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1. General information 

The products were purified by column chromatography on silica gel (200-300 mesh). For 

thin-layer chromatography (TLC) analysis, silica gel plates (HSGF254) were used. Visualization 

of the developed TLC plates was performed with ultraviolet irradiation 254 nm. 
1
H NMR, 

13
C 

NMR, 
19

F NMR spectra were recorded on Bruker DRX-300 or Bruker DRX-400 spectrometers. 

Chemical shifts (δ) are quoted in ppm relative to TMS (
1
H). Coupling constants (J) are quoted in 

Hz. The following abbreviations were used to show the multiplicities: s: singlet, d: doublet, t: 

triplet, q: quadruplet, m: multiplet, dd: doublet of doublets, qt: quadruplet of triplets, tt: triplet of 

triplets, tq: triplet of quadruplets, tqt: triplet of quadruplet of triplets. The residual solvent signals 

were used as references (CDCl3: δH = 7.26 ppm, δC = 77.00 ppm). The ee values determination 

was carried out using chiral HPLC with Daicle Chiralpak INA-H, INC-H and ND-H column on 

Agilent 1200 LC instrument. The solvents were distilled from appropriate drying agents prior to 

use, unless otherwise noted.  
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Seven-membered cyclic N-sulfonylimines (1)
[1]

, 2-indolizine esters (2)
[2] 

and six-membered 

cyclic N-sulfonylimine (5)
[3]

 were prepared according to the literature. The CPAs were purchased 

from Daicel Chiral technologies (China)CO., LTD and direct used without additional process. The 

racemic products were prepared by running reactions with a racemic catalyst. 

2. More results on the condition optimization 

Table S1. Screening for more chiral CPA catalysts and solvents
a,b,c

 

 

Entry Catalyst  Solvent Yield(%)
b
 ee(%)

c
 

1 S1 toluene trace - 

2 S2 toluene 8 0 

3 S3 toluene trace - 

4 S4 toluene 86 80 

5 S5 toluene 87 71 

6 S6 toluene trace - 

7 S7 toluene 90 4 

8 S8 toluene 89 91 

9 C8 CH2Cl2 57 91 

10 C8 DMF NR - 

11 C8 PhCF3 95 93 

12 C8 m-xylene 96 94 

13 C8 p-xylene 93 94 

a
Unless otherwise noted, reaction was performed with 1a (0.05 mmol), 2a (0.06 mmol), catalyst 

(10 mol%) in solvent (1.0 mL) at r.t. for 12 h.
 b

Isolated yields. 
c
Determined by HPLC analysis 

using a chiral column, and the minus ee value indicates that the opposite enantiomer was obtained 

as the major form.  

3. Control Experiment. 

 

Scheme S2 The control experiment. 
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Indole 7 (0.06 mmol, 1.2 equiv.), C8 (2.8 mg, 0.005 mmol, 10 mol%) and EtOAc (1.0 mL) 

were added in an oven-dried 5 mL round-bottomed flask. It was allowed to stir for 10 min in air at 

0 
o
C. Then, seven-membered cyclic N-sulfonyl mines 2a (0.05 mmol, 1.0 equiv.) was added and it 

was allowed to stir at 0 
o
C for 24 h. At the end of the reaction, TLC monitoring of the reaction 

revealed that the reaction produced trace products. 

4. Experimental section 

Typical procedure for synthesis of 3: Indolizine 2 (0.06 mmol, 1.2 equiv.), C8 (2.8 mg, 0.005 

mmol, 10 mol%) and EtOAc (1.0 mL) were added in an oven-dried 5 mL round-bottomed flask. It 

was allowed to stir for 10 min in air at 0 
o
C. Then, seven-membered cyclic N-sulfonylimines 1 

(0.05 mmol, 1.0 equiv.) was added and the mixture was stirred at 0 
o
C for 12-48 h. The crude 

product was directly purified by flash column chromatography on silica gel (petroleum ether/ethyl 

acetate, 6:1) to afford the product 3. 

  (S)-Methyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-carboxylate 

(3aa): white solid (20.1 mg, 96% yield, 99% ee); Rf = 0.50 (petroleum ether/ethyl acetate, 3:1); mp: 

121.8–132.9 ℃. [α]D
25 

= +176.9 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.75 (d, J = 7.4 

Hz, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.77 (t, J = 7.5 Hz, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.58 (t, J = 

7.6 Hz, 1H), 7.47 (s, 1H), 7.44 (d, J = 4.3 Hz, 2H), 7.25 – 7.15 (m, 1H), 6.92 (d, J = 3.6 Hz, 1H), 

6.88 (d, J = 7.0 Hz, 2H), 6.68 (t, J = 6.9 Hz, 1H), 6.58 (d, J = 7.8 Hz, 1H), 5.36 (s, 1H), 3.67 (s, 

3H). 
13

C{
1
H} NMR (75 MHz, CDCl3) δ 165.5, 140.3, 138.9, 137.1, 133.7, 133.4, 132.6, 130.8, 

130.2, 129.6, 129.1, 128.8, 128.0, 126.4, 125.7, 121.7, 120.3, 119.3, 117.5, 112.6, 101.4, 52.7, 

51.6. HRMS (ESI) calcd for C23H19N2O4S
+
 m/z

 
419.1060 [M+H]

+
, found: 419.1071. HPLC 

(Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm 1.0 mL/min): t1 = 9.38 

min (major), t2 = 13.38 min (minor). 

(S)-Ethyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-carboxylate 

(3ab): white solid (19.9 mg, 92% yield, 98% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 3:1)；

mp:189.4–190.6 ℃. [α]D
25 

= +205.7 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.74 (d, J = 

7.2 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H), 7.78 (t, J = 7.5 Hz, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.60 (t, J 

= 7.7 Hz, 1H), 7.54 – 7.39 (m, 3H), 7.21 (dt, J = 8.6, 4.3 Hz, 1H), 6.89 (d, J = 14.0 Hz, 3H), 6.68 

(t, J = 7.0 Hz, 1H), 6.59 (d, J = 7.8 Hz, 1H), 5.26 (s, 1H), 4.13 (q, J = 7.1 Hz, 2H), 1.17 (t, J = 7.1 

Hz, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3)

 
δ 165.1, 140.2, 138.9, 137.0, 133.7, 133.4, 132.6, 130.9, 

130.2, 129.7, 129.1, 128.8, 128.1, 126.5, 125.8, 121.3, 120.3, 119.3, 119.0, 112.6, 101.6, 60.4, 52.7, 

14.2. HRMS (ESI) calcd for C24H21N2O4S
+
 m/z

 
433.1216 [M+H]

+
, found: 433.1226. HPLC 

(Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 8.44 

min (major), t2 = 13.50 min (minor). 

(S)-Benzyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-carboxylate 

(3ac): white solid (23.0 mg, 94% yield, 96% ee); Rf = 0.4 (petroleum ether/ethyl acetate, 3:1); mp: 

91.7–92.3 ℃. [α]D
25 

= +172.3 (c =1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.76 (d, J = 7.3 Hz, 

1H), 8.03 (d, J = 7.7 Hz, 1H), 7.73 (t, J = 7.5 Hz, 1H), 7.57 (dd, J = 12.5, 7.6 Hz, 2H), 7.46 (d, J = 

2.7 Hz, 1H), 7.44 (s, 2H), 7.32 – 7.26 (m, 3H), 7.21 (dq, J = 6.8, 3.3, 2.7 Hz, 3H), 6.95 (s, 1H), 

6.90 (t, J = 3.4 Hz, 1H), 6.88 – 6.81 (m, 1H), 6.68 (t, J = 7.0 Hz, 1H), 6.60 (d, J = 7.8 Hz, 1H), 

5.30 (s, 1H), 5.13 (q, J = 12.6 Hz, 2H). 13
C{

1
H} NMR (75 MHz, CDCl3)

 
δ 164.8, 140.3, 138.9, 

137.2, 136.0, 133.6, 133.4, 132.7, 130.8, 130.3, 129.6, 129.1, 128.7, 128.6, 128.1, 128.1, 127.8, 

126.5, 125.7, 121.6, 120.4, 119.3, 117.7, 112.6, 101.8, 66.0, 52.9. HRMS (ESI) calcd for 

C29H23N2O4S
+
 m/z

 
495.1373 [M+H]

+
, found: 495.1383. HPLC (Chiralpak INA-H column, 
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n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min) tR = 12.50 min (major), tR = 20.73 min 

(minor). 

(S)-Butyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-carboxylate 

(3ad): white solid (22.3 mg, 97% yield, 99% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 3:1)；mp: 

153.2–154.6 ℃. [α]D
25 

= +250.1 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.74 (d, J = 7.2 

Hz, 1H), 8.03 (d, J = 7.6 Hz, 1H), 7.77 (t, J = 7.5 Hz, 1H), 7.66 (d, J = 7.4 Hz, 1H), 7.58 (t, J = 

7.5 Hz, 1H), 7.45 (t, J = 6.6 Hz, 3H), 7.20 (dt, J = 8.6, 4.4 Hz, 1H), 6.88 (d, J = 11.4 Hz, 3H), 6.68 

(t, J = 6.8 Hz, 1H), 6.59 (d, J = 7.7 Hz, 1H), 5.37 (s, 1H), 4.06 (t, J = 6.5 Hz, 2H), 1.51 (p, J = 6.8 

Hz, 2H), 1.28 (q, J = 7.5 Hz, 2H), 0.87 (t, J = 7.3 Hz, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3): δ 

165.1, 140.2, 138.9, 137.1, 133.6, 133.4, 132.7, 130.8, 130.2, 129.6, 129.1, 128.8, 128.1, 126.5, 

125.7, 121.3, 120.2, 119.3, 118.1, 112.5, 101.7, 64.3, 52.8, 30.6, 19.2, 13.8. HRMS (ESI) calcd 

for C26H25N2O4S
+
 m/z

 
461.1529 [M+H]

+
, found: 461.1553. HPLC (Chiralpak INA-H column, 

n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 8.00 min (major), t2 =13.71 min 

(minor). 

(S)-Tert-butyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-carboxyla

te (3ae): white solid (22.0 mg, 96% yield, 80% ee); Rf = 0.6 (petroleum ether/ethyl acetate, 3:1); 

mp: 197.0–198.1℃. [α]D
25 

= +148.8 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3): δ 8.68 (d, J = 

7.2 Hz, 1H), 8.04 (d, J = 7.0 Hz, 1H), 7.76 (t, J = 7.7 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.61–7.53 

(m, 1H), 7.44 (d, J = 4.7 Hz, 3H), 7.20 (dt, J = 8.7, 4.4 Hz, 1H), 6.93 – 6.78 (m, 3H), 6.67 (d, J = 

6.9 Hz, 1H), 6.64 – 6.53 (m, 1H), 5.41 (s, 1H), 1.33 (s, 9H). 13
C{

1
H} NMR (75 MHz, CDCl3): δ 

164.3, 140.2, 138.9, 137.3, 133.5, 133.2, 132.6, 131.0, 130.3, 129.6, 129.1, 128.7, 128.3, 126.5, 

125.7, 120.5, 120.1, 120.0, 119.1, 112.3, 102.0, 80.9, 52.8, 28.2. HRMS (ESI) calcd for 

C26H25N2O4S
+
 m/z

 
461.1529 [M+H]

+
, found: 461.1551. HPLC (Chiralpak INA-H column, 

n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 6.82 min (major), t2 = 8.62 min 

(minor). 

(S)-Cyclohexyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-carboxy

late (3af): pale yellow solid (23.3 mg, 96% yield, 86% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 

3:1); mp: 89.4–90.2 ℃. [α]D
25 

= +112.2 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3)

 
δ 8.72 (d, J 

= 7.1 Hz, 1H), 8.06 (d, J = 7.8 Hz, 1H), 7.76 (d, J = 7.7 Hz, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.61 (t, 

J = 7.7 Hz, 1H), 7.50 – 7.41 (m, 3H), 7.24 – 7.16 (m, 1H), 6.95 – 6.81 (m, 3H), 6.67 (t, J = 7.1 Hz, 

1H), 6.60 (d, J = 7.9 Hz, 1H), 5.26 (s, 1H), 4.79 (s, 1H), 1.59 (m, 5H), 1.28 (m, 5H). 13
C{

1
H} 

NMR (75 MHz, CDCl3) δ 164.5, 140.2, 138.6, 137.1, 133.6, 133.4, 132.6, 131.0, 130.2, 129.6, 129.1, 

128.7, 128.2, 126.5, 125.8, 121.0, 120.2, 119.2, 118.7, 112.5, 101.7, 72.5, 52.8, 31.6, 29.7, 25.4, 23.7. 

HRMS (ESI) calcd for C28H27N2O4S
+
 m/z

 
487.1686 [M+H]

+
, found: 487.1664. HPLC (Chiralpak 

INA-H column, n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 8.10 min (major), 

t2 = 13.14 min (minor). 

(S)-2-methoxyethyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-car

boxylate (3ag): brown solid (22.0 mg, 95% yield, 98% ee); Rf = 0.4 (petroleum ether/ethyl acetate, 

3:1); mp: 119.7–120.2 ℃. [α]D
25 

= +199.8 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.72 

(d, J = 7.3 Hz, 1H), 8.01 (d, J = 7.7 Hz, 1H), 7.75 (d, J = 7.2 Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H), 

7.57 (t, J = 7.8 Hz, 1H), 7.44 (t, J = 7.3 Hz, 3H), 7.19 (dt, J = 8.5, 4.4 Hz, 1H), 6.93 (d, J = 4.6 Hz, 

2H), 6.86 (t, J = 8.4 Hz, 1H), 6.67 (t, J = 7.0 Hz, 1H), 6.57 (d, J = 7.8 Hz, 1H), 5.49 (s, 1H), 4.34 

– 4.11 (m, 2H), 3.60 – 3.44 (m, 2H), 3.27 (s, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3): δ 165.0, 

140.3, 138.9, 137.2, 133.6, 133.3, 132.7, 130.9, 130.3, 129.6, 129.1, 128.8, 128.1, 126.4, 125.7, 
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121.7, 120.3, 119.3, 117.5, 112.6, 101.8, 70.4, 63.4, 59.0, 52.7. HRMS (ESI) calcd for 

C25H23N2O5S
+
 m/z

 
463.1322 [M+H]

+
, found: 463.1334. HPLC (Chiralpak INA-H column, 

n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 10.08 min (major), t2 = 16.12 min 

(minor). 

(S)-Methyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)-8-fluoroindolizine-2-car

boxylate (3ah): pale yellow solid (21.6 mg, 99% yield, 90% ee); Rf = 0.4 (petroleum ether/ethyl 

acetate, 4:1); mp: 124.7–125.4 ℃. [α]D
25 

= +124.2 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3) 

δ 8.58 (d, J = 6.9 Hz, 1H), 8.04 (d, J = 7.9 Hz, 1H), 7.79 (t, J = 7.5 Hz, 1H), 7.68 (d, J = 7.6 Hz, 

1H), 7.60 (t, J = 7.6 Hz, 1H), 7.46 (d, J = 4.5 Hz, 2H), 7.31-7.21 (m, 1H), 7.07 (s, 1H), 6.93 (s, 

1H), 6.58 (dt, J = 23.0, 6.4 Hz, 3H), 5.30 (s, 1H), 3.71 (s, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3) δ 

165.1, 154.7 (d, 
1
JC-F = 249.0 Hz), 140.3, 138.8, 137.0, 133.8, 132.3, 130.8, 130.3, 129.8, 129.0(d, 

2
JC-F = 20.3 Hz), 127.9, 126.4, 125.9, 125.8, 123.8, 123.0, 117.7, 111.8(d, 

3
JC-F = 6.8 Hz), 101.5 (d, 

3
JC-F = 16.5 Hz), 99.2, 52.6, 51.7. 19

F NMR (376 MHz, CDCl3)
 δ -124.41. HRMS (ESI) calcd for 

C23H18FN2O4S
+
 m/z

 
436.0965 [M+H]

+
, found: 437.0983. HPLC (Chiralpak INA-H column, 

n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 6.93 min (major), t2 = 10.44 min 

(minor). 

(S)-Methyl-7-chloro-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-car

boxylate (3ai): pale yellow solid (21.5 mg, 95% yield, 94% ee); Rf = 0.5 (petroleum ether/ethyl 

acetate, 4:1); mp: 114.5–115.3 ℃. [α]D
25 

= +60.4 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 

8.70 (d, J = 7.8 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H), 7.78 (t, J = 7.1 Hz, 1H), 7.67 (d, J = 7.7 Hz, 1H), 

7.64 – 7.56 (m, 1H), 7.54 – 7.36 (m, 3H), 7.25 – 7.17 (m, 1H), 6.90 (d, J = 3.6 Hz, 1H), 6.83 (s, 

1H), 6.65 (d, J = 5.4 Hz, 1H), 6.52 (d, J = 7.8 Hz, 1H), 5.28 (s, 1H), 3.69 (s, 3H). 13
C{

1
H} NMR 

(75 MHz, CDCl3) δ 165.1, 140.3, 138.8, 137.0, 133.8, 133.1, 132.3, 130.8, 130.4, 129.8, 129.1, 

128.8, 127.8, 127.2, 126.0, 125.8, 122.4, 118.6, 118.5, 114.2, 101.3, 52.6, 51.7. HRMS (ESI) 

calcd for C23H17ClN2O4SNa
+
 m/z

 
475.0489 [M+Na]

+
, found: 475.0507(

35
Cl), 477.0472(

37
Cl). 

HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 

7.98 min (major), t2 = 9.20 min (minor). 

(S)-Methyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)-6-fluoroindolizine-2-car

boxylate (3aj): pale yellow solid (21.5 mg, 99% yield, 95% ee); Rf = 0.4 (petroleum ether/ethyl 

acetate, 4:1); mp: 157.6–158.6 ℃. [α]D
25 

= +175.40 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) 

δ 8.72 (d, J = 5.4 Hz, 1H), 8.04 (d, J = 7.8 Hz, 1H), 7.79 (t, J = 7.6 Hz, 1H), 7.68 (d, J = 7.7 Hz, 

1H), 7.60 (t, J = 7.7 Hz, 1H), 7.46 (q, J = 5.2 Hz, 3H), 7.26-7.18 (m, 1H), 6.95 (s, 1H), 6.89 (d, J 

= 3.6 Hz, 1H), 6.85 (d, J = 8.7 Hz, 1H), 6.55 (d, J = 7.9 Hz, 1H), 5.29 (s, 1H), 3.69 (s, 3H). 
13

C{
1
H} NMR (75 MHz, CDCl3)

 
δ 165.1, 153.1 (d, 

1
JC-F = 237.0 Hz,), 140.3, 138.9, 137.1, 133.8, 

132.2, 131.2, 130.8, 130.3, 129.8, 129.2, 128.8, 127.8, 125.8, 123.1, 121.1 (d, 
3
JC-F = 9.0 Hz), 

118.3, 113.0, 112.6 (d, 
2
JC-F = 26.25 Hz), 103.0, 52.7, 51.6. 19

F NMR (376 MHz, CDCl3) δ 

-136.72. HRMS (ESI) calcd for C23H17FN2O4SK
+
 m/z

 
475.0524 [M+K]

+
, found: 475.0516. HPLC 

(Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 6.62 

min (major), t2 = 8.01 min (minor). 

(S)-Methyl-6-chloro-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-car

boxylate (3ak): pale yellow solid (22.4 mg, 99% yield, 94% ee); Rf = 0.4 (petroleum ether/ethyl 

acetate, 4:1); mp: 142.8–143.6 ℃. [α]D
25 

= +153.6 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3) 

δ 8.69 (d, J = 7.6 Hz, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.77 (d, J = 7.9 Hz, 1H), 7.67 (d, J = 7.5 Hz, 

1H), 7.63 – 7.55 (m, 1H), 7.50 – 7.39 (m, 3H), 7.21 (s, 1H), 6.97 – 6.86 (m, 1H), 6.82 (s, 1H), 



6 
 

6.65 (d, J = 7.6 Hz, 1H), 6.51 (d, J = 7.8 Hz, 1H), 5.32 (s, 1H), 3.69 (s, 3H). 13
C{

1
H} NMR (75 

MHz, CDCl3) δ 165.2, 140.3, 138.8, 137.0, 133.8, 133.1, 132.3, 130.8, 130.4, 129.8, 129.2, 128.9, 

127.8, 127.2, 126.0, 125.8, 122.4, 118.6, 118.4, 114.2, 101.3, 52.6, 51.7. HRMS (ESI) calcd for 

C23H17ClN2O4SNa
+
 m/z

 
475.0489 [M+Na]

+
, found: 475.0487(

35
Cl), 477.0476(

37
Cl). HPLC 

(Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 9.49 

min (major), t2 = 14.61 min (minor). 

(S)-Methyl-6-bromo-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-car

boxylate (3al): pale yellow solid (24.6 mg, 99% yield, 90% ee); Rf = 0.5 (petroleum ether/ethyl 

acetate, 4:1); mp: 169.5–170.9 ℃. [α]D
25 

= +161.6 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3)

 

δ 8.93 (s, 1H), 8.06 (d, J = 7.8 Hz, 1H), 7.79 (t, J = 7.7 Hz, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.61 (t, J = 

7.6 Hz, 1H), 7.54 – 7.41 (m, 3H), 7.37 (d, J = 9.5 Hz, 1H), 6.94 (d, J = 9.6 Hz, 2H), 6.88 (d, J = 3.5 Hz, 

1H), 6.55 (d, J = 7.8 Hz, 1H), 5.27 (s, 1H), 3.69 (s, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3) δ 165.1, 

140.5, 138.9, 137.0, 133.8, 132.4, 131.6, 130.8, 130.3, 129.8, 129.3, 128.8, 127.7, 125.9, 125.8, 

123.1, 122.3, 120.9, 118.0, 108.1, 103.0, 52.7, 51.7. HRMS (ESI) calcd for C23H18BrN2O4S
+
 m/z

 

497.0165 [M+H]
+
, found: 497.0186(

79
Br), 499.0176(

81
Br). HPLC (Chiralpak INA-H column, 

n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): tR` = 6.83 min (major), t1 = 10.37 min 

(minor). 

(S)-Methyl-3-(5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)-6-methylindolizine-2-ca

rboxylate (3am): pale yellow solid (21.4 mg, 99% yield, 95% ee); Rf = 0.5 (petroleum ether/ethyl 

acetate, 4:1); mp: 173.3–174.6 °C. [α]D
25 

= +175.40 (c =0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3) 

δ 8.53 (s, 1H), 8.04 (d, J = 7.6 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.59 (t, 

J = 7.6 Hz, 1H), 7.45 (d, J = 4.1 Hz, 2H), 7.38 (d, J = 9.1 Hz, 1H), 7.25-7.20 (m, 1H), 6.90 (d, J = 

3.4 Hz, 1H), 6.84 (s, 1H), 6.74 (d, J = 9.2 Hz, 1H), 6.60 (d, J = 7.8 Hz, 1H), 5.28 (s, 1H), 3.68 (s, 

3H), 2.27 (s, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3) δ 165.6, 140.3, 139.0, 137.2, 133.7, 132.8, 

132.3, 130.8, 130.1, 129.6, 129.1, 128.7, 128.1, 125.6, 123.5, 122.8, 122.2, 121.2, 119.7, 117.1, 

101.3, 52.7, 51.5, 19.1. HRMS (ESI) calcd for C24H21N2O4S
+
 m/z

 
433.1216 [M+H]

+
, found: 

433.1234. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 

mL/min): tR = 6.30 min (major), tR = 10.63 min (minor). 

(S)-Methyl-3-(9-fluoro-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-car

boxylate (3ba): pale yellow solid (20.5 mg, 94% yield, 98% ee); Rf = 0.5 (petroleum ether/ethyl 

acetate, 4:1); mp: 156.2–157.8 ℃. [α]D
25 

= + 177.6 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3)

 

δ 8.72 (d, J = 7.0 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H), 7.78 (t, J = 7.6 Hz, 1H), 7.62 (dd, J = 18.3, 7.5 

Hz, 2H), 7.47 (d, J = 9.3 Hz, 1H), 7.45 – 7.37 (m, 1H), 7.15 (d, J = 7.8 Hz, 1H), 6.89 (q, J = 7.2, 

6.1 Hz, 3H), 6.72 (t, J = 7.1 Hz, 1H), 6.29 (d, J = 9.5 Hz, 1H), 5.30 (s, 1H), 3.70 (s, 3H). 
13

C{
1
H} 

NMR (75 MHz, CDCl3)
 δ 165.5, 163.0 (d, 

1
JC-F = 247.5 Hz), 138.0, 137.0, 136.3, 135.2, 133.8, 

133.6, 131.9 (d, 
3
JC-F = 7.5 Hz), 130.7, 128.9, 126.1, 125.9, 120.8, 120.5, 119.5, 117.7, 116.5 (d, 

2
JC-F = 21.0 Hz), 115.7 (d, 

2
JC-F = 24.0 Hz), 113.0, 101.6, 52.4, 51.6. 

19
F NMR (376 MHz, CDCl3)

 

δ -111.94. HRMS (ESI) calcd for C23H17FN2O4SNa
+
 m/z

 
459.0785 [M+H]

+
, found: 459.0776. 

HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 

8.43 min (major), t2 = 11.36 min (minor). 

(S)-Methyl-3-(9-chloro-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-car

boxylate (3ca): white solid (22.3 mg, 99% yield, 98% ee); Rf = 0.4 (petroleum ether/ethyl acetate, 

4:1); mp: 157.9–159.6 ℃. [α]D
25 

= +208.8 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.71 

(d, J = 7.0 Hz, 1H), 8.03 (d, J = 7.6 Hz, 1H), 7.78 (t, J = 7.1 Hz, 1H), 7.71 – 7.56 (m, 2H), 7.48 (d, 
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J = 9.4 Hz, 1H), 7.40 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 6.3 Hz, 3H), 6.73 (t, J = 7.1 Hz, 1H), 6.53 (s, 

1H), 5.29 (s, 1H), 3.70 (s, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3) δ 165.5, 138.8, 137.8, 137.0, 

135.2, 134.6, 133.8, 133.6, 131.4, 130.6, 129.8, 129.1, 128.3, 126.0, 125.9, 120.6, 120.5, 119.6, 

117.8, 113.0, 101.7, 52.4, 51.6 HRMS (ESI) calcd for C23H17ClN2O4SNa
+
 m/z

 
475.0489 [M+Na]

+
, 

found: 475.0502(
35

Cl), 477.0486(
37

Cl). HPLC (Chiralpak ND-H column, n-hexane/i-PrOH = 

70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 =10.81 min (major), t2 = 14.85 min (minor). 

(S)-Methyl-3-(9-methoxy-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-

carboxylate (3da): white solid (22.8 mg, 99% yield, 99% ee); Rf = 0.4 (petroleum ether/ethyl 

acetate, 4:1); mp: 103.0–104.7 ℃. [α]D
25 

= +203.6 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3) 

δ 8.75 (d, J = 7.2 Hz, 1H), 8.01 (d, J = 8.3 Hz, 1H), 7.80 – 7.69 (m, 1H), 7.63 (d, J = 7.9 Hz, 1H), 

7.55 (d, J = 7.7 Hz, 1H), 7.44 (d, J = 9.1 Hz, 1H), 7.37 (d, J = 8.6 Hz, 1H), 7.02 – 6.80 (m, 4H), 

6.70 (d, J = 6.5 Hz, 1H), 6.14 (d, J = 3.1 Hz, 1H), 5.30 (s, 1H), 3.69 (s, 3H), 3.60 (s, 3H). 13
C{

1
H} 

NMR (75 MHz, CDCl3) δ 165.5, 160.0, 138.8, 136.9, 134.1, 133.7, 133.4, 132.5, 131.5, 130.6, 

128.2, 126.4, 125.8, 121.6, 120.3, 119.4, 117.6, 115.4, 113.5, 112.6, 101.5, 55.2, 52.7, 51.5. 

HRMS (ESI) calcd for C24H21N2O5S
+
 m/z

 
449.1165 [M+H]

+
, found: 449.1173. HPLC (Chiralpak 

ND-H column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 230 nm, 1.0 mL/min): t1 = 8.53 min (major), 

t2 = 17.00 min (minor). To determine the absolute configuration of 3da (99% ee), it (20.0 mg) was 

first dissolved in dichloromethane (1.0 mL) and filtered with a microporous membrane before 

being added to a 5.0 mL vial. Then, n-hexane (2.5 mL) was slowly added dropwise in the solution 

of 3da. It was slowly volatilized at room temperature, a single crystal of 3da was obtained after 

3-4 days. 

(S)-Methyl-3-(9-(benzyloxy)-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine

-2-carboxylate (3ea): white solid (26.0 mg, 99% yield, 99% ee); Rf = 0.5 (petroleum ether/ethyl 

acetate, 4:1); mp: 117.1–118.6 ℃. [α]D
25 

= +105.4 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3) 

δ 8.73 (d, J = 7.3 Hz, 1H), 8.00 (d, J = 7.7 Hz, 1H), 7.73 (t, J = 7.6 Hz, 1H), 7.62 (d, J = 7.7 Hz, 

1H), 7.54 (d, J = 7.7 Hz, 1H), 7.44 (d, J = 9.0 Hz, 1H), 7.35 (d, J = 8.6 Hz, 1H), 7.26 (d, J = 9.5 

Hz, 3H), 7.21 – 7.12 (m, 2H), 7.01 (d, J = 5.7 Hz, 1H), 6.93 – 6.76 (m, 3H), 6.66 (t, J = 6.9 Hz, 

1H), 6.21 (s, 1H), 5.26 (s, 1H), 4.97 – 4.62 (m, 2H), 3.67 (s, 3H). 
13

C{
1
H} NMR (75 MHz, CDCl3) 

δ 165.5, 159.3, 138.8, 136.9, 136.2, 134.1, 133.7, 133.4, 132.6, 131.5, 130.6, 128.6, 128.2, 128.1, 

127.6, 126.3, 125.8, 121.5, 120.3, 119.4, 117.6, 115.6, 115.0, 112.7, 101.6, 70.1, 52.7, 51.5. 

HRMS (ESI) calcd for C30H25N2O5S
+
 m/z

 
525.1478 [M+H]

+
, found: 525.1498. HPLC (Chiralpak 

INC-H column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 20.71 min 

(major), t2 = 22.79 min (minor). 

(S)-Methyl-3-(10-fluoro-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-ca

rboxylate (3fa): white solid (20.5 mg, 95% yield, 98% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 

4:1); mp: 147.6–148.5 ℃. [α]D
25 

= +206.6 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.72 

(d, J = 9.0 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H), 7.79 (d, J = 7.9 Hz, 1H), 7.71 – 7.60 (m, 2H), 7.47 (d, 

J = 9.1 Hz, 1H), 7.17 (d, J = 9.1 Hz, 1H), 6.88 (t, J = 7.2 Hz, 4H), 6.70 (t, J = 7.1 Hz, 1H), 6.54 (t, 

J = 7.2 Hz, 1H), 5.26 (s, 1H), 3.70 (s, 3H). 
13

C{
1
H} NMR (75 MHz, CDCl3) δ 165.5, 163.1 (d, 

1
JC-F = 247.5 Hz), 142.5 (d, 

3
JC-F = 8.3 Hz), 137.7, 137.1, 133.9, 133.5, 130.6, 130.0 (d, 

3
JC-F = 8.3 

Hz), 129.3, 128.6, 126.2, 125.9, 121.3, 120.4, 119.4, 117.5 (d, 
3
JC-F = 6.8 Hz), 117.2, 115.6 (d, 

2
JC-F = 21.0 Hz), 112.8, 101.5, 52.1, 51.6. 

19
F NMR (376 MHz, CDCl3)

 δ -112.11. HRMS (ESI) 

calcd for C23H18FN2O4S
+
 m/z

 
437.0965 [M+H]

+
, found: 437.0971. HPLC (Chiralpak INA-H 
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column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 8.43 min (major), t2 = 

11.36 min (minor). 

(S)-Methyl-3-(10-chloro-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-c

arboxylate (3ga): white solid (21.4 mg, 95% yield, 98% ee); Rf = 0.5 (petroleum ether/ethyl 

acetate, 4:1); mp: 221.1–222.1℃. [α]D
25 

= + 273.6 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3) 

δ 8.71 (d, J = 7.4 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H), 7.85 – 7.75 (m, 1H), 7.65 (dd, J = 17.9, 7.5 Hz, 

2H), 7.53 – 7.41 (m, 2H), 7.16 (dd, J = 8.4, 2.2 Hz, 1H), 6.87 (d, J = 7.0 Hz, 3H), 6.70 (t, J = 6.6 

Hz, 1H), 6.49 (d, J = 8.4 Hz, 1H), 5.28 (s, 1H), 3.70 (s, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3) δ 

165.5, 141.9, 137.5, 137.0, 135.5, 133.9, 133.5, 131.2, 130.7, 130.1, 129.5, 129.4, 129.0, 126.2, 

125.9, 121.0, 120.4, 119.5, 117.6, 112.9, 101.5, 52.1, 51.7. HRMS (ESI) calcd for 

C23H17ClN2O4SNa
+
 m/z

 
475.0489 [M+Na]

+
, found: 475.0496(

35
Cl), 477.0476(

37
Cl). HPLC 

(Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 6.21 

min (major), t2 = 8.94 min (minor). 

(S)-Methyl-3-(10-methoxy-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2

-carboxylate (3ha): white solid (22.7 mg, 99% yield, 95% ee); Rf = 0.5 (petroleum ether/ethyl 

acetate, 4:1); mp: 139.7–141.2 ℃. [α]D
25 

= +199.4 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3)

 

δ 8.75 (d, J = 7.3 Hz, 1H), 8.03 (d, J = 7.4 Hz, 1H), 7.77 (t, J = 7.5 Hz, 1H), 7.68 (d, J = 7.9 Hz, 

1H), 7.60 (d, J = 7.8 Hz, 1H), 7.45 (d, J = 9.1 Hz, 1H), 6.98 (s, 1H), 6.86 (s, 3H), 6.70 (d, J = 9.2 

Hz, 2H), 6.47 (d, J = 8.8 Hz, 1H), 5.27 (s, 1H), 3.80 (s, 3H), 3.69 (s, 3H). 13
C{

1
H} NMR (75 MHz, 

CDCl3) δ 165.5, 160.2, 141.6, 138.8, 137.1, 133.7, 133.3, 130.7, 129.3, 128.9, 126.5, 125.8, 124.5, 

122.0, 120.3, 119.3, 117.4, 116.3, 113.6, 112.5, 101.4, 55.4, 52.2, 51.5. HRMS (ESI) calcd for 

C24H21N2O5S
+
 m/z

 
449.1167 [M+H]

+
, found: 449.1152. HPLC (Chiralpak INA-H column, 

n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 7.86 min (major), t2 =13.35 min 

(minor). 

(S)-Methyl-3-(2-fluoro-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-car

boxylate (3ia): white solid (21.5 mg, 98% yield, 98% ee); Rf = 0.4 (petroleum ether/ethyl acetate, 

4:1); mp: 151.9–152.7 ℃. [α]D
25 

= +252.2 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3)

 
δ 8.71 

(d, J = 7.3 Hz, 1H), 8.04 (dd, J = 8.7, 5.3 Hz, 1H), 7.51 – 7.41 (m, 3H), 7.38 (dd, J = 9.1, 2.6 Hz, 

1H), 7.26 – 7.17 (m, 2H), 6.95 (d, J = 3.3 Hz, 1H), 6.88 (q, J = 6.0 Hz, 2H), 6.69 (t, J = 6.8 Hz, 

1H), 6.59 (d, J = 7.8 Hz, 1H), 5.33 (s, 1H), 3.71 (s, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3) δ 165.6, 

165.5 (d, 
1
JC-F = 253.5 Hz), 141.8, 139.2, 133.4, 133.3, 132.6, 130.1, 129.7 (d, 

3
JC-F = 8.3 Hz), 

128.6 (d, 
3
JC-F = 9.8 Hz), 128.2, 126.3, 121.4, 120.4, 119.4, 118.1, 117.8, 117.6, 115.7 (d, 

2
JC-F = 

21.8 Hz), 112.7, 101.5, 52.6, 51.6. 19
F NMR (376 MHz, CDCl3) δ -104.18. HRMS (ESI) calcd 

for C23H17FN2O4SK
+
 m/z

 
475.0524 [M+K]

+
, found: 475.0523. HPLC (Chiralpak INA-H column, 

n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 6.02 min (major), t2 = 7.55 min 

(minor). 

(S)-Methyl-3-(9,10-dimethoxy-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizi

ne-2-carboxylate (3ja): white solid (22.5 mg, 94% yield, 86% ee); Rf = 0.5 (petroleum ether/ethyl 

acetate, 4:1); mp: 121.6–122.2 ℃. [α]D
25 

= +132.4 (c = 0.5, CHCl3). 
1
H NMR (300 MHz, CDCl3) 

δ 8.79 (d, J = 8.0 Hz, 1H), 8.04 (d, J = 7.7 Hz, 1H), 7.76 (t, J = 7.1 Hz, 1H), 7.66 (d, J = 7.8 Hz, 

1H), 7.62 – 7.52 (m, 1H), 7.45 (d, J = 8.9 Hz, 1H), 6.91 (d, J = 13.3 Hz, 4H), 6.70 (d, J = 7.0 Hz, 

1H), 6.03 (s, 1H), 5.32 (s, 1H), 3.90 (s, 3H), 3.70 (s, 3H), 3.39 (s, 3H). 13
C{

1
H} NMR (75 MHz, 

CDCl3) δ 165.5, 149.6, 149.1, 139.0, 137.2, 133.6, 133.3, 132.7, 130.5, 128.3, 126.4, 125.9, 124.8, 

122.0, 120.3, 119.3, 117.6, 113.2, 112.5, 111.5, 101.6, 56.1, 55.6, 52.3, 51.6. HRMS (ESI) calcd 
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for C25H23N2O6S
+
 m/z

 
479.1271 [M+H]

+
, found: 479.1283. HPLC (Chiralpak INA-H column, 

n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 6.21 min (major), t2 = 8.37 min 

(minor). 

Scale-up reaction: Indolizine 2a (301.0 mg, 1.2 mmol, 1.2 equiv.), C8 (56.6 mg, 0.1 mmol, 10 

mol%) and EtOAc (20 mL) were added in an oven-dried 50 mL round-bottomed flask. It was 

allowed to stir in air at 0 
o
C for 10 min, then seven-membered cyclic N-sulfonylimine 1a (243.0 

mg, 1.0 mmol, 1.0 equiv.) was added and the mixture was stirred at 0 ℃ for 36 h. The solvent was 

removed and the residue was directly purified by flash column chromatography on silica gel 

(petroleum ether/ethyl acetate, 6/1) to afford the product 3aa (415.0 mg, >99% yield, 98% ee) as a 

white solid. 

Synthetic transformations: CH3I or allyl-bromide (0.5mmol, 5.0 equiv.) and K2CO3 (0.2 mmol, 

2.0 equiv.) was added to the solution of 3aa (0.1 mmol, 41.8 mg) in CH3CN (2.0 mL). The 

mixture was stirred for 8 h. Then the mixture was diluted with EtOAc (20 mL) and washed with 

brine (10 mL). The organic layer was dried (Na2SO4), filtered through a short pad of silica gel, and 

concentrated in vacuo. Purification of the residue by column chromatography to gave products 

4aa and 4ab. 

(S)-Methyl-3-(6-methyl-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-ca

rboxylate (4aa): white solid (42.1 mg, 97% yield, 99% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 

6:1); mp: 163.0–164.3 ℃. [α]D
25 

= +183.1 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3)

 
δ 8.79 (d, 

J = 7.3 Hz, 1H), 8.00 (d, J = 7.7 Hz, 1H), 7.77 (d, J = 7.4 Hz, 1H), 7.71 (d, J = 7.9 Hz, 1H), 7.59 (t, J = 

7.8 Hz, 1H), 7.49 (d, J = 9.3 Hz, 1H), 7.41 (d, J = 3.9 Hz, 2H), 7.14 (q, J = 4.1 Hz, 1H), 6.92 (s, 1H), 

6.86 (d, J = 9.0 Hz, 1H), 6.69 (t, J = 6.9 Hz, 1H), 6.47 (d, J = 7.8 Hz, 1H), 6.36 (d, J = 2.9 Hz, 1H), 

3.73 (s, 3H), 2.55 (s, 3H). 
13

C{
1
H} NMR (75 MHz, CDCl3)

 
δ 165.6, 140.4, 139.3, 134.6, 134.3, 

133.1, 133.1, 130.7, 130.1, 129.2, 128.9, 128.4, 127.8, 127.2, 126.2, 122.1, 120.2, 119.3, 118.2, 

112.8, 101.3, 60.2, 51.5, 38.0. HRMS (ESI) calcd for C24H21N2O4S
+
 m/z

 
433.1216 [M+H]

+
, found: 

433.1234. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 95/5, 25 ℃, λ = 230 nm, 1.0 

mL/min): t1 = 11.67 min (major), t2 = 12.81 min (minor). 

(S)-Methyl-3-(6-allyl-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-carb

oxylate (4ab): white solid (44.9 mg, 98% yield, 97% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 

6:1); mp: 65.0–66.2 ℃. [α]D
25 

= +145.3 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3)

 
δ 8.73 (d, J 

= 7.2 Hz, 1H), 8.00 (d, J = 7.8 Hz, 1H), 7.72 (q, J = 7.7 Hz, 2H), 7.58 (t, J = 7.5 Hz, 1H), 7.49 (d, 

J = 9.0 Hz, 1H), 7.40 (d, J = 3.7 Hz, 2H), 7.20 – 7.10 (m, 1H), 6.92 (s, 1H), 6.86 (d, J = 8.7 Hz, 

1H), 6.67 (d, J = 7.0 Hz, 2H), 6.50 (d, J = 7.9 Hz, 1H), 5.45 – 5.25 (m, 1H), 4.74 (d, J = 10.2 Hz, 

1H), 4.62 (d, J = 17.0 Hz, 1H), 3.86 (dd, J = 15.7, 6.7 Hz, 1H), 3.72 (s, 3H), 3.28 (dd, J = 15.8, 6.8 

Hz, 1H). 
13

C{
1
H} NMR (75 MHz, CDCl3) δ 165.6, 140.3, 138.9, 137.3, 134.4, 133.6, 133.0, 131.0, 

130.5, 130.3, 129.2, 129.0, 128.6, 128.0, 126.4, 126.1, 121.8, 120.2, 119.3, 119.1, 118.3, 112.8, 

101.3, 57.5, 54.0, 51.5. HRMS (ESI) calcd for C26H23N2O4S
+
 m/z

 
459.1373 [M+H]

+
, found: 

459.1382. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 95/5, 25 ℃, λ = 254 nm, 1.0 

mL/min): t1 = 11.39 min (major), t2 = 13.10 min (minor). 

To a stirred solution of 4aa (0.1 mmol, 43.2 mg) in dry THF (3.0 mL) under a N2 atmosphere 

was added LiAlH4 (0.2 mL, 1 M in THF, 0.2 mmol, 2.0 equiv.) via syringe at 0℃. The resultant 

reaction mixture was stirred 2 h, then it was cooled with ice bath. The mixture was diluted with 

EtOAc (10 mL) and acidified with aq. 2 M HCl until the aqueous layer became clear. The aqueous 

layer was separated and extracted with EtOAc (2×15 mL). The combined organic layers were 
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dried (Na2SO4), filtered, and concentrated in vacuo. Purification of the residue by flash 

chromatography to afforded compound 4ac.  

(S)-7-(2-(hydroxymethyl)-indolizin-3-yl)-6-methyl-6,7-dihydrodibenzo[d,f][1,2]thiazepine-5,5-

dioxide (4ac): blue solid (40.0 mg, 98% yield, 96% ee); Rf = 0.3 (petroleum ether/ethyl acetate, 

2:1); mp: 208.9–209.9 ℃. [α]D
25 

= +240.0 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.69 

(d, J = 7.0 Hz, 1H), 8.01 (d, J = 7.8 Hz, 1H), 7.79 (t, J = 7.7 Hz, 1H), 7.68 (d, J = 7.8 Hz, 1H), 

7.60 (t, J = 7.7 Hz, 1H), 7.42 (t, J = 7.5 Hz, 3H), 7.16 (dt, J = 8.7, 4.5 Hz, 1H), 7.00 – 6.20 (m, 

5H), 5.25 (s, 1H), 4.54 (s, 2H), 2.55 (s, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3) δ 140.1, 139.1, 

135.1, 134.3, 133.8, 133.6, 130.5, 129.9, 129.3, 129.1, 128.6, 128.2, 127.3, 125.7, 119.0, 118.2, 

115.8, 111.2, 98.9, 60.9, 57.9, 37.9. HRMS (ESI) calcd for C23H21N2O3S
+
 m/z

 
405.1250 [M+H]

+
, 

found: 405.1270. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 

1.0 mL/min): t1 = 6.60 min (major), t2 = 7.47 min (minor). 

To a flame-dried 10 mL Schlenk tube with a stirring bar was added 4aa (43.2 mg, 0.1 mmol) 

and NaOH (20 mg, 0.5 mmol, 5.0 equiv.) in 5 mL of mixed solvent (THF/MeOH/H2O=2/2/1). It 

was allowed refluxing for 6 h, when the solution was cooled to room temperature, adjusted the pH 

with 1 M HCl and extracted three times with EtOAc. The organic layer was dried (Na2SO4), 

concentrated in vacuo, and purified by column chromatography to gave product 4ad.  

(S)-3-(6-methyl-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)indolizine-2-carboxylic 

acid (4ad): gray solid (39.5 mg, 94% yield, 97% ee); Rf = 0.6 (dichloromethane/ methanol, 20:1); 

mp: 233.1–233.8 ℃. [α]D
25 

= + 230.0 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3)

 
δ 8.77 (d, J = 

7.4 Hz, 1H), 8.00 (d, J = 7.8 Hz, 1H), 7.79 (t, J = 7.5 Hz, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.61 (t, J 

= 7.6 Hz, 1H), 7.48 (d, J = 9.2 Hz, 1H), 7.41 (d, J = 4.4 Hz, 2H), 7.15 (dd, J = 8.1, 4.4 Hz, 1H), 

6.95 (s, 1H), 6.88 (t, J = 7.9 Hz, 1H), 6.69 (t, J = 6.9 Hz, 1H), 6.43 (d, J = 7.9 Hz, 1H), 6.21 (s, 1H), 

2.52 (s, 3H). 
13

C{
1
H} NMR (75 MHz, CDCl3) δ 170.1, 140.3, 139.1, 134.3, 134.3, 133.8, 133.2, 

130.6, 130.2, 129.3, 129.0, 128.5, 127.7, 127.3, 126.2, 122.6, 120.4, 119.5, 117.4, 113.2, 102.1, 

60.3, 38.0. HRMS (ESI) calcd for C23H18N2O4S
+
 m/z

 
419.1060 [M+H]

+
, found: 419.1069. HPLC 

(Chiralpak INB-H column, n-hexane/i-PrOH = 50/50, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 5.53 

min (major), t2 = 7.04 min (minor). 

To a flame-dried 10 mL Schlenk tube with a stirring bar was added 4aa (43.2 mg, 0.1 mmol) in 

2.0 mL DMSO. Then, thiophenol (2.0 equiv.), potassium iodide (2.0 equiv.) and tert-butyl 

hydroperoxide (2.0 equiv.) were sequentially added. The vial was tightly sealed, and reaction was 

heated to 60 °C for 24 h. After cooling to room temperature, distilled water was added (20 mL) 

and the aqueous phase extracted with EtOAc. The organic layer was dried (Na2SO4), concentrated, 

and purified by column chromatography gave product 4ae.  

(S)-Methyl-3-(6-methyl-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thiazepin-7-yl)-1-(phenylthio)

indolizine-2-carboxylate (4ae): yellow solid (45.0 mg, 83% yield, 99% ee); Rf = 0.5 (petroleum 

ether/ethyl acetate, 6:1); mp: 76.8–77.6 ℃. [α]D
25 

= +144.1 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, 

CDCl3) δ 8.77 (d, J = 7.3 Hz, 1H), 8.00 (d, J = 7.7 Hz, 1H), 7.84 – 7.66 (m, 3H), 7.59 (t, J = 7.5 

Hz, 1H), 7.45 (dd, J = 21.9, 6.7 Hz, 4H), 7.15 (dt, J = 8.5, 4.6 Hz, 2H), 7.04 (q, J = 7.6, 7.2 Hz, 

1H), 6.96 – 6.83 (m, 2H), 6.68 (t, J = 6.9 Hz, 1H), 6.46 (d, J = 7.9 Hz, 1H), 6.34 (s, 1H), 3.73 (s, 

3H), 2.54 (s, 3H). 
13

C{
1
H} NMR (75 MHz, CDCl3) δ 165.6, 140.4, 139.2, 134.6, 134.3, 133.8, 

133.1, 130.6, 130.1, 129.2, 128.9, 128.7, 128.4, 127.8, 127.3, 126.2, 122.1, 120.2, 119.3, 118.1, 

112.8, 101.3, 60.2, 51.5, 38.0. HRMS (ESI) calcd for C30H25N2O4S2
+
 m/z

 
541.1250 [M+H]

+
, 

found: 541.1267. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 
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1.0 mL/min): t1 = 5.15 min (major), t2 = 6.21 min (minor). 

An oven-dried 10 mL vial equipped with a magnetic stir bar was charged with 4ab (20.0 mg, 

0.044 mmol) and methyl acrylate (7.6 mg, 0.088 mmol). To this vessel, a solution of 

Hoveyda-Grubbs II (5 mol%) in CH2Cl2 (1.0 mL) were added. The resulting solution was stirred 

for 12 h at room temperature. The reaction media were then concentrated under vacuum and 

purified by column chromatography to gave product 4af. 

Methyl-(S,E)-3-(6-(4-methoxy-4-oxobut-2-en-1-yl)-5,5-dioxido-6,7-dihydrodibenzo[d,f][1,2]thi

azepin-7-yl)indolizine-2-carboxylate (4af): yellow solid (16.0 mg, 72% yield, 97% ee); Rf = 0.3 

(petroleum ether/ethyl acetate, 4:1); mp: 83.4–84.2 ℃. [α]D
25 

= +86.0 (c = 0.5, CHCl3). 
1
H NMR 

(300 MHz, CDCl3)
 
δ 8.67 (d, J = 7.4 Hz, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.78 (t, J = 7.5 Hz, 1H), 

7.70 (d, J = 7.7 Hz, 1H), 7.59 (t, J = 7.6 Hz, 1H), 7.54 – 7.36 (m, 3H), 7.23 – 7.10 (m, 1H), 7.05 – 

6.81 (m, 2H), 6.71 (t, J = 6.9 Hz, 1H), 6.63 (s, 1H), 6.53 (d, J = 7.9 Hz, 1H), 6.40 – 6.14 (m, 1H), 

5.24 (d, J = 15.6 Hz, 1H), 3.85 – 3.77 (m, 1H), 3.73 (s, 3H), 3.69 – 3.63 (m, 1H), 3.57 (s, 3H). 
13

C{
1
H} NMR (75 MHz, CDCl3)

 
δ 165.6, 141.2, 140.3, 138.9, 136.6, 133.9, 133.8, 133.2, 130.8, 

130.4, 129.3, 129.0, 128.7, 128.0, 126.4, 125.9, 123.0, 121.3, 120.2, 119.4, 118.4, 113.0, 101.6, 

58.8, 52.3, 51.5, 51.4. HRMS (ESI) calcd for C28H25N2O6S
+
 m/z

 
517.1427 [M+H]

+
, found: 

517.1443. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 ℃, λ = 254 nm, 1.0 

mL/min): t1 = 8.23 min (major), t2 = 10.40 min (minor). 

(S)-Methyl-3-(2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)indolizine-2-carboxylate 

(6a): white solid (32.2 mg, 90% yield, 84% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 4:1)；

mp:158.6–159.7℃. [α]D
25 

= -112.8 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.06 (s, 1H), 

7.78 – 7.61 (m, 1H), 7.49 (d, J = 9.1 Hz, 1H), 7.29 (s, 1H), 7.08 (d, J = 8.2 Hz, 1H), 6.96 (d, J = 

8.7 Hz, 2H), 6.84 (d, J = 8.2 Hz, 1H), 6.76 (s, 1H), 6.49 (s, 1H), 6.35 (s, 1H), 3.76 (s, 3H). 13
C{

1
H} 

NMR (75 MHz, CDCl3) δ 166.7, 151.4, 132.7, 129.8, 125.8, 125.2, 121.7, 120.9, 119.2, 118.6, 

114.1, 103.1, 52.3. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 

nm, 1.0 mL/min): t1 = 6.67 min (major), t2 = 9.32 min (minor). 

(S)-Ethyl-3-(2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)indolizine-2-carboxylate 

(6b): white solid (31.3 mg, 84% yield, 65% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 4:1)；

mp:159.4–161.3℃. [α]D
25 

= -102.9 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.01 (s, 1H), 

7.67 (s, 1H), 7.44 (d, J = 9.0 Hz, 1H), 7.22 (d, J = 7.6 Hz, 1H), 7.02 (d, J = 8.3 Hz, 1H), 6.96 – 

6.88 (m, 2H), 6.80 (t, J = 7.8 Hz, 1H), 6.70 (s, 1H), 6.44 (s, 1H), 6.32 (s, 1H), 4.23 – 4.10 (m, 2H), 

1.21 (t, J = 7.4 Hz, 3H). 
13

C{
1
H} NMR (75 MHz, CDCl3) δ 166.2, 151.4, 132.7, 129.8, 125.8, 

125.1, 121.7, 120.9, 119.2, 118.6, 114.0, 103.2, 61.4, 52.3, 14.1. (Chiralpak INA-H column, 

n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 6.41 min (major), t2 = 8.91 min 

(minor). 

(S)-Benzyl-3-(2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)indolizine-2-carboxylate 

(6c): Brown solid (33.0 mg, 74% yield, 99% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 4:1); mp: 

168.9–169.4 ℃. [α]D
25 

= -109.2 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.12 (s, 1H), 

7.68 (s, 1H), 7.52 (d, J = 9.1 Hz, 1H), 7.47 – 7.23 (m, 6H), 7.13 (d, J = 8.3 Hz, 1H), 7.07 (s, 1H), 

6.99 (t, J = 7.7 Hz, 1H), 6.90 (t, J = 7.7 Hz, 1H), 6.80 (s, 1H), 6.56 (s, 1H), 6.41 (s, 1H), 5.24 (s, 

2H). 13
C{

1
H} NMR (75 MHz, CDCl3) δ 166.2, 151.5, 135.5, 132.7, 129.8, 128.7, 128.4, 128.2, 

125.8, 125.1, 121.7, 120.9, 119.3, 118.6, 114.1, 103.3, 66.9, 52.3. HPLC (Chiralpak INA-H 

column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 mL/min): t1 = 8.04 min (major), t2 = 

11.34 min (minor).  
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(S)-Butyl-3-(2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)indolizine-2-carboxylate 

(6d): white solid (29.6 mg, 74% yield, 61% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 4:1); mp: 

127.5–129.7℃. [α]D
25 

= -83.7 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.02 (s, 1H), 7.72 

(s, 1H), 7.43 (d, J = 9.0 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 6.91 (d, J = 

10.1 Hz, 2H), 6.80 (t, J = 7.8 Hz, 1H), 6.71 (s, 1H), 6.43 (s, 1H), 6.30 (s, 1H), 4.11 (s, 2H), 1.62 – 

1.53 (m, 2H), 1.38 – 1.24 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H). 13
C{

1
H} NMR (75 MHz, CDCl3) δ 

166.4, 151.4, 132.6, 129.8, 125.8, 125.1, 121.7, 120.9, 119.2, 118.6, 114.0, 103.1, 65.2, 52.3, 30.6, 

19.1, 13.7. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 ℃, λ = 254 nm, 1.0 

mL/min): t1 = 5.920 min (major), t2 = 7.58 min (minor).  

(S)-Tert-butyl-3-(2,2-dioxido-3,4-dihydrobenzo[e][1,2,3]oxathiazin-4-yl)indolizine-2-carboxyla

te (6e): white solid (33.0 mg, 83% yield, 63% ee); Rf = 0.5 (petroleum ether/ethyl acetate, 4:1)；mp: 

163.2–164.7℃. [α]D
25 

= -89.2 (c = 1.0, CHCl3). 
1
H NMR (300 MHz, CDCl3) δ 8.07 (s, 1H), 7.64 

(s, 1H), 7.47 (d, J = 9.0 Hz, 1H), 7.28 (s, 1H), 7.07 (d, J = 8.2 Hz, 1H), 7.00 – 6.87 (m, 2H), 6.84 

(t, J = 7.8 Hz, 1H), 6.74 (s, 1H), 6.58 – 6.25 (m, 2H), 1.39 (s, 9H). 13
C{

1
H} NMR (75 MHz, 

CDCl3) δ 151.56, 132.5, 129.7, 126.0, 124.9, 121.7, 120.8, 119.0, 118.4, 113.7, 103.0, 82.3, 52.3, 

28.0. HPLC (Chiralpak INC-H column, n-hexane/i-PrOH = 90/10, 25 ℃, λ = 254 nm, 1.0 

mL/min): t1 = 18.75 min (minor), t2 = 22.00 min (major). 

5. X-ray structure for compound 3da 

 

The single crystal of the compound 3da (CCDC: 2320870) was grown from its solution in 

dichloromethane and hexane, and one of them is suitable for X-ray diffraction analysis. The 

correctness of the X-ray data and the structure had been checked by using the Check CIF utility on 

the submission Web site: http://checkcif.iucr.org. 

http://checkcif.iucr.org/


13 
 

6. Copy of NMR  

3aa, 
1
H-NMR in CDCl3 

3aa, 
13

C-NMR in CDCl3 
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3ab, 
1
H-NMR in CDCl3 

 
3ab, 

13
C-NMR in CDCl3 

 



15 
 

3ac, 
1
H-NMR in CDCl3 

 

3ac, 
13

C-NMR in CDCl3 
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3ad, 
1
H-NMR in CDCl3 

 

3ad, 
13

C-NMR in CDCl3 

 



17 
 

3ae, 
1
H-NMR in CDCl3 

 
3ae, 

13
C-NMR in CDCl3 

 



18 
 

3af, 
1
H-NMR in CDCl3 

 

3af, 
13

C-NMR in CDCl3 

 



19 
 

3ag, 
1
H-NMR in CDCl3 

 

3ag, 
13

C-NMR in CDCl3 

 



20 
 

3ah, 
1
H-NMR in CDCl3 

 
3ah, 

13
C-NMR in CDCl3 

 



21 
 

3ah, 
19

F-NMR in CDCl3 

 
3ai, 

1
H-NMR in CDCl3 
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3ai, 
13

C-NMR in CDCl3 

 

3aj, 
1
H-NMR in CDCl3 

 



23 
 

3aj, 
13

C-NMR in CDCl3 

 
3aj, 

19
F-NMR in CDCl3 

 



24 
 

3ak, 
1
H-NMR in CDCl3 

 
3ak, 

13
C-NMR in CDCl3 
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3al, 
1
H-NMR in CDCl3 

 
3al, 

13
C-NMR in CDCl3 

 



26 
 

3am, 
1
H-NMR in CDCl3 

 

3am, 
13

C-NMR in CDCl3 
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3ba, 
1
H-NMR in CDCl3 

 

3ba, 
13

C-NMR in CDCl3 
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3ba, 
19

F-NMR in CDCl3 

 
3ca, 

1
H-NMR in CDCl3 
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3ca, 
13

C-NMR in CDCl3 

 
3da, 

1
H-NMR in CDCl3 
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3da, 
13

C-NMR in CDCl3 

 
3ea, 

1
H-NMR in CDCl3 
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3ea, 
13

C-NMR in CDCl3 

 

3fa, 
1
H-NMR in CDCl3 

 



32 
 

3fa, 
13

C-NMR in CDCl3 

 

3fa, 
19

F-NMR in CDCl3 

 



33 
 

3ga, 
1
H-NMR in CDCl3 

 
3ga, 

13
C-NMR in CDCl3 

 



34 
 

3ha, 
1
H-NMR in CDCl3 

 

3ha, 
13

C-NMR in CDCl3 

 



35 
 

3ia, 
13

C-NMR in CDCl3 

 
3ia, 

13
C-NMR in CDCl3 
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3ia, 
13

C-NMR in CDCl3 

 
3ja, 

1
H-NMR in CDCl3 
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3ja, 
13

C-NMR in CDCl3 

 
4aa, 

1
H-NMR in CDCl3 
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4aa, 
13

C-NMR in CDCl3 

 

4ab, 
1
H-NMR in CDCl3 
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4ab, 
13

C-NMR in CDCl3 

 
4ac, 

1
H-NMR in CDCl3 

 



40 
 

4ac, 
13

C-NMR in CDCl3 

 

4ad, 
1
H-NMR in CDCl3 

 



41 
 

4ad, 
13

C-NMR in CDCl3 

 

4ae, 
1
H-NMR in CDCl3 

 



42 
 

4ae, 
13

C-NMR in CDCl3 

 

4af, 
1
H-NMR in CDCl3 

 



43 
 

4af, 
13

C-NMR in CDCl3 

 

6a, 
1
H-NMR in CDCl3 
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6a, 
13

C-NMR in CDCl3 

 

 

6b, 
1
H-NMR in CDCl3 

 



45 
 

6b, 
13

C-NMR in CDCl3 

 

6c, 
1
H-NMR in CDCl3 
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6c, 
13

C-NMR in CDCl3 

 
 

6d, 
1
H-NMR in CDCl3 

 



47 
 

6d, 
13

C-NMR in CDCl3 

 
 

6e, 
1
H-NMR in CDCl3 
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6e, 
13

C-NMR in CDCl3 

 
7. Copy of HPLC 

Racemic 3aa: 

 

 

Chiral 3aa: 
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Chiral 3aa (1 mmol): 

 

 

Racemic 3ab: 

 

 

Chiral 3ab: 

 

 

Racemic 3ac: 
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Chiral 3ac: 

 

 

Racemic 3ad: 

 

 

Chiral 3ad: 

 

 

Racemic 3ae: 
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Chiral 3ae: 

 

 

Racemic 3af: 

 

 

Chiral 3af: 
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Racemic 3ag: 

 

 

Chiral 3ag: 

 

 

 

Racemic 3ah: 

 

 

Chiral 3ah: 

 



53 
 

 

Racemic 3ai: 

 

 

Chiral 3ai: 

 

 

Racemic 3aj: 

 

 



54 
 

Chiral 3aj: 

 

 

Racemic 3ak: 

 

 

Chiral 3ak: 

 

 

Racemic 3al: 
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Chiral 3al: 

 

 

Racemic 3am: 

 

 

Chiral 3am: 

 

 

Racemic 3ba: 

 



56 
 

 

Chiral 3ba: 

 

 

Racemic 3ca: 

 

 

Chiral 3ca: 
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Racemic 3da: 

 

 

Chiral 3da: 

 

 

Racemic 3ea: 

 

 

Chiral 3ea: 
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Racemic 3fa: 

 

 

Chiral 3fa: 

 

 

Racemic 3ga: 

 

 

Chiral 3ga: 

 

 



59 
 

Racemic 3ha: 

 

 

Chiral 3ha: 

 

 

Racemic 3ia: 

 

 

Chiral 3ia: 
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Racemic 3ja: 

 

 

Chiral 3ja: 

 

 

Racemic 4aa: 
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Chiral 4aa: 

 

 

Racemic 4ab: 

 

 

 

Chiral 4ab: 

 

 

Racemic 4ac: 
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Chiral 4ac: 

 

 

Racemic 4ad: 
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Racemic 6c: 
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Racemic 6e: 

 

 

Chiral 6e: 

 

 

8. References 

[1] Z. B. Zhao, L. Shi, Y. M. Li, F. J. Meng and Y. G. Zhou, Facile synthesis of chiral ε-sultams via an organocatalytic 

aza-Friedel–Crafts reaction, Org. Biomol. Chem., 2019, 17, 6364–6368. 

[2] X. Song, Y. Fan, Z. Zhu and Q. Ni, Chiral phosphoric acid-catalyzed asymmetric arylation of indolizines: 

atroposelective access to axially chiral 3-arylindolizines, Org. Lett., 2022, 24, 2315–2320. 

[3] Y. –Q. Wang, X. –Y. Cui, Y. –Y. Ren and Y. Zhang, A highly enantioselective and regioselective organocatalytic 

direct Mannich reaction of methyl alkyl ketones with cyclic imines benzo[e][1,2,3]oxathiazine 2,2-dioxides, Org. 

Biomol. Chem., 2014, 12, 9101–9104. 


