCl3) 

7.95 (d, J = 8.9 Hz, 2H), 7.82–7.77 (m, 1H), 7.74–7.65 (m, 3H), 6.98–6.92 (m, 2H), 4.81 (dtd, J = 10.3, 

6.2, 4.3 Hz, 1H), 4.56 (dd, J = 8.9, 6.4 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 4.17 (dd, J = 9.0, 6.0 Hz, 1H), 

3.88 (s, 3H), 3.75 (dd, J = 17.8, 4.3 Hz, 1H), 3.37 (dd, J = 17.8, 9.9 Hz, 1H), 1.26 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (100 MHz, CDCl3)195.5, 167.5, 163.9, 135.9, 134.3, 133.8, 131.9, 130.4, 129.2, 125.2, 

121.4, 113.8, 97.3, 74.6, 62.9, 56.8, 55.5, 42.9, 13.9; IR (neat) 2940, 2926, 2845, 1758, 1678, 1602, 1576, 
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1423, 1326, 1259 cm-1; HRMS (EI) m/z calcd for [M]+ C21H21NO7S: 431.1039 Found: 431.1039; Chiralpak 

IC column and IC guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-isomer tr = 

37.5 min and major-isomer tr = 80.4 min. 

 

Ethyl (3R,9bR)-3-(2-([1,1'-biphenyl]-4-yl)-2-oxoethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ad) 

 

Synthesized by the general procedure I; 41 mg, yield 85%, 11:1 dr, [α]D
25 = -70.8 (c = 1.02, CHCl3); 97% 

ee; Yellow solid; m.p. 133-135 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, CDCl3) 

7.97 (d, J = 8.5 Hz, 2H), 7.75–7.70 (m, 1H), 7.67–7.58 (m, 5H), 7.56 (d, J = 6.9 Hz, 2H), 7.40 (t, J = 7.3 

Hz, 2H), 7.33 (t, J = 7.3 Hz, 1H), 4.78 (dt, J = 10.5, 5.2 Hz, 1H), 4.49 (dd, J = 8.9, 6.4 Hz, 1H), 4.21 (q, J 

= 7.1 Hz, 2H), 4.11 (dd, J = 8.9, 5.9 Hz, 1H), 3.76 (dd, J = 18.0, 4.3 Hz, 1H), 3.38 (dd, J = 18.0, 9.7 Hz, 

1H), 1.18 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)196.7, 167.5146.3 139.6, 135.9, 134.7 

134.2, 133.8, 132.0, 128.9, 128.6, 128.3, 127.3, 127.2, 125.2, 121.4, 97.3, 74.5, 63.0, 56.7, 43.2, 13.9; IR 

(neat) 3070, 2984, 2907, 1746, 1684, 1572, 1422, 1324, 1239, 1176 cm-1; HRMS (EI) m/z calcd for [M]+ 

C26H23NO6S: 477.1246 Found: 477.1246; Chiralpak IC column and IC guard column (20% EtOH:hexanes, 

1.0 mL/min flow, = 254 nm); minor-isomer tr = 30.5 min and major-isomer tr = 76.8 min. 

 

Ethyl (3R,9bR)-3-(2-(4-fluorophenyl)-2-oxoethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ae) 

 

Synthesized by the general procedure I; 36 mg, yield 86%, 12:1 dr, [α]D
26 = -65.4 (c = 1.01, CHCl3); 

97% ee; Yellow solid; m.p. 132-134 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 8.04–7.98 (m, 2H), 7.82–7.77 (m, 1H), 7.75–7.65 (m, 3H), 7.20–7.11 (m, 2H), 4.87–4.78 (m, 
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1H), 4.53 (dd, J = 8.9, 6.4 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 4.17 (dd, J = 9.0, 5.8 Hz, 1H), 3.77 (dd, J 

= 18.1, 4.5 Hz, 1H), 3.40 (dd, J = 18.0, 9.5 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 195.5, 167.4, 166.0 (d, J1 = 256.1 Hz), 135.9, 134.2, 133.8, 132.5 (d, J4 = 2.8 Hz), 132.0, 

130.7 (d, J3 = 9.4 Hz), 125.2, 121.4, 115.9 (d, J2 = 21.9 Hz), 97.3, 74.3, 63.0, 56.6, 43.1, 13.9; 19F NMR 

(376 MHz, CDCl3) δ -104.03; IR (neat) 2925, 2874, 2851, 1739, 1686, 1594, 1504, 1447, 1324, 1211 

cm-1; HRMS (EI) m/z calcd for [M]+ C20H18FNO6S: 419.0839 Found: 419.0859; Chiralpak OJ-H 

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

= 52.1 min and minor-isomer tr = 64.1 min. 

 

Ethyl (3R,9bR)-3-(2-(4-chlorophenyl)-2-oxoethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3af) 

 

Synthesized by the general procedure I; 35 mg, yield 80%, 12:1 dr, [α]D
25 = -65.0 (c = 0.96, CHCl3); 97% 

ee; White solid; m.p. 140-141 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, CDCl3) δ 

7.92 (d, J = 8.4 Hz, 2H), 7.83–7.76 (m, 1H), 7.76–7.63 (m, 3H), 7.46 (d, J = 8.5 Hz, 2H), 4.82 (dq, J = 10.4, 

5.9 Hz, 1H), 4.52 (dd, J = 9.0, 6.4 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 4.16 (dd, J = 8.9, 5.8 Hz, 1H), 3.76 

(dd, J = 18.1, 4.6 Hz, 1H), 3.39 (dd, J = 18.1, 9.5 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 

MHz, CDCl3)195.9, 167.4, 140.2, 135.9, 134.4, 134.2, 133.9, 132.0, 129.5, 129.1, 125.2, 121.4, 97.4, 

74.3, 63.0, 56.5, 43.1, 13.9; IR (neat) 3014, 2983, 2907, 1747, 1684, 1572, 1473, 1423, 1324, 1245 cm-1; 

HRMS (EI) m/z calcd for [M]+ C20H18ClNO6S: 435.0543 Found: 435.0570; Chiralpak IA column and IA 

guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-isomer tr = 38.8 min and major-

isomer tr = 47.1 min. 

 

Ethyl (3R,9bR)-3-(2-(4-bromophenyl)-2-oxoethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ag) 
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Synthesized by the general procedure I; 39 mg, yield 81%, 12:1 dr, [α]D
24 = -67.7 (c = 0.61, CHCl3); 97% 

ee; Yellow solid; m.p. 153-154 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, CDCl3) 

7.86–7.81 (m, 2H), 7.81–7.77 (m, 1H), 7.73–7.65 (m, 3H), 7.65–7.60 (m, 2H), 4.82 (dtd, J = 9.5, 6.0, 4.5 

Hz, 1H), 4.52 (dd, J = 8.9, 6.4 Hz, 1H), 4.27 (q, J = 7.2 Hz, 2H), 4.16 (dd, J = 8.9, 5.8 Hz, 1H), 3.75 (dd, J 

= 18.1, 4.6 Hz, 1H), 3.39 (dd, J = 18.1, 9.4 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3)196.1, 167.4, 135.9 134.7, 134.1, 133.8, 132.03, 131.97, 129.5, 128.9, 125.2, 121.3, 97.3, 74. 3, 

63.0, 56.5 43.1 13.9; IR (neat) 2951, 2892, 2851, 1746, 1682, 1583, 1448, 1399, 1317, 1260 cm-1; HRMS 

(EI) m/z calcd for [M]+ C20H18BrNO6S: 479.0038 Found: 479.0015; Chiralpak IA column and IA guard 

column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-isomer tr = 42.3 min and major-isomer 

tr = 53.3 min.   

 

Ethyl (3R,9bR)-3-(2-(3-chlorophenyl)-2-oxoethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ah) 

 

Synthesized by the general procedure I; 37 mg, yield 85%, 12:1 dr, [α]D
26 = -59.3 (c = 0.89, CHCl3); 97% 

ee; Yellow gum; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, CDCl3) 7.95 (t, J = 1.9 Hz, 

1H), 7.85 (ddd, J = 7.8, 1.7, 1.1 Hz, 1H), 7.82–7.77 (m, 1H), 7.75–7.66 (m, 3H), 7.57 (ddd, J = 8.0, 2.1, 1.0 

Hz, 1H), 7.44 (t, J = 7.9 Hz, 1H), 4.88–4.79 (m, 1H), 4.52 (dd, J = 9.0, 6.4 Hz, 1H), 4.28 (q, J = 7.1 Hz, 

2H), 4.16 (dd, J = 8.9, 5.8 Hz, 1H), 3.77 (dd, J = 18.2, 4.6 Hz, 1H), 3.40 (dd, J = 18.2, 9.4 Hz, 1H), 1.26 (t, 

J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)195.8, 167.4, 137.5, 135.9, 135.1, 134.2, 133.9, 133.6, 

131.0, 130.1, 128.2, 126.2, 125.2, 121.4, 97.4, 74.2, 63.0, 56.4, 43.2, 13.9; IR (neat) 2985, 2928, 2892, 

1746, 1684, 1571, 1423, 1325, 1237, 1115 cm-1; HRMS (EI) m/z calcd for [M]+ C20H18ClNO6S: 435.0543 
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Found: 435.0531; Chiralpak OJ-H column and OJ-H guard column (20% EtOH:hexanes, 1.0 mL/min flow, 

= 254 nm); major-isomer tr = 53.1 min and minor-isomer tr = 64.6 min. 

 

Ethyl (3R,9bR)-3-(2-(4-cyanophenyl)-2-oxoethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ai) 

 

Synthesized by the general procedure I; 35 mg, yield 83%, >20:1 dr, [α]D
25 = -57.1 (c = 0.87, CHCl3); 

94% ee; White solid; m.p. 178-180 °C; Rf 0.4 (EtOAc:CH2Cl2:Hexane=3:10:7); 1H NMR (400 MHz, 

CDCl3) 8.08 (d, J = 8.5 Hz, 2H), 7.81 (dd, J = 9.0, 2.4 Hz, 3H), 7.76–7.64 (m, 3H), 4.85 (dq, J = 10.5, 

5.4 Hz, 1H), 4.49 (dd, J = 9.0, 6.4 Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 4.17 (dd, J = 9.0, 5.6 Hz, 1H), 

3.81 (dd, J = 18.3, 4.9 Hz, 1H), 3.43 (dd, J = 18.2, 9.0 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H); 13C{1H} NMR 

(100 MHz, CDCl3)
13C NMR (100 MHz, CDCl3) δ 195.9 167.3, 138.8, 135.8, 134.0, 133.9, 132.6 

132.0, 128.5 125.2, 121.3, 117.7, 116.8, 97.4, 74.0, 63.0, 56.3 43.3 13.9; IR (neat) 3071, 2984, 2909, 

2361, 1747, 1684, 1571, 1472, 1422, 1324, 1235 cm-1; HRMS (EI) m/z calcd for [M]+ C21H18N2O6S: 

426.0886 Found: 426.0856; Chiralpak IA column and IA guard column (40% EtOH:hexanes, 1.0 

mL/min flow, = 254 nm); minor-isomer tr = 33.4 min and major-isomer tr = 51.5 min.  

 

Ethyl (3R,9bR)-3-(2-(4-nitrophenyl)-2-oxoethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3aj) 

 

Synthesized by the general procedure I; 34 mg, yield 77%, >20:1 dr, [α]D
25 = -55.4 (c = 1.00, CHCl3); 

92% ee; White solid; m.p. 146-148 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=3:10:7); 1H NMR (400 MHz, 

CDCl3) 8.26 (d, J = 8.9 Hz, 2H), 8.07 (d, J = 8.8 Hz, 2H), 7.72 (dd, J = 6.1, 1.5 Hz, 1H), 7.69–7.56 

(m, 3H), 4.84–4.73 (m, 1H), 4.42 (dd, J = 8.9, 6.4 Hz, 1H), 4.20 (q, J = 7.1 Hz, 2H), 4.10 (dd, J = 9.0, 
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5.6 Hz, 1H), 3.77 (dd, J = 18.3, 5.0 Hz, 1H), 3.39 (dd, J = 18.3, 8.9 Hz, 1H), 1.17 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (100 MHz, CDCl3)
13C NMR (100 MHz, CDCl3) δ 195.7, 167.3, 150.6, 140.3, 135.8, 

134.0, 133.9, 132.0, 129.2, 125.6, 123.9, 121.4, 97.4, 74.0, 63.1, 56.3, 43.5, 13.9; IR (neat) 3071, 2983, 

2906, 1745, 1686, 1572, 1531, 1422, 1322, 1240 cm-1; HRMS (EI) m/z calcd for [M]+ C20H18N2O8S: 

446.0784 Found: 446.0764; Chiralpak IA column and IA guard column (50% EtOH:hexanes, 1.0 

mL/min flow, = 254 nm); minor-isomer tr = 32.2 min and major-isomer tr = 38.4 min. 

 

Ethyl (3R,9bR)-3-(2-(furan-2-yl)-2-oxoethyl)-5-methylene-2,3-dihydro-54-

benzo[4,5]isothiazolo[3,2-b]oxazole-9b(5H)-carboxylate 5-oxide (3ak) 

 

Synthesized by the general procedure I; 32 mg, yield 94%, >20:1 dr, [α]D
25 = -66.7 (c = 1.29, CHCl3); 

92% ee; Yellow solid; m.p. 153-155 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:4); 1H NMR (400 MHz, 

CDCl3) 7.81–7.76 (m, 1H), 7.75–7.65 (m, 3H), 7.62 (dd, J = 1.8, 0.8 Hz, 1H), 7.29–7.25 (m, 1H), 

6.57 (dd, J = 3.6, 1.7 Hz, 1H), 4.78 (dtd, J = 9.5, 6.0, 4.6 Hz, 1H), 4.47 (dd, J = 9.0, 6.4 Hz, 1H), 4.28 

(qd, J = 7.1, 1.4 Hz, 2H), 4.19 (dd, J = 9.0, 5.8 Hz, 1H), 3.63 (dd, J = 17.7, 4.6 Hz, 1H), 3.29 (dd, J = 

17.7, 9.6 Hz, 1H), 1.26 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)
13C NMR (100 MHz, 

CDCl3) δ 185.8, 167.4, 152.0, 146.8, 135.8, 134.1, 133.8, 132.0, 125.2, 121.3, 117.8, 112.4, 97.3, 74.2, 

63.0, 56.2, 42.6, 13.8; IR (neat) 2985, 2939, 2892, 1745, 1684, 1571, 1471, 1422, 1322, 1240 cm-1; 

HRMS (EI) m/z calcd for [M]+ C18H17NO7S: 498.0919 Found: 391.0701; Chiralpak IA column and IA 

guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 36.8 min and 

minor-isomer tr = 46.3 min. 

 

Ethyl (3R,9bR)-5-methylene-3-(2-oxo-2-(thiophen-2-yl)ethyl)-2,3-dihydro-54-

benzo[4,5]isothiazolo[3,2-b]oxazole-9b(5H)-carboxylate 5-oxide (3al)  
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Synthesized by the general procedure I; 35 mg, yield 86%, >20:1 dr, [α]D
26 = -57.1 (c = 1.07, CHCl3); 

95% ee; Yellow solid; m.p. 129-131 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) δ 7.75–7.68 (m, 2H), 7.69–7.56 (m, 4H), 7.09 (dd, J = 4.9, 3.8 Hz, 1H), 4.72 (dtd, J = 10.4, 6.1, 

4.4 Hz, 1H), 4.43 (dd, J = 9.0, 6.4 Hz, 1H), 4.21 (q, J = 7.1 Hz, 2H), 4.13 (dd, J = 9.0, 5.9 Hz, 1H), 

3.65 (dd, J = 17.5, 4.4 Hz, 1H), 3.30 (dd, J = 17.5, 9.8 Hz, 1H), 1.19 (t, J = 7.1 Hz, 3H); 13C{1H} NMR 

(100 MHz, CDCl3)
13C NMR (100 MHz, CDCl3) δ 189.8, 167.4, 143.2, 135.8, 134.4, 134.2, 133.9, 

132.7, 132.0, 128.3, 125.2 121.3, 97.3, 74.3 63.0, 56.5 43.5 13.9; IR (neat) 2984, 2939. 2908, 1744, 

1685, 1572, 1472, 1219, 1323, 1239 cm-1; HRMS (EI) m/z calcd for [M]+ C18H17NO6S2: 407.0497 

Found: 407.0490; Chiralpak IC column and IC guard column (15% EtOH:hexanes, 1.0 mL/min flow, 

= 254 nm); minor-isomer tr = 46.2 min and major-isomer tr = 60.2 min.  

 

Methyl (3R,9bR)-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-b]oxazole-

9b-carboxylate 5,5-dioxide (3ba) 

 

Synthesized by the general procedure I; 36 mg, yield 94%, >20:1 dr, [α]D
26 = -85.7 (c = 0.98, CHCl3); 

95% ee; White solid; m.p. 137-139 °C; Rf 0.4 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) 7.97 (dd, J = 8.3, 1.3 Hz, 2H), 7.82–7.78 (m, 1H), 7.75–7.64 (m, 3H), 7.60 (t, J = 7.4 Hz, 1H), 

7.49 (t, J = 7.7 Hz, 2H), 4.83 (dtd, J = 10.4, 6.1, 4.4 Hz, 1H), 4.57 (dd, J = 9.0, 6.4 Hz, 1H), 4.17 (dd, 

J = 9.0, 6.0 Hz, 1H), 3.87–3.74 (m, 4H), 3.43 (dd, J = 18.1, 9.7 Hz, 1H); 13C{1H} NMR (100 MHz, 

CDCl3)
13C NMR (100 MHz, CDCl3) δ 197.0, 168.0, 135.9, 135.8, 134.1, 133.9, 133.7, 132.0, 128.7, 

128.0, 125.2, 121.4, 97.2, 74.4, 56.7, 53.7, 43.1; IR (neat) 3070, 2983, 2902, 1748, 1682, 1595, 1450, 

1326, 1266, 1215 cm-1; HRMS (EI) m/z calcd for [M]+ C19H17NO6S: 387.0777 Found: 387.0794; 

Chiralpak IC column and IC guard column (7% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-

isomer tr = 67.1 min and major-isomer tr = 128.8 min. 

 

Benzyl (3R,9bR)-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-b]oxazole-

9b-carboxylate 5,5-dioxide (3ca) 
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Synthesized by the general procedure I; 45 mg, yield 97%, 14:1 dr, [α]D
26 = -34.1 (c = 0.99, CHCl3); 

94% ee; White solid; m.p. 112-114 °C; Rf 0.4 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 7.86–7.77 (m, 3H), 7.68 (dd, J = 5.7, 3.2 Hz, 2H), 7.64–7.54 (m, 2H), 7.45 (t, J = 7.7 Hz, 2H), 

7.31 (s, 5H), 5.24 (d, J = 2.4 Hz, 2H), 4.85 (td, J = 9.9, 6.0 Hz, 1H), 4.52 (dd, J = 8.9, 6.4 Hz, 1H), 4.11 

(dd, J = 9.0, 5.7 Hz, 1H), 3.63 (dd, J = 18.3, 4.3 Hz, 1H), 3.27 (dd, J = 18.3, 9.8 Hz, 1H); 13C{1H} 

NMR (100 MHz, CDCl3)197.0, 167.3, 135.8, 134.6, 133.9, 133.8, 133.6, 132.0, 128.63(two peaks 

overlapping), 128.58, 128.5, 128.1, 128.0, 125.2, 121.4, 97.3, 74.6, 68.3, 56.3, 43.2; IR (neat) 3070, 

2984, 2902, 1749, 1682, 1594, 1474, 1325, 1215, 1176 cm-1; HRMS (EI) m/z calcd for [M]+ 

C25H21NO6S: 463.1090 Found: 463.1081; Chiralpak IC column and IC guard column (7% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-isomer tr = 56.4 min and major-isomer tr = 104.8 

min. 

 

Ethyl (3R,9bR)-8-methyl-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3da)  

 

Synthesized by the general procedure I; 37 mg, yield 90%, 11:1 dr, [α]D
26 = -65.3 (c = 1.01, CHCl3); 

97% ee; White solid; m.p. 144-146 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 7.97 (d, J = 7.8 Hz, 2H), 7.67 (d, J = 8.0 Hz, 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.49 (t, J = 7.7 Hz, 

3H), 7.44 (s, 1H), 4.82 (td, J = 10.2, 6.1 Hz, 1H), 4.55 (dd, J = 8.9, 6.4 Hz, 1H), 4.29 (qq, J = 7.5, 3.6 

Hz, 2H), 4.15 (dd, J = 8.9, 5.9 Hz, 1H), 3.79 (dd, J = 18.1, 4.3 Hz, 1H), 3.41 (dd, J = 18.1, 9.8 Hz, 1H), 

2.49 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)197.1, 167.6, 145.2, 136.0, 

134.5, 133.6, 133.2, 132.9, 128.7, 128.0, 125.2, 121.1, 97.2, 74.4, 62.9, 56.6, 43.2, 21.8, 13.9; IR (neat) 

2985, 2927, 2901, 1747, 1653, 1574, 1473, 1419, 1326, 1247 cm-1; HRMS (EI) m/z calcd for [M]+ 

C21H21NO6S: 415.1090 Found: 415.1119; Chiralpak OJ-H column and OJ-H guard column (20% 
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EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 49.4 min and minor-isomer tr = 53.1 

min. 

 

Ethyl (3R,9bR)-8-methoxy-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ea) 

 

Synthesized by the general procedure I; 41 mg, yield 95%, 11:1 dr, [α]D
25 = -43.5 (c = 1.01, CHCl3); 

96% ee; Yellow solid; m.p. 132-134 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 8.02–7.93 (m, 2H), 7.69 (d, J = 8.7 Hz, 1H), 7.64–7.57 (m, 1H), 7.49 (dd, J = 8.2, 7.1 Hz, 

2H), 7.17 (dd, J = 8.7, 2.3 Hz, 1H), 7.06 (d, J = 2.3 Hz, 1H), 4.83 (dtd, J = 10.1, 6.1, 4.2 Hz, 1H), 4.56 

(dd, J = 8.9, 6.4 Hz, 1H), 4.29 (qq, J = 7.0, 3.6 Hz, 2H), 4.15 (dd, J = 8.9, 5.9 Hz, 1H), 3.89 (s, 3H), 

3.79 (dd, J = 18.1, 4.2 Hz, 1H), 3.41 (dd, J = 18.1, 9.9 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) 197.1, 167.5, 164.0, 136.8, 136.0, 133.6, 128.7, 128.0, 127.8, 122.8, 119.3, 108.3, 

96.8, 74.3, 62.9, 56.6, 56.0, 43.1, 13.9; IR (neat) 3071, 2984, 2908, 1746, 1685, 1572, 1422, 1324, 1241, 

1115 cm-1; HRMS (EI) m/z calcd for [M]+ C21H21NO7S: 431.1039 Found: 431.1013; Chiralpak OJ-H 

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

= 58.6 min and minor-isomer tr = 72.7 min. 

 

Ethyl (3R,9bR)-3-(2-oxo-2-phenylethyl)-8-phenyl-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3fa) 

 

Synthesized by the general procedure I; 41 mg, yield 90%, 10:1 dr, [α]D
26 = -41.6 (c = 1.00, CHCl3); 

96% ee; White solid; m.p. 180-182 °C; Rf 0.4 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 8.02–7.94 (m, 2H), 7.92–7.80 (m, 3H), 7.60 (d, J = 7.2 Hz, 3H), 7.55–7.41 (m, 5H), 4.87 (td, 

J = 10.3, 6.1 Hz, 1H), 4.59 (dd, J = 8.9, 6.4 Hz, 1H), 4.30 (qq, J = 7.1, 3.7 Hz, 2H), 4.19 (dd, J = 9.0, 
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5.9 Hz, 1H), 3.82 (dd, J = 18.1, 4.3 Hz, 1H), 3.44 (dd, J = 18.1, 9.7 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (100 MHz, CDCl3) δ 197.1, 167.5, 147.4, 138.6, 136.0, 135.1, 134.4, 133.7, 131.0, 129.2, 

128.9, 128.7, 128.0, 127.4, 123.5, 121.7, 97.3, 74.5, 63.0, 56.7, 43.2, 14.0; IR (neat) 2986, 2928, 2901, 

1746, 1684, 1576, 1507, 1395, 1321, 1251, 1178 cm-1; HRMS (EI) m/z calcd for [M]+ C26H23NO6S: 

477.1246 Found: 477.1235; Chiralpak IA column and IA guard column (30% EtOH:hexanes, 1.0 

mL/min flow, = 254 nm); major-isomer tr = 26.2 min and minor-isomer tr = 61.9 min. 

 

Ethyl (3R,9bR)-8-(tert-butyl)-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-

benzo[4,5]isothiazolo[3,2-b]oxazole-9b-carboxylate 5,5-dioxide (3ga)  

 

Synthesized by the general procedure I; 41 mg, yield 90%, 13:1 dr, [α]D
26 = -49.2 (c = 0.97, CHCl3); 

96% ee; White solid; m.p. 146-148 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) δ 7.98 (d, J = 7.0 Hz, 2H), 7.72 (s, 2H), 7.65 (s, 1H), 7.63–7.57 (m, 1H), 7.49 (t, J = 7.8 Hz, 

2H), 4.83 (td, J = 10.4, 6.3 Hz, 1H), 4.61 (dd, J = 8.9, 6.4 Hz, 1H), 4.30 (qd, J = 7.1, 3.0 Hz, 2H), 4.16 

(dd, J = 8.9, 6.1 Hz, 1H), 3.81 (dd, J = 18.1, 4.2 Hz, 1H), 3.43 (dd, J = 18.1, 9.8 Hz, 1H), 1.36 (s, 9H), 

1.26 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)197.1, 167.6, 158.4, 136.0, 134.2, 133.6, 

133.0, 129.6, 128.7, 128.0, 121.7, 121.0, 97.4, 74.6, 62.8, 56.4, 43.3, 35.6, 31.0, 13.9; IR (neat) 2972, 

2926, 2901, 1746, 1683, 1574, 1472, 1418, 1324, 1258 cm-1; HRMS (EI) m/z calcd for [M]+ 

C24H27NO6S: 457.1559 Found: 457.1546; Chiralpak IC column and IC guard column (20% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-isomer tr = 18.2 min and major-isomer tr = 50.0 

min. 

 

Ethyl (3R,9bR)-8-fluoro-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ha) 
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Synthesized by the general procedure I; 37 mg , yield 88%, 10:1 dr, [α]D
2 5 = -64.3 (c = 0.99, CHCl3); 

94% ee; Pale yellow gum; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, CDCl3) 8.01– 

7.95 (m, 2H), 7.79 (dd, J = 8.6, 4.5 Hz, 1H), 7.64–7.58 (m, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.43–7.32 (m, 

2H), 4.90–4.80 (m, 1H), 4.54 (dd, J = 9.0, 6.4 Hz, 1H), 4.30 (q, J = 7.2 Hz, 2H), 4.18 (dd, J = 9.0, 5.8 

Hz, 1H), 3.79 (dd, J = 18.1, 4.5 Hz, 1H), 3.43 (dd, J = 18.2, 9.6 Hz, 1H), 1.28 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (100 MHz, CDCl3) δ 197.0, 166.9 (d, J1 = 256.4 Hz), 164.3, 137.4 (d, J3= 9.2 Hz), 135.9, 

133.7, 132.0 (d, J4 = 2.7 Hz), 128.7, 128.0, 123.7 (d, J3 = 10.0 Hz), 120.0 (d, J2 = 24.6 Hz), 112.6 (d, 

J2 = 24.6 Hz), 96.5 (d, J4 = 2.1 Hz), 74.4, 63.2, 56.9, 43.1, 13.9; 19F NMR (376 MHz, CDCl3) δ -102.4; 

IR (neat) 3070, 2984, 2907, 1746, 1683, 1595, 1449, 1326, 1267, 1175 cm-1; HRMS (EI) m/z calcd for 

[M]+ C20H18FNO6S: 419.0839 Found: 419.0838; Chiralpak OJ-H column and OJ-H guard column (10% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-isomer tr = 39.6 min and major-isomer tr = 54.5 

min. 

 

Ethyl (3R,9bR)-8-chloro-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ia)  

 

Synthesized by the general procedure I; 39 mg, yield 90%, 17:1 dr, [α]D
25 = -47.6 (c = 1.11, CHCl3); 

92% ee; White solid; m.p. 127-129 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 8.01–7.94 (m, 2H), 7.72 (d, J = 8.9 Hz, 1H), 7.69–7.57 (m, 3H), 7.49 (t, J = 7.6 Hz, 2H), 

4.88–4.79 (m, 1H), 4.52 (dd, J = 9.0, 6.4 Hz, 1H), 4.29 (qt, J = 7.0, 3.5 Hz, 2H), 4.18 (dd, J = 8.9, 5.7 

Hz, 1H), 3.79 (dd, J = 18.2, 4.5 Hz, 1H), 3.43 (dd, J = 18.1, 9.5 Hz, 1H), 1.28 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (100 MHz, CDCl3)
 197.0, 167.0, 140.3, 136.3, 135.9, 134.4, 133.7, 132.4, 128.7, 128.0, 

125.6, 122.6, 96.6, 74.4, 63.2, 56.9, 43.0, 13.9; IR (neat) 2985, 2016, 2852, 1749, 1683, 1572, 1473, 

1418, 1327, 1212 cm-1; HRMS (EI) m/z calcd for [M]+ C20H18ClNO6S: 435.0543 Found: 435.0528; 

Chiralpak OJ-H column and OJ-H guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); 

major-isomer tr = 41.1 min and minor-isomer tr = 51.1 min. 
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Ethyl (3R,9bR)-3-(2-oxo-2-phenylethyl)-8-(trifluoromethyl)-2,3-dihydro-9bH-

benzo[4,5]isothiazolo[3,2-b]oxazole-9b-carboxylate 5,5-dioxide (3ja) 

 

Synthesized by the general procedure I; 42 mg, yield 89%, 14:1 dr, [α]D
25 = -47.2 (c = 1.04, CHCl3); 

91% ee; White solid; m.p. 139-141 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 8.02–7.91 (m, 5H), 7.65–7.58 (m, 1H), 7.50 (t, J = 7.7 Hz, 2H), 4.91–4.81 (m, 1H), 4.54 (dd, 

J = 9.0, 6.4 Hz, 1H), 4.31 (qd, J = 7.1, 1.8 Hz, 2H), 4.21 (dd, J = 9.0, 5.7 Hz, 1H), 3.82 (dd, J = 18.1, 

4.6 Hz, 1H), 3.46 (dd, J = 18.1, 9.5 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3) 196.9, 166.8, 139.2, 135.92, 135.90 (q, J2 = 33.4 Hz), 135.4, 133.8, 129.2 (q, J3 = 3.4 Hz), 

128.8, 128.0, 123.0 (q, J3 = 3.8 Hz), 122.8 (q, J1 = 273.5 Hz), 122.3, 96.9, 74.6, 63.3, 57.0, 43.1, 13.9; 

19F NMR (376 MHz, CDCl3) δ -62.9; IR (neat) 2993, 2941, 2902, 1759, 1684, 1571, 1473, 1330, 1215, 

1170 cm-1; HRMS (EI) m/z calcd for [M]+ C21H18F3NO6S: 469.0807 Found: 469.0793; Chiralpak OJ-

H column and OJ-H guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer 

tr = 21.3 min and minor-isomer tr = 28.4 min. 

 

Ethyl (3R,9bR)-3-(2-oxo-2-phenylethyl)-8-(trifluoromethoxy)-2,3-dihydro-9bH-

benzo[4,5]isothiazolo[3,2-b]oxazole-9b-carboxylate 5,5-dioxide (3ka) 

 

Synthesized by the general procedure I; 45 mg, yield 93%, 14:1 dr, [α]D
25 = -47.9 (c = 1.09, CHCl3); 

92% ee; Yellow solid; m.p. 128-130 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 8.02–7.94 (m, 2H), 7.84 (d, J = 9.1 Hz, 1H), 7.63–7.58 (m, 1H), 7.57–7.44 (m, 4H), 4.91–

4.81 (m, 1H), 4.56 (dd, J = 9.0, 6.4 Hz, 1H), 4.30 (q, J = 7.2 Hz, 2H), 4.19 (dd, J = 9.0, 5.8 Hz, 1H), 

3.81 (dd, J = 18.1, 4.6 Hz, 1H), 3.45 (dd, J = 18.1, 9.5 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H); 13C{1H} NMR 

(100 MHz, CDCl3) 197.0, 166.8, 152.9 (q, J2 = 1.8 Hz), 137.0, 135.9, 134.1, 133.7, 128.7, 128.0, 

124.5, 123.4, 121.1 (q, J1 = 260.3 Hz), 117.4, 96.6, 74.6, 63.2, 56.9, 43.1, 13.8; 19F NMR (376 MHz, 
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CDCl3) δ -57.8; IR (neat) 2992, 2928, 2891, 1750, 1684, 1571, 1473, 1334, 1260, 1173 cm-1; HRMS 

(EI) m/z calcd for [M]+ C21H18F3NO7S: 485.0756 Found: 485.0736; Chiralpak OJ-H column and OJ-H 

guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 16.7 min and 

minor-isomer tr = 24.0 min. 

 

Ethyl (3R,9bR)-7-methyl-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3la) 

 

Synthesized by the general procedure I; 37 mg, yield 90%, 12:1 dr, [α]D
28 = -68.0 (c = 1.02, CHCl3); 

99% ee; Yellow solid; m.p. 139-142 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 7.97 (d, J = 8.3 Hz, 2H), 7.59 (d, J = 8.8 Hz, 2H), 7.56 – 7.46 (m, 4H), 4.83 (td, J = 10.2, 6.1 

Hz, 1H), 4.54 (dd, J = 9.0, 6.4 Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 4.15 (dd, J = 9.0, 5.8 Hz, 1H), 3.79 

(dd, J = 18.1, 4.4 Hz, 1H), 3.42 (dd, J = 18.1, 9.7 Hz, 1H), 2.49 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H); 13C{1H} 

NMR (100 MHz, CDCl3)197.1, 167.6, 143.0, 136.0, 136.0, 134.9, 133.6, 131.4, 128.7, 128.0, 124.8, 

121.2, 97.2, 74.4, 62.9, 56.5, 432., 21.4, 13.9; IR (neat) 2981, 2925, 2881, 1746, 1696, 1571, 1449, 

1320, 1270, 1214, 1160 cm-1; HRMS (EI) m/z calcd for [M]+ C21H21NO6S: 415.1090 Found: 415.1064; 

Chiralpak OJ-H column and OJ-H guard column (10% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); 

major-isomer tr = 72.0 min and minor-isomer tr = 82.0 min. 

 

Ethyl (3R,9bR)-6-fluoro-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3ma) 

 

Synthesized by the general procedure I; 35 mg, yield 84%, >20:1 dr, [α]D
25 = -63.1 (c = 0.97, CHCl3); 

90% ee; White solid; m.p. 132-134 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 7.97 (d, J = 7.0 Hz, 2H), 7.71 (td, J = 8.0, 4.7 Hz, 1H), 7.61 (t, J = 7.4 Hz, 1H), 7.54–7.41 
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(m, 3H), 7.34 (t, J = 8.2 Hz, 1H), 4.86 (td, J = 10.2, 6.1 Hz, 1H), 4.56 (dd, J = 9.0, 6.3 Hz, 1H), 4.29 

(q, J = 7.1 Hz, 2H), 4.19 (dd, J = 9.0, 5.8 Hz, 1H), 3.79 (dd, J = 18.1, 4.3 Hz, 1H), 3.42 (dd, J = 18.1, 

9.8 Hz, 1H), 1.26 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 197.0, 167.0, 155.6 (d, J1 = 260.5 

Hz), 137.3, 136.4 (d, J3 = 6.8 Hz), 135.9, 133.7, 128.7, 128.0, 124.1 (d, J2 = 23.3 Hz), 120.8 (d, J3 = 

4.2 Hz), 118.7 (d, J2 = 18.4 Hz), 96.9, 74.5, 63.2, 57.0, 43.1, 13.9; 19F NMR (376 MHz, CDCl3) δ -

113.8; IR (neat) 2945, 2915, 2876, 1733, 1675, 1597, 1473, 1333, 1274, 1177 cm-1; HRMS (EI) m/z 

calcd for [M]+ C20H18FNO6S: 419.0839 Found: 419.0862; Chiralpak OJ-H column and OJ-H guard 

column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 39.8 min and minor-

isomer tr = 49.5 min. 

 

Ethyl (3R,9bR)-6-chloro-3-(2-oxo-2-phenylethyl)-2,3-dihydro-9bH-benzo[4,5]isothiazolo[3,2-

b]oxazole-9b-carboxylate 5,5-dioxide (3na) 

 

Synthesized by the general procedure I; 38 mg, yield 87%, >20:1 dr, [α]D
25 = -71.5 (c = 0.96, CHCl3); 

91% ee; White solid; m.p. 132-134 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 7.97 (d, J = 7.1 Hz, 2H), 7.67–7.59 (m, 3H), 7.55 (dd, J = 7.1, 1.6 Hz, 1H), 7.49 (t, J = 7.6 

Hz, 2H), 4.86 (td, J = 10.1, 6.1 Hz, 1H), 4.54 (dd, J = 9.0, 6.3 Hz, 1H), 4.28 (q, J = 7.1 Hz, 2H), 4.18 

(dd, J = 9.0, 5.8 Hz, 1H), 3.80 (dd, J = 18.1, 4.3 Hz, 1H), 3.43 (dd, J = 18.1, 9.8 Hz, 1H), 1.26 (t, J = 

7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)
13C NMR (100 MHz, CDCl3) δ 197.0, 167.1, 137.0, 

135.9, 135.0, 134.0, 133.7, 132.6, 128.8 (two peaks overlapping), 128.0, 123.4, 96.1, 74.4, 63.2, 57.1, 

43.1, 13.9; IR (neat) 2985, 2940, 2901, 1749, 1683, 1574, 1473, 1419, 1327, 1213, 1125 cm-1; HRMS 

(EI) m/z calcd for [M]+ C20H18ClNO6S: 435.0543 Found: 435.0558; Chiralpak IA column and IA guard 

column (10% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 34.5 min and minor-

isomer tr = 44.0 min. 

 

 

Ethyl (3R,11bR)-3-(2-oxo-2-phenylethyl)-2,3-dihydro-11bH-naphtho[2',3':4,5]isothiazolo[3,2-

b]oxazole-11b-carboxylate 5,5-dioxide (3oa)  
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Synthesized by the general procedure I; 42 mg, yield 94%, 20:1 dr, [α]D
25 = -49.7 (c = 1.01, CHCl3); 

97% ee; Yellow solid; m.p. 180-182 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:1:4); 1H NMR (400 MHz, 

CDCl3) 8.33 (s, 1H), 8.16 (s, 1H), 8.05–7.95 (m, 4H), 7.72–7.64 (m, 2H), 7.63–7.58 (m, 1H), 7.49 (t, 

J = 7.7 Hz, 2H), 4.90 (td, J = 10.5, 6.1 Hz, 1H), 4.60 (dd, J = 9.0, 6.4 Hz, 1H), 4.36–4.25 (m, 2H), 4.18 

(dd, J = 9.0, 6.0 Hz, 1H), 3.84 (dd, J = 18.1, 4.4 Hz, 1H), 3.45 (dd, J = 18.1, 9.7 Hz, 1H), 1.26 (t, J = 

7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)197.1, 167.8, 136.0, 135.3, 134.0, 133.6, 133.2, 129.8, 

129.3, 129.2, 128.9, 128.7, 128.6, 128.0, 125.2, 122.2, 97.3, 74.4, 63.0, 56.7, 43.3, 13.9; IR (neat) 2994, 

2950, 2903, 1749, 1682, 1540, 1454, 1333, 1172, 1127 cm-1; HRMS (EI) m/z calcd for [M]+ 

C24H21NO6S: 451.1090 Found: 451.1118; Chiralpak OJ-H column and OJ-H guard column (20% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 64.2 min and minor-isomer tr = 108.1 

min. 

 

6. General procedure II for asymmetric [4+2]-annulation of δ-hydroxy-α,β-

unsaturated ketones with cyclic N-sulfonyl ketimines. 

 

A solution of cyclic N-sulfonyl ketimine 1 (0.15 mmol, 1.5 equiv) and catalyst Ib (0.01 mmol, 0.1 equiv) 

in ClCH2CH2Cl (1.0 mL, 0.1 M) was stirred for 10 min at 0 oC and then added δ-hydroxy-α,β-unsaturated 

ketone 4 (0.10 mmol, 1.0 equiv). The reaction mixture was stirred at room temperature for 24 h. Then, the 

resulting mixture was concentrated in vacuo and was purified by flash column chromatography with 

EtOAc/CH2Cl2/hexanes as eluent to afford desired product 5. The enantiomeric excess was determined 

using HPLC analysis. 
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Ethyl (4S,10bS)-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-benzo[4,5]isothiazolo[3,2-

b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5aa)  

 

Synthesized by the general procedure II; 34 mg, yield 83%, >20:1 dr, [α]D
26 = 39.8 (c = 0.92, CHCl3); 99% 

ee; White solid; m.p. 149-151 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, CDCl3) 

8.12–8.02 (m, 2H), 7.85–7.78 (m, 1H), 7.71–7.57 (m, 4H), 7.51 (dd, J = 8.3, 6.9 Hz, 2H), 4.47–4.31 (m, 

3H), 4.30–4.13 (m, 3H), 3.86 (dd, J = 17.8, 9.8 Hz, 1H), 2.23–2.08 (m, 1H), 1.77 (dq, J = 13.4, 2.4 Hz, 1H), 

1.33 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)195.8, 166.6, 136.3, 135.4, 133.6, 133.6, 133.6, 

131.6, 128.7, 128.2, 124.1, 121.2, 89.4, 65.5, 63.2, 50.9, 39.2, 28.3, 14.1; IR (neat) 2957, 2898, 1747, 1684, 

1597, 1449, 1373, 1242, 1162, 1053 cm-1; HRMS (EI) m/z calcd for [M]+ C21H21NO6S: 415.1090 Found: 

415.1111; Chiralpak IA column and IA guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); 

major-isomer tr = 25.6 min and minor-isomer tr = 66.4 min. 

 

Ethyl (4S,10bS)-4-(2-oxo-2-(p-tolyl)ethyl)-3,4-dihydro-2H,10bH-benzo[4,5]isothiazolo[3,2-

b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ab)  

 

Synthesized by the general procedure II; 37 mg, yield 87%, >20:1 dr, [α]D
26 = 23.6 (c = 1.01, CHCl3); 

>99% ee; White solid; m.p. 132-134 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) 7.96 (d, J = 8.3 Hz, 2H), 7.84–7.77 (m, 1H), 7.72–7.60 (m, 3H), 7.29 (d, J = 8.0 Hz, 2H), 

4.47–4.30 (m, 3H), 4.26–4.11 (m, 3H), 3.84 (dd, J = 17.7, 9.9 Hz, 1H), 2.43 (s, 3H), 2.22–2.07 (m, 1H), 

1.77 (dq, J = 13.5, 2.4 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)195.4, 

166.6, 144.5, 135.4, 133.9, 133.6, 133.6, 131.6, 129.4, 128.3, 124.1, 121.2, 89.4, 65.5, 63.2, 51.0, 39.1, 

28.3, 21.7, 14.1; IR (neat) 2973, 2926, 1742, 1686, 1607, 1520, 1455, 1384, 1302, 1234, 1172, 1099 

cm-1; HRMS (EI) m/z calcd for [M]+ C22H23NO6S: 429.1246 Found: 429.1235; Chiralpak IA column 
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and IA guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 26.1 min 

and minor-isomer tr = 63.7 min. 

 

Ethyl (4S,10bS)-4-(2-(4-methoxyphenyl)-2-oxoethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ac) 

 

Synthesized by the general procedure II; 44 mg, yield 99%, >20:1 dr, [α]D
26 = 18.6 (c = 1.00, CHCl3); 

>99% ee; White solid; m.p. 146-148 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:4); 1H NMR (400 MHz, 

CDCl3) 8.04 (d, J = 8.9 Hz, 2H), 7.85–7.77 (m, 1H), 7.74–7.55 (m, 3H), 6.97 (d, J = 8.9 Hz, 2H), 

4.47–4.30 (m, 3H), 4.18 (dt, J = 15.5, 3.6 Hz, 3H), 3.89 (s, 3H), 3.82 (dd, J = 17.5, 10.0 Hz, 1H), 2.22– 

2.07 (m, 1H), 1.77 (dq, J = 13.3, 2.3 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3)
13C NMR (100 MHz, CDCl3) δ 194.2, 166.6, 163.8, 135.4, 133.64, 133.55, 131.6, 130.5, 

129.5, 124.0, 121.2, 113.8, 89.4, 65.5, 63.2, 55.5, 51.1, 38.8, 28.3, 14.1; IR (neat) 2974, 2881, 1747, 

1687, 1599, 1573, 1472, 1429, 1300, 1202, 1173 cm-1; HRMS (EI) m/z calcd for [M]+ C22H23NO7S: 

445.1195 Found: 445.1203; Chiralpak IA column and IA guard column (30% EtOH:hexanes, 1.0 

mL/min flow, = 254 nm); major-isomer tr = 26.8 min and minor-isomer tr = 44.7 min. 

 

Ethyl (4S,10bS)-4-(2-(4-fluorophenyl)-2-oxoethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ad) 

 

Synthesized by the general procedure II; 39 mg, yield 91%, >20:1 dr, [α]D
26 = 24.9 (c = 0.90, CHCl3); 

>99% ee; White solid; m.p. 150-152 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) δ 8.14–8.04 (m, 2H), 7.86–7.77 (m, 1H), 7.72–7.61 (m, 3H), 7.23–7.11 (m, 2H), 4.47–4.31 (m, 

3H), 4.28–4.13 (m, 3H), 3.78 (dd, J = 17.8, 9.6 Hz, 1H), 2.25–2.09 (m, 1H), 1.76 (dq, J = 13.2, 2.3 Hz, 
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1H), 1.34 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 194.1, 166.9 (d, J1 = 255.3 Hz), 164.7, 

135.3, 133.63, 133.60, 132.8 (d, J4 = 3.1 Hz), 131.7, 130.9 (d, J3 = 9.5 Hz), 124.1, 121.2, 115.8 (d, J2 

= 22.0 Hz), 89.4, 65.5, 63.2, 50.8, 39.2, 28.3, 14.1; 19F NMR (376 MHz, CDCl3) δ -104.2; IR (neat) 

2987, 2918, 1747, 1691, 1593, 1498, 1457, 1303, 1224, 1162, 1049 cm-1; HRMS (EI) m/z calcd for 

[M]+ C21H20FNO6S: 433.0995 Found: 433.0992; Chiralpak IA column and IA guard column (20% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 25.7 min and minor-isomer tr = 56.7 

min. 

 

Ethyl (4S,10bS)-4-(2-(4-chlorophenyl)-2-oxoethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ae) 

 

Synthesized by the general procedure II; 35 mg, yield 78%, >20:1 dr, [α]D
26 = 19.4 (c = 0.94, CHCl3); 

>99% ee; White solid; m.p. 144-146 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) 8.05–7.95 (m, 2H), 7.84–7.77 (m, 1H), 7.72–7.61 (m, 3H), 7.54–7.42 (m, 2H), 4.47–4.31 (m, 

3H), 4.29–4.12 (m, 3H), 3.75 (dd, J = 17.9, 9.4 Hz, 1H), 2.25–2.10 (m, 1H), 1.75 (dq, J = 13.4, 2.4 Hz, 

1H), 1.34 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)194.5, 166.5, 140.1, 135.3, 134.7, 

133.64, 133.58, 131.7, 129.6, 129.0, 124.1, 121.2, 89.4, 65.5, 63.2, 50.7, 39.2, 28.2, 14.1; IR (neat) 

2909, 2891, 1744, 1685, 1589, 1507, 1400, 1361, 1317, 1225, 1134 cm-1; HRMS (EI) m/z calcd for 

[M]+ C21H20ClNO6S: 449.0700 Found: 449.0705; Chiralpak IA column and IA guard column (20% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 29.1 min and minor-isomer tr = 58.9 

min. 

 

Ethyl (4S,10bS)-4-(2-(4-bromophenyl)-2-oxoethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxid (5af)  



Chem. Commun. Supporting Information  S25 

 

 

 

Synthesized by the general procedure II; 46 mg, yield 93%, >20:1 dr, [α]D
26 = 13.6 (c = 1.01, CHCl3); 

99% ee; White solid; m.p. 76-79 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) δ 7.97–7.87 (m, 2H), 7.84–7.77 (m, 1H), 7.73–7.57 (m, 5H), 4.47–4.30 (m, 3H), 4.28–4.11 (m, 

3H), 3.74 (dd, J = 17.9, 9.4 Hz, 1H), 2.25–2.07 (m, 1H), 1.74 (dq, J = 13.4, 2.4 Hz, 1H), 1.34 (t, J = 7.1 

Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)194.7, 166.5, 135.3, 135.1, 133.63, 133.58, 132.0, 131.7, 

129.7, 128.8, 124.1, 121.2, 89.4, 65.5, 63.2, 50.6, 39.2, 28.2, 14.1; IR (neat) 2991, 2896, 1743, 1686, 

1589, 1543, 1488, 1432, 1391, 1235, 1138 cm-1; HRMS (EI) m/z calcd for [M]+ C21H20BrNO6S: 

493.0195 Found: 493.0181; Chiralpak OJ-H column and OJ-H guard column (20% EtOH:hexanes, 1.0 

mL/min flow, = 254 nm); minor-isomer tr = 56.7 min and major-isomer tr = 69.1 min. 

 

Ethyl (4S,10bS)-4-(2-(furan-2-yl)-2-oxoethyl)-3,4-dihydro-2H,10bH-benzo[4,5]isothiazolo[3,2-

b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ag) 

 

Synthesized by the general procedure II; 34 mg, yield 84%, >20:1 dr, [α]D
26 = 30.8 (c = 1.22, CHCl3); 

99% ee; White solid; m.p. 166-168 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:4:3); 1H NMR (400 MHz, 

CDCl3) 7.81 (ddd, J = 5.4, 2.4, 0.8 Hz, 1H), 7.73–7.58 (m, 4H), 7.34 (dd, J = 3.6, 0.8 Hz, 1H), 6.58 

(dd, J = 3.6, 1.7 Hz, 1H), 4.44–4.29 (m, 3H), 4.24–4.05 (m, 3H), 3.70 (dd, J = 17.5, 9.7 Hz, 1H), 2.27–

2.09 (m, 1H), 1.70 (dq, J = 13.3, 2.4 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3)184.5, 166.5, 152.1, 147.0, 135.4, 133.58, 133.56, 131.6, 124.1, 121.2, 118.1, 112.4, 89.4, 

65.4, 63.2, 50.3, 39.0, 28.2, 14.1; IR (neat) 2956, 2897, 1745, 1681, 1368, 1470, 1342, 1297, 1175, 

1047 cm-1; HRMS (EI) m/z calcd for [M]+ C19H19NO7S: 405.0882 Found: 405.0865; Chiralpak IA 

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

28.0 min and minor-isomer tr = 52.9 min. 
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Ethyl (4S,10bS)-4-(2-oxo-2-(thiophen-2-yl)ethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ah) 

 

Synthesized by the general procedure II; 42 mg, yield 99%, >20:1 dr, [α]D
26 = 30.6 (c = 1.00, CHCl3); 

>99% ee; White solid; m.p. 163-165 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:4); 1H NMR (400 MHz, 

CDCl3) 7.90 (dd, J = 3.8, 1.1 Hz, 1H), 7.85–7.77 (m, 1H), 7.74–7.59 (m, 4H), 7.18 (dd, J = 5.0, 3.8 

Hz, 1H), 4.46–4.30 (m, 3H), 4.25–4.10 (m, 3H), 3.79 (dd, J = 17.2, 9.8 Hz, 1H), 2.27–2.10 (m, 1H), 

1.74 (dq, J = 13.3, 2.4 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)188.6, 

166.5, 143.6, 135.3, 134.4, 133.60, 133.57, 132.8, 131.6, 128.3, 124.1, 121.2, 89.4, 65.4, 63.2, 50.7, 

39.8, 28.2, 14.1; IR (neat) 2965, 2898, 1746, 1664, 1518, 1416, 1297, 1230, 1132, 1051 cm-1; HRMS 

(EI) m/z calcd for [M]+ C19H19NO6S2: 421.0654 Found: 421.0648; Chiralpak OJ-H column and OJ-H 

guard column (30% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 33.2 min and 

minor-isomer tr = 52.0 min. 

 

Methyl (4S,10bS)-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-benzo[4,5]isothiazolo[3,2-

b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ba)  

 

Synthesized by the general procedure II; 31 mg, yield 78%, >20:1 dr, [α]D
26 = 36.1 (c = 1.00, CHCl3); 

99% ee; White solid; m.p. 142-144 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=3:20:17); 1H NMR (400 MHz, 

CDCl3) 8.13–7.97 (m, 2H), 7.86–7.77 (m, 1H), 7.73–7.57 (m, 4H), 7.51 (t, J = 7.7 Hz, 2H), 4.41 (ddt, 

J = 12.5, 9.8, 3.2 Hz, 1H), 4.30–4.12 (m, 3H), 3.89 (s, 4H), 2.24–2.08 (m, 1H), 1.78 (dq, J = 13.3, 2.4 

Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3)195.8, 167.3, 136.3, 135.3, 133.7, 133.6, 133.5, 131.7, 

128.7, 128.2, 124.1, 121.2, 89.4, 65.6, 53.9, 51.0, 39.2, 28.3; IR (neat) 2955, 2853, 1746, 1684, 1597, 

1449, 1373, 1241, 1176, 1029 cm-1; HRMS (EI) m/z calcd for [M]+ C20H19NO6S: 401.0933 Found: 
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401.0916; Chiralpak IB column and IB guard column (5% EtOH:hexanes, 1.0 mL/min flow, = 254 

nm); major-isomer tr = 26.2 min and minor-isomer tr = 31.7 min. 

 

Benzyl (4S,10bS)-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-benzo[4,5]isothiazolo[3,2-

b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ca) 

 

Synthesized by the general procedure II; 40 mg, yield 84%, >20:1 dr, [α]D
26 = 29.6 (c = 1.00, CHCl3); 

>99% ee; White solid; m.p. 188-190 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) 8.12–7.98 (m, 2H), 7.80 (dd, J = 7.5, 1.2 Hz, 1H), 7.66–7.55 (m, 3H), 7.54–7.45 (m, 3H), 

7.32 (s, 5H), 5.40–5.24 (m, 2H), 4.40 (tt, J = 9.9, 3.1 Hz, 1H), 4.28–4.07 (m, 3H), 3.86 (dd, J = 17.7, 

10.0 Hz, 1H), 2.13 (dtd, J = 13.2, 11.7, 5.7 Hz, 1H), 1.75 (dq, J = 13.3, 2.4 Hz, 1H); 13C{1H} NMR 

(100 MHz, CDCl3)195.7, 166.5, 136.3, 135.3, 134.6, 133.6, 133.5, 133.4, 131.6, 128.7, 128.63, 

128.60, 128.4, 128.2, 124.1, 121.2, 89.4, 68.5, 65.5, 51.0, 39.2, 28.3; IR (neat) 2956, 2854, 1746, 1684, 

1597, 1449, 1303, 1242, 1134, 1053, cm-1; HRMS (EI) m/z calcd for [M]+ C26H23NO6S: 477.1246 

Found: 477.1224; Chiralpak IB column and IB guard column (10% EtOH:hexanes, 1.0 mL/min flow, 

= 254 nm); major-isomer tr = 18.7 min and minor-isomer tr = 22.5 min. 

 

Ethyl (4S,10bS)-9-methyl-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5da)  

 

Synthesized by the general procedure II; 36 mg, yield 85%, >20:1 dr, [α]D
26 = 24.3 (c = 1.00, CHCl3); 

>99% ee; White solid; m.p. 161-163 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) 8.06 (dd, J = 8.4, 1.4 Hz, 2H), 7.69 (d, J = 8.0 Hz, 1H), 7.64–7.57 (m, 1H), 7.54–7.41 (m, 

4H), 4.47–4.30 (m, 3H), 4.28–4.11 (m, 3H), 3.85 (dd, J = 17.8, 9.9 Hz, 1H), 2.46 (s, 3H), 2.23–2.08 
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(m, 1H), 1.75 (dq, J = 13.2, 2.3 Hz, 1H), 1.34 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3)195.8, 166.7, 144.9, 136.3, 133.8, 133.6, 132.6, 132.4, 128.7, 128.2, 124.2, 121.0, 89.3, 65.5, 

63.2, 50.8, 39.2, 28.3, 21.8, 14.1; IR (neat) 2972, 2866, 1746, 1682, 1580, 1471, 1449, 1386, 1291, 

1177, 1106 cm-1; HRMS (EI) m/z calcd for [M]+ C22H23NO6S: 429.1246 Found: 429.1265; Chiralpak 

OJ-H column and OJ-H guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-

isomer tr = 33.5 min and minor-isomer tr = 53.1 min. 

 

Ethyl (4S,10bS)-9-methoxy-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ea) 

 

Synthesized by the general procedure II; 35 mg, yield 79%, >20:1 dr, [α]D
26 = 17.2 (c = 0.98, CHCl3); 

>99% ee; White solid; m.p. 63-65 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:4); 1H NMR (400 MHz, 

CDCl3) 8.06 (dd, J = 8.4, 1.4 Hz, 2H), 7.71 (d, J = 8.6 Hz, 1H), 7.64–7.57 (m, 1H), 7.50 (t, J = 7.6 

Hz, 2H), 7.14 (dd, J = 8.6, 2.3 Hz, 1H), 7.06 (d, J = 2.2 Hz, 1H), 4.46–4.29 (m, 3H), 4.28–4.11 (m, 3H), 

3.89–3.80 (m, 4H), 2.24–2.10 (m, 1H), 1.76 (dq, J = 13.3, 2.4 Hz, 1H), 1.34 (t, J = 7.1 Hz, 3H); 13C{1H} 

NMR (100 MHz, CDCl3)195.9, 166.7, 163.8, 136.3, 135.9, 133.6, 128.7, 128.2, 127.2, 122.7, 118.6, 

107.9, 89.0, 65.5, 63.2, 56.0, 50.9, 39.2, 28.3, 14.1; IR (neat) 2970, 2899, 1746, 1684, 1597, 1449, 1301, 

1241, 1176, 1134, 1053 cm-1; HRMS (EI) m/z calcd for [M]+ C22H23NO7S: 445.1195 Found: 445.1208; 

Chiralpak OJ-H column and OJ-H guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); 

major-isomer tr = 41.5 min and minor-isomer tr = 75.3 min. 

 

Ethyl (4S,10bS)-4-(2-oxo-2-phenylethyl)-9-phenyl--3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5fa) 
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Synthesized by the general procedure II; 41 mg, yield 83%, >20:1 dr, [α]D
26 = -14.2 (c = 0.99, CHCl3); 

>99% ee; White solid; m.p. 181-183 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:5:9); 1H NMR (400 MHz, 

CDCl3) 8.13–8.01 (m, 2H), 7.91–7.78 (m, 3H), 7.64–7.55 (m, 3H), 7.54–7.40 (m, 5H), 4.49–4.38 (m, 

2H), 4.38–4.16 (m, 4H), 3.87 (dd, J = 17.8, 9.8 Hz, 1H), 2.26–2.10 (m, 1H), 1.79 (dq, J = 13.2, 2.3 Hz, 

1H), 1.34 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)195.8, 166.6, 147.2, 138.7, 136.3, 

134.4, 133.9, 133.6, 130.6, 129.1, 128.8, 128.7, 128.2, 127.4, 122.5, 121.6, 89.4, 65.5, 63.2, 50.9, 39.2, 

28.3, 14.2; IR (neat) 2970, 2891, 1741, 1681, 1596, 1446, 1411, 1301, 1245, 1198, 1060 cm-1; HRMS 

(EI) m/z calcd for [M]+ C27H25NO6S: 491.1403 Found: 491.1406; Chiralpak OJ-H column and OJ-H 

guard column (40% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 34.4 min and 

minor-isomer tr = 52.8 min. 

 

Ethyl (4S,10bS)-9-(tert-butyl)-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ga) 

 

Synthesized by the general procedure II; 40 mg, yield 84%, >20:1 dr, [α]D
26 = 14.8 (c = 0.99, CHCl3); 

99% ee; White solid; m.p. 70-72 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=3:10:9); 1H NMR (400 MHz, 

CDCl3) δ 8.13–8.00 (m, 2H), 7.77–7.65 (m, 2H), 7.65–7.56 (m, 2H), 7.54–7.46 (m, 2H), 4.48–4.31 (m, 

3H), 4.30–4.12 (m, 3H), 3.87 (dd, J = 17.8, 10.0 Hz, 1H), 2.24–2.08 (m, 1H), 1.77 (dq, J = 13.2, 2.3 

Hz, 1H), 1.33 (d, J = 3.3 Hz, 12H); 13C{1H} NMR (100 MHz, CDCl3) 195.9, 166.7, 158.1, 136.4, 

133.61, 133.57, 132.5, 129.1, 128.7, 128.2, 120.8, 120.7, 89.5, 65.6, 63.0, 50.9, 39.2, 35.6, 31.0, 28.3, 

14.1; IR (neat) 2958, 2904, 1746, 1684, 1616, 1507, 1449, 1363, 1298, 1226, 1149 cm-1; HRMS (EI) 

m/z calcd for [M]+ C25H29NO6S: 471.1716 Found: 471.1736; Chiralpak OJ-H column and OJ-H guard 

column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr =12.7 min and minor-

isomer tr = 22.8 min. 

 

Ethyl (4S,10bS)-9-fluoro-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ha) 
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Synthesized by the general procedure II; 33 mg, yield 76%, >20:1 dr, [α]D
26 = 25.8 (c = 0.82, CHCl3); 

>99% ee; White solid; m.p. 183-185 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) δ 8.11–8.00 (m, 2H), 7.85–7.77 (m, 1H), 7.65–7.57 (m, 1H), 7.51 (t, J = 7.6 Hz, 2H), 7.41–

7.29 (m, 2H), 4.49–4.33 (m, 3H), 4.27–4.11 (m, 3H), 3.83 (dd, J = 17.8, 9.8 Hz, 1H), 2.23–2.07 (m, 

1H), 1.78 (dq, J = 13.4, 2.4 Hz, 1H), 1.36 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 195.6, 

166.4 (d, J1 = 257.0 Hz), 164.2, 136.5 (d, J3 = 8.9 Hz), 136.3, 133.6, 131.3 (d, J4 = 4.5 Hz), 128.7, 

128.2, 123.6 (d, J3 = 9.5 Hz), 119.5 (d, J2 = 24.6 Hz), 111.8 (d, J2 = 25.4 Hz), 88.7 (d, J5 = 2.1 Hz), 

65.8, 63.5, 51.0, 39.2, 28.2, 14.1; 19F NMR (376 MHz, CDCl3) δ -102.3; IR (neat) 2970, 2853, 1746, 

1684, 1597, 1449, 1302, 1242, 1162, 1053, 1029 cm-1; HRMS (EI) m/z calcd for [M]+ C21H20FNO6S: 

433.0995 Found: 433.1023; Chiralpak OJ-H column and OJ-H guard column (30% EtOH:hexanes, 1.0 

mL/min flow, = 254 nm); major-isomer tr = 28.5 min and minor-isomer tr = 56.4 min. 

 

Ethyl (4S,10bS)-9-chloro-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ia) 

 

Synthesized by the general procedure II; 35 mg, yield 79%, >20:1 dr, [α]D
26 = 15.2 (c = 0.80, CHCl3); 

>99% ee; White solid; m.p. 162-164 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) δ 8.10–7.99 (m, 2H), 7.74 (dd, J = 8.1, 0.8 Hz, 1H), 7.68–7.57 (m, 3H), 7.50 (t, J = 7.6 Hz, 2H), 

4.48–4.32 (m, 3H), 4.26–4.11 (m, 3H), 3.82 (dd, J = 17.8, 9.8 Hz, 1H), 2.22–2.07 (m, 1H), 1.77 (dq, J 

= 13.3, 2.3 Hz, 1H), 1.36 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)195.6, 166.1, 140.2, 

136.3, 135.4, 133.8, 133.6, 132.1, 128.7, 128.2, 124.6, 122.5, 88.8, 65.6, 63.5, 51.0, 39.2, 28.2, 14.1; 

IR (neat) 2982, 2901, 2862, 1749, 1693, 1586, 1449, 1416, 1371, 1237, 1175 cm-1; HRMS (EI) m/z 

calcd for [M]+ C21H20ClNO6S: 449.0700 Found: 449.0670; Chiralpak OJ-H column and OJ-H guard 
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column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 29.4 min and minor-

isomer tr = 54.9 min. 

 

Ethyl (4S,10bS)-4-(2-oxo-2-phenylethyl)-9-(trifluoromethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ja)  

 

Synthesized by the general procedure II; 42 mg, yield 87%, >20:1 dr, [α]D
26 = 15.5 (c = 0.95, CHCl3); 

>99% ee; White solid; m.p. 132-134 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) 8.09–8.03 (m, 2H), 7.94 (s, 3H), 7.65–7.59 (m, 1H), 7.56–7.46 (m, 2H), 4.53–4.34 (m, 3H), 

4.29–4.14 (m, 3H), 3.83 (dd, J = 17.7, 9.8 Hz, 1H), 2.22–2.09 (m, 1H), 1.81 (dq, J = 13.4, 2.4 Hz, 1H), 

1.36 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) 195.5, 166.0, 138.6, 136.2, 135.7 (q, J2 = 

33.6 Hz), 134.6, 133.7, 128.9 (q, J3 = 3.5 Hz), 128.7, 128.2, 122.1, 89.0, 122.7 (q, J1 = 273.4 Hz) 121.8 

(q, J3 = 3.8 Hz), 65.6, 63.6, 51.0, 39.2, 28.3, 14.0; 19F NMR (376 MHz, CDCl3) δ -62.9; IR (neat) 2971, 

2875, 1746, 1683, 1596, 1449, 1296, 1242, 1175, 1134, 1029 cm-1; HRMS (EI) m/z calcd for [M]+ 

C22H20F3NO6S: 483.0963 Found: 483.0947; Chiralpak OJ-H column and OJ-H guard column (20% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 15.8 min and minor-isomer tr = 25.4 

min. 

 

Ethyl (4S,10bS)-4-(2-oxo-2-phenylethyl)-9-(trifluoromethoxy)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ka) 

 

Synthesized by the general procedure II; 44 mg, yield 89%, >20:1 dr, [α]D
26 = 16.8 (c = 1.00, CHCl3); 

>99% ee; White solid; m.p. 123-126 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) 8.10–7.99 (m, 2H), 7.86 (dd, J = 7.9, 1.0 Hz, 1H), 7.65–7.59 (m, 1H), 7.56 7.42 (m, 4H), 
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4.51–4.33 (m, 3H), 4.27–4.12 (m, 3H), 3.83 (dd, J = 17.8, 9.8 Hz, 1H), 2.22–2.08 (m, 1H), 1.79 (dq, J 

= 13.3, 2.3 Hz, 1H), 1.35 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 195.6, 166.0, 152.7 

(q, J2 = 1.9 Hz), 136.3, 136.1, 133.7, 133.5, 128.7, 128.2, 124.1, 123.3, 116.5, 120.1 (d, J = 260.3 Hz), 

88.8, 65.6, 63.5, 51.0, 39.1, 28.2, 14.0; 19F NMR (376 MHz, CDCl3) δ -57.8; IR (neat) 2972, 2866, 

1746, 1682, 1596, 1449, 1292, 1242, 1134 1018 cm-1; HRMS (EI) m/z calcd for [M]+ C22H20F3NO7S: 

499.0913 Found: 499.0898; Chiralpak OJ-H column and OJ-H guard column (20% EtOH:hexanes, 1.0 

mL/min flow, = 254 nm); major-isomer tr = 14.9 min and minor-isomer tr = 23.5 min. 

 

Ethyl (4S,10bS)-8-methyl-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5la) 

 

Synthesized by the general procedure II; 36 mg, yield 84%, >20:1 dr, [α]D
26 = 37.8 (c = 0.96, CHCl3); 

>99% ee; White solid; m.p. 164-166 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) δ 8.16–7.96 (m, 2H), 7.67–7.57 (m, 2H), 7.57–7.40 (m, 4H), 4.46–4.30 (m, 3H), 4.28–4.10 (m, 

3H), 3.86 (dd, J = 17.8, 9.9 Hz, 1H), 2.47 (s, 3H), 2.21–2.07 (m, 1H), 1.76 (dq, J = 13.3, 2.5 Hz, 1H), 

1.33 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)195.8, 166.7, 142.6, 136.3, 135.4, 134.5, 

133.6, 130.9, 128.7, 128.2, 123.8, 121.1, 89.3, 65.4, 63.1, 50.9, 39.2, 28.3, 21.5, 14.1; IR (neat) 2890, 

2802, 1742, 1693, 1558, 1507, 1456, 1299, 1221, 1163 cm-1; HRMS (EI) m/z calcd for [M]+ 

C22H23NO6S: 429.1246 Found: 429.1219; Chiralpak OJ-H column and OJ-H guard column (20% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 42.8 min and minor-isomer tr = 51.6 

min. 

 

Ethyl (4S,10bS)-7-fluoro-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5ma)  
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Synthesized by the general procedure II; 38 mg, yield 87%, 12:1 dr, [α]D
26 = 18.0 (c = 1.06, CHCl3); 

>99% ee; White solid; m.p. 156-158 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) 8.12–7.97 (m, 2H), 7.70–7.58 (m, 2H), 7.50 (t, J = 7.7 Hz, 2H), 7.43 (d, J = 7.1 Hz, 1H), 7.31 

(t, J = 8.3 Hz, 1H), 4.46–4.31 (m, 3H), 4.28–4.14 (m, 3H), 3.85 (dd, J = 17.8, 9.9 Hz, 1H), 2.25–2.06 

(m, 1H), 1.79 (dq, J = 13.4, 2.4 Hz, 1H), 1.34 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 195.6, 

166.2, 155.7 (d, J1 = 260.1 Hz), 136.3, 136.0, 135.9, 133.7, 128.7, 128.2, 123.0 (d, J2 = 17.9 Hz), 119.8 

(d, J3 = 4.7 Hz), 118.8 (d, J2 = 17.9 Hz), 89.1, 65.6, 63.4, 51.0, 39.2, 28.3, 14.1; 19F NMR (376 MHz, 

CDCl3) δ -114.5; IR (neat) 2890, 2833, 1743, 1684, 1594, 1541, 1473, 1373, 1279, 1242, 1176 cm-1; 

HRMS (EI) m/z calcd for [M]+ C21H20FNO6S: 433.0995 Found: 433.0971; Chiralpak OJ-H column and 

OJ-H guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 35.8 min 

and minor-isomer tr = 50.9 min. 

 

Ethyl (4S,10bS)-7-chloro-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (5na) 

 

Synthesized by the general procedure II; 40 mg, yield 89%, 13:1 dr, [α]D
26 = 41.9 (c = 0.82, CHCl3); 

99% ee; White solid; m.p. 174-176 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) δ 8.10–8.00 (m, 2H), 7.64–7.56 (m, 3H), 7.56–7.43 (m, 3H), 4.47–4.32 (m, 3H), 4.30–4.16 (m, 

3H), 3.87 (dd, J = 17.9, 9.9 Hz, 1H), 2.21–2.08 (m, 1H), 1.80 (dq, J = 13.4, 2.4 Hz, 1H), 1.33 (t, J = 7.1 

Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)195.6, 166.3, 136.25, 136.18, 134.6, 133.7, 132.9, 132., 

128.8, 128.7, 128.2, 122.3, 88.4, 65.5, 63.4, 51.0, 39.2, 28.4, 14.1; IR (neat) 2910, 2847, 1738, 1687, 

1558, 1507, 1455, 1389, 1306, 1243, 1112 cm-1; HRMS (EI) m/z calcd for [M]+ C21H20ClNO6S: 
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449.0700 Found: 449.0670; Chiralpak IA column and IA guard column (15% IPA:hexanes, 1.0 mL/min 

flow, = 254 nm); minor-isomer tr = 21.7 min and major-isomer tr = 28.4 min. 

 

Ethyl (4S,12bS)-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,12bH-naphtho[2',3':4,5]isothiazolo[3,2-

b][1,3]oxazine-12b-carboxylate 6,6-dioxide (5oa)  

 

Synthesized by the general procedure II; 40 mg, yield 86%, >20:1 dr, [α]D
26 = -13.0 (c = 0.96, CHCl3); 

>99% ee; White solid; m.p. 208-210 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR (400 MHz, 

CDCl3) 8.34 (s, 1H), 8.15–8.05 (m, 3H), 8.05–7.99 (m, 1H), 7.99–7.92 (m, 1H), 7.71–7.59 (m, 3H), 

7.51 (t, J = 7.6 Hz, 2H), 4.52–4.41 (m, 2H), 4.38–4.17 (m, 4H), 3.89 (dd, J = 17.7, 9.9 Hz, 1H), 2.24 

(qd, J = 11.9, 5.4 Hz, 1H), 1.78 (dq, J = 13.4, 2.4 Hz, 1H), 1.35 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 

MHz, CDCl3)195.9, 166.8, 136.4, 135.1, 133.7, 133.6, 132.5, 129.3, 129.2, 129.1, 129.0, 128.7, 

128.6, 128.2, 124.3, 122.1, 89.7, 65.6, 63.2, 51.2, 39.4, 28.2, 14.1; IR (neat) 2892, 2834, 1742, 1681, 

1558, 1498, 1420, 1362, 1296, 1149, 1069 cm-1; HRMS (EI) m/z calcd for [M]+ C25H23NO6S: 465.1246 

Found: 465.1220; Chiralpak OJ-H column and OJ-H guard column (30% EtOH:hexanes, 1.0 mL/min 

flow, = 254 nm); major-isomer tr = 42.2 min and minor-isomer tr = 58.1 min. 

 

7. Procedure for the gram-scale synthesis of 5aa 

 

A solution of cyclic N-sulfonyl ketimine 1a (1.08 g, 4.5 mmol, 1.5 equiv) and catalyst Ib (95 mg, 0.15 

mmol, 0.05 equiv) in ClCH2CH2Cl (30 mL, 0.1 M) was stirred for 10 min at 0 oC and then added δ-hydroxy-

α,β-unsaturated ketone 4a (529 mg, 3.0 mmol, 1.0 equiv). The reaction mixture was stirred at room 

temperature for 24 h. Then, the resulting mixture was concentrated in vacuo and was purified by flash 
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column chromatography with 20% to 30% EtOAc/hexanes as eluent to afford desired product 5aa (1.08 g, 

87% yield, >20:1 dr, >99% ee) as a white solid. 

 

8. Synthetic transformation 

 

Ethyl (4R,10bS)-4-(2-phenylallyl)-3,4-dihydro-2H,10bH-benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-

10b-carboxylate 6,6-dioxide (6); To a solution of 1,3-oxazinane 5aa (42 mg, 010 mmol) in THF (1.5 mL) 

was added dropwise Tebbe reagent (0.5 M solution in toluene, 0.60 mL, 0.30 mmol) at 0 °C. The reaction 

mixture was stirred for 48 hour at room temperature. Then, the resulting mixture was quenched with sat. 

NaHCO3 solution and extracted with Et2O. The combined organic layers were washed with brine, dried 

(anhydrous Na2SO4), and concentrated in vacuo. The crude residue was purified by flash column 

chromatography with EtOAc/hexanes as eluent to afford desired product 6; 30 mg, yield 74%, [α]D
23 = 140.5 

(c = 1.03, CHCl3); >99% ee; Yellow solid; m.p. 148-150 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H 

NMR (400 MHz, CDCl3) 7.85–7.80 (m, 1H), 7.68–7.58 (m, 3H), 7.52–7.45 (m, 2H), 7.38–7.33 (m, 2H), 

7.32–7.27 (m, 1H), 5.47 (s, 1H), 5.31 (s, 1H), 4.27 (dq, J = 10.7, 7.1 Hz, 1H), 4.18–4.08 (m, 2H), 3.86 (dtd, 

J = 24.5, 13.0, 2.6 Hz, 2H), 3.70–3.63 (m, 1H), 3.26 (dd, J = 13.8, 10.8 Hz, 1H), 2.09 (qd, J = 12.4, 4.9 Hz, 

1H), 1.52 (dq, J = 13.8, 2.6 Hz, 1H), 1.16 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)166.7, 

143.4, 139.4, 135.8, 133.4, 131.6, 128.6, 127.9, 126.1, 124.1, 121.2, 116.2, 89.3, 65.7, 62.9, 53.8, 36.9, 

27.4, 14.0; IR (neat) 2973, 2924, 2874, 1737, 1598, 1493, 1452, 1377, 1303, 1256, 1237, 1164, 1092 cm-1; 

HRMS (EI) m/z calcd for [M]+ C22H23NO5S: 413.1297 Found: 413.1304; Chiralpak OJ-H column and OJ-

H guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-isomer tr = 32.8 min and 

major-isomer tr = 58.1 min. 
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Ethyl (4S,10bS)-4-((E)-2-phenyl-2-(2-tosylhydrazineylidene)ethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (7);  

To a solution of p-toluenesulfonyl hydrazide (38 mg, 0.20 mmol) and molecular sieve 4 Å  (10 mg) in MeOH 

(1.0 mL) was added 1,3-oxazinane 5aa (42 mg, 010 mmol) at room temperature. The reaction mixture was 

stirred at 40 °C in an oil bath until 1,3-oxazinane 5aa was completely consumed, as determined by TLC. 

Then, the resulting mixture was filtered through the plug of celite. The filtrate was concentrated in vacuo. 

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

desired product 7; 53 mg, yield 91%, 2:1 dr. 

Major isomer; 33 mg, yield 57%, [α]D
22 = 33.5 (c = 0.65, CHCl3); >99% ee; White solid; m.p. 100-102 °C; 

Rf 0.3 (Acetone:Hexane=3:7); 1H NMR (400 MHz, CDCl3) 8.39 (s, 1H), 7.91 (d, J = 7.9 Hz, 2H), 7.87–

7.82 (m, 1H), 7.75–7.61 (m, 5H), 7.41–7.33 (m, 3H), 7.31–7.26 (m, 2H), 4.29–4.14 (m, 2H), 4.11–4.02 (m, 

1H), 3.93 (t, J = 11.1 Hz, 1H), 3.85–3.70 (m, 2H), 3.55 (dd, J = 14.5, 10.1 Hz, 1H), 2.39 (s, 3H), 2.21 (qd, 

J = 12.5, 4.8 Hz, 1H), 1.34 (d, J = 15.9 Hz, 1H), 1.19 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, 

CDCl3)166.2, 150.8, 144.1, 135.7, 135.2, 135.1, 133.8, 133.2, 131.8, 129.9, 129.5, 128.6, 128.2, 126.4, 

124.2, 121.4, 89.4, 65.2, 63.4, 51.9, 28.4, 28.1, 21.6, 14.0; IR (neat) 2923, 2845, 2802, 1744, 1698, 1595, 

1444, 1395, 1299, 1235, 1164, 1133, 1053 cm-1; HRMS (EI) m/z calcd for [M]+ C28H29N3O7S2: 583.1447 

Found: 583.1455; Chiralpak  IC column and IC guard column (15% EtOH:hexanes, 1.0 mL/min flow, = 

254 nm); minor-isomer tr = 47.8 min and major-isomer tr = 72.1 min. 

Minor isomer; 16 mg, yield 28%, [α]D
24 = 46.2 (c = 1.03, CHCl3); >99% ee; White solid; m.p. 92-94 °C; Rf 

0.2 (Acetone:Hexane=3:7); 1H NMR (400 MHz, CDCl3) 7.81–7.72 (m, 3H), 7.70–7.60 (m, 3H), 7.56 (s, 

1H), 7.53–7.43 (m, 3H), 7.26–7.16 (m, 4H), 4.35 (qd, J = 7.1, 5.4 Hz, 2H), 4.14 (dddd, J = 16.8, 6.9, 4.6, 

2.3 Hz, 2H), 4.01 (td, J = 12.2, 2.6 Hz, 1H), 3.70 (dd, J = 16.8, 4.0 Hz, 1H), 3.25 (dd, J = 16.8, 10.1 Hz, 

1H), 2.40 (s, 3H), 2.06 (qd, J = 12.4, 5.0 Hz, 1H), 1.54 (dq, J = 13.3, 2.4 Hz, 1H), 1.24 (t, J = 7.1 Hz, 3H); 

13C{1H} NMR (100 MHz, CDCl3)166.5, 152.6, 144.1, 135.5, 135.3, 133.60, 133.57, 132.1, 131.6, 130.3, 

129.8, 129.5, 127.9, 126.8, 124.1, 121.1, 89.3, 65.5, 63.1, 51.7, 38.6, 27.6, 21.6, 14.1; IR (neat)  3234, 3202, 
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3187, 1743, 1597, 1493, 1445, 1385, 1341, 1302, 1235, 1163, 1092 cm-1; HRMS (EI) m/z calcd for [M]+ 

C28H29N3O7S2: 583.1447 Found: 583.1443; Chiralpak IC column and IC guard column (15% EtOH:hexanes, 

1.0 mL/min flow, = 254 nm); major-isomer tr = 36.5 min and minor-isomer tr = 61.2 min. 

 

 

Ethyl (4S,10bS)-4-(2-([1,1'-biphenyl]-4-yl)-2-oxoethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-10b-carboxylate 6,6-dioxide (8); To a solution of 1,3-

oxazinane 5af (49 mg, 0.10 mmol), phenylboronic acid (37 mg, 0.30 mmol), and Ph(PPh3)4 (12 mg, 0.010 

mmol) in THF (1.0 mL) was added K2CO3 (42 mg, 0.20 mmol) at room temperature. The reaction mixture 

was stirred at 80 °C in an oil bath until 1,3-oxazinane 5af was completely consumed, as determined by TLC. 

Then, the resulting mixture was filtered through the plug of celite. The filtrate quenched with water and 

extracted with EtOAc. The combined organic layers were washed with brine, dried (anhydrous Na2SO4), 

and concentrated in vacuo. The crude residue was purified by flash column chromatography with 

EtOAc/hexane/CH2Cl2 as eluent to afford desired product 8; 28 mg, yield 57%, >20:1 dr, [α]D
25 = 12.5 (c = 

1.10, CHCl3); 99% ee; White solid; m.p. 148-150 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=1:10:9); 1H NMR 

(400 MHz, CDCl3) 8.14 (d, J = 8.5 Hz, 2H), 7.85–7.80 (m, 1H), 7.72 (d, J = 8.5 Hz, 2H), 7.70–7.61 (m, 

5H), 7.52–7.45 (m, 2H), 7.45–7.38 (m, 1H), 4.51–4.39 (m, 2H), 4.35 (qd, J = 7.1, 3.5 Hz, 1H), 4.29 (dd, J 

= 17.7, 3.8 Hz, 1H), 4.26–4.13 (m, 2H), 3.87 (dd, J = 17.7, 9.7 Hz, 1H), 2.26–2.11 (m, 1H), 1.79 (dq, J = 

13.3, 2.3 Hz, 1H), 1.34 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)195.3, 166.6, 146.2, 139.7, 

135.6, 135.0, 133.63, 133.61, 131.6, 128.9, 128.8, 128.3, 127.3, 127.3, 124.1, 121.2, 89.4, 65.5, 63.2, 50.9, 

39.3, 28.3, 14.1; IR (neat) 3024, 2093, 2924, 1742, 1682, 1603, 1454, 1385, 1302, 1237, 1195, 1161, 1054 

cm-1; HRMS (EI) m/z calcd for [M]+ C27H25NO6S: 491.1403 Found: 491.1396; Chiralpak OD-H column 

and OD-H guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-isomer tr = 17.6 min 

and major-isomer tr = 26.9 min. 
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9. Control experiment 

Ethyl (4S,10bS)-4-(2-oxopropyl)-3,4-dihydro-2H,10bH-benzo[4,5]isothiazolo[3,2-b][1,3]oxazine-

10b-carboxylate 6,6-dioxide (9) 

 

Synthesized by the general procedure II; 5 mg, yield 15%, >20:1 dr, [α]D
26 = 16.8 (c = 0.21, CHCl3); 

58% ee; Colorless gum; Rf 0.3 (EtOAc:CH2Cl2:Hexane=3:10:7); 1H NMR (400 MHz, CDCl3) 7.85–

7.76 (m, 1H), 7.73–7.57 (m, 3H), 4.43–4.28 (m, 2H), 4.26–4.07 (m, 3H), 3.75 (dd, J = 18.2, 4.9 Hz, 

1H), 3.19 (dd, J = 18.2, 8.8 Hz, 1H), 2.29 (s, 3H), 2.10 (dtd, J = 13.3, 12.1, 5.2 Hz, 1H), 1.62 (dq, J = 

13.3, 2.5 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3)204.2, 166.5, 135.3, 

133.60, 133.58, 131.6, 124.1, 121.2, 89.3, 65.5, 63.2, 50.2, 43.9, 30.6, 28.0, 14.1; IR (neat) 2959, 2875, 

1745, 1697, 1598, 1451, 1389, 1298, 1260, 1177, 1055 cm-1; HRMS (EI) m/z calcd for [M]+ 

C16H19NO6S: 353.0933 Found: 353.0941; Chiralpak OD-H column and OD-H guard column (7% 

EtOH:hexanes, 1.0 mL/min flow, = 254 nm); major-isomer tr = 19.9 min and minor-isomer tr = 24.0 

min. 

 

Diethyl ((4S,10bS)-6,6-dioxido-4-(2-oxo-2-phenylethyl)-3,4-dihydro-2H,10bH-

benzo[4,5]isothiazolo[3,2-b][1,3]oxazin-10b-yl)phosphonate (11) 

 

Synthesized by the general procedure I; 26 mg, yield 53%, 2:1 dr, [α]D
26 = 11.5 (c = 0.60, CHCl3); 89% 

ee; White solid; m.p. 132-134 °C; Rf 0.2 (EtOAc:CH2Cl2:Hexane=3:25:10); 1H NMR (400 MHz, CDCl3) 

8.10–8.00 (m, 2H), 7.92 (d, J = 7.7 Hz, 1H), 7.78 (d, J = 7.7 Hz, 1H), 7.74–7.63 (m, 2H), 7.62–7.56 

(m, 1H), 7.53–7.45 (m, 2H), 5.37 (dddd, J = 12.1, 8.8, 5.2, 3.7 Hz, 1H), 4.63 (dddd, J = 11.7, 9.5, 4.3, 

2.5 Hz, 1H), 4.36–4.18 (m, 5H), 3.94 (dt, J = 11.4, 4.6 Hz, 1H), 3.73 (dd, J = 17.8, 8.8 Hz, 1H), 2.18 

(dddd, J = 13.2, 11.7, 9.6, 5.3 Hz, 1H), 2.00 – 1.90 (m, 1H), 1.39 (t, J = 7.1 Hz, 3H), 1.18 (t, J = 7.4 
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Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3) 195.5, 136.7, 134.9 (d, J = 3.8 Hz), 133.9 (d, J = 2.8 Hz), 

133.5, 133.3, 131.4, 128.6, 128.1, 126.3, 120.6, 88.6 (d, J = 205.2 Hz), 65.0 (d, J = 6.5 Hz), 64.1 (d, J 

= 2.7 Hz), 63.8 (d, J = 6.8 Hz), 49.4, 39.8, 28.7, 16.4 (d, J = 5.6 Hz), 16.3 (d, J = 5.5 Hz); 31P NMR 

(162 MHz, CDCl3) δ 12.15; IR (neat) 2957, 2904, 1747, 1684, 1597, 1449, 1303, 1241, 1162, 1134, 

1029 cm-1; HRMS (EI) m/z calcd for [M]+ C22H26NO7PS: 479.1168 Found: 479.1138; Chiralpak OJ-H 

column and OJ-H guard column (20% EtOH:hexanes, 1.0 mL/min flow, = 254 nm); minor-isomer tr 

= 16.2 min and major-isomer tr = 32.0 min. 

 

2-((4S,10bR)-6,6-dioxido-3,4-dihydro-2H,10bH-benzo[4,5]isothiazolo[3,2-b][1,3]oxazin-4-yl)-1-

phenylethan-1-one (13) 

 

Synthesized by the general procedure II; 22 mg, yield 66%, 2:1 dr, [α]D
22 = 5.6 (c = 0.61, CHCl3); 94% 

ee; White solid; m.p. 187-189 °C; Rf 0.3 (EtOAc:CH2Cl2:Hexane=1:30:9); 1H NMR (400 MHz, CDCl3) 

δ 8.10–8.01 (m, 2H), 7.81–7.75 (m, 1H), 7.68–7.55 (m, 4H), 7.53–7.47 (m, 2H), 5.65 (s, 1H), 4.45 (tdd, 

J = 9.0, 4.6, 2.3 Hz, 1H), 4.31 (ddd, J = 11.6, 4.6, 1.7 Hz, 1H), 4.22 (dd, J = 17.8, 4.7 Hz, 1H), 4.07 (td, 

J = 12.0, 2.3 Hz, 1H), 3.69 (dd, J = 17.8, 9.0 Hz, 1H), 2.12 (dtd, J = 13.4, 12.1, 4.6 Hz, 1H), 1.79 (dd, 

J = 13.3, 2.3 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 196.2, 136.7, 136.5, 134.1, 133.7, 133.3, 

131.0, 128.8, 128.3, 125.0, 121.1, 86.4, 68.1, 52.9, 39.8, 29.3; IR (neat) 2925, 2854, 2352, 1727, 1676, 

1449, 1361, 1260, 1166, 1137, 1092, 1054, 1029 cm-1; HRMS (EI) m/z calcd for [M]+ C18H17NO4S: 

343.0878 Found: 343.0892; Chiralpak IA column and IA guard column (50% EtOH:hexanes, 1.0 

mL/min flow, = 254 nm); minor-isomer tr = 19.8 min and major-isomer tr = 26.8 min. 
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10. X-ray crystallography data of compound 3oa and 5aa 

 

Sample preparation: The single crystal 3oa and 5aa were obtained by slow diffusion of n-hexane in 

to a solution of 3oa or 5aa in EtOAc at room temperature. 

Crystal measurement: A crystal of 3oa and 5aa were picked up with paratone oil and mounted on a 

Bruker D8 Venture PHOTON III M14 diffractometer equipped with a graphite-monochromated Mo 

Kα (λ = 0.71073 Å ) radiation source and a nitrogen cold stream (223 K). Data collection and integration 

Data collection and integration were performed with SMART APEX3 (Bruker, 2016) and SAINT 

(Bruker, 2016). The absorption correction was performed by a multi-scan method implemented in 

SADABS. The structure was solved by direct methods and refined by full-matrix least-squares on F2 

using SHELXTL. All the non-hydrogen atoms were refined anisotropically, and the hydrogen atoms 

were added to their geometrically ideal positions. Thermal ellipsoids are drawn at 30% probability level. 

 

  

 

Identification code  KGU_24_03_a 

Empirical formula  C24 H21 N O6 S 

Formula weight  451.48 

Temperature  223(2) K 

Wavelength  0.71073 Å  

Crystal system  Orthorhombic 

Space group  P212121 

Unit cell dimensions a = 9.792(2) Å  = 90°. 

 b = 10.139(3) Å  = 90°. 
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 c = 21.399(6) Å   = 90°. 

Volume 2124.5(9) Å 3 

Z 4 

Density (calculated) 1.412 Mg/m3 

Absorption coefficient 0.195 mm-1 

F(000) 944 

Crystal size 0.253 x 0.152 x 0.122 mm3 

Theta range for data collection 1.903 to 28.282°. 

Index ranges -13<=h<=10, -13<=k<=13, -28<=l<=28 

Reflections collected 41951 

Independent reflections 5282 [R(int) = 0.0960] 

Completeness to theta = 25.242° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7457 and 0.6646 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 5282 / 0 / 290 

Goodness-of-fit on F2 1.052 

Final R indices [I>2sigma(I)] R1 = 0.0484, wR2 = 0.0844 

R indices (all data) R1 = 0.1003, wR2 = 0.0988 

Absolute structure parameter 0.03(5) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.179 and -0.308 e.Å -3 
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Identification code  KGU_24_06_a 

Empirical formula  C21 H21 N O6 S 

Formula weight  415.45 

Temperature  223(2) K 

Wavelength  0.71073 Å  

Crystal system  Tetragonal 

Space group  P41212 

Unit cell dimensions a = 8.4145(3) Å  = 90°. 

 b = 8.4145(3) Å  = 90°. 

 c = 56.119(4) Å   = 90°. 

Volume 3973.5(4) Å 3 

Z 8 

Density (calculated) 1.389 Mg/m3 

Absorption coefficient 0.202 mm-1 

F(000) 1744 

Crystal size 0.220 x 0.135 x 0.054 mm3 

Theta range for data collection 2.448 to 28.275°. 

Index ranges -11<=h<=11, -9<=k<=11, -74<=l<=74 

Reflections collected 98435 

Independent reflections 4926 [R(int) = 0.1444] 

Completeness to theta = 25.242° 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7457 and 0.6765 

Refinement method Full-matrix least-squares on F2 
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Data / restraints / parameters 4926 / 0 / 263 

Goodness-of-fit on F2 1.052 

Final R indices [I>2sigma(I)] R1 = 0.0470, wR2 = 0.0918 

R indices (all data) R1 = 0.1172, wR2 = 0.1172 

Absolute structure parameter -0.03(5) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.204 and -0.270 e.Å -3 
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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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19F NMR (376 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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