
S1

Supporting Information

Palladium-Catalyzed Diastereo- and Enantioselective Formal [3 + 2] 

Cycloadditions of Vinyl Cyclopropanes with Cyclic 1‑Azadienes

Qing Zhou,a Bo Chen,a Xiao-Bing Huang,a Ya-Li Zeng,a Wen-Dao Chu,*,a Long 
He*,a,b and Quan-Zhong Liu*,a

aChemical Synthesis and Pollution Control Key Laboratory of Sichuan Province, 
College of Chemistry and Chemical Engineering, China West Normal University, No. 
1, Shida Road, Nanchong 637002, P.R. China 
bCollege of Pharmaceutical Sciences, Guizhou University of Chinese Medicine, Guiy
ang, Guizhou 550025, P.R. China 

Table of Contents

1. General information.................................................................................................S2

2. Preparation of the cyclic 1-azadiene substrates.......................................................S3

3. Asymmetric formal [3+2] cycloadditions................................................................S6

3.1. Products 3aa - 3ta in Table 2................................................................................S7

3.2. The Compound 5 and 6 in Scheme 2..................................................................S17 

4. NMR spectra of the products…..........................................................…...............S20

5. HPLC spectra of the products................................................................................S49

6. X-ray crystallographic data of 3ia and 6...............................................................S71

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2019



S2

1. General information

  All reactions were carried out under an atmosphere of argon using standard

Schlenk techniques. All the reagents were obtained from commercial supplier and

used as received, without further purification unless otherwise noted. Solvents used in

the reactions were distilled from appropriate drying agents prior to use. The chiral 

phosphoramidite ligands 4a-4f were prepared according to the literature procedures.1-2 

1H NMR and 13C NMR spectra were recorded respectively at 400 MHz and 100 MHz 

on a Bruker AVANCE 400. Enantiomeric excess (ee) were determined by HPLC 

analysis on a Shimadzu LC-20A, using Daicel Chiralcel IA, IB or IC columns. High 

resolution mass spectra were obtained on Bruker Daltonics micrOTOF-Q II 

spectrometer in ESI mode. The relative and absolute configuration of 3ia and 6 were 

assigned by the X-ray analysis and the configurations of other cycloaddition products 

were assigned by analogy.
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2 Preparation of the cyclic 1-azadiene substrates

N
SO2

O

R1

1k: R1 = 4-ClC6H5
1l: R1 = 4-CF3C6H5
1m: R1 = 2-MeC6H5
1n: R1 = 2-OMeC6H5
1o: R1 = 3-OMeC6H5
1p: R1 = 4-OMeC6H5
1q: R1 = 4-MeC6H5
1r: R1 = 3-thienyl

1a: R1 = C6H5
1b: R1 = 2-FC6H5
1c: R1 = 2-ClC6H5
1d: R1 = 2-BrC6H5
1e: R1 = 2-CF3C6H5
1f: R1 =3-FC6H5
1g:R1 = 3-ClC6H5
1h: R1 = 3-BrC6H5
1i: R1 = 3-NO2C6H5
1j: R1 = 4-FC6H5

1s: R2 =6-Me
1t: R2 =6-OMe

N
SO2

O
R2

1

2

345
6

7
8

Ph

The cyclic 1-azadiene 1a-1b,3a-3b 1h-1i ,3c. 1l-1q,3c 1s-1t3d was prepared according to the 

literature procedures 

General experimental procedure for the synthesis of cyclic 1-azadiene 1.

O

R2 R1-CHO
NaOH, EtOH

25 oC

O

R2
R1

OH OH( a )

ClSO2NCO

toluene, 100 oC-105 oC
( b )

R2
N
SO2

O

R117 8

(a) To a 250 mL round-bottomed flask containing a magnetic stir bar were added 

sequentially 7 (10 mmol), ethanol (20 mL), aromatic benzaldehyde (10 mmol) and 

aqueous solution of NaOH (6 M, 20 mL). The resulting solution was allowed to stir for 

24 h at room temperature, upon the completion of the reaction, the solution was 

acidified at room temperature with aqueous solution of HCl (6 M, 25 mL). The mixture 

was extracted with dichloromethane (3 × 60 mL), and the combined organic layers were 

dried over Na2SO4 and filtered and evaporated under reduced pressure. Purification by 

chromatography on silica gel (petroleum ether/EtOAc = 10:1) afforded the desired 8.

(b) To a solution of chlorosulphonyl isocyanate (0.9 mL, 10 mmol) in toluene was 
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N
SO2

O

Cl

added over a period of 20 minutes another solution of 8 (10 mmol) in toluene (10 mL) 

at 100 oC-105 oC. Stirring was continued for 3 h at this temperature. The toluene was 

distilled, and the residue was added to water (40 mL), the solid was filtered and 

recrystallized from ethanol to desired cyclic 1-azadiene 1. 

(E)-4-(2-chlorostyryl)benzo[e][1,2,3]oxathiazine 2,2-dioxide (1c)

Yellow solid. yield 37%. mp = 192-194 °C. 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.50 (d, J = 15.5 Hz, 1H), 7.98-7.95 (m, 1H), 7.78-

7.75 (m, 2H), 7.49-7.33 (m, 6H). 13C NMR (100 MHz, CDCl3, 

ppm) δ 170.2, 154.4, 142.6, 137.0, 136.0, 132.6, 132.1, 130.6, 

128.4, 128.0, 127.3, 125.8, 121.1, 119.5, 116.8. IR (KBr): νmax 

1620, 1579, 1519, 1374, 1347, 1281, 1180, 974, 928, 864, 774, 756, 672 cm−1. HRMS 

(ESI): m/z calcd for C15H11
35ClNO3S [M(35Cl)+H]+ 320.0143, found 320.0144. 

C15H11
37ClNO3S [M(37Cl)+H]+ 322.0113, found 322.0116. 

(E)-4-(2-bromostyryl)benzo[e][1,2,3]oxathiazine 2,2-dioxide (1d)

Yellow solid. yield 25%. mp = 197-198 °C. 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.46(d, J = 15.5 Hz, 1H), 7.98-7.96 (m, 1H), 7.77-

7.75 (m, 2H), 7.69-7.67 (m, 1H), 7.46-7.26 (m, 5H). 13C NMR 

(100 MHz, CDCl3, ppm) δ 170.2, 154.4, 145.1, 136.9, 134.5, 

133.9, 132.2, 128.4, 128.1, 127.9, 126.4, 125.8, 121.4, 119.5, 

116.8. IR (KBr): νmax 1616, 1579, 1519, 1469, 1434, 1373, 1344, 1278, 1179, 970, 859, 

773, 654 cm−1. HRMS (ESI): m/z calcd for C15H10
79BrNO3SNa [M(79Br) 

+Na]+385.9457, found 385.9457. C15H10
81BrNO3SNa [M (81Br)+Na]+387.9437, found 

387.9436. 

 (E)-4-(2-(trifluoromethyl)styryl)benzo[e][1,2,3]oxathiazine 2,2-dioxide (1e)

N
SO2

O

Br
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Yellow solid. yield 44%. mp = 204-205 °C. 1H NMR (400 

MHz, CDCl3, ppm) δ 8.45 (d, J = 15.4 Hz, 1H), 7.96-7.94 (m,1H), 

7.86-7.84(m, 1H), 7.79-7.73 (m, 2H), 7.68-7.64 (m, 1H), 7.60-

7.56 (m, 1H), 7.46-7.42 (m, 1H), 7.37-7.32 (m, 2H). 13C NMR 

(100 MHz, CDCl3, ppm) δ 170.1, 154.4, 142.0, 137.0, 133.3, 

132.3, 130.6, 129.6 (d, J = 30.0 Hz), 128.3, 128.1, 126.5 (q, J = 6.0 Hz), 125.8, 123.8 

(d, J = 170.0 Hz), 123.2, 119.6, 116.7. IR (KBr): νmax 1629, 1582, 1525, 1489, 1382, 

1313, 1187, 1123, 1038, 977, 865, 771, 651 cm−1 HRMS(ESI): m/z calcd for 

C16H11F3NO3S [M+H]+ 354.0406, found 354.0407.

. (E)-4-(3-bromostyryl)benzo[e][1,2,3]oxathiazine 2,2-dioxide (1h)

Yellow solid. yield 29%. mp = 196-197 °C. 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.09 (d, J = 15.5 Hz, 1H), 8.00-7.98 (m, 1H), 7.84 

(s, 1H), 7.78-7.74 (m, 1H), 7.61-7.57 (m, 2H), 7.48-7.33 (m, 4H). 

13C NMR (100 MHz, CDCl3, ppm) δ 169.9, 154.4, 144.9, 137.0, 

136.3, 134.3, 131.1, 130.7, 127.9, 127.8, 125.8, 123.4, 119.53, 

119.51, 116.8. IR (KBr): νmax 1626, 1608, 1583, 1526, 1476, 1373, 1331, 1187, 1065, 

848, 771, 649 cm−1. HRMS (ESI): m/z calcd for C15H10
79BrNO3SNa [M(79Br)+Na]+ 

385.9457, found 385.9459. C15H10
81BrNO3SNa [M(81Br)+Na]+387.9437, found 

387.9438. 

 (E)-4-(3-nitrostyryl)benzo[e][1,2,3]oxathiazine 2,2-dioxide (1i)

Yellow solid. yield 33%. mp = 198-199 °C. 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.59-8.58 (m, 1H), 8.34-8.32 (m, 1H), 8.22 (d, J = 

15.2 Hz, 1H), 8.04-8.02 (m, 1H), 7.97-7.95 (m, 1H), 7.80-7.77 (m, 

1H), 7.71-7.67 (m, 1H), 7.58-7.55 (m, 1H), 7.51-7.49 (m, 1H), 

7.39-7.37 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 169.6, 

154.5, 148.9, 143.4, 137.3, 135.9, 134.9, 130.4, 127.9, 126.0, 125.5, 122.4, 121.1, 

119.6, 116.6. IR (KBr): νmax 1630, 1607, 1581, 1521, 1378, 1351, 1323, 1248, 1179, 

926, 862, 776, 697 cm−1. HRMS (ESI): m/z calcd for C15H11N2O5S [M+H]+ 331.0383, 

found 331.0384. 

(E)-4-(2-methoxystyryl)benzo[e][1,2,3]oxathiazine 2,2-dioxide (1n)

N
SO2

O

CF3

N
SO2

O

Br

N
SO2

O

NO2
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Yellow solid. yield 32%. mp = 190-192 °C. 1H NMR (400 

MHz, CDCl3, ppm) δ 8.45 (d, J = 15.5 Hz, 1H), 7.98-7.78 

(m,1H), 7.73-7.69 (m, 1H), 7.64-7.56 (m, 2H), 7.46-7.39 (m, 

2H), 7.32-7.30 (m, 1H), 7.04-6.97 (m, 2H), 3.98 (s, 3H). 13C 

NMR (100 MHz, CDCl3, ppm) δ 170.9, 159.5, 154.4, 143.1, 

136.5, 133.1, 130.5, 128.0, 125.6, 123.4, 121.0, 119.4, 118.9, 117.2, 111.5, 55.7. IR 

(KBr): νmax 1614, 1577, 1509, 1465, 1365, 1289, 1246, 1184, 1026, 935, 752, 835, 688 

cm−1. HRMS(ESI): m/z calcd for C16H14NO4S [M+H]+ 316.0638, found 316.0638.

 (E)-4-(2-(thiophen-3-yl)vinyl)benzo[e][1,2,3]oxathiazine 2,2-dioxide (1r)

Yellow solid. yield 41%. mp = 197-198 °C. 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.20 (d, J = 15.2 Hz, 1H), 7.96 (d, J = 8 Hz, 1H) 7.75-

7.71 (m, 2H), 7.48-7.40 (m, 3H), 7.33 (d, J = 8.4 Hz, 1H), 7.23 (d, J = 

15.2 Hz, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 170.5, 154.4, 

140.3, 137.8, 136.7, 131.5, 127.8, 127.7, 125.7, 125.2, 119.5, 117.7, 

127.0. IR (KBr): νmax 1614, 1577, 1509, 1465, 1365, 1289, 1246, 1184, 1026, 935, 752, 

835, 688 cm−1. HRMS (ESI): m/z calcd for C13H9NO3S2Na [M+Na]+ 313.9916, found 

313.9917.

3. Asymmetric formal [3+2] cycloadditions

  

N
SO2

O

R1

+
Pd2(dba)3 (5 mol%)
4f (10 mol%)
toluene, rt, 48 h

N
SO2

O

R1

MeO2C
MeO2C

R2

1 2a 3

O
O
P N

4f

COOMe
COOMe

R2

To a dried tube filled with 1-azadiene 1 (0.1 mmol), Pd2(dba)3 (5 mol%), and chiral 

phosphoramidite 4f (10 mol%) was added a solution of vinyl cyclopropane 2a (0.12 

mmol) in toluene (2 mL). The reaction mixture was stirred under an atmosphere of 

argon at 25 oC. Upon completion of the reaction, the solvent was removed under 

reduced pressure, and the residue was purified by column chromatography on silica gel 

using petroleum ether and ethyl acetate (petroleum ether/ethyl acetate = 5:1) to give the 

N
SO2

O

S

N
SO2

O

OCH3
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corresponding product 3.

3.1. Products 3aa - 3ta in Table 2 

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-phenyl-4-

vinylcyclopentane-1,1-dicarboxylate (3aa)

white solid, 44 mg, yield 90%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 8:1, mp = 198-200 °C, [α]D
20 = -37.1 (c = 0.35, 

CH2Cl2), 98% ee, determined by HPLC analysis (chiral IA column, 

10% IPA in hexane, rate: 1.0 mL/min, 254 nm). Retention time: t 

(major) = 14.0 min, t (minor) = 19.6 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.87(d, J = 7.0 Hz, 1H), 7.68-7.64 (m, 1H), 7.41-7.39 (m, 1H), 7.31-

7.18 (m, 6H), 5.71-5.62 (m, 1H), 4.88-4.86 (m, 2H), 4.77 (d, J = 16.8 Hz, 1H), 4.54-

4.51 (m, 1H), 3.77 (s, 3H), 3.60-3.53 (m, 1H), 3.30 (s, 3H), 3.13-3.07 (m, 1H), 2.24-

2.18 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 178.1, 171.7, 171.5, 153.7, 137.1, 

136.7, 136.1 128.5, 128.2, 127.8, 127.5, 125.7, 119.2, 117.5, 116.9, 64.2, 52.8, 52.3, 

51.9, 51.0, 47.0, 41.2. IR (KBr): νmax 2956, 1724, 1594, 1549, 1436, 1387, 1281, 1186, 

1116, 918, 858, 751, 645 cm−1. HRMS (ESI): m/z calcd for C24H23NO7SNa [M+Na]+ 

492.1087, found 492.1089.

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(2-

fluorophenyl)-4-vinylcyclopentane-1,1-dicarboxylate (3ba)

colorless oil, 40.9 mg, yield 84%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 7:1, [α]D
20 = +34.3 (c = 0.35, CH2Cl2), 94% ee 

determined by HPLC analysis (chiral IA column, 2% IPA in 

hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (major) = 53.5 

min, t (minor) = 64.5 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.81 

(d, J = 7.9 Hz, 1H), 7.65-7.63 (m, 1H), 7.43-7.37 (m, 2H), 7.21-7.17 (m, 2H), 7.06-7.04 

(m, 1H), 6.93-6.91 (m, 1H), 5.68-5.59 (m, 1H), 4.92 (d, J = 11.6 Hz, 1H), 4.83 (d, J = 

10.0 Hz, 1H), 4.78-4.72 (m, 2H), 3,74 (s, 3H), 3.62-3.50 (m, 1H), 3.51 (s, 3H), 3.07-

3.02 (m, 1H), 2.19-2.15 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 178.3, 171.2, 

N
SO2

O

CO2Me
CO2Me

3aa

N
SO2

O

CO2Me
CO2Me

3ba

F
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170.9, 161.9 (d, J = 245.0 Hz), 153.7, 136.8, 136.1, 131.9 (d, J = 4.6 Hz), 129.3 (d, J = 

8.8 Hz), 127.9, 125.8, 124.0 (d, J = 3.2 Hz), 123.8 (d, J = 12.4 Hz), 119.1, 117.6, 116.9, 

115.5 (d, J = 23.2 Hz), 63.3, 52.8, 52.5, 50.3 (d, J = 5.0 Hz), 47.5, 46.4, 41.1.  IR 

(KBr): νmax 2956, 1732, 1597, 1553, 1492, 1439, 1390, 1263, 1191, 1109, 924, 854, 759 

cm−1. HRMS (ESI): m/z calcd for C24H22FNO7SNa [M+Na]+ 510.0993, found 

510.0993.

Dimethyl(2S,3S,4R)-2-(2-chlorophenyl)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-

4-yl)-4-vinylcyclopentane-1,1-dicarboxylate (3ca)

colorless oil, 42.7 mg, yield 85%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 7:1, [α]D
20 = -142.1 (c = 0.19, CH2Cl2), 88% ee 

determined by HPLC analysis (chiral IC column, 10% IPA in 

hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (minor) = 29.0 

min, t (major) = 46.9 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.70 

(d, J = 7.2 Hz, 1H), 7.67-7.64 (m, 1H), 7.38-7.30 (m, 3H), 7.21 (d, J = 8.3 Hz, 1H), 

7.14-7.10 (m, 2H), 5.74-5.65 (m, 1H), 5.32 (d, J = 11.0 Hz, 1H), 4.85-4.76 (m, 2H), 

4.72-4.66 (m, 1H), 3,73 (s, 3H), 3.61-3.56 (m, 1H), 3.49 (s, 3H), 3.01-2.95 (m, 1H), 

2.43-2.37 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 178.0, 171.5, 170.7, 153.7, 

136.8, 136.4, 135.9, 135.3, 130.3, 128.6, 128.5, 127.9, 126.3, 125.7, 119.2, 117.7, 

116.8, 63.7, 53.5, 52.9, 52.5, 47.6, 46.6, 41.6. IR (KBr): νmax 2925, 1730, 1596, 1551, 

1438, 1387, 1259, 1187, 1105, 922, 852, 793 cm−1. HRMS (ESI): m/z calcd for 

C24H22
35ClNO7SNa [M(35Cl)+Na]+ 526.0698, found 526.0696. C24H22

37ClNO7SNa 

[M(37Cl)+Na]+528.0668, found 528.0672. 

Dimethyl(2S,3S,4R)-2-(2-bromophenyl)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-

4-yl)-4-vinylcyclopentane-1,1-dicarboxylate (3da)

N
SO2

O

CO2Me
CO2Me

3ca

Cl
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white solid, 52.5 mg, yield 96%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 10:1, mp = 150-152 °C, [α]D
20 = -220.0 (c = 0.20, 

CH2Cl2), 95% ee determined by HPLC analysis (chiral IC column, 

10% IPA in hexane, rate: 1.0 mL/min, 254 nm). Retention time: t 

(minor) = 31.3 min, t (major) = 43.2 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.78 (d, J = 7.7 Hz, 1H), 7.66-7.61 (m, 1H), 7.58 (d, J = 7.3 Hz, 1H), 

7.37-7.28 (m, 2H), 7.20-7.18 (m, 2H), 7.05-7.02 (m, 1H), 5.74-5.67 (m, 1H), 5.30 (d, J 

= 10.9 Hz, 1H), 4.87-4.78 (m, 2H), 4.69-4.64 (m, 1H), 3.76 (s, 3H), 3.63-3.56 (m, 1H), 

3.51 (s, 3H), 2.98-2.94 (m, 1H), 2.47-2.41 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) 

δ 177.9, 171.5, 170.6, 153.7, 137.2, 136.7, 135.9, 133.8, 128.8, 128.3, 127.9, 127.5, 

126.9, 125.7, 119.2, 117.8, 116.8, 63.9, 54.2, 52.9, 52.5, 49.9, 46.5, 41.7. IR (KBr): 

νmax 2953, 1728, 1591, 1552, 1432, 1387, 1277, 1191, 1111, 1020, 938, 854, 757, 675 

cm−1. HRMS (ESI): m/z calcd for C24H23
79BrNO7S [M(79Br )+H]+ 548.0373, found 

548.0374.C24H23
81BrNO7S [M(81Br )+Na]+550.0353, found 550.0355. 

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(2-

(trifluoromethyl)phenyl)-4-vinylcyclopentane-1,1-dicarboxylate (3ea)
colorless oil, 47.2 mg, yield 88%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 8:1, [α]D
20 = +140.4 (c = 0.47, CH2Cl2), 98% 

ee, determined by HPLC analysis (chiral IA column, 10% IPA in 

hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (minor) = 

24.8 min, t (major) = 26.8 min. 1H NMR (400 MHz, CDCl3, ppm) 

δ 7.69-7.64 (m, 3H), 7.47-7.46 (m, 2H), 7.35-7.33 (m, 2H), 7.23 (d, J = 8.3 Hz, 1H), 

5.80-5.71 (m, 1H), 5.43 (d, J = 8.6 Hz, 1H), 4.90-4.82 (m, 2H), 4.51-4.49 (m, 1H), 3.74 

(s, 3H), 3.58-3.56 (m, 1H), 3.25 (s, 3H), 3.14-3.11 (m, 1H), 2.53-2.48 (m, 1H). 13C 

NMR (100 MHz, CDCl3, ppm) δ 179.9, 171.0, 170.7, 153.7, 138.2, 136.8, 135.4, 131.5, 

130.6, 130.3,128.3, 127.7, 127.6, 127.0 (q, J = 5.8 Hz), 125.6, 119.3, 118.0, 116.7, 65.4, 

55.8, 52.9, 52.3, 48.1, 47.2, 41.8. IR (KBr): νmax 2925, 1734, 1599, 1553, 1451, 1387, 

1310, 1260, 1190, 1124, 1040, 921, 854, 770 cm−1. HRMS (ESI): m/z calcd for 

C25H22F3NO7SNa [M+Na]+ 560.0961, found 560.0961.

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(3-fluorophe

N
SO2

O

CO2Me
CO2Me

3da

Br

N
SO2

O

CO2Me
CO2Me

3ea

F3C
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nyl)-4-vinylcyclopentane-1,1-dicarboxylate (3fa)

yellow solid, 46 mg, yield 95%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 7:1, [α]D
20 = -80.8 (c = 0.26, CH2Cl2), 94% ee 

determined by HPLC analysis (chiral IB column, 5% IPA in hexane, 

rate: 1.0 mL/min, 254 nm). Retention time: t (minor) = 14.6 min, t 

(major) = 18.7 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.88 (d, J = 

6.9 Hz, 1H), 7.70-7.66 (m, 1H), 7.43-7.40 (m, 1H), 7.24-7.17 (m, 2H), 7.10 (d, J = 7.9 

Hz, 1H), 7.03 (d, J = 10.3 Hz, 1H), 6.90-6.88 (m, 1H), 5.69-5.62 (m, 1H), 4.88-4.82 

(m, 2H), 4.75 (d, J = 16.8 Hz, 1H), 4.50-4.45 (m, 1H), 3.77 (s, 3H), 3.60-3.50 (m, 1H), 

3.35 (s, 3H), 3.13-3.08 (m, 1H), 2.22-2.17 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) 

δ 177.7, 171.5, 171.3, 162.2 (d, J = 244.0 Hz), 153.6, 139.7 (d, J = 32.7 Hz), 136.9, 

135.9, 129.7 (d, J = 8.1 Hz), 127.7, 125.8, 124.4 (d, J = 2.8 Hz), 119.2, 117.6, 116.8, 

115.4 (d, J = 21.9 Hz), 114.5 (d, J = 20.7 Hz), 64.0, 52.9, 52.4, 51.7, 50.4, 46.7, 41.1. 

IR (KBr): νmax 2955, 1728, 1595, 1551, 1488, 1442, 1390, 1264, 1190, 1110, 928, 856, 

785, 699 cm−1. HRMS (ESI): m/z calcd for C24H22FNO7SNa [M+Na]+ 510.0993, found 

510.0992.

 Dimethyl(2S,3S,4R)-2-(3-chlorophenyl)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-

4-yl)-4-vinylcyclopentane-1,1-dicarboxylate (3ga)

colorless oil, 44 mg, yield 88%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 5:1, [α]D
20 = -86.2 (c = 0.26, CH2Cl2), 90% 

ee, determined by HPLC analysis (chiral IB column, 10% IPA in 

hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (minor) =9.7 

min, t (major) =11.9 min. 1H NMR (400 MHz, CDCl3, ppm) δ 

7.86 (d, J = 14.8 Hz, 1H), 7.70-7.66 (m, 1H), 7.43-7.39 (m, 1H), 7.26-7.14 (m, 5H), 

5.65-5.58 (m, 1H), 4.87-4.80 (m, 2H), 4.76 (d, J = 16.8 Hz, 1H), 4.50-4.45 (m, 1H), 

3,77 (s, 3H), 3.58-3.55 (m, 1H), 3.39 (s, 3H), 3.12-3.06 (m, 1H), 2.21-2.16 (m, 1H). 

13C NMR (100 MHz, CDCl3, ppm) δ 177.7, 171.6, 171.2, 153.7, 139.3, 136.9, 135.9, 

134.0, 129.5, 128.0, 127.8, 127.7, 127.5, 125.9, 119.2, 117.7, 116.8, 64.0, 52.9, 52.4, 

51.7, 50.5, 46.8, 41.1. IR (KBr): νmax 2954, 1729, 1597, 1551, 1479, 1435, 1390, 1265, 

1190, 1110, 927, 854, 759 cm−1. HRMS (ESI): m/z calcd for C24H22
35ClNO7SNa 
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[M(35Cl)+Na]+ 526.0698, found 526.0698. C24H22
37ClNO7SNa 

[M(37Cl)+Na]+528.0668, found 528.0674. 

Dimethyl(2S,3S,4R)-2-(3-bromophenyl)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-

4-yl)-4-vinylcyclopentane-1,1-dicarboxylate (3ha)

white solid, 52 mg, yield 96%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 5:1, mp = 168-170 °C, [α]D
25 = -34.3 (c = 0.35, 

CH2Cl2), 94% ee, determined by HPLC analysis (chiral IA column, 

3% IPA in hexane, rate: 1.0 mL/min, 254 nm). Retention time: t 

(minor) = 22.5 min, t (major) = 31.4 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.87 (d, J = 7.6 Hz, 1H), 7.68-7.66 (m, 1H), 7.43-7.40 (m, 2H), 7.33-

7.30 (m, 2H), 7.23 (d, J = 8.3 Hz, 1H), 7.14-7.12 (m, 1H), 5.64-5.59 (m, 1H), 4.87-4.72 

(m, 3H), 4.45-4.44 (m, 1H), 3.76 (s, 3H), 3.60-3.56 (m, 1H), 3.39 (s, 3H), 3.11-3.06 (m, 

1H), 2.20-2.15 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 177.7, 171.6, 171.2, 

153.7, 139.5, 136.9, 135.8, 130.8, 130.7, 129.8, 128.1, 127.8, 125.9, 122.1, 119.2, 

117.7, 116.6, 64.0, 52.9, 52.4, 51.8, 50.5, 46.8, 41.1. IR (KBr): νmax 2953, 1728, 1591, 

1552, 1432, 1387, 1277, 1191, 1111, 1020, 938, 854, 757, 675 cm−1. HRMS (ESI): 

m/z calcd for C24H22
79BrNO7SNa [M(79Br)+Na]+ 570.0193, found 570.0193. 

C24H22
81BrNO7SNa [M(81Br)+Na]+572.0172, found 387.572.0174. 

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(3-

nitrophenyl)-4-vinylcyclopentane-1,1-dicarboxylate (3ia)

yellow solid, 44 mg, yield 85%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 4:1, mp = 147-149 °C, [α]D
20 = +18.5 (c = 

0.54, CH2Cl2), 90% ee, determined by HPLC analysis (chiral IB 

column, 10% IPA in hexane, rate: 1.0 mL/min, 254 nm). 

Retention time: t (minor) = 15.2 min, t (major) = 17.2 min. 1H 

NMR (400 MHz, CDCl3, ppm) δ 8.09-8.07 (m, 2H), 7.91 (d, J = 7.9 Hz, 1H), 7.80 (d, 

J = 7.8 Hz, 1H), 7.72-7.68 (m, 1H), 7.49-7.43 (m, 2H), 7.23 (d, J = 8.3 Hz, 1H), 5.64-

5.59 (m, 1H), 4.90-4.85 (m, 2H), 4.77 (d, J = 16.8 Hz, 1H), 4.60-4.55 (m, 1H), 3.77 (s, 

3H), 3.64-3.62 (m, 1H), 3.43 (s, 3H), 3.14-3.08 (m, 1H), 2.22-2.17 (m, 1H). 13C NMR 

(100 MHz, CDCl3, ppm) δ 177.3, 171.1, 171.0, 153.6, 148.0, 139.2, 137.1, 136.5, 135.6, 
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129.3, 127.9, 126.0, 122.8, 122.3, 119.2, 118.0, 116.6, 63.8, 53.0, 52.6, 51.6, 50.3, 46.3, 

41.0. IR (KBr): νmax 2955, 1727, 1599, 1555, 1529, 1439, 1390, 1350, 1266, 1189, 

1095, 935, 856, 747, 684 cm−1. HRMS (ESI): m/z calcd for C24H22N2O9SNa [M+Na]+ 

537.0938, found 537.0937. 

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(4-fluorophe

nyl)-4-vinylcyclopentane-1,1-dicarboxylate (3ja)
colorless oil, 46 mg, yield 96%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 6:1, [α]D
20 = -95.8 (c = 0.24, CH2Cl2), 96% 

ee determined by HPLC analysis (chiral IA column, 3% IPA in 

hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (minor) 

= 26.5 min, t (major) = 33.2 min. 1H NMR (400 MHz, CDCl3, 

ppm) δ 7.88 (d, J = 7.8 Hz, 1H), 7.67-7.65 (m, 1H), 7.42-7.40 (m, 1H), 7.30-7.27 (m, 

2H), 7.23 (d, J = 8.2 Hz, 1H), 6.94-6.90 (m, 2H), 5.70-5.60 (m, 1H), 4.88-4.84 (m, 2H) 

4.76 (d, J = 16.8 Hz, 1H), 4.47-4.46 (m, 1H), 3.76 (s, 3H), 3.56-3.53 (m, 1H), 3.34 (s, 

3H), 3.12-3.07 (m, 1H), 2.22-2.17 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 177.8, 

171.7, 171.5, 162.1 (d, J = 249.0 Hz), 153.7, 136.9, 135.9, 132.7 (d, J = 3.3 Hz), 130.1, 

130.0, 127.7, 125.8, 119.2, 117.6, 116.8, 115.2, 115.0, 63.9, 52.8, 52.4, 51.9, 50.2, 46.7, 

41.1. IR (KBr): νmax 2956, 1728, 1598, 1553, 1512, 1439, 1391, 1265, 1190, 1109, 

1066, 923, 852, 801, 646 cm−1. HRMS (ESI): m/z calcd for C24H22FNO7SNa [M+Na]+ 

510.0993, found 510.0993

Dimethyl(2S,3S,4R)-2-(4-chlorophenyl)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4

-yl)-4-vinylcyclopentane-1,1-dicarboxylate (3ka)

colorless oil, 49 mg, yield 97%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 5:1, [α]D
20 = -55.6 (c = 0.27, CH2Cl2), 95% 

ee, determined by HPLC analysis (chiral IA column, 10% IPA 

in hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (major) 

= 12.2 min, t (minor) = 15.2 min. 1H NMR (400 MHz, CDCl3) 

δ (ppm), 7.86 (d, J = 7.0 Hz, 1H), 7.68-7.65 (m, 1H), 7.42-7.40 (m, 1H), 7.26-7.21 (m, 

5H), 5.68-5.59 (m, 1H), 4.87-4.72 (m, 3H), 4.48-4.45 (m, 1H), 3.76 (s, 3H), 3.57-3.54 

(m, 1H), 3.36 (s, 3H), 3.12-3.06 (m, 1H), 2.22-2.17 (m, 1H). 13C NMR (100 MHz, 

N
SO2

O

CO2Me
CO2Me

3ka

Cl

N
SO2

O

CO2Me
CO2Me

3ja

F



S13

CDCl3, ppm) δ 177.7, 171.7, 171.3, 153.7, 136.9, 135.9, 135.5, 135.4, 129.9, 128.4, 

127.8, 125.9, 119.3, 117.6, 116.8, 63.9, 52.9, 52.4, 51.8, 50.3, 46.8, 41.1. IR (KBr): 

νmax 2957, 1729, 1597, 1552, 1491, 1439, 1391, 1264, 1190, 1094, 922, 856, 798 cm−1. 

HRMS (ESI): m/z calcd for C24H22
35ClNO7SNa [M(35Cl)+Na]+ 526.0698, found 

526.0698. C24H22
37ClNO7SNa [M(37Cl)+Na]+528.0668, found 528.0673. 

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(4-(trifluoro

methyl)phenyl)-4-vinylcyclopentane-1,1-dicarboxylate (3la)

colorless oil, 49 mg, yield 94%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 5:1, [α]D
20 = -83.3 (c = 0.54, CH2Cl2), 96% 

ee, determined by HPLC analysis (chiral IB column, 2% IPA in 

hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (minor) = 

19.1 min, t (major) =21.0 min. 1H NMR (400 MHz, CDCl3, 

ppm) δ 7.88 (d, J = 7.9 Hz, 1H), 7.70-7.66 (m, 1H), 7.51-7.42 (m, 5H), 7.22 (d, J = 8.3 

Hz, 1H), 5.69-5.60 (m, 1H), 4.92-4.86 (m, 2H), 4.76 (d, J = 16.8 Hz, 1H), 4.53-4.50 

(m, 1H), 3.77 (s, 3H), 3.62-3.57 (m, 1H), 3.32 (s, 3H), 3.15-3.10 (m, 1H), 2.25-2.20 (m, 

1H). 13C NMR (100 MHz, CDCl3, ppm) δ 177.6, 171.5,171.3, 153.7, 141.2, 137.0, 

135.7, 129.8 (d, J = 32.2 Hz), 129.0, 127.7, 125.9, 125.1 (q, J = 3.6 Hz), 119.3, 117.8, 

116.7, 74.0, 52.9, 52.4, 51.7, 50.5, 46.8, 41.1. IR (KBr): νmax 2957, 1731, 1598, 1553, 

1432, 1391, 1327, 1268, 1191, 1120, 1069, 1019, 923, 853, 762 cm−1. HRMS (ESI): 

m/z calcd for C25H22F3NO7SNa [M+Na]+ 560.0961, found 560.0960. 

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(o-tolyl)-4-

vinylcyclopentane-1,1-dicarboxylate (3ma)

colorless oil, 45 mg, yield 84%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 9:1, [α]D
20 = -50.0 (c = 0.28, CH2Cl2), 97% ee, 

determined by HPLC analysis (chiral IA column, 5% IPA in hexane, 
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rate: 1.0 mL/min, 254 nm). Retention time: t (minor) = 21.5 min, t (major) = 30.1 min. 
1H NMR (400 MHz, CDCl3, ppm) δ 7.79 (d, J = 8.0 Hz, 1H), 7.63-7.60 (m, 1H), 7.37-

7.35 (m, 1H), 7.20-7.14 (m, 2H), 7.06-7.02 (m, 3H), 5.73-5.66 (m, 1H), 5.23 (d, J = 

10.9 Hz, 1H), 4.87 (d, J = 10.1 Hz, 1H), 4.76 (d, J = 16.8 Hz, 1H), 4.43-4.42 (m, 1H), 

3,73 (s, 3H), 3.60-3.56 (m, 1H), 3.30 (s, 3H), 3.20-3.17 (m, 1H), 2.67 (s, 3H), 2.30-2.25 

(m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 178.3, 171.8, 171.5, 153.6, 139.4, 136.7, 

136.5, 135.9, 131.1, 127.8, 127.2, 125.8, 125.7, 125.3, 119.1, 117.6, 116.8, 64.5, 55.6, 

52.8, 52.3, 47.6, 46.2, 41.9, 20.1. IR (KBr): νmax 2955, 1730, 1597, 1553, 1438, 1390, 

1261, 1190, 1099, 921, 856, 758 cm−1. HRMS (ESI): m/z calcd for C25H25NO7SNa 

[M+Na]+ 506.1244, found 506.1245.

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(2-meth

oxyphenyl)-4-vinylcyclopentane-1,1-dicarboxylate (3na)

colorless oil, 36 mg, yield 72%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 20:1, [α]D
20 = -67.9 (c = 0.56, CH2Cl2), 89% ee 

determined by HPLC analysis (chiral IB column, 10% IPA in 

hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (minor) = 11.2 

min, t (major) = 13.8 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.78 

(d, J = 7.8 Hz, 1H), 7.67-7.62 (m, 1H), 7.36-7.32 (m, 2H), 7.22-7.14 (m, 2H), 6.85-6.78 

(m, 2H), 5.71-5.64 (m, 1H), 5.10 (d, J = 10.7 Hz, 1H), 4.86-4.76 (m, 3H), 3,78 (s, 3H), 

3,72 (s, 3H), 3.58-3.53 (m, 1H), 3.41 (s, 3H), 3.04-2.98 (m, 1H), 2.29-2.24 (m, 1H). 

13C NMR (100 MHz, CDCl3, ppm) δ 179.3, 171.4, 171.3, 158.3, 153.6, 137.3, 136.6, 

136.4, 128.6, 127.9, 125.6, 120.6, 119.1, 117.3, 117.1, 110.9, 63.2, 55.5, 52.7, 52.1, 

50.9, 48.0, 47.0, 41.3. IR (KBr): νmax 2955, 1731, 1597, 1551, 1493, 1438, 1388, 1256, 

1190, 1112, 1027, 924, 854, 756 cm−1. HRMS (ESI): m/z calcd for C25H25NO8SNa 

[M+Na]+ 522.1193, found 522.1189.

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(3-methoxyp

henyl)-4-vinylcyclopentane-1,1-dicarboxylate (3oa)

colorless oil, 47 mg, yield 95%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 7:1, [α]D
20 = -120.0 (c = 0.25, CH2Cl2), 94% ee 

determined by HPLC analysis (chiral IC column, 5% IPA in 
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hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (minor) = 23.9 min, t (major) = 

26.0 min. 1H NMR (400 MHz, CDCl3, ppm) δ 7.87 (d, J = 7.8 Hz, 1H), 7.67-7.64 (m, 

1H), 7.42-7.38 (m, 1H), 7.21-7.20 (m, 1H), 7.12-7.10 (m, 1H) , 6.91 (s, 1H) , 6.84 (d, 

J = 7.6 Hz, 1H), 6.72 (d, J = 8.2 Hz, 1H), 5.70-5.61 (m, 1H), 4.87-4.73 (m, 1H), 4.51-

4.48 (m, 3H), 3.76-3.75 (m, 6H), 3.58-3.54 (m, 1H), 3.33 (s, 3H), 3.12-3.06 (m, 1H), 

2.22-2.17 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 178.1, 171.6, 171.4, 159.3, 

153.6, 138.7, 136.7, 136.1, 129.0, 127.8, 125.8, 120.3, 119.2, 117.4, 116.8, 114.9, 

112.9, 64.1, 55.1, 52.8, 52.3, 51.9, 51.0, 46.9, 41.2. IR (KBr): νmax 2953, 1728, 1597, 

1551, 1489, 1438, 1389, 1264, 1190, 1110, 1047, 928, 855, 775 cm−1. HRMS (ESI): 

m/z calcd for C25H25NO8SNa [M+Na]+ 522.1193, found 522.1193.

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(p-tolyl)-4-vi

nylcyclopentane-1,1-dicarboxylate (3pa)

colorless oil, 44 mg, yield 92%. Rf = 0.3 (petroleum ethe

r/ethyl acetate = 4:1), dr = 7:1, [α]D
20 = +32.9 (c = 0.79, 

CH2Cl2), 95% ee, determined by HPLC analysis (chiral IA 

column, 10% IPA in hexane, rate: 1.0 mL/min, 254 nm). 

Retention time: t (major) = 11.5 min, t (minor) = 15.7 m

in. 1H NMR (400 MHz, CDCl3, ppm) δ 7.85 (d, J = 7.2 Hz, 1H), 7.65-7.63 

(m, 1H), 7.40-7.36 (m, 1H), 7.21-7.16 (m, 3H), 7.02 (d, J = 8.0 Hz, 2H), 5.6

8-5.63 (m, 1H), 4.86-4.73 (m, 3H), 4.50-4.47 (m, 1H), 3.75 (s, 3H),3.59-3.34 (

m, 1H), 3.34 (s, 3H), 3.10-3.04 (m, 1H), 2.24 (s, 3H), 2.21-2.16 (m, 1H). 13C 

NMR (100 MHz, CDCl3, ppm) δ 178.3, 171.8, 171.5, 153.6, 137.1, 136.7, 136.2

, 133.9. 128.9, 128.3, 127.8, 125.7, 119.1, 117.4, 116.9, 64.1, 52.7, 52.3, 51.9, 

50.8, 46.9, 41.3, 21.0. IR (KBr): νmax 2924, 1728, 1598, 1553, 1438, 1387, 12

63, 1189, 1110, 1064, 922, 854, 763, 646 cm−1. HRMS (ESI): m/z calcd for 

C25H25NO7SNa [M+Na]+ 506.1244, found 506.1244. 

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(4-methoxyp

henyl)-4-vinylcyclopentane-1,1-dicarboxylate (3qa)

colorless oil, 48 mg, yield 97%. Rf = 0.3 (petroleum 

ether/ethyl acetate = 4:1), dr = 8:1, [α]D
20 = +120.0 (c = 0.30, 
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CH2Cl2), 96% ee, determined by HPLC analysis (chiral IA column, 5% IPA in hexane, 

rate: 1.0 mL/min, 254 nm). Retention time: t (minor) = 24.5 min, t (major) = 27.4 min. 
1H NMR (400 MHz, CDCl3, ppm) δ 7.86 (d, J = 7.9 Hz, 1H), 7.66-7.63 (m, 1H), 7.41-

7.38 (m, 1H), 7.23-7.21 (m, 3H), 6.75 (d, J = 8.7 Hz, 2H), 5.70-5.61 (m, 1H), 4.86-4.73 

(m, 3H), 4.50-4.45 (m, 1H), 3.76 (s, 3H), 3.72 (s, 3H), 3.59-3.57 (m, 1H), 3.35 (s, 3H), 

3.10-3.05 (m, 1H), 2.21-2.16 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 178.2, 

171.8, 171.5, 158.8, 153.6, 136.7, 136.2, 129.5, 128.9, 127.8, 125.8, 119.2, 117.4, 

116.9, 113.5, 64.0, 55.1, 52.7, 52.4, 52.0, 50.4, 46.8, 41.1. IR (KBr): νmax 2955, 1728, 

1598,1152, 1514, 1439, 1390, 1258, 1188, 1113, 1065, 1033, 922, 854, 798 cm−1. 

HRMS (ESI): m/z calcd for C25H25NO8SNa [M+Na]+ 522.1193, found 522.1193.

Dimethyl(2S,3S,4R)-3-(2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-(thiophen-3-

yl)-4-vinylcyclopentane-1,1-dicarboxylate (3ra)

yellow solid, 45 mg, yield 95%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 4:1, mp = 158-159 °C, [α]D
20 = +50.0 (c = 0.20, 

CH2Cl2), 90% ee, determined by HPLC analysis (chiral IA column, 

7% IPA in hexane, rate: 1.0 mL/min, 254 nm). Retention time: t 

(major) = 16.8 min, t (minor) = 20.0 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.88 (d, J = 7.7 Hz, 1H), 7.68-7.66 (m, 1H), 7.42-

7.40 (m, 1H), 7.24 (d, J = 8.2 Hz, 1H), 7.18-7.16 (m, 1H), 7.09-7.02 (m, 2H), 5.65-5.58 

(m, 1H), 4.94-4.84 (m, 2H), 4.75 (d, J = 16.7 Hz, 1H), 4.72-4.47 (m, 1H), 3.79 (s, 3H), 

3.56-3.52 (m, 1H), 3.37 (s, 3H), 3.08-3.04 (m, 1H), 2.22-2.18 (m, 1H). 13C NMR (100 

MHz, CDCl3, ppm) δ 178.1, 171.9, 171.4, 153.7, 137.9, 136.8, 136.1, 127.8, 127.7, 

125.8, 125.1, 122.5, 119.2, 117.4, 116.9, 63.8, 52.8, 52.5, 52.3, 46.8, 46.7, 41.0. IR 

(KBr): νmax 2952, 1734, 1591, 1549, 1435, 1387, 1260, 1184, 1135, 1067, 1032, 923, 

848 ,775, 669 cm−1. HRMS (ESI): m/z calcd for C22H21NO7S2Na [M+Na]+ 498.0652, 

found 498.0651.

Dimethyl(2S,3S,4R)-3-(6-methyl-2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-phe

nyl-4-vinylcyclopentane-1,1-dicarboxylate (3sa)
colorless oil, 27 mg, yield 56%. Rf = 0.3 (petroleum 

ether/ethyl acetate = 4:1), dr = 7:1, [α]D
20 = -157.1 (c = 0.14, 

CH2Cl2), 93% ee, determined by HPLC analysis (chiral IB 

column, 10% IPA in hexane, rate: 1.0 mL/min, 254 nm). 
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Retention time: t (minor) = 19.9 min, t (major) = 37.8 min. 1H NMR (400 MHz, CDCl3, 

ppm) δ 7.60 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.33-7.31 (m, 2H), 7.26-7.19 (m, 3H), 

7.10 (d, J = 8.6 Hz, 1H), 5.69-5.62 (m, 1H), 4.88 (d, J = 11.5 Hz, 2H), 4.77 (d, J = 16.7 

Hz, 1H), 4.51-4.48 (m, 1H), 3.78 (s, 3H), 3.55-3.54 (m, 1H), 3.29 (s, 3H), 3.15-3.11 

(m, 1H), 2.45 (s, 3H), 2.27-2.22 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ. 178.1, 

171.9, 171.6, 151.6, 137.5, 137.1, 136.1, 135.8, 128.5, 128.2, 118.9, 117.4, 116.6, 64.2, 

52.8, 52.3, 51.8, 51.0, 46.9, 41.1, 21.0. IR (KBr): νmax 2959, 1728, 1598, 1558, 1434, 

1388, 1262, 1188, 1095, 1022, 931, 800, 751, 700 cm−1. HRMS (ESI): m/z calcd for 

C25H25NO7SNa [M+Na]+ 506.1244, found 506.1243.

Dimethyl(2S,3S,4R)-3-(6-methoxy-2,2-dioxidobenzo[e][1,2,3]oxathiazin-4-yl)-2-

phenyl-4-vinylcyclopentane-1,1-dicarboxylate (3ta)

colorless oil, 25 mg, yield 50%. Rf = 0.3 (petroleum ether/ethyl 

acetate = 4:1), dr = 6:1, [α]D
20 = -245.8 (c = 0.24, CH2Cl2), 

93% ee, determined by HPLC analysis (chiral IB column, 5% 

IPA in hexane, rate: 1.0 mL/min, 254 nm). Retention time: t 

(minor) = 15.8 min, t (major) = 22.2 min. 1H NMR (400 MHz, 

CDCl3, ppm) δ 7.33-7.17 (m, 8H), 5.71-5.64 (m, 1H), 4.92-4.85 (m, 3H), 4.48-4.45 (m, 

1H), 3.89 (s, 3H), 3.78 (s, 3H), 3.61-3.59 (m, 1H), 3.30 (s, 3H), 3.14-3.10 (m, 1H), 

2.27-2.22 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ. 178.0, 171.6, 171.5, 156.8, 

147.3, 137.2, 136.1, 128.5, 127.5, 122.2, 120.1, 117.5, 117.4, 112.1, 64.2, 56.2, 52.8, 

52.0, 51.2, 47.0, 41.2. IR (KBr): νmax 2925, 1728, 1599, 1557, 1457, 1387, 1262, 1183, 

1109, 1031,931, 833, 700 cm−1. HRMS (ESI): m/z calcd for C25H25NO8SNa [M+Na]+ 

522.1193, found 522.1193.

3.2 The Compound 5 and 6 in Scheme 2
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(c) 3aa (47 mg, 0.1 mmol) was hydrogenated in EtOH (2 mL) over atmosphere of 
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hydrogen at 50 oC in the presence of Pd/C catalyst (10%，18 mg) for 3 h. The catalyst 

was filtered off，the filtrate was concentrated and chromatographed over silica gel 

column to give compound 5 (44 mg, 93% yield, 96% ee) as a white solid. dr = 8:1. Rf 

= 0.5 (petroleum ether/ethyl acetate = 4:1), mp = 172-174 °C, [α]D
20 = -24.3 (c = 0.37, 

CH2Cl2), 96% ee, determined by HPLC analysis (chiral IC column, 10% IPA in hexane, 

rate: 1.0 mL/min, 254 nm). Retention time: t (minor) = 16.4 min, t (major) = 27.3 min. 

1H NMR (400 MHz, CDCl3, ppm) δ 7.91 (d, J = 7.4 Hz, 1H), 7.70-7.67 (m, 1H), 7.43-

7.41 (m, 1H), 7.28-7.16 (m, 6H), 4.82 (d, J = 11.6 Hz, 1H), 4.47-4.46 (m, 1H), 3.77 (S, 

3H), 3.27 (S, 3H), 3.05-3.00 (m, 1H), 2.85-2.82 (m, 1H), 2.15-2.10 (m, 1H), 1.21-1.15 

(m, 2H), 0.82-0.78 (m, 3H). 13C NMR (100 MHz, CDCl3, ppm) δ 178.7, 171.8, 171.7, 

153.6, 137.4, 136.8, 128.5, 128.1, 127.6, 127.4, 125.9, 119.4, 117.0, 64.1, 52.7, 52.2, 

51.7, 51.1, 44.3, 40.3, 29.9, 24.1, 12.1. IR (KBr): νmax 2925, 1727, 1596, 1551, 1438, 

1386, 1261, 1188, 1096, 856, 752, 698 cm−1. HRMS (ESI): m/z calcd for 

C24H25NO7SNa [M+Na]+ 494.1244, found 494.1242.

 (d) To a solution of 3aa (67 mg, 0.14 mmol) in toluene (2 mL) was slowly added 

sodium bis-(2-methoxyethoxy) aluminiumhydride (85 mg, 0.42mmol) in toluene (5 

mL) at 0 oC. The reaction mixture was stirred at room temperature for about 2 h. The 

reaction was quenched with water (15 mL), the mixture was extracted with ethyl acetate 

(3 × 15 mL), the combined organic layer was dried MgSO4. After removal of the 

solvents under reduced pressure, the residual was purified by column chromatography. 

affording the title compound 6 (32 mg, 77% yield, 97% ee) as a white solid. dr = 8:1. 

Rf = 0.4 (petroleum ether/ethyl acetate = 10:1), mp = 98-100 °C, [α]D
20 = －259.6 (c 

= 0.47, CH2Cl2). 97% ee determined by HPLC analysis (chiral IA column,2 % IPA in 

hexane, rate: 1.0 mL/min, 254 nm). Retention time: t (major) = 8.3 min, t (minor) = 9.5 

min. 1H NMR (400 MHz, CDCl3, ppm) δ 12.14 (s, 1H), 7.84 (d, J = 7.7 Hz, 1H), 7.47-

7.44 (m, 1H), 7.34 (d, J = 7.3 Hz, 2H), 7.26-7.19 (m, 3H), 6.95-6.92 (m, 2H), 5.70-5.61 

(m, 1H), 4.90-4.78 (m, 3H), 4.66-4.61 (m, 1H), 3.78 (s, 3H), 3.57-3.50 (m, 1H), 3.25 

(s, 3H), 3.17-3.11 (m, 1H), 2.23-2.19 (m, 1H). 13C NMR (100 MHz, CDCl3, ppm) δ 

204.0, 172.1, 171.6, 162.7, 138.0, 136.9, 136.3, 129.8, 128.4, 128.1, 127.3, 120.0, 

118.9, 118.6, 116.8, 64.2, 54.4, 52.7, 52.1, 50.4, 46.0, 41.0. IR (KBr): νmax 3443, 2952, 
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1722, 1634, 1489, 1443, 1392, 1261, 1208, 1159, 1111, 927, 828, 755, 699 cm−1. 

HRMS (ESI): m/z calcd for C24H24O6Na [M+Na]+ 431.1465, found 431.1466.
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5.HPLC spectra of the products

HPLC of 3aa
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HPLC of 3ba 
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HPLC of 3ca 
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HPLC of 3da 
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HPLC of 3ea
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HPLC of 3fa 
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HPLC of 3ha
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HPLC of 3ia
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HPLC of 3ja
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HPLC of 3ka
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HPLC of 3la
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HPLC of 3ma
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HPLC of 3na 
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HPLC of 3oa
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HPLC of 3pa
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HPLC of 3qa
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HPLC of 3ra
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HPLC of 3sa
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HPLC of 3ta
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HPLC of 5
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3.X-ray crystallographic data of 3ia and 6.

  A single crystal of 3ia or 6 was obtained via evaporation of its hexane/isopropanol 

solvent mixture. The intensity data were collected on an (Dual, Cu at zero, Eos) 

diffractometer using graphite-monochromated Cu Kα radiation. Crystallographic data 

collection and structure solution parameters are summarized in Table S1. This data can 

be obtained free of charge from The Cambridge Crystallographic Data Center via 

www.ccdc.cam.uk/data_request/cif. 

           

               

Figure S1. ORTEP diagram of 3ia and 6; thermal ellipsoids are drawn at the 50% 
probability level

Table S1 Crystal data and structure refinement for Compounds 3ia, 6.

Identification code 3ia 6

CCDC Deposit number 1873121 1874838

Empirical formula C24H22N2O9S C24H24O6

Formula weight 514.49 408.43

Temperature (K) 273(2) 293(2)

Wavelength (Å) 1.54178 1.54178

Crystal system orthorhombic monoclinic

space group P 21 21 21 P 1 21/c 1

Unit cell dimensions a = 12.2161(5) 10.3133(4)
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Å b = 12.5468(5) 11.2328(4)

c = 16.7879(7) 19.0954(8)

(°) α = 90 α = 90

β = 90 99.604(2)

γ = 90 γ = 90

Volume 2573.13(18) Å3 2181.14(15) Å3

Z 4 4

Calcd. density (Mg/m 3) 1.328 1.244

F(000) 1072 864

Limiting indices -13 ≤ h ≤ 13 -12 ≤ h ≤12

-13 ≤ k ≤ 14 -13 ≤ k ≤ 13

-17 ≤ l ≤ 19 -22 ≤ l ≤ 19

GOOF 1.088 1.038

R(int) 15.18% 2.90%

R1 5.79% 4.99%

WR2  15.31% 13.72%


