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1. Experimental Section 

1.1. General 

All the reagents were purchased from Aldrich, TCI, Energy chemical and other 

local suppliers, and used without purification. Toluene, methanol, dichloromethane, 

chloroform, acetonitrile and tetrahydrofuran were used without purification unless 

otherwise stated. All reactions were monitored by TLC. Chromatography refers to 

open column chromatography on silica gel (200-300mesh).
 1

H NMR spectra were 

recorded on 500 or 400 MHz, 
13

C NMR spectra were recorded on 126 or 101 MHz by 

using a Bruker Avance spectrometer. Chemical shifts were reported in parts per 

million (δ) relative to tetramethylsilane (TMS). Mass spectra were performed on an 

Ultima Global spectrometer with an ESI source. Optical rotations were measured on 

Rudolph Autopol IV-Tautomatic polarimeter and reported as follows: [α]�
��(c g/100 

mL, solvent). Chiral HPLC analysis was performed using a Shimadzu LC-20AT 

UFLC. Substrates silyl enol ethers were synthesized according to the already reported 

literatures
[1]

. Substrates cyclic N-sulfonyl ketimino ester were synthesized according 

to the known procedures
[2]

. The (R)-indane-based chiral amino alcohol was 

synthesized according to reported literature
[3]

 and our pioneering studies
[4]

. 
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1.2. General procedure for synthesis of ligands L1a-L1c and L2 

 

To a solution of substituted 2-pyridine carboxylic acid or 2-Quinoline carboxylic 

acid (2.62 mmol) in anhydrous DCM (10 mL) was added N-hydroxybenzotrizole 

(HOBT) (2.88 mmol), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide 

hydrochloride (EDCI·HCl) (2.88 mol), and triethylamine (4.32 mmol) at 0 °C 

sequentially. The reaction mixture was stirred at room temperature for 1 hour. Then 

chiral amino alcohol R-1 (2.62 mmol) was added and the reaction mixture was 

allowed warm to room temperature and stirred for 3 hours. The solvent was 

evaporated to obtain the intermediate R-2. The intermediate R-2 was used directly 

without further purification. To a solution of triphenylphosphine (3.14 mmol), and 

2,3-dichloro-5,6-dicyano-1,4-benzoquinon (DDQ, 3.14 mmol) in DCM (10 mL) was 

added the intermediate R-2 slowly at 0 °C. The reaction mixture was warmed to room 

temperature and monitored by TLC. The reaction mixture was filtrated through celite, 

washed with 5% sodium hydroxide. The aqueous phase was extracted with DCM. The 

combined organic layers were dried over anhydrous sodium sulfate, filtrated, and 

concentrated under reduced pressure. The residue was purified by chromatography 

with petroleum ether/ethyl acetate 3:1 (v/v) to give L1a-L1c or L2. 



S4 

 

(R)-2'-(Pyridin-2-yl)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazole] (L1a) Yellow 

oil, [α]�
�� = + 70.2 (c = 0.4, MeOH), 49% yield. 

1
H NMR (500 MHz, CDCl3) δ 8.74 

(d, J = 4.9 Hz, 1H), 8.13 (d, J = 7.9 Hz, 1H), 7.78 (t, J = 7.8 Hz, 1H), 7.43-7.40 (m, 

1H), 7.27 (d, J = 11.5 Hz, 4H), 4.69 (d, J = 8.8 Hz, 1H), 4.59 (d, J = 8.8 Hz, 1H), 

3.23-3.18 (m, 1H), 3.00-2.98 (m, 1H), 2.59-2.55 (m, 1H), 2.30-2.26 (m, 1H). 
13

C 

NMR (126 MHz, CDCl3) δ 162.36, 149.96, 147.02, 145.93, 143.61, 136.83, 128.49, 

127.39, 125.83, 124.92, 124.39, 123.60, 81.21, 79.12, 40.38, 30.44. HRMS (ESI): 

calcd for C16H14N2O [M+Na]
+
 : 273.1004, found 273.1008. 

(R)-2'-(5-(Trifluoromethyl)pyridin-2-yl)-2,3-dihydro-5'H-spiro[indene-1,4'-oxa

zole] (L1b) White solid, m.p.: 104.5-105.3 °C, [α]�
�� = +87.5 (c = 0.2, MeOH), 55% 

yieid. 
1
H NMR (500 MHz, CDCl3) δ 8.90 (s, 1H), 8.17 (d, J = 8.2 Hz, 1H), 7.95 (dd, J 

= 8.3, 2.3 Hz, 1H), 7.23-7.12 (m, 4H), 4.64 (d, J = 8.8 Hz, 1H), 4.53 (d, J = 8.9 Hz, 

1H), 3.17-3.11 (m, 1H), 2.92-2.89 (m, 1H), 2.53-2.47 (m, 1H), 2.23-2.18 (m, 1H). 
13

C 

NMR (126 MHz, CDCl3) δ 161.09, 149.96, 146.62 (q, J = 4.1 Hz), 145.32, 143.46, 

133.96 (q, J = 3.6 Hz), 128.49, 128.10 (q, J = 33.2 Hz), 127.27, 124.83, 123.94, 

123.31, 123.14 (q, J = 273.4 Hz), 81.24, 79.09, 40.14, 30.25. HRMS (ESI): calcd for 

C17H13F3N2O [M+Na]
+
 : 341.0878, found 341.0883. 

(R)-2'-(5-Methoxypyridin-2-yl)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazole] 

(L1c) White solid, m.p.: 107.7-108.5 °C, [α]�
�� = +46.4 (c = 0.2, MeOH), 56% yieid. 

1
H NMR (500 MHz, CDCl3) δ 8.40 (d, J = 2.9 Hz, 1H), 8.08 (d, J = 8.7 Hz, 1H), 

7.28-7.20 (m, 5H), 4.65 (d, J = 8.7 Hz, 1H), 4.56 (d, J = 8.4 Hz, 1H), 3.92 (s, 3H), 
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3.24-3.18 (m, 1H), 3.01-2.95 (m, 1H), 2.59-2.54 (m, 1H), 2.30-2.25 (m, 1H). 
13

C 

NMR (126 MHz, CDCl3) δ 161.96, 157.23, 145.95, 143.37, 139.11, 137.81, 128.20, 

127.16, 125.15, 124.69, 123.41, 120.08, 80.91, 78.87, 55.75, 40.20, 30.24. HRMS 

(ESI): calcd for C17H16N2O2 [M+H]
+
 : 281.1290, found 281.1288, [M+Na]

+
: 303.1109, 

found 303.1106. 

(R)-2'-(Quinolin-2-yl)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazole] (L2) White 

solid, m.p.: 132.5-133.2 °C, [α]�
�� = +89.7 (c = 0.3, MeOH), 67% yield. 

1
H NMR 

(500 MHz, CDCl3) δ 8.31 (d, J = 8.5 Hz, 1H), 8.27-8.22 (m, 2H), 7.87 (d, J = 8.2 Hz, 

1H), 7.78 (t, J = 7.8 Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.29-7.26 (m, 4H), 4.76 (d, J = 

8.8 Hz, 1H), 4.67 (d, J = 8.8 Hz, 1H), 3.25-3.19 (m, 1H), 3.04-3.00 (m, 1H), 

2.64-2.59 (m, 1H), 2.34-2.29 (m, 1H). 
13

C NMR (126 MHz, CDCl3) δ 162.51, 147.63, 

146.95, 145.74, 143.44, 136.72, 130.38, 130.08, 128.83, 128.38, 127.99, 127.57, 

127.30, 124.80, 123.49, 121.14, 81.17, 79.27, 40.30, 30.30. HRMS (ESI): calcd for 

C16H14N2O [M+Na]
+
 : 323.1160, found 323.1162. 

1.3. General procedure for synthesis of ligand L3 

 

A 100-ml three-necked round-bottomed flask fitted with a reflux condenser was 

charged with 2, 2-dimethyl malononitrile (1.31 mmol), Zn(OTf)2 (1.31 mmol) and 
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chiral amino alcohol R-1 (2.62 mmol). The system was purged with argon and toluene 

(50 mL) was added. The solution was heated under reflux for 48 h. The reaction 

mixture was concentrated under reduced pressure. The residue was purified by 

chromatography with petroleum ether/ethyl acetate 3:1 (v/v) to give L3. 

Bis((R)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazol]-2'-yl)propane (L3) White 

solid, m.p.: 66.1-67.5 °C, [α]�
�� = +18.4 (c= 0.3, MeOH), 69% yield. 

1
H NMR (500 

MHz, CDCl3) δ 7.25-7.16 (m, 8H), 4.40 (d, J = 8.5 Hz, 2H), 4.34 (d, J = 8.5 Hz, 2H), 

3.13-3.07 (m, 2H), 2.97-2.90 (m, 2H), 2.53-2.47 (m, 2H), 2.21-2.15 (m, 2H), 1.64 (s, 

6H). 
13

C NMR (126 MHz, CDCl3) δ 169.05, 146.30, 142.98, 128.11, 127.19, 124.60, 

123.31, 80.28, 79.48, 39.58, 38.72, 30.21, 24.66. HRMS (ESI): calcd for C25H27N2O2 

[M+H]
+
: 387.2073, found 387.2065, [M+Na]

+
 : 409.1892, found 409.1881. 

1.4. General procedure for synthesis of ligand L4 

 

Pyridine-2,6-dicarboxylic acid (5 mmol) was treated with SOCl2 (10 mL) at 80 °C 

over night. Excess SOCl2 was then removed under reduced pressure to give the acid 
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chloride as a white solid (100% yield). A solution of crude 2,6-pyridine carbonyl 

dichloride in DCM was slowly added to a solution of R-1 (10 mmol) and 

triethylamine (30 mmol) in DCM (20 mL) at 0 °C for 2h. The reaction mixture was 

warmed to room temperature, SOCl2 (20 mmol) was added. The mixture was heated 

to reflux for 2 h and then poured into ice water. The organic layer was washed with 

brine and Na2CO3 aqueous and then dried over anhydrous Na2SO4. After evaporating 

the solvent, The solid was treated with alcohol (20 mL) and NaOH (40 mmol) at room 

temperature for 24h. The mixture was extracted with DCM and brine, the organic 

layer was dried over Na2SO4. After evaporating the solvent, the crude product was 

purified by chromatography with ether/ethyl acetate 2:1 (v/v) to give L4 as white 

solid.  

2,6-Bis((R)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazol]-2'-yl)pyridine (L4) 

White solid, m.p.: 177.1-176.4 °C, [α]�
�� = +16.5 (c = 0.3, MeOH), 47% yield. 

1
H 

NMR (500 MHz, CDCl3) δ 8.28 (d, J = 7.8 Hz, 2H), 7.86 (t, J = 7.8 Hz, 1H), 7.25 (dd, 

J = 14.4, 2.5 Hz, 8H), 4.68 (d, J = 8.9 Hz, 2H), 4.61 (d, J = 8.8 Hz, 2H), 3.20-3.14 (m, 

2H), 3.01-2.95 (m, 2H), 2.55-2.50 (m, 2H), 2.29-2.24 (m, 2H). 
13

C NMR (126 MHz, 

CDCl3) δ 161.90, 146.81, 145.60, 143.40, 137.40, 128.39, 127.30, 126.27, 124.81, 

123.46, 81.01, 79.19, 40.33, 30.23. HRMS (ESI): calcd for C27H23N3O2 [M+H]
+
 : 

422.1869, found 422.1866, [M+Na]
+
 : 444.1688, found 444.1679. 
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2. General procedure for asymmetric Mukaiyama-Mannich reaction 

L3 (2.3 mg, 0.006 mmol) and Co(ClO4)2.6H2O (1.8 mg, 0.005 mmol) were 

dissolved in CHCl3 (1.0 mL) in a Schlenk tube under an Ar atmosphere at room 

temperature for 1h. Then cyclic N-sulfonyl ketimino ester (0.1 mmol) was added and 

the mixture was stirred at 0 °C for 30 min before enol silyl ether (0.2 mmol) was 

added. The mixture was stirred at 0 °C until the reaction was completed (monitored 

by TLC). The solvent was removed under vacuum, and the residue was purified by 

chromatography on silica gel with petroleum ether/ethyl acetate 3:1 (v/v) to give the 

product. 

 

(R)-ethyl 3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1aa) White solid, m.p.: 83.5-84.9 °C,	[α]�
�� = +155.7 

(c = 0.15, DCM), 98% yield and 99% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 15.142 min for (S)-isomer (minor), tr = 19.892 min for 

(R)-isomer (major). 
1
H NMR (400 MHz, Chloroform-d) δ 7.95-7.89 (m, 2H), 7.84 

(dt, J = 7.6, 1.0 Hz, 1H), 7.71 (d, J = 3.7 Hz, 2H), 7.67-7.57 (m, 2H), 7.47 (t, J = 7.8 

Hz, 2H), 6.07 (s, 1H), 4.40-4.25 (m, 2H), 4.09 (d, J = 17.7 Hz, 1H), 3.73 (d, J = 17.7 

Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 195.95, 169.61, 

136.95, 135.62, 134.02, 133.66, 130.83, 128.81, 128.21, 124.25, 121.91, 65.48, 63.52, 



S9 

 

49.16, 13.96. HRMS (ESI): calcd for C18H17NO5S [M+Na]
+
 : 382.0725, found 

382.0721. 

 

(R)-ethyl 5-methyl-3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ba) White solid, m.p.: 90.8-92.2 °C,	[α]�
�� = +134.6 

(c = 0.22, DCM), 98% yield and 99% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 11.937 min for (S)-isomer (minor), tr = 16.372 min for 

(R)-isomer (major). 
1
H NMR (500 MHz, Chloroform-d) δ 7.85 (d, J = 7.7 Hz, 2H), 

7.64 (d, J = 8.0 Hz, 1H), 7.53 (t, J = 7.4 Hz, 1H), 7.45-7.33 (m, 4H), 5.96 (s, 1H), 

4.32-4.16 (m, 1H), 4.25-4.18 (m, 1H), 4.02 (d, J = 17.7 Hz, 1H), 3.63 (d, J = 17.7 Hz, 

1H), 2.43 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H). 
13

C NMR (126 MHz, CDCl3) δ 196.09, 

169.75, 144.88, 137.20, 135.62, 134.00, 132.85, 131.77, 128.79, 128.20, 124.39, 

121.63, 65.32, 63.45, 49.31, 21.90, 13.97. HRMS (ESI): calcd for C19H19NO5S 

[M+Na]
+
 :396.0082, found 396.0077.

 

NH

S

O
O

EtOOC

O

O

 

(R)-ethyl 5-methoxy-3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ca) White solid, m.p.: 144.1-145.6 °C, 	[α]�
��  = 

+174.4 (c = 0.35, DCM), 98% yield and 98% ee, determined by chiral HPLC 

analysis (Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 



S10 

 

nm), retention times: tr = 15.062 min for (S)-isomer (minor), tr = 19.906 min for 

(R)-isomer (major). 
1
H NMR (400 MHz, Chloroform-d) δ 7.91 (d, J = 7.0 Hz, 2H), 

7.73 (d, J = 8.2 Hz, 1H), 7.60 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.12 (d, J = 

8.2 Hz, 2H), 6.03 (s, 1H), 4.43-4.24 (m, 2H), 4.05 (d, J = 17.7 Hz, 1H), 3.91 (s, 3H), 

3.74 (d, J = 17.7 Hz, 1H), 1.32 (t, J = 7.1 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 

195.97, 169.61, 163.94, 139.54, 135.63, 134.01, 128.81, 128.21, 127.58, 123.31, 

117.24, 108.60, 65.17, 63.49, 56.06, 49.33, 14.02. HRMS (ESI): calcd for 

C19H19NO6S [M+Na]
+ 

:412.0831, found 412.0822 

NH

S

O
O

EtOOC

O

 

(R)-ethyl 5-(tert-butyl)-3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1da) White solid, m.p.: 136.7-137.9 °C, 	[α]�
��  = 

+136.9 (c = 0.17, DCM), 97% yield and 98% ee, determined by chiral HPLC 

analysis (Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 

nm), retention times: tr = 7.487 min for (S)-isomer (minor), tr = 13.062 min for 

(R)-isomer (major).
1
H NMR (500 MHz, Chloroform-d) δ 7.86 (d, J = 7.7 Hz, 2H), 

7.68 (d, J = 8.3 Hz, 1H), 7.60 (d, J = 7.5 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.40 (t, J = 

7.6 Hz, 2H), 5.98 (s, 1H), 4.38-4.31 (m, 1H), 4.22-4.15 (m, 1H), 3.99 (d, J = 17.7 Hz, 

1H), 3.68 (d, J = 17.7 Hz, 1H), 1.31 (s, 9H), 1.24 (t, J = 7.1 Hz, 3H). 
13

C NMR (126 

MHz, CDCl3) δ 196.06, 169.75, 158.15, 137.08, 135.66, 133.99, 132.84, 128.79, 

128.50, 128.24, 121.42, 120.61, 65.52, 63.33, 49.26, 35.63, 31.21, 14.05. HRMS 

(ESI): calcd for C22H25NO5S [M+Na]
+
 : 438.1351, found 438.1344. 
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(R)-ethyl 5-chloro-3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ea) White solid, m.p.: 87.8-88.6 °C,	[α]�
�� = +139.3 

(c = 0.18, DCM), 99% yield and 99% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 15.386 min for (S)-isomer (minor), tr = 21.657 min for 

(R)-isomer (major). 
1
H NMR (500 MHz, Chloroform-d) δ 7.92 (d, J = 6.9 Hz, 2H), 

7.77 (d, J = 8.3 Hz, 1H), 7.68 (d, J = 1.7 Hz, 1H), 7.65-7.57 (m, 2H), 7.48 (t, J = 7.8 

Hz, 2H), 6.11 (s, 1H), 4.43-4.27 (m, 2H), 4.05 (d, J = 17.5 Hz, 1H), 3.74 (d, J = 17.6 

Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H). 
13

C NMR (126 MHz, CDCl3) δ 195.64, 169.11, 

140.14, 139.00, 135.45, 134.21, 134.15, 131.33, 128.86, 128.23, 124.59, 123.11, 

65.10, 63.83, 49.05, 13.96. HRMS (ESI): calcd for C18H16ClNO5S 

[M+Na]
+
 :416.0335, found 416.0326. 

 

(R)-ethyl 3-(2-oxo-2-phenylethyl)-5-(trifluoromethyl)-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1fa) White solid, m.p.: 

99.3-100.7 °C,	[α]�
��  = +117.7 (c = 0.32, DCM), 69% yield and 99% ee, 

determined by chiral HPLC analysis (Chiralcel OD-H hexane/isopropanol, 

80:20 v/v, 1.0 mL/min, UV 254 nm), retention times: tr = 8.895 min for 

(S)-isomer (minor), tr = 16.202 min for (R)-isomer (major). 
1
H NMR (500 MHz, 
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Chloroform-d) δ 7.98 (d, J = 7.5 Hz, 2H), 7.95-7.89 (m, 3H), 7.62 (t, J = 7.4 Hz, 1H), 

7.49 (t, J = 7.8 Hz, 2H), 6.20 (s, 1H), 4.45-4.39 (m, 1H), 4.35-4.28 (m, 1H), 4.10 (d, J 

= 17.6 Hz, 1H), 3.77 (d, J = 17.6 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H). 
13

C NMR (126 

MHz, CDCl3) δ 196.08, 169.50, 139.58, 138.62, 136.30 (d, J = 33.4 Hz), 135.92, 

134.77, 129.43, 128.80, 128.70 (q, J = 3.5 Hz), 123.39, 122.44 (q, J = 274.7 Hz), 

122.29 (q, J = 3.8 Hz), 65.94, 64.47, 49.50, 14.47. HRMS (ESI): calcd for 

C19H16F3NO5S [M+Na]
+
 :450.0599, found 450.0591. 

 

(R)-ethyl 3-(2-oxo-2-(4-tolyl)ethyl)-2,3-dihydrobenzo[d] isothiazole 

-3-carboxylate 1,1-dioxide (1ab) White solid, m.p.: 76.2-77.7 °C,	[α]�
�� = +47.9 

(c = 0.16, DCM), 99% yield and 96% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 20.138 min for (S)-isomer (minor), tr = 22.912 min for 

(R)-isomer (major). 
1
H NMR (500 MHz, DMSO-d6) δ 8.42 (s, 1H), 7.81 (dd, J = 

15.2, 8.0 Hz, 3H), 7.75-7.68 (m, 2H), 7.64-7.59 (m, 1H), 7.26 (d, J = 8.0 Hz, 2H), 

4.25 (d, J = 18.1 Hz, 1H), 4.09-3.99 (m, 2H), 3.53 (d, J = 18.5 Hz, 1H), 2.30 (s, 3H), 

1.05 (t, J = 7.0 Hz, 3H). 
13

C NMR (126 MHz, DMSO-d6) δ 195.59, 169.74, 144.36, 

136.16, 135.04, 133.43, 133.03, 130.74, 129.31, 128.27, 124.76, 120.97, 64.91, 61.87, 

49.09, 21.16, 13.72. HRMS (ESI): calcd for C19H19NO5S [M+Na]
+
 :396.0882, 

found 396.0877. 
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(R)-ethyl 3-(2-(4-methoxyphenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ac) White solid, m.p.: 66.3-67.6 °C,	[α]�
�� = +79.8 

(c = 0.12, DCM), 96% yield and 99% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 22.639 min for (R)-isomer (major), tr = 29.657 min for 

(S)-isomer (minor). 
1
H NMR (400 MHz, Chloroform-d) δ 7.89 (d, J = 8.9 Hz, 2H), 

7.84 (d, J = 7.4 Hz, 1H), 7.70 (d, J = 2.5 Hz, 2H), 7.66-7.62 (m, 1H), 6.93 (d, J = 8.9 

Hz, 2H), 6.07 (s, 1H), 4.40-4.23 (m, 2H), 4.04 (d, J = 17.5 Hz, 1H), 3.88 (s, 3H), 3.68 

(d, J = 17.5 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 194.36, 

169.73, 164.20, 137.01, 135.59, 133.61, 130.76, 130.57, 128.71, 124.28, 121.86, 

113.97, 65.60, 63.43, 55.56, 48.83, 13.96. HRMS (ESI): calcd for C19H19NO6S 

[M+Na]
+ 

:412.0831, found 412.0822. 

 

(R)-ethyl 3-(2-(4-fluorophenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ad) White solid, m.p.: 71.4-72.3 °C,	[α]�
�� = +123.9 

(c = 0.27, DCM), 93% yield and 97% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 13.268 min for (R)-isomer (major), tr = 19.243 min for 
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(S)-isomer (minor). 
1
H NMR (400 MHz, Chloroform-d) δ 7.99-7.92 (m, 2H), 7.84 (d, 

J = 7.5 Hz, 1H), 7.70 (d, J = 4.4 Hz, 2H), 7.68-7.62 (m, 1H), 7.14 (t, J = 8.6 Hz, 2H), 

6.05 (s, 1H), 4.41-4.25 (m, 2H), 4.04 (d, J = 17.6 Hz, 1H), 3.70 (d, J = 17.6 Hz, 1H), 

1.32 (t, J = 7.1 Hz, 3H). 
13

C NMR (126 MHz, CDCl3) δ 194.37, 169.51, 166.25 (d, J 

= 256.5 Hz), 136.88, 135.65, 133.68, 132.12 (d, J = 3.0 Hz), 130.99, 130.90 (d, J = 

5.5 Hz), 124.21, 121.92, 116.02 (d, J = 22.0 Hz), 65.44, 63.58, 49.00, 13.96. HRMS 

(ESI): calcd for C18H16FNO5S [M+Na]
+ 

: 400.0631, found 400.0623. 

 

(R)-ethyl 3-(2-(4-chlorophenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ae) White solid, m.p.: 88.1-89.3 °C,	[α]�
�� = +119.1 

(c = 0.35, DCM), 98% yield and 97% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 15.342 min for (R)-isomer (major), tr = 21.386 min for 

(S)-isomer (minor). 
1
H NMR (400 MHz, Chloroform-d) δ 7.89-7.81 (m, 3H), 7.70 (d, 

J = 3.1 Hz, 2H), 7.67-7.63 (m, 1H), 7.45 (d, J = 8.3 Hz, 2H), 6.05 (s, 1H), 4.41-4.25 

(m, 2H), 4.03 (d, J = 17.6 Hz, 1H), 3.69 (d, J = 17.4 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H). 

13
C NMR (101 MHz, CDCl3) δ 194.79, 169.46, 140.59, 136.84, 135.63, 133.95, 

133.71, 130.90, 129.62, 129.17, 124.22, 121.92, 65.40, 63.61, 49.03, 13.97. HRMS 

(ESI): calcd for C18H16ClNO5S [M+Na]
+ 

: 416.0335, found 416.0329. 
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(R)-ethyl 3-(2-oxo-2-(4-(trifluoromethyl)phenyl)ethyl)-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1af) White solid, m.p.: 54.4-55.6 °C,	[α]�
�� 

= +106.3 (c = 0.22, DCM), 85% yield and 99% ee, determined by chiral HPLC 

analysis (Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 

nm), retention times: tr = 15.730 min for (R)-isomer (major), tr = 21.503 min for 

(S)-isomer (minor). 
1
H NMR (500 MHz, Chloroform-d) δ 7.96 (d, J = 8.2 Hz, 2H), 

7.78 (d, J = 7.7 Hz, 1H), 7.67 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 2.5 Hz, 2H), 7.61-7.57 

(m, 1H), 5.99 (s, 1H), 4.35-4.20 (m, 2H), 3.99 (d, J = 17.7 Hz, 1H), 3.68 (d, J = 17.8 

Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H). 
13

C NMR (126 MHz, CDCl3) δ 194.65, 168.84, 

137.75, 136.29, 135.18, 134.71 (q, J = 32.6 Hz), 133.26, 130.47, 128.10, 125.40 (q, J 

= 3.8 Hz), 123.69, 122.91 (q, J = 273.4 Hz), 121.45, 64.83, 63.20, 48.73, 13.46. 

HRMS (ESI): calcd for C19H16F3NO5S [M+Na]
+ 

: 450.0599, found 450.0592. 

 

(R)-ethyl 3-(2-oxo-2-(3-tolyl)ethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ag) White solid, m.p.: 77.9-79.3 °C,	[α]�
�� = +122.1 

(c = 0.28, DCM), 99% yield and 94% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 15.028 min for (S)-isomer (minor), tr = 24.494 min for 

(R)-isomer (major). 
1
H NMR (500 MHz, DMSO-d6) δ 8.54 (s, 1H), 7.92-7.78 (m, 
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5H), 7.75-7.69 (m, 1H), 7.51 (d, J = 7.5 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 4.37 (d, J = 

18.4 Hz, 1H), 4.20-4.19 (m, 2H), 3.66 (d, J = 18.4 Hz, 1H), 2.38 (s, 3H), 1.15 (t, J = 

7.1 Hz, 3H). 
13

C NMR (126 MHz, DMSO-d6) δ 196.65, 170.21, 138.75, 136.66, 

135.99, 135.55, 134.92, 133.94, 131.26, 129.19, 129.16, 125.76, 125.27, 121.48, 

65.39, 62.39, 49.75, 21.23, 14.23. HRMS (ESI): calcd for C19H19NO5S 

[M+Na]
+ 

:396.0882, found 396.0877. 

 

 

(R)-ethyl 3-(2-(3-methoxyphenyl)-2-oxoethyl)-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1ah) White solid, m.p.: 65.1-66.5 °C,	[α]�
�� 

= +159.5 (c = 0.13, DCM), 98% yield and 95% ee, determined by chiral HPLC 

analysis (Chiralcel OD-H hexane/isopropanol, 70:30 v/v, 1.0 mL/min, UV 254 

nm), retention times: tr = 13.381 min for (S)-isomer (minor), tr = 40.464 min for 

(R)-isomer (major). 
1
H NMR (500 MHz, DMSO-d6) δ 8.53 (s, 1H), 7.89 (d, J = 7.7 

Hz, 1H), 7.82 (q, J = 8.2 Hz, 2H), 7.73 (d, J = 6.8 Hz, 1H), 7.61 (d, J = 7.7 Hz, 1H), 

7.48 (dd, J = 17.1, 9.1 Hz, 2H), 7.26 (dd, J = 8.2, 2.7 Hz, 1H), 4.39 (d, J = 18.5 Hz, 

1H), 4.20-4.09 (m, 2H), 3.83 (s, 3H), 3.69 (d, J = 18.6 Hz, 1H), 1.15 (t, J = 7.1 Hz, 

3H). 
13

C NMR (126 MHz, DMSO-d6) δ 196.47, 170.23, 159.93, 137.35, 136.61, 

135.54, 133.94, 131.26, 130.45, 125.29, 121.48, 121.14, 120.58, 112.95, 65.42, 62.40, 

55.87, 49.77, 14.22. HRMS (ESI): calcd for C19H19NO6S [M+Na]
+ 

: 412.0831, 

found 412.0823. 
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(R)-ethyl 3-(2-(3-chlorophenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ai) White solid, m.p.: 81.1-82.7 °C,	[α]�
�� = + 109.8 

(c = 0.16, DCM), 97% yield and 95% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 21.784 min for (S)-isomer (minor), tr = 33.071 min for 

(R)-isomer (major). 
1
H NMR (400 MHz, Chloroform-d) δ 7.89 (s, 1H), 7.84 (d, J = 

7.9 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.70 (d, J = 2.9 Hz, 2H), 7.67-7.63 (m, 1H), 

7.58 (d, J = 8.0 Hz, 1H), 7.42 (t, J = 7.8 Hz, 1H), 6.04 (s, 1H), 4.41-4.25 (m, 2H), 

4.04 (d, J = 17.7 Hz, 1H), 3.70 (d, J = 17.7 Hz, 1H), 1.32 (t, J = 7.1 Hz, 3H). 
13

C 

NMR (101 MHz, CDCl3) δ 194.77, 169.40, 137.09, 136.80, 135.66, 135.21, 133.93, 

133.73, 130.92, 130.18, 128.31, 126.30, 124.22, 121.94, 65.34, 63.64, 49.16, 13.97. 

HRMS (ESI): calcd for C18H16ClNO5S [M+Na]
+ 

: 416.0335, found 416.0326. 

 

(R)-ethyl 3-(2-oxo-2-(2-tolyl)ethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1aj) White solid, m.p.: 66.7-67.7 °C,	[α]�
�� = +102.9 

(c = 0.37, DCM), 95% yield and 97% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 11.334 min for (S)-isomer (minor), tr = 16.863 min for 

(R)-isomer (major). 
1
H NMR (400 MHz, Chloroform-d) δ 7.83 (d, J = 7.6 Hz, 1H), 



S18 

 

7.72-7.60 (m, 4H), 7.41 (t, J = 7.5 Hz, 1H), 7.31-7.21 (m, 2H), 6.09 (s, 1H), 4.41-4.27 

(m, 2H), 4.04 (d, J = 17.7 Hz, 1H), 3.65 (d, J = 17.7 Hz, 1H), 2.53 (s, 3H), 1.33 (t, J = 

7.2 Hz, 3H). 
13

C NMR (101 MHz, CDCl3) δ 198.81, 169.33, 138.80, 136.63, 135.35, 

135.26, 133.24, 131.97, 131.93, 130.39, 128.67, 125.48, 123.85, 121.51, 65.32, 63.11, 

51.03, 21.20, 13.62. HRMS (ESI): calcd for C19H19NO5S [M+Na]
+ 

: 396.0882, 

found 396.0877. 

 

(R)-ethyl 3-(2-(2-methoxyphenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ak) White solid, m.p.: 99.7-100.8 °C, 	[α]�
��  = 

+143.6 (c = 0.23, DCM), 98% yield and 95% ee, determined by chiral HPLC 

analysis (Chiralcel AD-H hexane/isopropanol, 70:30 v/v, 1.0 mL/min, UV 254 

nm), retention times: tr = 38.396 min for (S)-isomer (minor), tr = 50.468 min for 

(R)-isomer (major). 
1
H NMR (500 MHz, Chloroform-d) δ 7.86 (dd, J = 7.9, 1.9 Hz, 

1H), 7.82 (d, J = 7.7 Hz, 1H), 7.69 (d, J = 5.6 Hz, 2H), 7.64-7.61 (m 1H), 7.54-7.47 

(m, 1H), 7.03 (t, J = 7.6 Hz, 1H), 6.96 (d, J = 8.3 Hz, 1H), 6.05 (s, 1H), 4.38-4.24 (m, 

2H), 4.12 (d, J = 18.4 Hz, 1H), 3.86 (s, 3H), 3.74 (d, J = 18.6 Hz, 1H), 1.30 (t, J = 7.1 

Hz, 3H). 
13

C NMR (126 MHz, CDCl3) δ 196.32, 169.48, 158.98, 136.71, 135.03, 

134.51, 133.07, 130.41, 130.11, 125.26, 123.88, 121.29, 120.35, 111.19, 65.42, 62.77, 

55.07, 54.01, 13.48. HRMS (ESI): calcd for C19H19NO6S [M+Na]
+ 

: 412.0831, 

found 412.0822. 
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(R)-ethyl 3-(2-(2-bromophenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1al) White solid, m.p.: 75.4-77.1 °C,	[α]�
�� = +110.7 

(c = 0.22, DCM), 93% yield and 96% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 18.290 min for (S)-isomer (minor), tr = 36.347 min for 

(R)-isomer (major). 
1
H NMR (400 MHz, Chloroform-d) δ 7.82 (d, J = 7.5 Hz, 1H), 

7.68 (d, J = 4.2 Hz, 2H), 7.63 (dd, J = 8.0, 4.3 Hz, 2H), 7.52 (dd, J = 7.7, 1.8 Hz, 1H), 

7.39 (t, J = 7.5 Hz, 1H), 7.33 (td, J = 7.6, 1.8 Hz, 1H), 6.07 (s, 1H), 4.43-4.32 (m, 2H), 

4.09 (d, J = 17.9 Hz, 1H), 3.67 (d, J = 18.0 Hz, 1H), 1.36 (t, J = 7.1 Hz, 3H). 
13

C 

NMR (101 MHz, CDCl3) δ 199.11, 169.28, 139.34, 136.84, 135.65, 134.10, 133.68, 

132.56, 130.86, 129.32, 127.63, 124.20, 121.88, 119.12, 65.54, 63.74, 52.29, 14.04. 

HRMS (ESI): calcd for C18H16BrNO5S [M+Na]
+ 

: 459.9830, found 459.9821. 

 

(R)-ethyl 5-methoxy-3-(2-(4-methoxyphenyl)-2-oxoethyl)-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1am) White solid, m.p.: 

131.1-132.3 °C,	[α]�
�� = +147.7 (c = 0.14, DCM), 97% yield and 97% ee, 

determined by chiral HPLC analysis (Chiralcel OD-H hexane/isopropanol, 

80:20 v/v, 1.0 mL/min, UV 254 nm), retention times: tr = 18.830 min for 

(R)-isomer (major), tr = 28.530 min for (S)-isomer (minor). 
1
H NMR (500 MHz, 



S20 

 

DMSO-d6) δ 8.29 (s, 1H), 7.98 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.5 Hz, 1H), 7.27 (s, 

1H), 7.23 (d, J = 8.7 Hz, 1H), 7.05 (d, J = 8.4 Hz, 2H), 4.38 (d, J = 18.3 Hz, 1H), 

4.24-4.04 (m, 2H), 3.89 (s, 3H), 3.85 (s, 3H), 3.56 (d, J = 18.3 Hz, 1H), 1.15 (t, J = 

7.0 Hz, 3H). 
13

C NMR (126 MHz, DMSO-d6) δ 194.93, 170.25, 164.08, 163.50, 

139.34, 131.05, 128.98, 127.66, 122.99, 117.89, 114.44, 109.36, 65.21, 62.31, 56.53, 

56.08, 49.49, 14.28. HRMS (ESI): calcd for C20H21NO7S [M+Na]
+ 

: 442.0936, 

found 442.0929. 

 

(R)-ethyl 3-(2-(4-chlorophenyl)-2-oxoethyl)-5-methoxy-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1an) White solid, m.p.: 

103.8-104.9 °C,	[α]�
��= +139.2 (c = 0.35, DCM), 98% yield and 99% ee, 

determined by chiral HPLC analysis (Chiralcel OD-H hexane/isopropanol, 

80:20 v/v, 1.0 mL/min, UV 254 nm), retention times: tr = 16.984 min for 

(S)-isomer (minor), tr = 20.709 min for (R)-isomer (major). 
1
H NMR (500 MHz, 

DMSO-d6) δ 8.26 (s, 1H), 7.94 (d, J = 8.5 Hz, 2H), 7.70 (d, J = 8.6 Hz, 1H), 7.54 (d, J 

= 8.6 Hz, 2H), 7.20 (d, J = 2.3 Hz, 1H), 7.14 (dd, J = 8.6, 2.3 Hz, 1H), 4.39 (d, J = 

18.8 Hz, 1H), 4.12-3.95 (m, 2H), 3.80 (s, 3H), 3.54 (d, J = 18.5 Hz, 1H), 1.05 (t, J = 

7.1 Hz, 3H). 
13

C NMR (126 MHz, DMSO-d6) δ 195.75, 170.14, 163.53, 139.26, 

134.70, 130.60, 129.39, 127.62, 123.01, 117.96, 109.35, 65.09, 62.40, 56.55, 49.65, 

14.27. HRMS (ESI): calcd for C19H18ClNO6S [M+Na]
+ 

: 446.0441, found 

446.0433 
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(R)-ethyl 4-(2-oxo-2-phenylethyl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine-4- 

carboxylate 2,2-dioxide (1ga) White solid, m.p.: 97.7-98.5 °C,	[α]�
�� = -33.1 (c = 

0.35, DCM), 83% yield and 73% ee, determined by chiral HPLC analysis 

(Chiralcel AD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 21.361 min for (R)-isomer (major), tr = 30.033 min for 

(S)-isomer (minor). 
1
H NMR (500 MHz, Chloroform-d) δ 7.94 (d, J = 8.5 Hz, 2H), 

7.65 (d, J = 8.1 Hz, 1H), 7.60 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.8 Hz, 2H), 7.44-7.38 

(m, 1H), 7.27 (d, J = 7.6 Hz, 2H), 7.09 (d, J = 8.2 Hz, 1H), 6.43 (s, 1H), 4.56 (d, J = 

17.9 Hz, 1H), 4.37 (q, J = 7.1 Hz, 2H), 3.83 (d, J = 17.9 Hz, 1H), 1.32 (t, J = 7.1 Hz, 

3H). 
13

C NMR (126 MHz, CDCl3) δ 195.23, 169.43, 150.74, 135.96, 133.87, 130.89, 

128.80, 128.19, 127.31, 125.85, 120.03, 119.45, 99.99, 65.27, 63.94, 47.07, 13.90.
 

HRMS (ESI): calcd for C18H17NO6S [M+Na]
+ 

: 398.0674, found 398.066.
 

 

(R)-2-(2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)-1-phenylethanon

e (1ha) White solid, m.p.: 79.2-81.1 °C, ,	[α]�
�� = -11.2 (c = 0.35, DCM), 56% 

yield and 16% ee, determined by chiral HPLC analysis (Chiralcel OD-H 

hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), retention times: tr = 
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12.003 min for (R)-isomer (major), tr = 14.367 min for (S)-isomer (minor). 
1
H 

NMR (500 MHz, Chloroform-d) δ 7.98 (d, J = 6.9 Hz, 2H), 7.63 (t, J = 7.4 Hz, 1H), 

7.50 (t, J = 7.7 Hz, 2H), 7.34-7.31 (m 1H), 7.15 (d, J = 4.4 Hz, 2H), 7.07 (d, J = 8.3 

Hz, 1H), 5.84 (d, J = 8.2 Hz, 1H), 5.42 (td, J = 7.6, 3.7 Hz, 1H), 4.29 (dd, J = 18.2, 

7.2 Hz, 1H), 3.43 (dd, J = 18.2, 3.8 Hz, 1H). 
13

C NMR (126 MHz, CDCl3) δ 197.77, 

151.24, 136.14, 134.16, 129.62, 128.92, 128.25, 125.95, 125.47, 121.61, 119.14, 

53.67, 41.80. HRMS (ESI): calcd for C15H13NO4S [M+Na]
+ 

: 326.0463, found 

326.0459. 

 

(R)-methyl 3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ia) White solid, m.p.: 129.4-130.5 °C, 	[α]�
��  = 

+109.4 (c = 0.53, DCM), 98% yield and 98% ee, determined by chiral HPLC 

analysis (Chiralcel AD-H hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 

nm), retention times: tr = 22.754 min for (S)-isomer (minor), tr = 44.140 min 

(major) for (R)-isomer. 
1
H NMR (500 MHz, Chloroform-d) δ 7.91 (d, J = 4.9 Hz, 

2H), 7.84 (dd, J = 7.7, 3.4 Hz, 1H), 7.71 (t, J = 3.9 Hz, 2H), 7.67-7.64 (m, 1H), 7.60 

(q, J = 4.4 Hz, 1H), 7.49-7.45 (m, 2H), 6.09 (s, 1H), 4.12 (dd, J = 17.8, 3.5 Hz, 1H), 

3.86 (d, J = 3.6 Hz, 3H), 3.73 (dd, J = 17.8, 3.5 Hz, 1H). 
13

C NMR (126 MHz, CDCl3) 

δ 196.11, 170.25, 136.64, 135.50, 134.10, 133.74, 130.90, 128.82, 128.24, 126.42, 

124.31, 121.91, 65.43, 54.15, 49.28. HRMS (ESI): calcd for C17H15NO5S 

[M+Na]
+ 

: 368.0569, found 368.0568. 
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(R)-2-(1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-3-yl)-1-phenylethanone (1ja) 

White solid, m.p.: 158.5-159.8 °C,	[α]�
�� = +139.2 (c = 0.35, DCM), 94% yield 

and 66% ee, determined by chiral HPLC analysis (Chiralcel AD-H 

hexane/isopropanol, 80:20 v/v, 1.0 mL/min, UV 254 nm), retention times: tr = 

38.289 min for (S)-isomer (minor), tr = 46.120 min (major) for (R)-isomer. 
1
H 

NMR (500 MHz, DMSO-d6) δ 8.00-7.86 (m, 3H), 7.74 (d, J = 7.8 Hz, 1H), 7.67-7.60 

(m, 2H), 7.58 (t, J = 7.3 Hz, 1H), 7.53-7.49 (m, 1H), 7.46 (t, J = 7.8 Hz, 2H), 5.11 (dd, 

J = 9.1, 4.3 Hz, 1H), 3.61 (dd, J = 17.7, 3.2 Hz, 1H), 3.41 (dd, J = 17.7, 9.6 Hz, 1H). 

13
C NMR (126 MHz, DMSO-d6) δ 196.87, 140.55, 136.36, 136.27, 133.51, 132.88, 

129.29, 128.89, 128.76, 128.08, 125.53, 125.08, 120.47, 52.75, 44.67. HRMS (ESI): 

calcd for C15H13NO3S [M+Na]
+ 

: 310.0514, found 310.0506. 

 

(R)-ethyl 3-((S)-1-oxo-1-phenylpropan-2-yl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ap) White solid, m.p.: 97.6-98.8 °C, ,	[α]�
�� = +50.3 

(c = 0.10, DCM), 37% yield and 94% ee, determined by chiral HPLC analysis 

(Chiralcel OD-H hexane/isopropanol, 90:10 v/v, 1.0 mL/min, UV 254 nm), 

retention times: tr = 16.675 min for (S)-isomer (minor), tr = 22.439 min for 

(R)-isomer (major). 
1
H NMR (500 MHz, Chloroform-d) δ 7.93 (d, J = 8.4 Hz, 2H), 
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7.81 (t, J = 7.2 Hz, 2H), 7.65-7.56 (m, 3H), 7.46 (t, J = 7.7 Hz, 2H), 6.14 (s, 1H), 4.44 

(q, J = 7.1 Hz, 2H), 4.27 (q, J = 7.4 Hz, 1H), 1.49 (d, J = 7.4 Hz, 3H), 1.42 (t, J = 7.1 

Hz, 3H). 
13

C NMR (126 MHz, CDCl3) δ 201.14, 169.13, 137.32, 137.30, 135.74, 

133.69, 132.67, 130.57, 128.84, 128.62, 126.41, 121.68, 68.92, 63.53, 50.32, 14.73, 

14.07. HRMS (ESI): calcd for C19H19NO5S [M+Na]
+ 

: 396.0882, found 

396.0878. 

 

(R)-ethyl 3-(1,1-difluoro-2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1aq) White solid, m.p.: 115.3-117.1 °C, ,	[α]�
�� = 

+56.7 (c = 0.25, DCM), 44% yield and 64% ee, determined by chiral HPLC 

analysis (Chiralcel AD-H hexane/isopropanol, 70:30 v/v, 1.0 mL/min, UV 254 

nm), retention times: tr = 13.623 min for (S)-isomer (minor), tr = 20.114 min for 

(R)-isomer (major). 
1
H NMR (500 MHz, Chloroform-d) δ 8.09 (d, J = 7.8 Hz, 2H), 

7.98-7.93 (m, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.78-7.72 (m, 2H), 7.67 (t, J = 7.4 Hz, 

1H), 7.51 (t, J = 7.8 Hz, 2H), 5.98 (s, 1H), 4.44-4.37 (m, 2H), 1.35 (t, J = 7.1 Hz, 3H). 

13
C NMR (126 MHz, CDCl3) δ 187.80 (dd, J = 32.1, 28.8 Hz), 165.61 (dd, J = 7.4, 

2.2 Hz), 136.63, 135.26, 133.63, 131.84, 131.18 (t, J = 3.2 Hz), 130.44 (dd, J = 4.1, 

2.2 Hz), 130.35 (d, J = 1.8 Hz),128.87, 127.06 (d, J = 5.6 Hz), 121.98, 115.43 (t, J = 

269.8 Hz), 68.55 (dd, J = 26.0, 23.8 Hz), 64.44, 13.88. HRMS (ESI): calcd for 

C18H15F2NO5S [M+Na]
+ 

: 418.0537, found 418.0531. 
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(R)-ethyl 3-phenethyl-2,3-dihydrobenzo[d]isothiazole-3-carboxylate 

1,1-dioxide (4) White solid, m.p.: 74.1-75.5 °C,	[α]�
�� = +46.9 (c = 0.25, DCM), 

72% yield and 97% ee, determined by chiral HPLC analysis (Chiralcel OD-H 

hexane/isopropanol, 70:30 v/v, 0.8 mL/min, UV 254 nm), retention times: tr = 

9.739 min for (R)-isomer (major), tr = 14.089 min (minor) for (S)-isomer. 
1
H 

NMR (500 MHz, Chloroform-d) δ 7.58 (d, J = 7.9 Hz, 1H), 7.39 (s, 1H), 7.30 (d, J = 

8.0 Hz, 1H), 7.21-7.16 (m, 2H), 7.10 (dd, J = 15.2, 7.2 Hz, 3H), 5.74 (s, 1H), 

4.27-4.13 (m, 2H), 2.73-2.63 (m, 1H), 2.62-2.54 (m, 1H), 2.49-2.41 (m, 1H), 2.39 (s, 

3H), 2.26-2.20 (m, 1H), 1.28 (t, J = 7.1 Hz, 3H). 
13

C NMR (126 MHz, CDCl3) δ 

169.49, 144.15, 139.74, 137.98, 132.16, 130.95, 127.98, 127.96, 125.75, 124.51, 

120.77, 68.30, 63.09, 41.56, 30.47, 21.39, 13.64. HRMS (ESI): calcd for 

C19H21NO4S [M+Na]
+ 

: 382.1089, found 382.1081. 
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3. NMR spectrum and HPLC trace of compounds 

(R)-2'-(Pyridin-2-yl)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazole] (L1a) 
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(R)-2'-(5-(Trifluoromethyl)pyridin-2-yl)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazo

le] (L1b) 
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(R)-2'-(5-Methoxypyridin-2-yl)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazole] (L1c) 
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(R)-2'-(Quinolin-2-yl)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazole] (L2) 
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Bis((R)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazol]-2'-yl)propane (L3) 
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2,6-Bis((R)-2,3-dihydro-5'H-spiro[indene-1,4'-oxazol]-2'-yl)pyridine (L4) 
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(R)-ethyl 3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole -3-carboxylate 

1,1-dioxide (1aa) 
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34 

 

(R)-ethyl 5-methyl-3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ba) 
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(R)-ethyl 5-methoxy-3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ca) 
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(R)-ethyl 5-(tert-butyl)-3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1da) 
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(R)-ethyl 5-chloro-3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ea) 
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(R)-ethyl 3-(2-oxo-2-phenylethyl)-5-(trifluoromethyl)-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1fa) 
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(R)-ethyl 3-(2-oxo-2-(4-tolyl)ethyl)-2,3-dihydrobenzo[d] isothiazole 

-3-carboxylate 1,1-dioxide (1ab) 
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(R)-ethyl 3-(2-(4-methoxyphenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ac) 
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(R)-ethyl 3-(2-(4-fluorophenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ad) 
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(R)-ethyl 3-(2-(4-chlorophenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ae) 
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(R)-ethyl 3-(2-oxo-2-(4-(trifluoromethyl)phenyl)ethyl)-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1af) 
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(R)-ethyl 3-(2-oxo-2-(3-tolyl)ethyl)-2,3-dihydrobenzo[d]isothiazole -3-carboxylate 

1,1-dioxide (1ag) 
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(R)-ethyl 3-(2-(3-methoxyphenyl)-2-oxoethyl)-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1ah) 
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(R)-ethyl 3-(2-(3-chlorophenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ai) 
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(R)-ethyl 3-(2-oxo-2-(2-tolyl)ethyl)-2,3-dihydrobenzo[d]isothiazole -3-carboxylate 

1,1-dioxide (1aj) 
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(R)-ethyl 3-(2-(2-methoxyphenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ak) 
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(R)-ethyl 3-(2-(2-bromophenyl)-2-oxoethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1al) 
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(R)-ethyl 5-methoxy-3-(2-(4-methoxyphenyl)-2-oxoethyl)-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1am) 
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(R)-ethyl 3-(2-(4-chlorophenyl)-2-oxoethyl)-5-methoxy-2,3-dihydrobenzo[d] 

isothiazole-3-carboxylate 1,1-dioxide (1an) 
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Ethyl 4-(2-oxo-2-phenylethyl)-3,4-dihydrobenzo[e][1,2,3]oxathiazine-4- 

carboxylate 2,2-dioxide (1ga) 
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2-(2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)-1-phenylethanone 

(1ha) 
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(R)-methyl 3-(2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole-3-carboxylate 

1,1-dioxide (1ia) 
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(R)-2-(1,1-dioxido-2,3-dihydrobenzo[d]isothiazol-3-yl)-1-phenylethanone (1ja) 
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(R)-ethyl 3-((S)-1-oxo-1-phenylpropan-2-yl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1ap) 
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 (R)-ethyl 3-(1,1-difluoro-2-oxo-2-phenylethyl)-2,3-dihydrobenzo[d]isothiazole 

-3-carboxylate 1,1-dioxide (1aq) 
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(R)-ethyl 3-phenethyl-2,3-dihydrobenzo[d]isothiazole-3-carboxylate 1,1-dioxide 

(4) 
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