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1. General and Materials

General: All reactions were carried out under an atmosphere of air using the standard glass bottle, 
unless otherwise noted. 1H NMR and 13C NMR spectra were recorded at room temperature in CDCl3, 
DMSO-d6 on 400 MHz instrument with tetramethylsilane (TMS) as internal standard. Enantiomeric 
excess was determined by HPLC analysis, using chiral column described below in detail. Optical rotations 
were measured by polarimeter. Flash column chromatography was performed on silica gel (200-300 
mesh). All reactions were monitored by TLC analysis.

Materials: Commercially available reagents and solvents were used throughout without further 
purification. The catalysts Δ-IrS and Δ-IrO were prepared by following reported procedure1. The racemic 
cyclic N-sulfonylimines were prepared according to the known procedures reported in the literature2,3.

2. Synthesis of catalyst

IrCl3·H2O +
N
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(i) EtO(CH2)2OH/H2O (3:1)

130 oC
(ii) AgPF6, CH3CN, 60 oC
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5-(tert-butyl)-2-phenylbenzothiazole (197 mg, 0.74 mmol, 2 equiv.) was added to IrCl3·3H2O (130 
mg, 0.37 mmol, 1 equiv.) in a mixture of 2-ethoxyethanol/water (3:1, 15 mL). The reaction mixture was 
heated at 130 °C for 36 h under nitrogen. After the reaction was completed, the solvent was distilled off 
under reduced pressure. Add AgPF6 (279 mg, 1.1 mmol, 3 equiv.) and 10 mL CH3CN (distilled) to the 
schlenk flask. Immerse the schlenk flask in a preheated oil bath at 60 °C for 14 h. Remove the schlenk 
flask from the oil bath and allow it to cool to room temperature. Filter off the solid and the filtrate was 
subjected to a flash silica gel chromatography (CH2Cl2/CH3CN = 30:1, Rf = 0.3 in CH2Cl2/CH3CN = 
20:1) to separate as yellow solids (300 mg, 0.31 mmol, 72% yield).
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Add S1 (250 mg, 0.26 mmol, 1 equiv.), Et3N (126 mg, 1.25 mmol, 2.5 equiv.) and S2 (116 mg, 0.53 
mmol, 2 equiv.) in CH2Cl2. Stir the reaction mixture for 4 h at room temperature. The reaction mixture 
was cooled to room temperature and concentrated to dryness. The residue was subjected to a flash silica 
gel chromatography (PE/EA) to separate the two diastereomers. Use PE:EA (25:1) as the eluent until the 
first diastereomer Λ-S3 (118 mg, 0.12 mmol, 47% yield) and then use PE:EA (10:1) to elute the second 
diastereomer ∆-S3 (130 mg, 0.14mmol, 52% yield).
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A suspension of the iridium auxiliary complexes Δ-S3 (160 mg, 0.17 mmol, 1 equiv.) and TFA (78 
μL, 1 mmol, 6 equiv.) in CH3CN (HPLC, 10 mL) was stired for 30 minutes. Remove the volatiles in 
vacuo to obtain a yellow oil. Dissolve the yellow oil in 10 ml of CH3CN and add NH4PF6 (554 mg, 3.4 
mmol, 20 equiv.) in one portion. Stir at room temperature for another 30 min. The reaction mixture was 
concentrated to dryness and subjected to a flash silica gel chromatography (100% CH2Cl2 to 
CH2Cl2/CH3CN = 30:1, Rf = 0.3 in CH2Cl2/CH3CN = 20:1) to give the enantiopure catalysts Δ-IrS (106 
mg, 0.11 mmol, 66%)  as yellow solids.

3. Intermediate MS

LYF
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16-electron intermediate MS

4. Extra optimization of the reaction conditions

Table S1 Oxidation reaction solvent screeninga

Δ-IrS
solvent, TMG
390 nm LEDNH

S
OO

Ph

N
S

OO

Ph

(±)-4a S1

Entrya,c Oxidant Solvent Yieldb

1 air MeCN 77%
2 air DCM 81%
3 air THF 76%
4 air toluene 61%

2
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+
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MS (ESI, m/z)
calcd for M+: 742.19

found: 742.64



5 air acetone 58%
6 air CHCl3 68%
7 air 1,4-dioxane 67%
8 air CCl4 57%
9 air DCE >95%
10 air DMSO >95%
11 air EA >95%
12 air DMF >95%
13 None (in N2) DMF none

aReaction conditions: (±)-4a (0.2 mmol), Δ-IrS (1 mol%), TMG (0.1 mmol), solvent (2 mL), 390 nm LED, 8h.  bDetermined by 1H NMR 
with 1,3,5-trimethoxybenzene as the internal standard; cNone of the raw materials have been reacted.

5. General procedure for deracemization of sulfonamides
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S
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i. Δ-IrS(1 or 1.6 mol%),
TMG, DMF

390 nm LED
NH

S
OO

Ar
ii. HCOONH4, H2O, 60 oCR R

Racemic sulfonamides 1 (0.2 mmol) were placed in a 10 mL glass bottle and then Δ-IrS(1 mol%), TMG 
(0.5 equiv.), DMF (2 mL) was added in air. After this, the solution was irradiated under stirring with 40 
W 390nm LEDs (distance approx. 4 cm) at room temperature for 8 h. After the reaction is completed, 
HCOONH4 (9 equiv) and H2O (1 mL) are added to the system in air and heated at 60°C for 18 hours. The 
solvent was removed under reduced pressure and the crude product was purified by flash chromatography 
on silica gel (PE/DCM = 1:4) to provide pure products. Enantiomeric excess was established by HPLC 
analysis. Absolute configuration of the products were assigned as S by comparing their optical rotation 
with the literature. 

6. Synthesis of Cyclic Sulfonamides 3 
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A mixture of 1b (115 mg, 0.3 mmol), iodomethane (47 mg, 0.33 mmol), dried potassium carbonate (54 
mg, 0.39 mmol), and 18-crown-6 (54 mg, 0.03 mmol) in dry acetone (2 mL) was stirred at room 
temperature under nitrogen for 56 h. The mixture was evaporated to dryness and purified by flash 
chromatography on silica gel (EtOAc) to afford product S4 as a white solid (117 mg, yield: 97%). A 
mixture of S4 (55 mg, 0.137 mmol) and 3 mol/L HCl (137 μL, 0.417 mmol) in MeOH (3 mL) was stirred 
at room temperature for 2 h. The mixture was evaporated to dryness and purified by flash chromatography 
on silica gel (EtOAc) to afford product 3 as a white solid (36 mg, yield: 87%).

7. Characterization Data

(S)-3-phenyl-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1a): 97% yield, 96% ee(S), known compound4, white solid, 
m.p.= 134-135℃, [α]20

D= +81.1 (c 0.46, CH2Cl2) [lit.4 [α]25
D = +85.2 (c 0.5, CH2Cl2), 90% ee (S)]. 1H 

NMR (400 MHz, CDCl3) δ 7.88–7.83 (m, 1H), 7.61–7.53 (m, 2H), 7.40 (d, J = 1.8 Hz, 5H), 7.20–7.13 
(m, 1H), 5.74 (d, J = 3.8 Hz, 1H), 5.06 (d, J = 3.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 139.9, 138.8, 
134.7, 133.4, 129.5, 129.3, 129.0, 127.6, 125.4, 121.1, 77.4, 77.1, 76.8, 61.4. HPLC: Chiracel OJ column, 
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220 nm, 30 ℃, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 20.6 min (maj) and 22.5 min.

(S)-3-(3-(((tert-butyldimethylsilyl)oxy)methyl)phenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1b): 66% 
yield, 91% ee(S), known compound4a, colorless oil, [α]20

D= +60.9 (c 0.96, CHCl3). 1H NMR (400 
MHz, CDCl3) δ 8.00 – 7.79 (m, 1H), 7.67 – 7.49 (m, 2H), 7.45 – 7.31 (m, 3H), 7.26 (d, J = 6.5 Hz, 
1H), 7.19 – 7.12 (m, 1H), 5.74 (d, J = 4.0 Hz, 1H), 5.02 (d, J = 4.1 Hz, 1H), 4.75 (s, 2H), 0.93 (s, 
9H), 0.10 (d, J = 2.2 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 142.7, 139.9, 138.8, 134.8, 133.3, 
129.5, 129.2, 126.6, 126.2, 125.5, 125.1, 121.1, 64.6, 61.4, 26.0, 18.4, -5.2. HPLC: Chiracel OD 
column, 220 nm, 30 ℃, n-hexane/i-propanol = 70/30, flow = 0.8 mL/min, retention time 7.4 min 
(maj) and 9.0 min.

(S)-3-(m-tolyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1c): 97% yield, 92% ee(S), known compound4b, white 
solid, m.p.= 124-126℃, [α]20

D= +71.0 (c 0.44, CH2Cl2) [lit.4 [α]20
D = +96.1 (c 0.28, CH2Cl2), 89% ee 

(S)]. 1H NMR (400 MHz, CDCl3) δ 7.80 (t, J = 6.1 Hz, 1H), 7.55 (d, J = 15.1 Hz, 2H), 7.26 (d, J = 7.1 
Hz, 1H), 7.17 (d, J = 7.8 Hz, 4H), 5.68 (s, 1H), 5.32 (s, 1H), 2.35 (s, 3H). 13C NMR (101 MHz, CDCl3) 
δ 140.0, 139.1, 138.8, 134.7, 133.3, 129.8, 129.4, 129.1, 128.1, 125.4, 124.7, 121.1, 77.5, 77.1, 76.8, 
61.4, 21.4. HPLC: Chiracel AD column, 220 nm, 30 ℃, n-hexane/i-    propanol = 80/20, flow = 1.0 
mL/min, retention time 10.8 min and 12.0 min (maj).

(S)-3-(p-tolyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1d): 95% yield, 92% ee(S) known compound4b, white 
solid, m.p.= 169-171℃, [α]20

D= +58.1 (c 0.58, CH2Cl2) [lit.4 [α]20
D = +66.5 (c 0.52, CH2Cl2), 90% ee (S)]. 

1H NMR (400 MHz, CDCl3) δ 7.90–7.71 (m, 1H), 7.54 (qt, J = 6.7, 3.5 Hz, 2H), 7.31–7.23 (m, 2H), 7.19 
(d, J = 7.7 Hz, 2H), 7.14 (d, J = 7.3 Hz, 1H), 5.69 (s, 1H), 2.36 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 
140.2, 139.0, 135.8, 134.8, 133.3, 129.9, 129.4, 127.6, 125.4, 121.1, 77.4, 77.1, 76.8, 61.2, 21.2. HPLC: 
Chiracel OD column, 220 nm, 30 ℃, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 20.2 
min and 22.8 min (maj). 

(S)-3-(3,5-dimethylphenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1e): 93% yield, 95% ee(S), known 
compound6, white solid, m.p.= 204.5-206℃, [α]20

D= +74.1 (c 0.45, CH2Cl2). 1H NMR (400 MHz, 
CDCl3) δ 7.93–7.74 (m, 1H), 7.54 (q, J = 7.7, 6.3 Hz, 2H), 7.16 (d, J = 6.4 Hz, 1H), 6.99 (d, J = 11.6 Hz, 
3H), 5.65 (d, J = 3.2 Hz, 1H), 5.26–4.92 (m, 1H), 2.31 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 140.1, 
139.0, 138.61, 134.8, 133.3, 130.7, 129.4, 125.4, 125.3, 121.1, 77.4, 77.1, 76.8, 61.4, 21.3. HPLC: 
Chiracel AD column, 220 nm, 30 ℃, n-hexane/i-propanol = 80/20, flow = 0.6 mL/min, retention time 
17.5 min and 19.6 min (maj).

(S)-3-(3-isopropylphenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1f): 99% yield,  93% ee(S), unknown 
compound, colorless liquid, [α]20

D= +56.1 (c 1.00, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 
6.9 Hz, 1H), 7.54 (m, J = 6.1 Hz, 2H), 7.31 (t, J = 7.5 Hz, 1H), 7.25 (d, J = 9.1 Hz, 2H), 7.17 (t, J = 7.1 
Hz, 2H), 5.72 (s, 1H), 5.30 (s, 1H), 2.92 (m, J = 6.9 Hz, 1H), 1.26 (d, J = 6.9 Hz, 6H). 13C NMR (101 
MHz, CDCl3) δ 149.8, 140.1, 139.1, 134.5, 133.3, 129.4, 129.2, 126.8, 125.8, 125.5, 125.0, 120.9, 77.8, 
77.5, 77.2, 61.4, 34.0, 24.0, 24.0. HRMS Calculated for C16H18NO2S [M+H]+ 288.1053, found: 288.1053. 
HPLC: Chiracel OD column, 220 nm, 30 ℃, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention 
time 15.0 min and 21.4 min (maj).

(S)-3-(4-ethylphenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1g): 90% yield, 87% ee(S), known compound7, 
white solid, m.p.= 123-124℃, [α]20

D= +81.7 (c 0.61, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.95–7.74 
(m, 1H), 7.65–7.39 (m, 2H), 7.29 (d, J = 8.1 Hz, 2H), 7.23 (d, J = 7.9 Hz, 2H), 7.17 (d, J = 8.4 Hz, 1H), 
5.71 (s, 1H), 4.99 (s, 1H), 2.67 (q, J = 7.6 Hz, 2H), 1.25 (t, J = 7.6 Hz, 3H). 13C NMR (101 MHz, CDCl3) 
δ 145.4, 140.1, 136.0, 134.8, 133.4 , 129.4, 128.8, 127.7, 125.5, 121.1, 61.2, 28.6, 15.5. HPLC: Chiracel 
OD column, 220 nm, 30 ℃, n-hexane/i-propanol = 80/20, flow = 0.6 mL/min, retention time 43.9 min 
(maj) and 50.3 min.

(S)-3-(4-(tert-butyl)phenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1h): 73% yield, 99% ee(S), known 
compound6, white solid, m.p.= 145.1-146.2℃, [α]20

D= +63.3 (c 0.15, CH2Cl2). 1H NMR (400 MHz, 
CDCl3) δ 7.83 (d, J = 7.1 Hz, 1H), 7.55 (t, J = 5.9 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.2 Hz, 
2H), 7.18 (d, J = 7.2 Hz, 1H), 5.73 (s, 1H), 1.32 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 152.2, 140.1, 
135.7, 134.9, 133.3, 129.4, 127.4, 126.2, 125.5, 121.1, 77.4, 77.1, 76.8, 61.2, 34.7, 31.3. HPLC: Chiracel 
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AD column, 220 nm, 30 ℃, n-hexane/i-propanol = 80/20, flow = 0.6 mL/min, retention time 12.8 min (maj) and 14.9 
min.

(S)-3-(4-butylphenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1i): 82% yield, 88% ee(S), unknown compound, 
white solid, m.p.= 87-89.4℃, [α]20

D= +68.2 (c 0.5, CH3Cl). 1H NMR (400 MHz, CDCl3) δ 7.80 (t, J = 
6.6 Hz, 1H), 7.54 (q, J = 6.7, 6.2 Hz, 2H), 7.27 (d, J = 7.9 Hz, 2H), 7.17 (dd, J = 16.0, 7.3 Hz, 3H), 5.70 
(s, 1H), 5.32 (s, 1H), 2.61 (t, J = 7.8 Hz, 2H), 1.60 (q, J = 7.4 Hz, 2H), 1.37 (m, J = 8.3, 7.3 Hz, 2H), 0.94 
(t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 144.0, 140.1, 136.0, 134.7, 133.3, 129.4, 129.2, 127.6, 
125.5, 121.1, 77.5, 77.2, 76.9, 61.2, 35.4, 33.5, 22.4, 14.0. HRMS Calculated for C17H20NO2S [M+H]+ 
302.1209, found: 302.1209. HPLC: Chiracel OD column, 220 nm, 30 ℃, n-hexane/i-propanol = 70/30, 
flow = 0.8 mL/min, retention time 10.3 min (maj) and 15.4 min.

(S)-3-(3,5-di-tert-butylphenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1j): 86% yield, 62% ee(S), unknown 
compound, white solid, m.p.= 160.6-162.8℃, [α]20

D= +68.9 (c 0.27, CH2Cl2). 1H NMR (400 MHz, 
CDCl3) δ 7.93–7.74 (m, 1H), 7.54 (q, J = 7.7, 6.3 Hz, 2H), 7.16 (d, J = 6.4 Hz, 1H), 6.99 (d, J = 11.6 
Hz, 3H), 5.65 (d, J = 3.2 Hz, 1H), 5.26–4.92 (m, 1H), 2.31 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 
152.0, 140.3, 137.8, 135.1, 133.2, 129.3, 125.4, 123.1, 121.7, 121.1, 77.4, 77.1, 76.8, 62.1, 35.0, 31.4. 
HRMS Calculated for C21H28NO2S [M+H]+ 358.1835, found: 358.1835. HPLC: Chiracel AD column, 
220 nm, 30 ℃, n-hexane/i-propanol = 90/10, flow = 0.7 mL/min, retention time 11.1 min and 12.5 min 
(maj).

(S)-3-(3-methoxyphenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1k): 84% yield, 81% ee(S), known 
compound6, white solid, m.p.= 116.7-118.1℃, [α]20

D= +54.8 (c 0.2, CH2Cl2). 1H NMR (400 MHz, 
CDCl3) δ 7.88–7.82 (m, 1H), 7.57 (t, J = 3.6 Hz, 2H), 7.33 (t, J = 8.2 Hz, 1H), 7.19 (d, J = 8.1 Hz, 
1H), 7.04–6.86 (m, 3H), 5.71 (s, 1H), 5.02 (s, 1H), 3.80 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 160.2, 
140.4, 139.7, 134.6, 133.3, 130.3, 129.5, 125.4, 121.1, 119.7, 114.5, 113.0, 77.5, 77.1, 76.8, 61.2, 
55.4. HPLC: Chiracel AD column, 220 nm, 30 ℃, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, 
retention time 22.1 min and 30.5 min (maj).

(S)-3-(4-methoxyphenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1l): 57% yield, 89% ee(S), known 
compound4b, white solid, m.p.= 151-154℃, [α]20

D= +32.7 (c 0.33, CH2Cl2). 1H NMR (400 MHz, CDCl3) 
δ 7.87–7.74 (m, 1H), 7.54 (q, J = 7.3, 6.2 Hz, 2H), 7.27 (d, J = 8.8 Hz, 2H), 7.18–7.10 (m, 1H), 6.90 (d, 
J = 8.7 Hz, 2H), 5.68 (d, J = 2.4 Hz, 1H), 5.14 (s, 1H), 3.81 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 
160.1, 140.3, 135.0, 133.3, 130.7, 129.4, 129.0, 125.4, 121.1, 114.6, 77.4, 77.1, 76.8, 61.0, 55.4. HPLC: 
Chiracel OD column, 220 nm, 30 ℃, n-hexane/i-propanol = 70/30, flow = 0.8 mL/min, retention time 
24.9 min (maj) and 38.2 min.

(S)-3-(3,5-dimethoxyphenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1m): 71% yield, 87% ee(S), known 
compound4c, white solid, m.p.= 167-168℃, [α]20

D= +71.5 (c 0.35, CH2Cl2). 1H NMR (400 MHz, 
CDCl3) δ 7.80 (d, J = 6.7 Hz, 1H), 7.53 (q, J = 7.0 Hz, 2H), 7.20 (d, J = 6.7 Hz, 1H), 6.53 (d, J = 2.2 
Hz, 2H), 6.42 (t, J = 2.3 Hz, 1H), 5.63 (s, 1H), 5.44 (s, 1H), 3.75 (s, 6H). 13C NMR (101 MHz, 
CDCl3) δ 152.0, 140.3, 137.8, 135.1, 133.2, 129.3, 125.4, 123.1, 121.7, 121.1, 77.4, 77.1, 76.8, 62.1, 
35.0, 31.4. HPLC: Chiracel OD column, 220 nm, 30 ℃, n-hexane/i-propanol = 70/30, flow = 0.7 
mL/min, retention time 26.3 min (maj) and 30.8 min.

(S)-3-(3-fluorophenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1n): 76% yield, 91% ee(S), known compound6, 
white solid, m.p.= 113-118℃, [α]20

D= +74.0 (c 0.25, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.80 (d, 
J = 6.9 Hz, 1H), 7.56 (p, J = 7.4 Hz, 2H), 7.44 – 7.29 (m, 1H), 7.25 – 6.98 (m, 4H), 5.75 (d, J = 3.1 
Hz, 1H), 5.58 (d, J = 4.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 161.8, 141.5, 139.1, 134.4, 133.5, 
130.8, 129.7, 125.3, 123.2, 121.2, 116.1, 114.6, 77.4, 77.1, 76.8, 60.6. HPLC: Chiracel AD column, 
220 nm, 30 ℃, n-hexane/i-propanol = 80/20, flow = 0.6 mL/min, retention time 23.5 min and 31.3 
min (maj).

(S)-3-(4-fluorophenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1o): 94% yield, 92% ee(S), known compound5, 
white solid, m.p.= 163-167℃, [α]20

D= +84.6 (c 0.46, CH2Cl2). [lit.4 [α]20
D = +66.9 (c 0.76, CH2Cl2), 85% 

ee (S)].  1H NMR (400 MHz, CDCl3) δ 7.91–7.77 (m, 1H), 7.66–7.52 (m, 2H), 7.37 (dd, J = 8.5, 5.3 Hz, 
2H), 7.22 – 6.97 (m, 3H), 5.74 (s, 1H), 5.14 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 164.3, 161.8, 139.6, 
134.7, 133.5, 129.7, 129.5, 129.4, 125.3, 121.2, 116.4, 116.1, 60.6, 53.5. HPLC: Chiracel OD column, 220 
nm, 30 ℃, n-hexane/i-propanol = 70/30, flow = 0.7 mL/min, retention time 12.8 min (maj) and 19.3 min.
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(S)-3-(3-chlorophenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1p): 79% yield, 95% ee(S), known compound8, 
white solid, m.p.= 137-138℃, [α]20

D= +101.15 (c 0.29, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.92–
7.79 (m, 1H), 7.70–7.51 (m, 2H), 7.49–7.29 (m, 4H), 7.24–7.11 (m, 1H), 5.72 (s, 1H), 5.31 (d, J = 6.1 
Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 140.8, 139.0, 135.1, 134.5, 133.6, 130.6, 129.8, 129.3, 127.6, 
125.8, 125.3, 121.3, 77.4, 77.1, 76.8, 60.6. HPLC: Chiracel OD column, 220 nm, 30 ℃, n-hexane/i-
propanol = 70/30, flow = 0.7 mL/min, retention time 16.1 min (maj) and 20.6 min.

(S)-3-(4-chlorophenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1q): 85% yield, 88% ee(S), known compound5, 
white solid, m.p.= 179-181℃, [α]20

D= +83.2 (c 0.25, CH2Cl2). 1H NMR (400 MHz, DMSO-d6) δ 8.66 (s, 
1H), 7.88 (d, J = 7.0 Hz, 1H), 7.71–7.55 (m, 2H), 7.53–7.41 (m, 4H), 7.30 (d, J = 7.5 Hz, 1H), 5.92 (s, 1H). 
13C NMR (101 MHz, DMSO-d6) δ 140.1, 140.0, 135.2, 133.7, 133.3, 130.1, 129.4, 129.2, 126.0, 121.1, 
59.5, 40.6, 40.4, 40.2, 40.0, 39.8, 39.6, 39.4. HPLC: Chiracel OJ column, 220 nm, 30 ℃, n-hexane/i-
propanol = 70/30, flow = 0.7 mL/min, retention time 25.0 min (maj) and 29.7 min.

(S)-3-(4-phenoxyphenyl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1r): 79% yield, 92% ee(S), unknown 
compound, white solid, m.p.= 101.5-104.8℃, [α]20

D= +44.2 (c 0.5, CH2Cl2). 1H NMR (400 MHz, CDCl3) 
δ 7.83 (d, J = 7.4 Hz, 1H), 7.57 (p, J = 7.2 Hz, 2H), 7.45–7.29 (m, 4H), 7.17 (q, J = 7.4 Hz, 2H), 7.01 (dd, 
J = 15.6, 8.3 Hz, 4H), 5.74 (s, 1H), 5.31 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 158.1, 156.5, 139.9, 134.8, 
133.4, 133.3, 130.0, 129.6, 129.2, 125.5, 123.9, 121.1, 119.4, 119.0, 77.5, 77.2, 76.8, 60.8. HRMS 
Calculated for C19H16NO3S [M+H]+ 338.0845, found: 338.0845. HPLC: Chiracel AD column, 220 nm, 30 
℃, n-hexane/i-propanol = 80/20, flow = 0.6 mL/min, retention time 30.9 min (maj) and 38.4 min.

(S)-3-(naphthalen-2-yl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1s): 92% yield, 96% ee(S), known compound5, 
white solid, m.p.= 191.2-192.4℃, [α]20

D= +127.0 (c 0.37, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 8.06–
7.74 (m, 5H), 7.53 (d, J = 4.2 Hz, 4H), 7.38 (d, J = 8.6 Hz, 1H), 7.13 (s, 1H), 5.87 (s, 1H), 5.34 (s, 1H). 
13C NMR (101 MHz, CDCl3) δ 139.7, 136.0, 134.7, 133.5, 133.4, 133.1, 129.6, 129.5, 128.1, 127.9, 
127.2, 126.8, 126.8, 125.5, 124.5, 121.2, 77.4, 77.1, 76.8, 61.5. HPLC: Chiracel AD column, 220 nm, 
30 ℃, n-hexane/i-propanol = 80/20, flow = 0.7 mL/min, retention time 30.4 min and 38.7 min (maj).

(S)-3-(benzofuran-5-yl)-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (1t): 86% yield, 88% ee(S), unknown compound, 
white solid, m.p.= 140-143.1℃, [α]20

D= +96.3 (c 0.59, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.92–
7.72 (m, 1H), 7.71–7.57 (m, 2H), 7.57–7.39 (m, 3H), 7.31–7.19 (m, 1H), 7.17 –7.04 (m, 1H), 6.75 (d, J 
= 2.2 Hz, 1H), 5.82 (s, 1H), 5.47 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 155.0, 146.1, 140.3, 134.6, 
133.5, 133.4, 129.5, 128.1, 125.5, 123.8, 121.1, 120.7, 112.2, 106.7, 77.5, 77.2, 76.9, 61.5. HRMS 
Calculated for C15H12NO3S [M+H]+ 286.0532, found: 286.0532. HPLC: Chiracel OD column, 220 nm, 
30 ℃, n-hexane/i-propanol = 70/30, flow = 0.8 mL/min, retention time 38.0 min (maj) and 49.9 min.

(S)-5-methyl-3-phenyl-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (2a): 98% yield, 92% ee(S), known compound4d, 
white solid, m.p.= 171-172℃, [α]20

D= +63.8 (c 0.5, CH3Cl). 1H NMR (400 MHz, CDCl3) δ 7.70 (d, J 
= 8.0 Hz, 1H), 7.39 (m, J = 2.4 Hz, 5H), 7.33 (d, J = 7.5 Hz, 1H), 6.92 (s, 1H), 5.69 (d, J = 4.1 Hz, 
1H), 5.20 (s, 1H), 2.37 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 144.4, 140.2, 139.0, 132.1, 130.5, 129.2, 
129.0, 127.6, 125.5, 120.9, 77.4, 77.1, 76.8, 61.3, 21.7. HPLC: Chiracel AD column, 220 nm, 30 ℃, 
n-hexane/i-propanol = 85/15, flow = 0.5 mL/min, retention time 37.3 min and 39.6 (maj) min.

(S)-5-methoxy-3-phenyl-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (2b): 94% yield, 85% ee(S), known 
compound4d, white solid, m.p.= 120-121℃, [α]20

D= +61.4 (c 0.52, CH3Cl). 1H NMR (400 MHz, 
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CDCl3) δ 7.71 (d, J = 8.7 Hz, 1H), 7.38 (m, 5H), 7.03 (d, J = 6.4 Hz, 1H), 6.53 (d, J = 2.2 Hz, 1H), 5.66 (d, J = 4.1 Hz, 
1H), 5.21 (s, 1H), 3.77 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 163.8, 142.5, 138.9, 129.3, 129.0, 127.6, 126.9, 122.6, 
116.5, 109.2, 77.4, 77.1, 76.8, 61.2, 55.8. HPLC: Chiracel AD column, 220 nm, 30 ℃, n-hexane/i-propanol = 85/15, 
flow = 0.7 mL/min, retention time 36.7 min and 42.5(maj) min.

(S)-3-(3-(((tert-butyldimethylsilyl)oxy)methyl)phenyl)-2-methyl-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide(S4): 
97% yield, 89% ee(S), unknown compound, white solid, m.p.= 149.1-152.2℃, [α]20

D= +105.9 (c 
0.57, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.63–7.47 (m, 2H), 7.45–7.33 (m, 2H), 7.29 (t, J = 2.0 
Hz, 1H), 7.23 (tt, J = 5.2, 3.0 Hz, 1H), 7.09–7.01 (m, 1H), 5.21 (s, 1H), 4.76 (s, 2H), 2.78 (s, 3H), 
0.93 (s, 9H), 0.10 (d, J = 3.6 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 142.7, 138.4, 136.6, 133.0, 
129.3, 129.1, 126.8, 126.8, 125.7, 125.1, 121.1, 67.0, 64.6, 27.4, 25.9, 18.4, -5.2. HRMS Calculated 
for C21H30NO3SSi [M+H]+ 404.1716, found: 404.1703. HPLC: Chiracel OD column, 220 nm, 30 
℃, n-hexane/i-propanol = 80/20, flow = 0.8 mL/min, retention time 6.8 min (maj) and 8.5 min.

(S)-3-(3-(hydroxymethyl)phenyl)-2-methyl-2,3-dihydrobenzo[d]isothiazole 1,1-dioxide (3): 87% yield, 88% ee(S), 
known compound4b, white solid, [α]20

D= +134.4 (c 0.17, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.95–
7.75 (m, 1H), 7.60–7.45 (m, 2H), 7.39 (d, J = 5.6 Hz, 2H), 7.33 (s, 1H), 7.26 (m, J = 5.8, 2.6, 2.2 Hz, 
1H), 7.13 – 6.98 (m, 1H), 5.21 (s, 1H), 4.68 (s, 2H), 2.76 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 
142.2, 138.3, 136.9, 133.9, 133.1, 129.4, 129.4, 127.7, 127.3, 126.3, 125.1, 121.1, 77.4, 77.1, 76.8, 
67.0, 64.6, 27.5. HPLC: Chiracel OD column, 220 nm, 30 ℃, n-hexane/i-propanol = 70/30, flow = 
0.8 mL/min, retention time 6.8 min (maj) and 8.5 min.
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