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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. 'H NMR, “C
NMR, "F NMR spectra were recorded on Bruker DRX-300 or Bruker DRX-400 spectrometers.
Chemical shifts (J) are quoted in ppm relative to TMS (‘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 (CDCls: dy = 7.26 ppm, dc = 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)!"), 2-indolizine esters (2)* and six-membered
cyclic N-sulfonylimine (5)°! 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

N 4
§° CPA(10 mol%) Pso
N+ _ )—CooMe = NH

O / X solvent, 12 h

(R)-S1, G=4-NO,CgH, (R)-S4, G=3,5-(Ph),CgH3 (S)-S6, G=SiPhs
(R)-S2, G=4-(Ph)CgH, (R)-S5, G=4-(2'-Naphthyl)CgH,; (S)-S7, G=9-Anthryl
(R)-S3, G=3,5-(CH3),C¢H3 (S)-S8, G=1-Pyrenyl

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

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 CH,Cl, 57 91
10 C8 DMF NR -
11 C8 PhCF; 95 93
12 C8 m-xylene 96 94
13 C8 p-xylene 93 94

“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. “Isolated yields. “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.

Szo
C8 (10 mol%) X l\iH

EtOAc, 0°C, 24 h

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 °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 °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 °C. Then, seven-membered cyclic N-sulfonylimines 1
(0.05 mmol, 1.0 equiv.) was added and the mixture was stirred at 0 °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.

(8)-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); R,= 0.50 (petroleum ether/ethyl acetate, 3:1); mp:
121.8-132.9 °C. [a]p>* = +176.9 (¢ = 1.0, CHCl;). "H NMR (300 MHz, CDCl;) 6 8.75 (d, J = 7.4
Hz, 1H), 8.02 (d, J = 7.8 Hz, 1H), 7.77 (t, /= 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, /= 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). "C{'H} NMR (75 MHz, CDCl;) J 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) caled for Cp3HoN,O4S™ m/z 419.1060 [M+H]", found: 419.1071. HPLC
(Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm 1.0 mL/min): t; = 9.38
min (major), t, = 13.38 min (minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl acetate, 3:1);
mp:189.4-190.6 °C. [a]p>> = +205.7 (¢ = 1.0, CHCl;). '"H NMR (300 MHz, CDCl;) 6 8.74 (d, J =
7.2 Hz, 1H), 8.05 (d, /= 7.8 Hz, 1H), 7.78 (t, /= 7.5 Hz, 1H), 7.67 (d, /= 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, /= 7.8 Hz, 1H), 5.26 (s, 1H), 4.13 (q, J=7.1 Hz, 2H), 1.17 (t, J= 7.1
Hz, 3H). *C{'H} NMR (75 MHz, CDCl;)§ 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) caled for C,4HyN,O,S™ m/z 433.1216 [M+H]", found: 433.1226. HPLC
(Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0 mL/min): t; = 8.44
min (major), t; = 13.50 min (minor).

(8)-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); R;= 0.4 (petroleum ether/ethyl acetate, 3:1); mp:
91.7-92.3 °C. [a]p>* = +172.3 (¢ =1.0, CHCl;). "H NMR (300 MHz, CDCl;): 6 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, /= 7.0 Hz, 1H), 6.60 (d, J= 7.8 Hz, 1H),
5.30 (s, 1H), 5.13 (q, J = 12.6 Hz, 2H). “C{'"H} NMR (75 MHz, CDCl;)J 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
CyoH23N,0,S8" 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 °C, A = 254 nm, 1.0 mL/min) tg = 12.50 min (major), tg = 20.73 min
(minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl acetate, 3:1); mp:
153.2-154.6 °C. [a]p>* = +250.1 (c = 1.0, CHCl;). "H NMR (300 MHz, CDCl;) 6 8.74 (d, J= 7.2
Hz, 1H), 8.03 (d, J = 7.6 Hz, 1H), 7.77 (t, /= 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, /= 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). “C{'H} NMR (75 MHz, CDCLy): ¢
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 CysHpsN,04S™ m/z 461.1529 [M+H]", found: 461.1553. HPLC (Chiralpak INA-H column,
n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0 mL/min): t; = 8.00 min (major), t, =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); R,= 0.6 (petroleum ether/ethyl acetate, 3:1);
mp: 197.0-198.1°C. [a]p> = +148.8 (c = 1.0, CHCl;). "H NMR (300 MHz, CDCl;): 6 8.68 (d, J =
7.2 Hz, 1H), 8.04 (d, /= 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, /= 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). “C{'H} NMR (75 MHz, CDCL;): §
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
CyeHysN,0,8" m/z 461.1529 [M+H]', found: 461.1551. HPLC (Chiralpak INA-H column,
n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0 mL/min): t; = 6.82 min (major), t, = 8.62 min
(minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl acetate,
3:1); mp: 89.4-90.2 °C. [a]p>>= +112.2 (¢ = 1.0, CHCl;). "H NMR (300 MHz, CDCl3) 6 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=17.7Hgz, 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). “C{'H}
NMR (75 MHz, CDCl3) ¢ 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 Co5H,7N,04S" m/z487.1686 [M+H]", found: 487.1664. HPLC (Chiralpak
INA-H column, n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0 mL/min): t; = 8.10 min (major),
t, = 13.14 min (minor).

(8)-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); R,= 0.4 (petroleum ether/ethyl acetate,
3:1); mp: 119.7-120.2 °C. [a]p>>= +199.8 (¢ = 1.0, CHCl;). "H NMR (300 MHz, CDCl5) 6 8.72
(d, J=17.3 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, /= 4.6 Hz,
2H), 6.86 (t, J= 8.4 Hz, 1H), 6.67 (t, J= 7.0 Hz, 1H), 6.57 (d, /= 7.8 Hz, 1H), 5.49 (s, 1H), 4.34
— 4.11 (m, 2H), 3.60 — 3.44 (m, 2H), 3.27 (s, 3H). "C{'"H} NMR (75 MHz, CDCl;): § 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
C,sHy3N,0sS™ m/z 463.1322 [M+H]', found: 463.1334. HPLC (Chiralpak INA-H column,
n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0 mL/min): t; = 10.08 min (major), t, = 16.12 min
(minor).

(8)-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); R;= 0.4 (petroleum ether/ethyl
acetate, 4:1); mp: 124.7-125.4 °C. [a]p>> = +124.2 (c = 0.5, CHCL3). "H NMR (300 MHz, CDCl;)
0 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). “C{'H} NMR (75 MHz, CDCl3) ¢
165.1, 154.7 (d, 'Je.p = 249.0 Hz), 140.3, 138.8, 137.0, 133.8, 132.3, 130.8, 130.3, 129.8, 129.0(d,
*Jer =20.3 Hz), 127.9, 126.4, 125.9, 125.8, 123.8, 123.0, 117.7, 111.8(d, *Jcr = 6.8 Hz), 101.5 (d,
Jer = 16.5 Hz), 99.2, 52.6, 51.7. F NMR (376 MHz, CDCl3) 6 -124.41. HRMS (ESI) calcd for
Cy3H sFN,048™ m/z 436.0965 [M+H]", found: 437.0983. HPLC (Chiralpak INA-H column,
n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0 mL/min): t; = 6.93 min (major), t, = 10.44 min
(minor).

(8)-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); R, = 0.5 (petroleum ether/ethyl
acetate, 4:1); mp: 114.5-115.3 °C. [a]p>> = +60.4 (c = 0.5, CHCL;). "H NMR (300 MHz, CDCl3) ¢
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). “C{'H} NMR
(75 MHz, CDCl3) J 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)
caled for Cp3H;7CIN,O4,SNa' m/z 475.0489 [M+Na]", found: 475.0507(°Cl), 477.0472(°'Cl).
HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0 mL/min): t; =
7.98 min (major), t, = 9.20 min (minor).

(8)-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); R,= 0.4 (petroleum ether/ethyl
acetate, 4:1); mp: 157.6-158.6 °C. [a]p>> = +175.40 (c = 1.0, CHCl;). "H NMR (300 MHz, CDCl;)
08.72 (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).
BC{'"H} NMR (75 MHz, CDCl3)d 165.1, 153.1 (d, 'Jor = 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, *Jer = 9.0 Hz),
118.3, 113.0, 112.6 (d, “Jer = 26.25 Hz), 103.0, 52.7, 51.6. ’F NMR (376 MHz, CDCl;) &
-136.72. HRMS (ESI) calcd for C,3H;FN,04,SK" m/z475.0524 [M+K]", found: 475.0516. HPLC
(Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0 mL/min): t; = 6.62
min (major), t, = 8.01 min (minor).

(8)-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); R;= 0.4 (petroleum ether/ethyl
acetate, 4:1); mp: 142.8-143.6 °C. [a]p>> = +153.6 (c = 0.5, CHCl;). "H NMR (300 MHz, CDCl5)
08.69 (d, J=17.6 Hz, 1H), 8.02 (d, /= 7.8 Hz, 1H), 7.77 (d, /= 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),
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6.65 (d, J = 7.6 Hz, 1H), 6.51 (d, J = 7.8 Hz, 1H), 5.32 (s, 1H), 3.69 (s, 3H). “C{'"H} NMR (75
MHz, CDCl;) 6 165.2, 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
C3H7CIN,O4,SNa™ m/z 475.0489 [M+Na]®, found: 475.0487(*°Cl), 477.0476(*'Cl). HPLC
(Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0 mL/min): t; = 9.49
min (major), t; = 14.61 min (minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl
acetate, 4:1); mp: 169.5-170.9 °C. [a]D25= +161.6 (¢ = 1.0, CHCI;). '"H NMR (300 MHz, CDCly)
5 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). “C{'H} NMR (75 MHz, CDCl;) 6 165.1,
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 C,3H;sBrN,04S™ m/z
497.0165 [M+H]", found: 497.0186("°Br), 499.0176(* Br). HPLC (Chiralpak INA-H column,
n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0 mL/min): tg- = 6.83 min (major), t; = 10.37 min
(minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl
acetate, 4:1); mp: 173.3-174.6 °C. [a]p>> = +175.40 (c =0.5, CHCl;). "H NMR (300 MHz, CDCl;)
0 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=7.6Hz, 1H), 7.45 (d, J=4.1 Hz, 2H), 7.38 (d, /= 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, /= 9.2 Hz, 1H), 6.60 (d, J = 7.8 Hz, 1H), 5.28 (s, 1H), 3.68 (s,
3H), 2.27 (s, 3H). “C{'H} NMR (75 MHz, CDCl5) § 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 CosH;N,0,S" m/z 433.1216 [M+H]’, found:
433.1234. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0
mL/min): tg = 6.30 min (major), tg = 10.63 min (minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl
acetate, 4:1); mp: 156.2-157.8 °C. [a]p>> =+ 177.6 (c = 0.5, CHCl;). "H NMR (300 MHz, CDCl;)
08.72(d,J=7.0 Hz, 1H), 8.03 (d, /= 7.8 Hz, 1H), 7.78 (t,J="7.6 Hz, 1H), 7.62 (dd, /= 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). *C{'H}
NMR (75 MHz, CDCl)d 165.5, 163.0 (d, 'Je.r = 247.5 Hz), 138.0, 137.0, 136.3, 135.2, 133.8,
133.6, 131.9 (d, *Jer = 7.5 Hz), 130.7, 128.9, 126.1, 125.9, 120.8, 120.5, 119.5, 117.7, 116.5 (d,
*Jer=21.0 Hz), 115.7 (d, *Jor = 24.0 Hz), 113.0, 101.6, 52.4, 51.6. F NMR (376 MHz, CDCl;)
0 -111.94. HRMS (ESI) calcd for Cp3H,,FN,0,SNa” m/z 459.0785 [M+H]", found: 459.0776.
HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0 mL/min): t; =
8.43 min (major), t, = 11.36 min (minor).

(8)-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); R,= 0.4 (petroleum ether/ethyl acetate,
4:1); mp: 157.9-159.6 °C. [a]p>> = +208.8 (c = 0.5, CHCl;). "H NMR (300 MHz, CDCl;) ¢ 8.71
(d,J=17.0Hz, 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=9.4Hz, 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). *C{'"H} NMR (75 MHz, CDCl3) § 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 C»;H;;CIN,0,SNa’ m/z475.0489 [M+Na]",
found: 475.0502(°Cl), 477.0486(°’Cl). HPLC (Chiralpak ND-H column, n-hexane/i-PrOH =
70/30, 25 °C, A =254 nm, 1.0 mL/min): t; =10.81 min (major), t, = 14.85 min (minor).

(8)-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); R,= 0.4 (petroleum ether/ethyl
acetate, 4:1); mp: 103.0-104.7 °C. [(1][)25 =+203.6 (c = 0.5, CHCL). '"H NMR (300 MHz, CDCly)
08.75(d,J=7.2Hz, 1H), 8.01 (d, /= 8.3 Hz, 1H), 7.80 — 7.69 (m, 1H), 7.63 (d, J = 7.9 Hz, 1H),
7.55(d,J=17.7Hz, 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). “C{'H}
NMR (75 MHz, CDCly) ¢ 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, 1194, 117.6, 1154, 113.5, 112.6, 101.5, 55.2, 52.7, 51.5.
HRMS (ESI) calcd for CasHy N,OsS”™ m/z449.1165 [M+H]+, found: 449.1173. HPLC (Chiralpak
ND-H column, n-hexane/i-PrOH = 70/30, 25 °C, A = 230 nm, 1.0 mL/min): t; = 8.53 min (major),
t, = 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.

(8)-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); R,= 0.5 (petroleum ether/ethyl
acetate, 4:1); mp: 117.1-118.6 °C. [a]p>> = +105.4 (c = 0.5, CHCl;). "H NMR (300 MHz, CDCl;)
08.73 (d, J=7.3 Hz, 1H), 8.00 (d, J= 7.7 Hz, 1H), 7.73 (t, /= 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). “C{'"H} NMR (75 MHz, CDCl5)
0 165.5, 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, 1194, 117.6, 115.6, 115.0, 112.7, 101.6, 70.1, 52.7, 51.5.
HRMS (ESI) calcd for C30H,sN,0sS™ m/z525.1478 [M+H]", found: 525.1498. HPLC (Chiralpak
INC-H column, n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0 mL/min): t; = 20.71 min
(major), t; = 22.79 min (minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl acetate,
4:1); mp: 147.6-148.5 °C. [a]p> = +206.6 (c = 1.0, CHCl;). "H NMR (300 MHz, CDCl;) J 8.72
(d,J=9.0 Hz, 1H), 8.05 (d, /= 7.8 Hz, 1H), 7.79 (d, /= 7.9 Hz, 1H), 7.71 — 7.60 (m, 2H), 7.47 (d,
J=9.1Hg, 1H), 7.17 (d, /= 9.1 Hz, 1H), 6.88 (t,J= 7.2 Hz, 4H), 6.70 (t, /= 7.1 Hz, 1H), 6.54 (t,
J =172 Hz, 1H), 5.26 (s, 1H), 3.70 (s, 3H). "C{'"H} NMR (75 MHz, CDCl;) ¢ 165.5, 163.1 (d,
'Je.r = 247.5 Hz), 142.5 (d, *Jer = 8.3 Hz), 137.7, 137.1, 133.9, 133.5, 130.6, 130.0 (d, *Jer = 8.3
Hz), 129.3, 128.6, 126.2, 125.9, 121.3, 120.4, 119.4, 117.5 (d, *Jer = 6.8 Hz), 117.2, 115.6 (d,
2Jer = 21.0 Hz), 112.8, 101.5, 52.1, 51.6. "’F NMR (376 MHz, CDCl;)6 -112.11. HRMS (ESI)
caled for CpH sFN,O,S™ m/z 437.0965 [M+H]+, found: 437.0971. HPLC (Chiralpak INA-H



column, n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0 mL/min): t; = 8.43 min (major), t, =
11.36 min (minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl
acetate, 4:1); mp: 221.1-222.1°C. [(1][)25 =+273.6 (c = 0.5, CHCL,). '"H NMR (300 MHz, CDCly)
08.71(d,J=17.4 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, /= 6.6
Hz, 1H), 6.49 (d, J = 8.4 Hz, 1H), 5.28 (s, 1H), 3.70 (s, 3H). “C{'"H} NMR (75 MHz, CDCI3) &
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,
1259, 121.0, 120.4, 119.5, 117.6, 112.9, 101.5, 52.1, 51.7. HRMS (ESI) caled for
C3H7CIN,O4,SNa™ m/z 475.0489 [M+Na]®, found: 475.0496(°Cl), 477.0476(*'Cl). HPLC
(Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0 mL/min): t; = 6.21
min (major), t; = 8.94 min (minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl
acetate, 4:1); mp: 139.7-141.2 °C. [a]p> = +199.4 (c = 0.5, CHCl;). "H NMR (300 MHz, CDCl;)
08.75(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). *C{'H} NMR (75 MHz,
CDCl;) 6 165.5, 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
CosH,N,OsS™ m/z 449.1167 [M+H]', found: 449.1152. HPLC (Chiralpak INA-H column,
n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0 mL/min): t; = 7.86 min (major), t, =13.35 min
(minor).

(8)-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); R;= 0.4 (petroleum ether/ethyl acetate,
4:1); mp: 151.9-152.7 °C. [a]p>> = +252.2 (¢ = 0.5, CHCl3). "H NMR (300 MHz, CDCl;) 4 8.71
(d, J=17.3 Hz, 1H), 8.04 (dd, /= 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). “C{'H} NMR (75 MHz, CDCl;) J 165.6,
165.5 (d, 'Jer = 253.5 Hz), 141.8, 139.2, 133.4, 133.3, 132.6, 130.1, 129.7 (d, *Jer = 8.3 Hz),
128.6 (d, *Jer = 9.8 Hz), 128.2, 126.3, 121.4, 120.4, 119.4, 118.1, 117.8, 117.6, 115.7 (d, *Je.y =
21.8 Hz), 112.7, 101.5, 52.6, 51.6. ’F NMR (376 MHz, CDCl;) 6 -104.18. HRMS (ESI) calcd
for Cy3H7FN,04SK" m/z475.0524 [M+K]", found: 475.0523. HPLC (Chiralpak INA-H column,
n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0 mL/min): t; = 6.02 min (major), t, = 7.55 min
(minor).

(5)-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); R,= 0.5 (petroleum ether/ethyl
acetate, 4:1); mp: 121.6-122.2 °C. [a]p> = +132.4 (c = 0.5, CHCl;). "H NMR (300 MHz, CDCl5)
08.79 (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, /= 7.0 Hz,
1H), 6.03 (s, 1H), 5.32 (s, 1H), 3.90 (s, 3H), 3.70 (s, 3H), 3.39 (s, 3H). “C{'"H} NMR (75 MHz,
CDCl;) 0 165.5, 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 CosHpsN,O6S™ m/z 479.1271 [M+H]+, found: 479.1283. HPLC (Chiralpak INA-H column,
n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0 mL/min): t; = 6.21 min (major), t, = 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 °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 °C 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: CH;I or allyl-bromide (0.5mmol, 5.0 equiv.) and K,CO; (0.2 mmol,
2.0 equiv.) was added to the solution of 3aa (0.1 mmol, 41.8 mg) in CH;CN (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 (Na,SO,), 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.

(5)-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); R,= 0.5 (petroleum ether/ethyl acetate,
6:1); mp: 163.0-164.3 °C. [a]p>> = +183.1 (c = 1.0, CHCl;). "H NMR (300 MHz, CDCl;)d 8.79 (d,
J=17.3Hz, 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, /= 6.9 Hz, 1H), 6.47 (d, J= 7.8 Hz, 1H), 6.36 (d, /=2.9 Hz, 1H),
3.73 (s, 3H), 2.55 (s, 3H). “C{'"H} NMR (75 MHz, CDCl3) 6 165.6, 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 Co4H, N,0,S" m/z433.1216 [M+H]", found:
433.1234. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 95/5, 25 °C, A = 230 nm, 1.0
mL/min): t; = 11.67 min (major), t, = 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); R,= 0.5 (petroleum ether/ethyl acetate,
6:1); mp: 65.0-66.2 °C. [a]p> = +145.3 (c = 1.0, CHCI;). "H NMR (300 MHz, CDCl3) 6 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, /= 10.2 Hz,
1H), 4.62 (d, /= 17.0 Hz, 1H), 3.86 (dd, /= 15.7, 6.7 Hz, 1H), 3.72 (s, 3H), 3.28 (dd, /= 15.8, 6.8
Hz, 1H). "C{'"H} NMR (75 MHz, CDCl3) J 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 CysH3N,04S™ m/z 459.1373 [M+H]’, found:
459.1382. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 95/5, 25 °C, A = 254 nm, 1.0
mL/min): t; = 11.39 min (major), t; = 13.10 min (minor).

To a stirred solution of 4aa (0.1 mmol, 43.2 mg) in dry THF (3.0 mL) under a N, atmosphere
was added LiAlH4 (0.2 mL, 1 M in THF, 0.2 mmol, 2.0 equiv.) via syringe at 0°C. 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 HCI until the aqueous layer became clear. The aqueous
layer was separated and extracted with EtOAc (2x15 mL). The combined organic layers were
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dried (Na,SO,), filtered, and concentrated in vacuo. Purification of the residue by flash
chromatography to afforded compound 4ac.

(8)-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); Ry= 0.3 (petroleum ether/ethyl acetate,
2:1); mp: 208.9-209.9 °C. [a]p>>= +240.0 (c = 1.0, CHCl;). "H NMR (300 MHz, CDCl;) J 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=17.7 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). “C{'H} NMR (75 MHz, CDCL;) J 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 Cy3H, N,O3S™ m/z405.1250 [M+H]’,
found: 405.1270. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm,
1.0 mL/min): t; = 6.60 min (major), t;, = 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/H,0=2/2/1). It
was allowed refluxing for 6 h, when the solution was cooled to room temperature, adjusted the pH
with 1 M HCI and extracted three times with EtOAc. The organic layer was dried (Na,SOy),
concentrated in vacuo, and purified by column chromatography to gave product 4ad.

(8)-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); R;= 0.6 (dichloromethane/ methanol, 20:1);
mp: 233.1-233.8 °C. [a]p> =+ 230.0 (¢ = 1.0, CHCl3). "H NMR (300 MHz, CDCl;) 8 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, /= 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, /= 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). "C{'"H} NMR (75 MHz, CDCls) 6 170.1, 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 Co3H sN,0,S” m/z419.1060 [M+H]", found: 419.1069. HPLC
(Chiralpak INB-H column, n-hexane/i-PrOH = 50/50, 25 °C, A = 254 nm, 1.0 mL/min): t; = 5.53
min (major), t, = 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 (Na,SO,), concentrated,
and purified by column chromatography gave product 4ae.

(5)-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); R,= 0.5 (petroleum
ether/ethyl acetate, 6:1); mp: 76.8-77.6 °C. [a]p>> = +144.1 (c = 1.0, CHCL;). "H NMR (300 MHz,
CDCly) 6 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, /= 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, /= 7.9 Hz, 1H), 6.34 (s, 1H), 3.73 (s,
3H), 2.54 (s, 3H). "C{'"H} NMR (75 MHz, CDCls) § 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) caled for C30H,sN,04S," m/z 541.1250 [M+H]",
found: 541.1267. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm,
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1.0 mL/min): t; = 5.15 min (major), t, = 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 CH,Cl, (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); R;= 0.3
(petroleum ether/ethyl acetate, 4:1); mp: 83.4-84.2 °C. [a]D25= +86.0 (¢ = 0.5, CHCI;). '"H NMR
(300 MHz, CDCl3) ¢ 8.67 (d, J = 7.4 Hz, 1H), 7.99 (d, J = 7.8 Hz, 1H), 7.78 (t, /= 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, /=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).
BC{'"H} NMR (75 MHz, CDCl3)6 165.6, 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) caled for CpsHosN,OeS™ m/z 517.1427 [M+H]", found:
517.1443. HPLC (Chiralpak INA-H column, n-hexane/i-PrOH = 80/20, 25 °C, A = 254 nm, 1.0
mL/min): t; = 8.23 min (major), t;, = 10.40 min (minor).

(8)-Methyl-3-(2,2-dioxido-3,4-dihydrobenzo[e][ 1,2,3 Joxathiazin-4-yl)indolizine-2-carboxylate
(6a): white solid (32.2 mg, 90% yield, 84% ee); R,= 0.5 (petroleum ether/ethyl acetate, 4:1);
mp:158.6-159.7°C. [a]p>> = -112.8 (¢ = 1.0, CHCl3). "H NMR (300 MHz, CDCl;) J 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, ] =
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). “C{'H}
NMR (75 MHz, CDCly) 6 166.7, 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 °C, A = 254
nm, 1.0 mL/min): t; = 6.67 min (major), t, = 9.32 min (minor).

(8)-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); R,= 0.5 (petroleum ether/ethyl acetate, 4:1);
mp:159.4-161.3°C. [a]p>> = -102.9 (c = 1.0, CHCl;). "H NMR (300 MHz, CDCl;) 6 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, ] = 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). "C{'H} NMR (75 MHz, CDCl3) § 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 °C, A = 254 nm, 1.0 mL/min): t; = 6.41 min (major), t, = 8.91 min
(minor).

(8)-Benzyl-3-(2,2-dioxido-3,4-dihydrobenzo[e][ 1,2,3]oxathiazin-4-yl)indolizine-2-carboxylate
(6¢): Brown solid (33.0 mg, 74% yield, 99% ee); R;= 0.5 (petroleum ether/ethyl acetate, 4:1); mp:
168.9-169.4 °C. [a]p> = -109.2 (c = 1.0, CHCl;). "H NMR (300 MHz, CDCl3) 6 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, ] = 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). BC{'"H} NMR (75 MHz, CDCl;) 6 166.2, 151.5, 135.5, 132.7, 129.8, 128.7, 128.4, 128.2,
125.8, 125.1, 121.7, 1209, 119.3, 118.6, 114.1, 103.3, 66.9, 52.3. HPLC (Chiralpak INA-H
column, n-hexane/i-PrOH = 70/30, 25 °C, A = 254 nm, 1.0 mL/min): t; = 8.04 min (major), t, =
11.34 min (minor).
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(8)-Butyl-3-(2,2-dioxido-3,4-dihydrobenzo[e][ 1,2,3 Joxathiazin-4-yl)indolizine-2-carboxylate
(6d): white solid (29.6 mg, 74% yield, 61% ee); Ry= 0.5 (petroleum ether/ethyl acetate, 4:1); mp:
127.5-129.7°C. [a]p>*= -83.7 (¢ = 1.0, CHCl3). "H NMR (300 MHz, CDCl3) 6 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, ] =
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, ] = 7.3 Hz, 3H). “C{'H} NMR (75 MHz, CDCl;) ¢
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 °C, A = 254 nm, 1.0
mL/min): t; = 5.920 min (major), t, = 7.58 min (minor).

(8)-Tert-butyl-3-(2,2-dioxido-3,4-dihydrobenzo[e][ 1,2,3 |Joxathiazin-4-yl)indolizine-2-carboxyla
te (6e): white solid (33.0 mg, 83% yield, 63% ee); R,= 0.5 (petroleum ether/ethyl acetate, 4:1); mp:
163.2-164.7°C. [a]p> = -89.2 (¢ = 1.0, CHCL;). "H NMR (300 MHz, CDCl) 6 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). *C{'H} NMR (75 MHz,
CDCl;) 6 151.56, 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 °C, A = 254 nm, 1.0
mL/min): t; = 18.75 min (minor), t, = 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.
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€10dD 99 ur/

jalelele)

L=

€10AD IS°LL

Ireor —

POvIT —

8811~
81611~
06021 \
wie .
N_.mm_\
p8'sTl

18621 <
99°TEl =

s —

L1991 —

X COOEt
Va N

6b
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6¢, 'H-NMR in CDCl,

LQ-7-24-1. 1. fid

€£10dD 9T'L

61's —

LTL
6TL

€€°L LS
oL

6v'L
€9°L
o8

o

X, COO0BN
Va N

6¢c

£1 (ppm)

45



1€cs —

sTE0l —

991 —

6¢, "C-NMR in CDCl,

3e. 2. fid

X,—COO0BN
a N

£1 (ppm)

6d, '"H-NMR in CDCl,

3c/ A%

3t

$0°0- —

¥8°0
98°0 W
68°0
Lt
LTI~

6T1F
e
Pl
Le1
OTH €571
ss'1
s
651

0g'9

€70
19
8L°9
089
€89
06'9
mo.c/
0L
i X
1TL~_
€L
2dD9T'L \
WL W

wL—

w08 —

Fure

Fe

Frire

£f1 (ppm)
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6d, *C-NMR in CDCl,

3c/c

00—

oL €l —

vrer —

LS0E —

0€£'Ts —

€T°€9 —

€10dD ¥9°9L N

€10da:
€10dD 8¥'LL

L

i

LOE01 —

0TIl
19811
91611
68°0C1
Lzt
90°sT1
08°STI
08°6C1
€9°cel

NSNS/

rPIsT —

SE991 —

10

£1 (ppm)

6e, 'H-NMR in CDCl,

3d. 4. fid

or'9
89
959
vL9
189
89
989
069
£6'9
$6'9 \E
86'9 —
90°L W

80°L

€10ad 9T'L

_F
xN.hH\
€L
SY'L
8¥'L
v9'L
L0’ —

L

W_"n.m.v

<
PR N

qHmaNY

3

£1 (ppm)
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6e, "C-NMR in CDCl,

3d. 5. fid

b g © o
o 2 & 2
) S o ~
° E o &
C)\\ﬁgé:(]
= .
NN COO!'Bu
—
6e
|
|
ol !
‘ L l
n n L a sl A l 1 ) L " " e T L
Ao y e WP e y | iy vy o
—— — ——-—_———————
210 200 190 180 170 160 150 40 130 120 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
7. Copy of HPLC
Racemic 3aa:
| DADR1 A, Sig=264,4 Ref=360,100 (LQWLQ-DLO04211.0)
=T =
20
T
145 %
10 -
T | | : ) | :
2 4 [ 8 1z 14 6 12 min
1§ 1: DADL &, Sig=154,4 Ref=380,100
g frREFHT (6] #ERY  0E B L= giakist LET=s i [ #5
# [min] [min] [malU*=] [maT] ]
e I==== ===~ | ======m= [====mmmmm- | =====m--
1 9.383 BE 0.3467 7B6.93188  34.94194 56.3574
Z 13.384 BB 0.5062 609.39136  18.40802 43,6426
=8 1396.32324  53.3499¢
Chiral 3aa:
| DAD1T A, Sig=254.4 Ref=350,100 (DA% B E120000Y 0D 0-5-51-2004323.0)
o
400
.
k3
o
2 a 5 8 n 12 14 min
{5 1: papl &, Sig=254,4 Ref=360,100
W5 CREZHT ) B H W W5 R 5 & 5 0 R
# [min] [min] [mAT*=s] [mau] %
e R R [ === [==mmmmmm o | === I
1  8.529 BB 0.3087 9231.11230 455.05069 99.3379
2 12.447 BE 0.4056  55.91592 1.93250  D.6021
2E 9z87.0Z822 456.98319



Chiral 3aa (1 mmol):

[ DAD1 A, 5ig=254.4 Ref=360,100 (DMK 1200M QLWL O-1MMDOLO04517 D)

B

2B o8 o
== 2
5 3 & 9 9

o

2 734

é@ﬁ%

{E2 1: DADL A, Sig=254,4 Re£=360,100

E fREE D fER LEgiakiss LET=0 % fE A2
# [min] [min] [wAT+*=] [ma1u] ]
il Rttt |==== === | === == |—===—- |
1 8.590 BB 0.3246 1.37961ed 642.36749 0OB.9636
2 12.734 MM 0.4923 144.482Z09 4.88134 1.0364
=28 1.39405e4 647, 24883

Racemic 3ab:

[ DAD1 A, Sig=254.4 Ref=360,100 (DKM {21200y QLWL 0-5-57-1004334.0)

" w
= &
P T R TR

M
=]

3 o

IS
=]

12671

&2 1: DAD1 A, 5ig=i54,4 Ref=360, 100

T REgETrE] R GEE % [ FH % & % 0 5
# [min] [min] [waU+s] [mau] L]
it Bttt |==== === | == |===m |—=—=—= |
1 8.509 vB 0.3112 1260.03064 £1.962094 51.0495
Z 13.871 BB 0.5188 1208.22131 36.06490 48,0505
BE 2468.25185 98.02784
Chiral 3ab:
[ DADA A, 5ig=254.4 Ref=360.100 (DS 12000 DALV 0-5.57-1C04335.D)
ma
300
250
200
1‘5D:
100
50

13504

15 1: papl &, sig=254,4 Ref=360,100

WE {REGETE] D EE % EHH e W [ 5
# [min] [min] [mAU*=] [rmaT] ]

1 d9.446 EBE 0.3033 7178.67041 358.99310 98.83873
Z 13.504 EBE 0.4695 80.77935 .50 1.1127

28 7259.44976 361,571820

Racemic 3ac:

[ DAD1 A, Sig=254.4 Ref=360,100 (DKM 12120000y QLWL 0-5-57-2D04336.0)

20814

3
Ottt L e T

T
25 [ 75 10 126 15 178
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f§5 1: DADL &, Sig=254,4 Ref=380,100

g {REFHTrE] 2R EEw g [ R W & LEJiakiz)
# [win] [win] [mAT*=] [mAT] %
el EELEE [==== -~ [==mmmmm - [=——mmm - l-=———--- [
1 1Z.639 BE 0.4933 1609.35718  48.98925 54,4552
Z 20.81%4 EE 0.7640 1346.01941  25.98180 45.544%8
28 2055.37650 75.97105
Chiral 3ac:
| DAD1T A, Sig=254,4 Ref=360,100 (DA% @45 120000 OVLQYLQ-5-67-2C04337 D)
m&UE o
150
1nn—i
50| ®
T T . . : . T :
25 5 75 10 125 15 17.5 20 225 min
{§5 1: DADL A, 3ig=i54,4 Ref=360,100
g fREFHTrE] R 2 i FEFE LE=1 I 5 5
# [min] [min] [waU*=] [maUu] ]
e I====|======= | === === | =====m==
1 12.50Z BE 0.4521 7085.39014 240.21103 597.9414
Z 20.73% BE 0.5511 148.92886 3.24693  2.0586
28 7234.31900 243.45796
Racemic 3ad:
| DAD1T A, Sig=254,4 Ref=360,100 (DA% @43 120000Y OVLQYL Q-5-67-4004338 D)
m
H
: T ; : , . : T :
25 5 75 10 125 15 175 z0 min
15 1: papl &, Sig=254,4 Ref=360, 100
g fREGHTE] A IE g I FH = s 0 #8
# [min] [min] [maU*=] [mAT] %
e R R [====mmmm- |======m- |======-= [
1 8.038 VB 0.313e 802.31140 38.42495 53.5270
Z 13.680 BB 0.5043 &08.57842 21.14774 46,4730
2E 1408 .88983 50,5769
Chiral 3ad:
| DADT A, Sig=254,4 Ret=360,100 (D43 B4 120000 O\ LOVLQ-5-67-4C04330 D)
mA|
4GEI—§
BDDE
ZDDE
1au—f =
E o
o3 o
; T : T . : : T
z 4 ] 8 n 1z 14 6 min
{85 1: papl 2, Sig=254,4 Ref=360,100
g {REENTE R B [ Fiais) [E3) W [ IR
# [min] [min] [mAU*=] [mAT] %
Bl EEE e |==== === - |=mmmm - | === |- |
1 8.004 BE 0.2879 9897.74414 530.0Z649 005.3Z88
3 13.711 BE D.4361 E6.88224 1.24130  0.6712
2E 0d54 . GIE3E  532.26774
Racemic 3ae:
| DADT A, Sig=2564,4 Ret=360,100 (D43 B4 1200000 O\ LOVLQ-5-57-3004344. D)
mal |
50| o) @
E g
w0 &
30
20;
10 |
: \ T T . :
z 4 1] 8 10 12 min
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{85 1: DADL &, Sig=254,4 Ref=360,100

i {REFET(E] Ko B LR EE i & i 05 F5
# [tmin] [min] [mATT*3] [mATT] %
il B |- |——=—- |- [—m—=———= |
1 6.80%9 BE 0.2683 874,59363 49.94981 53.0355
2 8.5838 VE 0.3252 713.97498 33.18389 44.9445
=28 : 1588 . 56860 843.11350
Chiral 3ae:

[ DAD1 A, 8ig=254.4 Ref=360,100 (D3 B 120000\ D\L0-5.67-3C04345.0)

mAl |
300
200

100

8.624

o]

min

{5 1: DAD1 A, Sig=254,4 Ref=360, 100

g {FESETE] £LR IER i i FH g = iz 0 5
# [min] [min] [mAT*=s] [maT1r] %

1 6.828 BV 0.2571 7001.02031 418.71365 89.9397
2 8.624 BE 0.3348 778.78113 35.38276 10.0103

=8 T779.80164  454.09642

Racemic 3af:

[ DAD1 A, Sig=254.4 Ref=360,100 (D3 B{5 120000\ 2\ 0-5-66-5C04352.0)

{§5 1: DAD1 &, Sig=254,4 Ref=3&0,100

TE {RESHFra] =8 dE e i 0 #2 rE & i [ F5
# [min] [min] [mAU*=] [maT] %
—— | [-——=-—————- [————— - [-———————— [-———————- I
1 §.101 BE 0.2925 1457.75671  77.11700 50.72Z65
Z 13.144 EE 0.4771 1416.00000  45.75404 49,2735
=8 2B73.75671 12z.87104
Chiral 3af:

[ DAD1 A, 8ig=254.4 Ref=360,100 (D3 B5 120000\ D\ 0-5-66-5C04354.0)

T
al

&

401

3

2

1

13,380

{§% 1: DaDl 2, Sig=254,4 Ref=360,100

i {RESEfrE #Kd Ew I [ FH % & % [ A5
# [min] [min] [maU*=] [rAU] %

s |==== == | === R | === |
1 8.128 BB 0.3030 1.42978=4  722.19153 93.1522
2 13.3e0 EE 0.5012 1051.07031 32.17151 £.2478

28 1.53480e4 754.36304
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Racemic 3ag:

[ DAD1 A, 8ig=254.4 Ref=360,100 (D3 B5 120000\ D\ 0-5-66-5004351.0)

mNJ; b
é 7'5 1'0 12‘5 1“5 17"5 2'0 min
{85 1: DADl A, 3ig=254,4 Ref=360,100
iE {REGHTrE 28 fFwm i FFH LEF=1 Lediag el
# [min] [min] [maU*=] [maTr] %
e R |========-= |======m-m- |=====-== [
1 10.641 BE 0.3952 3790.72388 146.81693 50.7014
2z 16.383 EBE 0.6132 3685.83789 91.26061 40.208¢
=28 7476.56177 238.07754
Chiral 3ag:
| DADT A, Sig=254,4 Ret=360,100 (D43 B4 120000 0\ LOVLQ-5-66-6C04353 D)
mal|
ann—i =
ZDD—;
1EIEI—§ —
2 4 5 I 10 P 14 s ® mn
{§% 1: DAD1 A, Sig=254,4 Ref=360,100
b {REgHfra #£H bEEE % AR LET-1 I 1R
# [min] [min] [maU+*=] [mal] %
Rl Rl === === | === I
1 10.088 BB 0.4911 1.50887e4  464.32034 99.0299
2 16.111 BB 0.5380 147.80820 3.42154  0.9701
=28 1.52365e4  467.74189
Racemic 3ah:
| DADT A, Sig=2564,4 Ret=360,100 (D43 B4 1200000 O\ LOVLQ-5-64-1 004324 D)
YT = -
150 | £
125 b=
100 |
75
50
25
e
-25
2 4 5 5 1 P 1a in
{§5 1: papl &, Sig=254,4 Ref=360,100
g {REEHTIE] 258 (@ i IR i & i & 15
# [win] [min] [mAU*=] [raU] 3
e [====|======= [========== [========= |=======- [
1 6.932 EE 0.z2604 3364.11426 195.81224 50.4133
2 10.367 BE 0.3685 3308.95117 135.69724 40,5867
28 6673 .06543 331.50948
Chiral 3ah:
| DADT A, Sig=2564,4 Ret=360,100 (D43 B4 1200005 O\ LOVLQ-5-64-1 CO4385 D)
mal |
SDD—:
2au—f
1EIEI—; §
0 2
2 H s s 0 = @
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{85 1: paDl &, Sig=254,4 Ref=360,100

g {REFHTIE] R GET i FE AR i & i 0 5
# [min] [min] [mAUT*=] [maT] %

1 £.930 BE
Z 10.44% EEB 0.3703 37Z2.45148

=28 7767.53351  453.96133

Racemic 3ai:

0.Z567 7395.08203 438.67900 0353.2030
15.28143 4.7950

DAD1 A, Sig=254.4 Ref=360,100 (D3 B4 1200WN AL DVL0-71-30004472.0)

mAll |
250 |

200 |
150 |

100 -

min

{5 1: paDl A, Sig=i54,4 Ref=360,100

i fREFETrE] K CEE i [T AR g g (57 5
# [min] [min] [mAU*=] [mauT] %

i R e [-m oo e [mmmm oo ee [-mmmmmme [
1 7.8905 BV 0.2006 5380.00051 272.38037 40,8555
2 9.142 VB 0.3521 5412.18263 232.02361 50.1445

28 1.07932e4  504.31297
Chiral 3ai:
| DADT A, Sig=254.4 Ref=360,100 (43 B4 120000 QA LOALQ-71-2C004473.0)
maLl | Y
400 | -

9.207

min

{85 1: pADl &, Sig=254,4 Ref=360,100

E {REZHT(E] &8 fEw g AR LET=0 LEialie]
# [min] [min] [mAU*=] [mAT] %

1 7.987 BB 0.3016 9934.17871 500.42062 96.8221

Z 9.207 BB 0.3907 326.05582 12.24522 3.1779
28 1.0260Zed4  51Z.66584
Racemic 3aj:
| DADT A, Sig=254.4 Ref=360,100 (043 B4 120000 QW LOALQ-72-2 00044092 .0)
maL | @
04 E
25 |
20
15|
10 -
54
0=l T T T T T
z 4 ] 8 10 min
1§55 1: DADL &, Sig=254,4 Ref=360, 100
UE {REFHTrE) A B % E TR I v i [ 7R
# [min] [min] [maU*=] [mat] ]
| === === | === |=== == | === |
1 6.650 BB 0.2283 540.01434  36.15530 50.3269
Z  8.023 BE 0.2063 532.99866 27.47281 49.6731
28 1073 .01300 £3.62811
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Chiral 3aj:

DAD1 A, Sig=254.4 Ref=360,100 (D3 B{E 12000\ V07220004493 D)

3505
300 |
250
200
150
100

50| E
03
i 2 3 a ] a 7 I amin
{5 1: pDaDl &, Sig=254,4 Ref=360,100
bE REFHTfE] 2R GEEE % AR Wi 7 LEJiaigic]
# [min] [win] [malT*s] [mATT] %
R EEE T === |=====~- | === [=====m= | === I
1 £.629 EE 0.2286 6181.32227 413.142397 97.7464
2 8.017 BE 0.2883 142.51685 7.414068  2.2536
=8 £323.83011 420.55704
Racemic 3ak:
| DADT A, Sig=254.4 Ref=360,100 (43 B4 120000 QA LOALQ-71-40004470.0)
mNJ7
60| §
20
20|
0} .
2‘5 EI 7‘5 1'0 12‘5 1‘5 175 r;ln
185 1: papl A, Sig=254,4 Ref=360,100
TE {REFHTrE] R fEE i PR == % 1 #
# [min] [min] [mAU*=] [maAT] %
R e R | === === |====—=== |
1 9.508 EB 0.3451 1883.898733  83.53600 50.7987
Z 14.533 BB 0.5274 1825.38086  53.32437 49.2113
28 3709.26819 136.86037
Chiral 3ak:
| DADT A, Sig=254.4 Ref=360,100 (43 B4 120000 QAL OALD-71-4C00447 1.0)
maAl |
&
g &
i
2 4 B H 0 o 14 16 min
{5 1: papl &, Sig=254,4 Ref=360,100
E {REN (A 3 EwE LERiain) g &R LEdiais)
# [min] [min] [mAT*=] [maTr] %
S l==== ===~ |======mmmm |====== e |====—=-= [
1 9.490 BB 0.3444 1652.58728 73,4703 97.0188
Z  14.602 MM 0.5245  50.78072 1. 61367 Z.981z
28 1703.36800  75.08069
Racemic 3al:
| DADT A, Sig=254.4 Ref=360,100 (43 B4 120000 QLML Q-72-20004407 .0
madl | k3
200 jd
1507 =
1DD—E
50|
o]
2 4 . H 10 12 18 15 in

{§5 1: DAD1 A, Sig=254,4 Ref=360,100

E {REGNTrE] R WEE g [ R LET=n LEqiaie
# [win] [min] [maT*=] [maU] %
it il |==== === | === |====m=—— |======-- |

1 £.837 BE 0.2355 3485.34717 22Zk.32129 49.0463
2 10.377 BB 0.3738 3492.84155 142Z.58202 50.0537
28 6078.18872  369.10330
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Chiral 3al:

[ DAD1 A, Sig=254.4 Ref=360,100 (D3 B{5 12000\ V072 30004498 D)

600
400

200

10,608

{§5 1: paDl A, Sig=254,4 Ref=360, 100

WE {REFATIE] KR GBI i AR LER= L=
# [win] [min] [mAT*=] [ma 1] %
el |====|======= |====—=——-- |-———=-—-= |-————-== |
1 6.793 VB 0.2404 1.31209e=4 830.26324 94,7499
2 10.506 EE 0.4044 727.02240 26.98153 5.2501
28 1.38479e4 857.24477

Racemic 3am:

[ DAD1 A, Sig=254.4 Ref=360,100 (D3 1200W 0 ZHAL0 7210004484 D)

mall |
100 —|
B @
80| D
2
60|
a0
20|
0
T T T T T T
2 a & ] 0 12 min

{5 1: DAD1 A, Sig=254,4 Ref=360,100

g {RESEfrE #H dEw LEiakis) g & LETiEEs )
# [min] [min] [mAU*s] [mAaT] %
e |==== === |——=————- |==———— | === |
1 5.Z89 EE 0.2165 1576.10254 111.77472 50.5279
2 10.538 EB 0.3699 15343.16748 63.85543 49.4721
28 3119.,27002 175.83015
Chiral 3am:

[ DAD1 A, Sig=254.4 Ref=360,100 (D3 B 1200W 0 ZHAL0 7210004485 D)

350 7|
300
250
200
150
1005
50

10632

{5 1: DADLl &, Sig=254,4 Ref=360,100

g {RESET(E] 38 TE g AR i & g /0 5
# [toin] [min] [mau+*s=] [ma1] %
| === === | === === | === == |
1 6.306 BB 0.2188 5569.03369 389.53912 07.&8767
z 10.63Z EB 0.3748 132.46118 5.42602 2.3233
=2 5701.49437 394.96514

Racemic 3ba:

[ DAD1 A, Sig=254.4 Ref=360,100 (DK B2 120000\ 0L0-5-68-5004437 D)

ma |
E =)
a0 E
25 o
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{5 1: DADL A&, Sig=254,4 Ref=360,100

e {REGETrE) 2R GEE LERiaik el LET=N LETiE )
# [min] [min] [mAT*=s] [m&a1r] %
- |-——=|-——-——- R e e I
1 &.128 BB 0.2357 604.31744 38.80529 54.3767
z  &8.171 BB 0.3189 507.03662  23.58056 45.6233
28 1111.35406 £2.38585
Chiral 3ba:
| DAD1T A, Sig=254.4 Ret=360,100 (D43 B 120000 0 LOWLD-5-65-5 004437 D)
mAl | @
250
2005
150
1nn—§
50| 8
'E s
2 4 H H 0 12 1a 18 min

{§5 1: DADl A, Sig=254,4 Ref=360, 100

E {RESHTrE] HEY WEE i AR I & i 0 #2
# [min] [min] [maU*=] [mair] %
e e | === |===——————= |=====-=- |
1 6.063 EE 0.2224 4487.42139 307.21854 90,0418
2 8.120 EE 0.2865 43.41303 Z.19780 0.9582
=28 4530.83442Z  309.41633

Racemic 3ca:

DAD1 A, Gig=254.4 Ref=360,100 (DK B2 12000\ 01L0-5-68-4D04435.0)

mal | =
e
%
30 | g
20—
10—
R
2 4 5 s n 12 W min
{§5 1: papl &, Sig=i54,4 Ref=360,100
WE {REFHTIE] MR ER W% E 1A V=) W T 35
# [min] [min] [mAT*=] [mat] %
il kel |==== == | === |===mm | === |
1 6.221 BE 0.2300 g74.24652 44,68898 55.5391
2 8.945 EBE 0.3310 539.75604 Z4.88884 44,4800
28 1214.0025¢6 69.57782
Chiral 3ca:
| DADT A, Sig=254.4 Ret=360,100 (D0 B4 1200000 DL 0L0-5-68- 4004436, D)
maLl | 0y
aau—i
500
4007
300 |
200
1nn—; é
0 =
2 a 5 s n i

{&S 1: DAD1 A, $ig=254,4 Ref=360, 100

g {RESHT(E] B fE i F TR L I [ F2
# [min] [min] [mAT*=] [mATT] %
Rl et |====|=====-= | === |===mmm - |======== |

1 6.217 BB 0.2257 1.02402e4 £87.81586 08.9527
2z 9.001 BE 0.3309 108.37885 4.80894 1.0473
28 1.03486e4 592, 62480
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Racemic 3da:

[ DAD1 D, Sig=230,18 Ref=360,100 (DMK 1200W D0 0-5-65-4004413.0)

2 a 5 H 12 1a s B min
{§% 3: pAD1 D, Sig=230,16 Ref=360,100
g {REFHTIH Kd TE= LERizIE o L= i 0 5
# [min] [min] [mAU*=] [maTT]
== === === | === | === | === I
1  8.589 BB 0.3293 2588.85742 121.15580 49.9466
2z 16.900 EBE 0.6617 2594.30453 £1.06507 S50.0534
28 5183 .25195 18Z2.22087
Chiral 3da:
| DADT D, Sig=230,16 Ref=360,100 (D BHe 1 200000 D\ LOWL 0-5-65-4004414.D)
o a;::‘??
5
o
25 5 75 0 126 15 175 in
{5 3: DAD1 D, 5ig=230, 16 Ref=360,100
E fREFET(H D GEE i E IR [=n s /5 ¥
# [win] [wmin] [mAT*s] [maT] %
- e B |—m = - J=mmmm - | === I
1 8.537 EBE 0.3307 3.33690=4 155Z.64575 99.3301
2 17.003 MM 0.5909 Z2ZZ5.04395 6.34727 0.6699
28 3.35941e4 1558.99302
Racemic 3ea:
| DAD1T A, Sig=254.4 Ret=360,100 (D43 B 120000 0 LOWLD-5-65- 2004428 D)
2 3
5 n 15 20 25 a0 min
{§5 1: papl &, Sig=254,4 Ref=360, 100
i {REFHT(E] R fEE g TR i & i i $2
# [min] [min] [mAT*=] [mAT]
R |====|===—=== | === === | ===
1 20.719 BB 0.7632 S564.15570  10.73407 49.9172
2z 2Z.794 BB 0.7498 S566.02826  10.22600 50.0828
=28 1130. 18396  20.96007
Chiral 3ea:
| DAD1T A, Sig=254.4 Ret=360,100 (D43 B 120000 0 LOWLD-5-65- 2004429 D)
mAl—|
2 ‘a._'é’ﬁ
0| ¥
5 10 15 20 25 in
&5 1: papl &, Sig=254,4 Ref=360,100
g fRERET(E] R F g EFE g &R Leia st
# [min] [min] [mal*s] [mau] %
|- === |=—————- |—m—mm - |=mmmm - |==—m——- |
1 Z0.999 MM 0.71e4 30,1283 7.01717e-1 0.6056
2 23.048 EE 0O.8e72 4950,74414 g8.14051 99,3944
28 4080.90697  B6.84223
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Racemic 3fa:

[ DAD1 A, Gig=254.4 Ref=360,100 (DK B2 12000\ 01L0-5-65-2004400,0)

ma|
150 <

11360

125
100
754
50|
25|
=

{65 1: DADL A, Sig=254,4 Ref=360,100

IE {REZHTE] DY E R 5 E R LEX-N 3 0 R
# [min] [min] [malT*=] [mau] ]
it Ittt |- == | == |- | == |
1 8.438 BB 0.3094 2465.39331  170.209370 50.4103
2 11.360 BB 0.4081 3408.97656 126.61790 49,5897
B8 687436987 Z06.01160
Chiral 3fa:

DAD1 A, Gig=254.4 Ref=360,100 (DK B2 120000\ 0L0-5-65-2C04401,0)

§
e =
2 a ] B 0 o in
{5 1: paDl &, Sig=254,4 Ref=360,100
i {REgHTra) 28 FEE i E R g & g [ 5
# [min] [min] [maU*=] [maT] %
Sl R R | === === [ === [
1 8.391 BE 0.3094 1.56469e4 TE8.80252 98.9401
2 11.42Z7 EE 0.3936 166.183591 6.30386 1.0509
28 1.58131e4 77519637
Racemic 3ga:
| DAD1T A, Sig=254.4 Ret=360,100 (D43 B 120000 0 LOWLD-5-65- 3004415 D)
mAl | =
2au—; &
15D—§
1EIEI—;
ﬁn—f
L
'5D; T T T T T T T
2 4 =] El 10 12 14 min
15 1: DADL &, Sig=254,4 Ref=360,100
5 {REEHTrE] #R Ew 5 E IR LET-1 LEqag s
# [min] [min] [maU*3] [maT] 5
el Bt [==== |- R R [-=-mmmm- |
1 6.218 BB 0.2471 4398.85937 271.38086 49.7551
z 8.371 BB 0.3054 4442.15771 225.925086 50.2449
BE 8841.01709 497.30672
Chiral 3ga:
| DAD1T A, Sig=254.4 Ret=360,100 (D43 B 120000 0 LOWLD-5-65-3 004416, D)
g
5005
400
300 |
2004
100 2
LE o
2 4 H s 10 in

{5 1: paDpl &, Sig=254,4 Ref=360,100

g {REFHT(E] W G g E TR [Ex=1 LEqeikie
# [min] [tmin] [maU+s] [1ma1] %
il bt [l | == =mm e |==mmmm e | === I

1 6.170 BB 0.2524 1.069089=4  £48.59918 98.9159
Z  B.376 BE 0.3124 117.26095 5.78818  1.0841
=28 1.06162e4 654.38736
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Racemic 3ha:

[ DAD1 A, Gig=254.4 Ref=360,100 (DK B2 12000\ 01L0-5-65-1004430.0)

2 4 ] s 10 o 1a w  mn
{5 1: DAD1 &, Sig=254,4 Ref=3¢0, 100
g REFET(E] DY WE g AR i & i 0] #R
# [mwin] [min] [maT*s] [ma1r] %
] R e |===-m-mm- [====---m- [-==—-=-= [
1  7.857 BB 0.2986 Z064.86230 105.37865 51,4612
2 13.232 BB 0.5061 1947.60083 58.843599 48,5388
=28 4012 . 46313 164.22264
Chiral 3ha:
| DAD1T A, Sig=254.4 Ret=360,100 (D43 B 120000 0 LOWLD-5-65-1 00443 1.D)
w3
250
200
2 4 H s 10 12 18 15 in
{85 1: DAD1 A, Sig=i54,4 Ref=360,100
g {REgAf A R iFER % fE A5 % /& i G 75
# [min] [min] [malU*s] [rmaU] %
Rl e |==== | ===~ |===mmmm |===mm |======== |
1 7.860 BB 0.2969 6282.76709 320.22626 97.6480
2 13.352 BB 0.4904 151.32919 4.52270  2.3520
=8 6434.00628 324.74896
Racemic 3ia:
‘ DADT A, Sig=254.4 Ref=360,100 (D232 S 120000 QAL 0-5-58-3004454.D)
— =
a0
o
80— a
40
ZUT
o
2 a a I 10 12 min
{§5 1: DAD1 &, Sig=254,4 Ref=360,100
TE fREFHTrE R E % EF2 % & i /i 72
# [min] [min] [maU*s] [mat] 3
il I |====]======= | === |===mmmm— - === |
1  6.02Z BB 0.2133 1271.23962 90.81243 57.5364
z  7.354 ¥V 0.2829 938.21246  50.47276 42.4636
2E 2209.45200 141.28519
Chiral 3ia:
‘ DADT A, Sig=254.4 Ref=360,100 (D232 S 120000 QAL 0-5-58-3 004433 D)
mal | ]
[ -
2 a [ H 10 12 1a 18 min
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{5 1: DAD1 &, Sig=254,4 Ref=360, 100

I {REFETrE) M EE i TS LE3=1 Lk
# [min] [min] [mAlT*=] [mAlr] %
il B e | === | == | === |
1 &.02Z6 EBE 0.2022 £371.88818 482.141594 99,1338
2z 7.576 BB 0.2872 55.67878 3.16487 0.8662
=8 6427 . 56696  485.30681

Racemic 3ja:

[ DAD1 A, 5ig=254.4 Ref=360,100 (DK R 1200MW Y QULOW 0-5.65-5004422.D)

{85 1: DaDpl A, Sig=254,4 Ref=360,100

& {REgHT (A R FEW i AR L= i [ AR
# [min] [min] [maU*=] [mAT] %
- e e |—mmmm - == === I
1 9.221 BB 0.3688 1279.62769  53.03005 51.9491
Zz 10.616 BB 0.6096 1183.60596  29.65520 48.0509
2B I463.23364  B3I.58525

Chiral 3ja:

[ DAD1 A, 5ig=254.4 Ref=360,100 (DK R 1200M/ Y QULOW 0-5.65-5004423.0)

mAll=|
50
40
30|
20

0

&

10 o

E @
0]

{5 1: DaDl A, Sig=254,4 Ref=360, 100

IE {REEETE] R MERE LEFiaE sl LEEn i [ AR
# [win] [rin] [mAT*=] [maT] %
==l |==== === | === | === |—===- |
1 9.225 BB 0.3628 179.41418 7.58083 7.0400

2 10.496 EEB 0.5745 Z369.08276 62.46379 02,9600

28 Z54%.49695  70.02463

Racemic 4aa:

[ DAD1 D, 5ig=230,18 Ret=380,100 (DA B2 12000 QUL - MEQDA477 D)

madl | [ ]
B £
1000 | -
200 -
600 |
400 |
200 |
07
T T T T T T T T
2 4 =] 2 10 12 14 18 min

&S 3: DAD1 D, Sig=230,16 Ref=360,100

e {REFHT(E] R (EE i A L= i 7 4
# [min] [min] [mAU*=] [mAT] %

1 11.835 BV 0.3840 3.03833e4 1230.92285 459.0153
2 12.782 VB 0.431% 3.16040=4 1111.12483 50.9347

=28 £.19673ed  2342.04773
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Chiral 4aa:

[ DAD1 D, $ig=230,18 Ret=380,100 (DR 12000 DLOW Q- ME-£004707.D)

248 5 748 10 128 15

&S 3: paDl D, Sig=230,16 Ref=360,100

e {REFHTrE] A (ER i F TR L= e [ 5
# [min] [min] [mAT*=s] [maTr] %
il Rt |=-=== === | === |===——— | === |
1 11.6&87 BE 0.3855 2627.81982 105.16831 99,3003

2 12.810 MM 0.3707 18.51560 8.32386e-1 0.6997

=28 Z646.33542  106.00070

Racemic 4ab:

[ DAD1 A, 5ig=254.4 Ref=360,100 (DK R 1200M QLW O-ALLYLO0A47E.0)

&
1
13,102

min

{5 1: DAD1 &, Sig=254,4 Ref=260,100

g {REFETIE) 28 TEE g R g & g 0] #5
# [min] [win] [malU*=] [md U] ]
il et |====|=====-= |—===———-== |===—==——- | === |
1 11.390 BE 0.3642 1104, 48547 46.66149 50.8154

2 13.102 EE 0.4322 1069.03857 37.76005 49.184¢

=28 2173.52405 84.43054

[ DAD1 A, 5ig=254,4 Ref=360,100 (DR R 1200M Y PO O-ALLYL CO4532 D)

o
2 4 5 H 10 2 15 min
{5 1: DaADl &, Sig=254,4 Ref=360,100
g {REFHfra) R ERE g F IR i /& LEgiag:e]
# [min] [min] [mAUT*s] [maT] %
Rl Rt |==== === [ == | === | === |
1 11.164 BE 0.3609 3911.75342 169.70848 98.7262
Z 13.007 BB 0.3731  50.46904 1.94265  1.2738
=28 3962.22246 171.65113
Racemic 4ac:
‘ DADT A, Sig=254.4 Ref=360,100 (D37 [HS1 20000 QLWL Q- OHDO04473. D)
; i §
2 4 H F 10 2 1a min

61




{§5 1: DADL A, Sig=i54,4 Ref=360,100

e {RESNfra HE fEw % E AR W% L i 0 #2
# [win] [min] [mau+=] [ma1] %
il Bttt |==== === | === === | ===
1 6.602 VB 0.2z08 1189.84900 83.20060 50.3480
2 T.472 BB 0.2497 1173.39954 TZ.1ed440 49,6520
=28 Z363.24854 155.36500
Chiral 4ac:
| DAD1 A, Sig=254.4 Ref=360,100 (DA% BAE 12000 QLD 0-OH-CO04711.0)
maLl
200
175
150 =
125
100
75
a0 g
25 S
2 & o o o
{85 1: papl 2, Sig=254,4 Ref=360,100
U {FESHT () #hY IER i AR LE3=1 I F 3R
# [min] [min] [mAU*=] [maU] %
i B I R |===mmmm |=====mm | === I
1  6.463 BE 0.2244 3312.04932 2Z6.719748 98,2277
2 7.349 BE 0.2793  59.75771 3.15078 1.7723
=28 : 3371.80702 229.87052

Racemic 4ad:

[ DAD1 A, 5ig=254,4 Ref=360,100 (D% 451 20000/' DL OWLD-C OOHO04542.0)

360
00
260
200
150
100 -|
50

min

{§5 1: paDl &, Sig=254,4 Ref=360,100

g {RESHTra] 28 Legiagis] LEF=x g 0 #9
# [min] [min] [mAT*s] [mAaT] 3
R R e | === |===mm = | ======== I
1 5.529 ¥V 0.2833 7341.44873 383.49774 49,4718
Z  7.044 VB 0.3706 7498.21387 301.07443 50.5282
28 1.483974 £84.57217
Chiral 4ad:
| DAD1 A, Sig=254.4 Ref=360,100 (D3 B8 12000 D LOWLD-C O OH- CO04543.0)
mM.l’: ar
100 |
sn—z
ED—f
mé @é?
20 o ,@'
U; T T T T T T
2 4 g 2 10 12 min
{5 1: DAD1 &, Sig=i54,4 Ref=360,100
g {REFHTIE] DY TEw LEqizkLs i 7&h i 0 #2
# [min] [min] [mAU*s] [mAT] %
il BT R | === |==mm— | === |
1 S5.660 BB 0.2046 21659.99731 110.75748 98.6071
Z  7.3253 MM 0.3949  30.65335 1.29367  1.3929
28 2200.65066 112.05115
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Racemic 4ae:

| DAD1 A, Sig=254.4 Ref=360,100 (D3 B8 12000 D LOLO- SPHO04424. )
AL A H
E &
SDD—E
400%
300;
ZDD—E
1UU—;
LE
2?5 5‘ 7‘5 1IU 12'.5 1‘5 1?'5 ZIU 22'5 min
{5 1: DADL A, Sig=254,4 Ref=360,100
0% {REFHT(E] B EwE % AR W& & % AR
# [min] [min] [mAaU*=] [man] &
e e [====|-=m—-—- [—==mmmmm- [===mmmmm [-=-m---- [
1 5.153 VB 0.1597 B309.83534 FA14.13275 50.2314
Z  £.215 BE 0.1820 g440.86084 541.01736 40,7686
28 1.20507=4 1156.05011
Chiral 4ae:
| DADT A, Sig=259,4 Ref=360,100 (D% BAE 1200007 QAL 0L Q- SPH-CO04644.0)
il
30—
so—f
w0
zu—f
0£ T T T T T
2 4 B El 10 min
185 1: DADl A, Sig=154,4 Ref=360,100
T fmEERT (e R OMEE % [ TR e LEdiakist
# [min] [min] [mAT*=] [malr] %
e R B |======mm= |====mmmm - |====-=== |
1 5.208 BE 0.1627 993.83258  92.97012 100.0000
28 993.83258  92.97012
Racemic 4af:
| DAD1 A, Sig=254,4 Ref=360,100 (D:\3% B4 1200000 QL Q4L O- CMO04658 D)
mal - ] -
2!6 fL 7!6 1'0 12'5 1'6 17‘.6 Z‘D 22‘_6 min
185 1: DADl A, Sig=254,4 Ref=360,100
W {REFITIE) R EE % E IR LE3=0 L=giak)
# [min] [min] [mAU*=] [rmaT] %
Rl R R [ = [ e | = [
1 8.828 EE 0.2704 2913.14819 166.27229 51.1728
Z 11.117 BE 0.23454 2770.61816 123.13033 48,8272
=8 SEDZ.TEE3IE  2B0.41162
Chiral 4af:
| DAD1 A, Sig=254,4 Ref=360,100 (D:\% B 1 200000 QL Q4L O- Ch- COO4EET DY
5 o
8
o
Lt
2‘5 5' 7‘5 '\IU 12‘.5 1'5 17‘.5 2'0 min
f§5S 1: DADL A, Sig=254,4 Ref=360, 100
IE TREZHTE] R fEE i A L= Irig 75 #4
# [min] [min] [maU+*s] [marr] &
e [==== ===~ | ====mmmmm e |======== I
1 9.49% VE 0.2959 G281.46690 355.36636 08.5272
2 12.030 BE 0.3780 102.86610 4.06935  1.4728
251 £O84.33298 359.43572
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Racemic 6a:

[ DADT A, Sig=254.4 Ref=360,100 (DA% 012008 QL0 0-3-20-1 B L3643 D)

mA T
sao—f o
] 5
400 @
aao—f
znn—f
1DD—E
o
T T T T T T T
z 4 1] 2 0 1z 14 min
{85 1: DaDl A, Sig=254,4 Ref=360, 100
i {REgedra] o g g FFE g 7R LEJueg i)
# [mwin] [win] [malT*s] [m&1T] 3
e R B | =====mm-m= |======-m== |======== [
1 6.414 BE 0.2222 8446.17090 572.25580 50.3768
Z 8.912 EBE 0.2117 8319,82031 404,90045 49,6232
=8 1.67660ed 077.15625
Chiral 6a:
‘ DADRT A, Sig=254.4 Ref=360,100 (0:v 43120000 ALV Q-2-66- 10035840
5 @
ED—E w
F g
25@ g
0
T T T T T T )
2 4 -] 8 0 1z 14 min
{5 1: DAD1 A, Sig=254,4 Ref=360, 100
% fREFETIE 258 E® % [ R g & O] #R
# [min] [min] [mAT*=] [rmAT] E]
i l====l======~ | =====mm= [======m-m- |======== I
1 6.668 BE 0.2530 3436,.63403  201.42960 91,9922
Z 9.225 BE 0.3870 299,15582 11.67094 g.0078
= 3735.780986  213.10054
Racemic 6b:
| DAD1 A, Sig=254.4 Ref=350,100 (D43 B 12000 0L 0ALD-3-20-1DL3848.0)
maLl | I
5au—f o
E 5
400 —| o
BDDE
znn—f
1nn—f
LE
2 a 5 s n 12 2 i
{85 1: papl A, Sig=i54,4 Ref=360,100
g fREFET(E] R MR LET i LET =1 i /7 #2
# [min] [rmin] [wAU*=s] [mau] %
e [====|===mm== | ====mmmmm - |====mmmm |=====mm= I
1 6.414 BB 0.2222 8446.17090 572.25580 50.3768
2  8.912 BE 0.3117 8319.82031 404,90045 49,6232
=28 1.67660=4  977.15625
Chiral 6b:
| DAD1T A, Sig=254.4 Ref=360,100 (D43 B 120000 L0ALD-3-20- 1003651 .D)
mal |
800
EDDE
400
b b
ZEIEI—_ g
o
2 a 5 o
{85 1: papl A, Sig=2154,4 Ref=360,100
i fREFHTE] D 0F g E LE=1 i [ #5
# [win] [rin] [wAU*=] [mau] 3
Rl e [==== == [===mm - [==mmmmmm = [===mmmm= I
1  6.344 BB 0.2387 1.40890e4  909.69452 82.7344
2 8.831 BE 0.3210 2940.19141 137.74997 17.2656
28 1.70292e4 1047. 44449
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Racemic 6¢:

DAD1 A, 5ig=254.4 Ret=360,100 (LOILQ-5-11-DLO4170.D)

z a ] 8 10 12 in
WE {REFHT (] R CFE I E AR % & % 7 35
# [min] [min] [malU*s] [maTr] g
el =mmm = mmm o R === mmmmm e [==mmmme |
1 82.045 BE 0.2973 452.872314 23.04Z15 56.22896
Z 11.344 BE 0.4432 352.52563 1z.1z481 43.77014
=2E 805.39798 35.16685

Chiral 6c¢:

DAD1 A, Gig=254.4 Ref=360,100 (DK B2 1200W DL 0WLO-5-11-5104170.0)

11201

2 4 =] 2 10 12 19 min
WE fREENTrE] SR B R I ¥R 15 75 15 ¥
# [min] [min] [mAU*3] [malT] %
il Rt |==== === | === |=====——— | === |
1 7.865 VB 0.2799 1.93487=4 1045.77808 99.592Z2
Z 11.2Z01 BE 0.3972 79.23054 2.87783 0.4078
28 : 1.942709e4  1048.65591

DAD1 A, Sig=254,4 Ret=360,100 (D32 1200W D\ DL0-3-20-2003649.0)

2a a 7a n 125 15 e 0 min
{§5 1: paDl &, Sig=254,4 Ref=360,100
& {FEgHTra) #R IEE i R [F=1 % 07 12
# [min] [min] [mAU+*=] [mal] 3

1 53.920 VB 0.2024 6786.58036 506.38809 49,9133

Z 7.576 BE 0.Z640 6810.15381 389.52136 50.0867
== 1.35967e4 805.90945
Chiral 6d:

DAD1 A, Sig=254,4 Ret=360,100 (DA B2 1200W D\ L0-3-20-2003652.0)

7.586

min

{5 1: paDl &, 3ig=254,4 Ref=360,100

s fREFETE] H GEE % i FR LET=0 i 0 £H
# [min] [min] [mau*=] [maT] 3
===l |=—== === | == |- |-===---= |
1 5.899 VE 0.2099 1.000z28e4 7i0.90344 80.3806
2 7.586 EE 0.2758 Z441.51172 133.24332 19.6194
=28 1.24444e4 863, 14676
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Racemic 6e:

[ DAD1 A, Gig=254.4 Ref=360,100 (DK B2 1200W D\ 0WL0-3-21-DLO3EET.D)

min

{€5 1: papl &, 3ig=254,4 Ref=360,100

TE {REFHTE] MDY MEEE i [ 5 % I [ R
# [min] [min] [mAU+*=] [mau] 3
ituinl ettt |==== === | === | === | === |
1 18.754 BB 1.0058 7420.85186 100.68619 50.5440
Z 2Z.004 BB 1.0627 7260.91992 92.60964 49.4560
28 1.46816e4 193,29583
Chiral 6e:
[ DAD1 A, 5ig=254.4 Ref=360 100 (D3 B41200WA D\ C\L0-3-21-C003656.0)
mAll @
200 3
176 A
150
125
100 =
75 o
50 —~
25
0
5 0 15 20 2 a0 o in
185 1: DaDl &, Sig=254,4 Ref=360,100
IE fREFHT(E 3£ ER % EFR LEX: [Eqirk 2
# [min] [min] [maU*=] [mar] %
=l i R | == |- | === |
1 18.971 EB 1.0264 4280,25879 58.16071 18.65310
Z 21.609% EBE 1.1584 1.87082e4 224.00064 81.3490
28 2.29974e4 282.16135
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