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General Information

Unless otherwise noted, all starting materials were purchased from commercial
sources and used without any further purification. The reactions were carried out in
the glovebox unless otherwise stated. Toluene, 1, 4-dioxane, DCM, and DME were
obtained from commercial sources and anhydrous THF is gained from distilling
apparatus. Chemicals were used as obtained from the suppliers. The analytical data
for the known compounds were found to match with the literature data and stored at
-30 °C under an inert atmosphere. Room temperature = 23-25 °C. TLC plates were
visualized under UV light (254 nm) or by staining with phosphomolybdic acid or
KMnO; followed by heating. Abbreviations are reported as follows: EA = ethyl
acetate, DCM = dichloromethane, DME = dimethoxyethane, THF = tetrahydrofuran,
PE = petroleum ether. '"H NMR, "F NMR and *C NMR spectra were recorded on
Bruker-AVANCE 500 or Bruker-DMX 400 spectrometer, and chemical shifts are
reported in ppm. Multiplicities are reported using the following abbreviations: s =
singlet, d =doublet, t = triplet, q = quartet, m = multiplet. The impurities of grease
were found in some cases of NMR, however, not affect the yields of the products.
High resolution mass spectral data were acquired on Agilent Technologies
Accurate-Mass Q-TQF LC/MS 6520 operated by China Pharmaceutical University.
Enantiomeric excess was determined on a Thermo Fisher UltiMate 3000 Chiral HPLC
using AD, OD and IA column. All cinnamyl carbonates, quinolones and 2-pyridiones

are known compounds except 2x.

General procedure A: The synthesis of quinolinol analogue

Br SH S
K,CO, (1.2 eq) \©\
X > X Me
+ EtOH, reflux
N (o) N o
H Me H

2x

A solution of 4-(bromomethyl)quinolin-2(1H)-one (2.36 g, 10.0 mmol), p-toluenethiol
(1.24 g, 10.0 mmol) and anhydrous potassium carbonate (1.65 g, 12.0 mmol) in 30.0
mL of EtOH was heated at reflux for overnight. When the reaction completed, the

resulting solution was diluted with water (20 ml) and filtered, and the yellow solid
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was collected in 91% yield (3.6 g), m.p.158-159 °C.

X Me

o

Iz

2x

'H NMR (500 MHz, DMSO-ds) & 11.63 (s, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.46 (t, J =
7.7 Hz, 1H), 7.26 (d, J = 8.2 Hz, 1H), 7.21 (d, J = 7.8 Hz, 2H), 7.16 (t, J = 7.6 Hz,
1H), 7.08 (d, J = 7.8 Hz, 2H), 6.25 (s, 1H), 4.35 (s, 2H), 2.21 (s, 3H). 13C NMR (126
MHz, DMSO-ds) 5 160.63, 145.99, 138.50, 135.75, 130.42, 129.79, 129.66, 129.15,
124.44, 121.00, 120.59, 117.21, 115.08, 33.74, 20.01. HRMS(ESI) m/z: calculated for
[C17HisNOS + H]* 282.0953, found 282.0948. IR v 2845.62, 1902.48, 1667.44,
1551.40, 1393.72, 1262.81, 1155.70, 977.19, 864.13, 816.53, 670.74, 581.49, cm’.

General procedure B: Optimized conditions

N
X N [Ir(cod)Cl], (4 mol%) m
LG L (8 mol%), TBD (20 mol%) N™ 7O
N o Base (3.0 eq), Solvent, rt l ©)\/Me
H
1

2a

3a

The reactions were proceeded in the glovebox. [Ir(cod)Cl]> (2.7 mg, 0.004 mmol, 0.04
eq), L1 (0.008 mmol, 0.08 eq), and TBD (2.8 mg, 0.02 mmol, 0.2 eq) were added to a
2 dram scintillation vial (vial A) equipped with a magnetic stirring bar. The vial was
then charged with solvent (0.5 mL) and stirred at 25 °C for 30 min, generating an
orange solution. To another 2 dram scintillation vial (vial B) was added 1 (0.1 mmol,
1.0 eq), 2-hydroxyquinoline (0.2 mmol, 2.0 eq), base (0.3 mmol, 3.0 eq) and solvent
(0.5 mL). The pre-formed catalyst solution (vial A) was then transferred to vial B.
The vial B was sealed and stirred at rt with stirring for 48 h. The vial was then
removed from the glovebox and uncapped. Saturated NH4Cl aqueous solution was
added and the mixture was extracted with DCM (10 mL x 3), the combined organic

phase was washed with brine, dried over Na;SOs, filtered and concentrated in vacuo.

S3



The residue was purified by column chromatography over silica gel (PE : EA=4:1)

to afford the desired product.

General procedure C: Synthesis of axially chiral enamides

N
o [Ir(cod)ClI], (4 mol%) Rzm
2 Li 1%), TBD (20 mol®
N N0 ome . Rz_(j(l igand (8 mol%), (20 mol%) _ N X0
T XN DBU, THF, . _Me
H R!
1 2

25°C
3

The reactions were proceeded in the glovebox. [Ir(cod)Cl]> (2.7 mg, 0.004 mmol, 0.04
eq), L1 (4.3 mg, 0.008 mmol, 0.08 eq), and TBD (2.8 mg, 0.02 mmol, 0.2 eq) were
added to a 2 dram scintillation vial (vial A) equipped with a magnetic stirring bar. The
vial was then charged with THF (0.5 mL) and stirred at 25 °C (Internal temperature of
glove box) for 30 min, generating an orange solution. To another 2 dram scintillation
vial (vial B) was added propenyl carbonate (0.1 mmol, 1.0 eq), 2-hydroxyquinoline
(0.2 mmol, 2.0 eq), DBU (0.3 mmol, 3.0 eq) and THF (0.5 mL). The pre-formed
catalyst solution (vial A) was then transferred to vial B. The vial B was sealed and
stirred at rt (Internal temperature of glove box) with stirring for 36-48 h. The vial was
then removed from the glovebox and uncapped. Saturated NH4Cl aqueous solution
was added and the mixture was extracted with DCM (10 mL x 3), the combined
organic phase was washed with brine, dried over Na,SOys, filtered and concentrated in
vacuo. The residue was purified by column chromatography over silica gel (PE : EA =
4 : 1) to afford the desired product. Ps: For series of products 3, the minor signals in
the aromatic part are corresponding to E-isomer, as well as in aliphatic part of the

methyl signal.

©\/j\
N
N o

. _Me

3a
Following the general procedure C, 3a was obtained as yellow solid (23 mg, 88%

yield), m.p.142-143 °C. '"H NMR (500 MHz, Chloroform-d) 8 7.82 (d, J=9.5 Hz, 1H),
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7.61 (dd, J=17.7, 1.5 Hz, 1H), 7.41 — 7.37 (m, 1H), 7.31 — 7.26 (m, 4H), 7.24 — 7.18
(m, 3H), 6.82 (d, J = 9.6 Hz, 1H), 6.73 (q, J = 7.0 Hz, 1H), 1.60 (d, J = 6.9 Hz, 3H).
BC NMR (126 MHz, Chloroform-d) & 160.20, 139.00, 138.28, 134.76, 134.44,
129.80, 127.78, 127.49, 127.08, 124.44, 123.87, 121.51, 121.22, 119.46, 114.63,
12.41. HRMS(ESI) m/z: calculated for [CigHisNO + H]® 262.1232, found
262.1226. IR v 1640.66, 1584.13, 1554.38, 1488.93, 1447.27, 1322.31, 1215.21,
1128.93, 962.31, 825.45, 762.98, 694.55, cm’l. HPLC data (Chiralpak AD column,
hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 23.2 min (major), tr = 13.4 min

(minor), ee = 92%.

m
>
N o

. _Me

MeO
3b

Following the general procedure C, 3b was obtained as white solid (23 mg, 80%
yield), m.p.101-102 °C. "H NMR (500 MHz, Chloroform-d) & 7.81 (d, J = 9.5 Hz, 1H),
7.60 (dd, J = 8.0, 1.5 Hz, 1H), 7.39 (ddd, J = 8.7, 7.1, 1.5 Hz, 1H), 7.23 — 7.18 (m,
4H), 6.82 — 6.78 (m, 3H), 6.58 (q, J = 7.0 Hz, 1H), 3.75 (s, 3H), 1.56 (d, /= 7.0 Hz,
3H). 3C NMR (126 MHz, Chloroform-d) & 160.18, 158.52, 138.92, 138.27, 134.36,
129.76, 127.43, 127.13, 125.20, 122.22, 121.46, 121.23, 119.45, 114.69, 113.17,
54.25, 12.24. HRMS(ESI) m/z: calculated for [CioHi7NO> + H]" 292.1338, found
292.1339. IR v 1643.64, 1587.11, 1509.75, 1438.35, 1322.31, 1244.96, 1182.48,
1134.88, 1030.74, 831.40, 751.07, 590.41, cm™'. HPLC data (Chiralpak AD column,
hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 28.3 min (major), tr = 18.9 min

(minor), ee = 94%.

S5



Following the general procedure C, 3¢ was obtained as white solid (25 mg, 90%
yield), m.p.146-147 °C. 'TH NMR (500 MHz, Chloroform-d) § 7.81 (d, /= 9.5 Hz, 1H),
7.60 (dd, J=8.1, 1.5 Hz, 1H), 7.38 (td, /= 7.7, 7.0, 1.5 Hz, 1H), 7.19 (dd, J = 8.0, 4.8
Hz, 4H), 7.07 (d, J = 8.0 Hz, 2H), 6.81 (d, J = 9.5 Hz, 1H), 6.67 (q, J = 7.0 Hz, 1H),
2.29 (s, 3H), 1.58 (d, J = 7.0 Hz, 3H). 3*C NMR (126 MHz, Chloroform-d) & 160.16,
138.88, 138.33, 136.93, 134.75, 131.69, 129.75, 128.46, 127.42, 123.79, 123.28,
121.42, 121.25, 119.44, 114.67, 20.09, 12.29. HRMS(ESI) m/z: calculated for
[CioHi7NO + H]" 276.1388, found 276.1385. IR v 1646.61, 1587.11, 1447.27,
1328.26, 1244.96, 1215.21, 1134.88, 1039.67, 965.29, 810.58, 751.07, 658.84, cm.
HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr =

19.8 min (major), tr = 13.0 min (minor), ee = 92%.

O\
S
N o

X _Me

Ph
3d

Following the general procedure C, 3d was obtained as white solid (27 mg, 80%
yield), m.p.185-186 °C. '"H NMR (500 MHz, Chloroform-d) & 7.84 (d, J = 9.6 Hz, 1H),
7.63 (dd, J = 7.6, 1.4 Hz, 1H), 7.52 (dd, J = 14.5, 8.0 Hz, 4H), 7.42 — 7.36 (m, 5H),
7.32 (t,J=7.3 Hz, 1H), 7.25 - 7.21 (m, 2H), 6.84 (d, /= 9.6 Hz, 1H), 6.79 (q, /= 6.9
Hz, 1H), 1.63 (d, J = 7.0 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) & 160.22,
139.85, 139.47, 139.05, 138.30, 134.51, 133.39, 129.88, 127.76, 127.54, 126.52,
126.37, 125.94, 124.40, 124.26, 121.57, 121.26, 119.48, 114.62, 12.46. HRMS(ESI)
m/z: calculated for [C24HioNO + HJ" 338.1545, found 338.1549. IR v 1646.61,
1587.11, 1482.98, 1447.27, 1396.69, 1325.29, 1247.93, 1134.88, 959.34, 825.45,
757.02, 688.60, cm’!. HPLC data (Chiralpak AD column, hexane : isopropanol = 85 :

15, 1.0 mL/min), tr = 18.7 min (major), tr = 20.7 min (minor), ee = 97%.
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©\/j
>
N o

. _Me

Br 3e

Following the general procedure C, 3e was obtained as white solid (32 mg, 95%
yield), m.p.142-143 °C. 'H NMR (500 MHz, Chloroform-d) & 7.82 (d, J = 9.5 Hz, 1H),
7.61 (dd,J=17.8, 1.5 Hz, 1H), 7.42 - 7.37 (m, 3H), 7.22 (td, /= 7.5, 1.1 Hz, 1H), 7.17
—7.12 (m, 3H), 6.80 (d, /= 9.6 Hz, 1H), 6.72 (q, /= 7.0 Hz, 1H), 1.59 (d, /= 7.0 Hz,
3H). 3C NMR (126 MHz, Chloroform-d) & 160.09, 139.13, 138.09, 133.95, 133.59,
130.91, 129.89, 127.61, 125.51, 125.27, 121.67, 121.16, 121.06, 119.47, 114.37,
12.48. HRMS(ESI) m/z: calculated for [CisH14BrNO + H]* 340.0337, found 340.0338.
Isotopic MS, calculated 342.0317, found 342.0319. IR v 1637.69, 1587.11, 1444.30,
1322.31, 1244.96, 1134.88, 1072.40, 1006.94, 962.31, 804.63, 757.02, 655.87, cm.
HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr =

22.1 min (major), tr = 18.4 min (minor), ee = 94%.

O\
>
N (0]

. _Me

Cl
3f

Following the general procedure C, 3f was obtained as white solid (26 mg, 89% yield),
m.p.120-121 °C. 'H NMR (500 MHz, Chloroform-d) & 7.82 (d, J = 9.5 Hz, 1H), 7.61
(dd, J=17.8, 1.5 Hz, 1H), 7.40 (ddd, J = 8.6, 7.3, 1.5 Hz, 1H), 7.24 — 7.20 (m, 5H),
7.14 (d, J= 8.5 Hz, 1H), 6.80 (d, J=9.5 Hz, 1H), 6.70 (q, /= 6.9 Hz, 1H), 1.59 (d, J
= 7.0 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) 8 160.11, 139.14, 138.09, 133.88,
133.11, 132.88, 129.90, 127.96, 127.61, 125.21, 125.16, 121.68, 121.15, 119.47,
114.38, 12.46. HRMS(ESI) m/z: calculated for [CisHi4CINO + H]* 296.0842, found
296.0831. Isotopic MS, calculated 298.0813, found 298.0809. IR v 1649.59, 1587.11,
1488.93, 1447.27, 1393.72, 1328.26, 1244.96, 1128.93, 1090.25, 1012.89, 813.55,
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655.87, cm™l, HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0

mL/min), tr = 19.9 min (major), tr = 16.0 min (minor), ee = 90%.

Following the general procedure C, 3g was obtained as white solid (24 mg, 86%
yield), m.p.80-81 °C.'H NMR (500 MHz, Chloroform-d) & 7.87 (d, J = 9.6 Hz, 1H),
7.66 (dd, J=17.8, 1.4 Hz, 1H), 7.44 (ddd, J = 8.6, 7.2, 1.5 Hz, 1H), 7.31 — 7.26 (m,
2H), 7.19 (d, J = 8.5 Hz, 1H), 7.13 — 7.09 (m, 1H), 7.02 (dt, J = 10.5, 2.2 Hz, 1H),
6.96 (td, J = 8.3, 2.5 Hz, 1H), 6.85 (d, /= 9.5 Hz, 1H), 6.79 (q, J = 6.9 Hz, 1H), 1.65
(d, J = 7.0 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) & 160.10, 139.16, 138.12,
136.95 (d, J= 7.9 Hz), 133.84, 129.89, 129.32 (d, J = 8.5 Hz), 127.62, 125.92, 121.67,
121.14, 119.53 (d, J = 2.9 Hz), 119.47, 114.37, 114.03, 113.86, 110.90 (d, J = 13.1
Hz), 12.46. ’F NMR (470 MHz, Chloroform-d) & -112.77 —-112.85 (m). HRMS(ESI)
m/z: calculated for [CisHisFNO + H]" 280.1138, found 280.1128. IR v 1643.64,
1581.16, 1480.00, 1447.27, 1322.31, 1215.21, 1131.90, 911.74, 828.43, 783.80,
754.05, 667.77, cm!. HPLC data (Chiralpak AD column, hexane : isopropanol = 85 :

15, 1.0 mL/min), tr = 21.9 min (major), tr = 13.3 min (minor), ee = 90%.

©\/1
S
N o

MeO . _Me

3h

Following the general procedure C, 3h was obtained as white solid (28 mg, 97%
yield), m.p.82-83 °C. 'H NMR (500 MHz, Chloroform-d) & 7.81 (d, J = 9.5 Hz, 1H),
7.60 (dd, J=7.8, 1.4 Hz, 1H), 7.41 — 7.37 (m, 1H), 7.22 — 7.16 (m, 3H), 6.87 (dd, J =
7.7, 1.7 Hz, 1H), 6.84 — 6.77 (m, 3H), 6.72 (q, /= 6.9 Hz, 1H), 3.74 (s, 3H), 1.59 (d, J
= 6.9 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) 8§ 160.20, 158.90, 139.03, 138.28,
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135.99, 134.58, 129.81, 128.80, 127.47, 124.80, 121.52, 121.14, 119.44, 116.45,
114.63, 112.17, 110.00, 54.20, 12.41. HRMS(ESI) m/z: calculated for [C19H17NO> +
HJ" 292.1338, found 292.1338. IR v 1646.61, 1578.18, 1491.90, 1441.32, 1328.26,
1283.64, 1206.28, 1131.90, 1033.72, 834.38, 754.05, 688.60, cm’!. HPLC data
(Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 32.0 min

(major), tr = 16.2 min (minor), ee = 90%.

Q:j\
>
N (o]

cl . _Me

3i
Following the general procedure C, 3i was obtained as white waxy (25 mg, 85%
yield). '"H NMR (500 MHz, Chloroform-d) & 7.83 (d, J = 9.6 Hz, 1H), 7.62 (dd, J =
7.8, 1.5 Hz, 1H), 7.41 (ddd, J=8.7, 7.2, 1.5 Hz, 1H), 7.30 (d, /= 2.1 Hz, 1H), 7.25 —
7.17 (m, 3H), 7.15 — 7.12 (m, 2H), 6.81 (d, /= 9.5 Hz, 1H), 6.74 (q, /= 7.0 Hz, 1H),
1.60 (d, J = 7.0 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) 8 160.11, 139.20,
138.09, 136.53, 133.82, 133.72, 129.93, 129.05, 127.64, 127.15, 126.09, 124.02,
122.09, 121.70, 121.14, 119.48, 114.35, 12.49. HRMS(ESI) m/z: calculated for
[CisHi4sCINO + H]" 296.0842, found 296.0845. Isotopic MS, calculated 298.0813,
found 298.0814. IR v 1652.56, 1593.06, 1447.27, 1399.67, 1325.29, 1256.86, 1081.32,
1015.87, 870.08, 792.73, 751.07, 691.57, cm’l. HPLC data (Chiralpak AD column,
hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 21.4 min (major), tr = 12.6 min

(minor), ee = 91%.
O\
>
N o
Me X _Me

3j
Following the general procedure C, 3j was obtained as white solid (24 mg, 87% yield),
m.p.101-102 °C. 'H NMR (500 MHz, Chloroform-d) & 7.82 (d, J = 9.5 Hz, 1H), 7.61
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(dd, J=8.2, 1.4 Hz, 1H), 7.39 (td, J = 8.3, 7.8, 1.5 Hz, 1H), 7.20 (t, J = 7.5 Hz, 2H),
7.17—=7.12 (m, 2H), 7.06 (t, J = 8.4 Hz, 2H), 6.82 (d, /= 9.5 Hz, 1H), 6.70 (q, /= 6.9
Hz, 1H), 2.27 (s, 3H), 1.58 (d, J = 7.0 Hz, 3H). '*C NMR (126 MHz, Chloroform-d) &
160.20, 138.93, 138.35, 137.33, 134.91, 134.45, 129.77, 127.94, 127.65, 127.44,
124.49, 124.17, 121.44, 121.26, 121.07, 119.45, 114.68, 20.52, 12.36. HRMS(ESI)
m/z: calculated for [CioH;7NO + HJ" 276.1388, found 276.1382. IR v 1640.66,
1584.13, 1557.36, 1488.93, 1447.27, 1322.31, 1244.96, 1128.93, 831.40, 754.05,
697.52, 655.87, cm’!. HPLC data (Chiralpak AD column, hexane : isopropanol = 85 :

15, 1.0 mL/min), tr = 20.0 min (major), tr = 11.0 min (minor), ee = 90%.

m
NS
N (o)

F . _Me

3k
Following the general procedure C, 3k was obtained as white solid (28 mg, 93%
yield), m.p.100-101 °C. '"H NMR (500 MHz, Chloroform-d) & 7.83 (d, J=9.5 Hz, 1H),
7.62 (dd, J=17.8, 1.5 Hz, 1H), 7.42 (ddd, J = 8.6, 7.3, 1.5 Hz, 1H), 7.25 — 7.21 (m,
1H), 7.14 — 6.99 (m, 4H), 6.80 (d, J = 9.5 Hz, 1H), 6.66 (q, J= 7.0 Hz, 1H), 1.59 (d, J
= 7.0 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) 8 160.05, 139.25, 137.98, 133.10,
129.96, 127.71, 125.73, 121.79, 121.11, 120.06 (d, J = 3.4 Hz), 120.01 (d, J = 3.6 Hz),
119.48, 116.68, 116.54, 114.20, 113.16, 113.01, 12.46. "F NMR (470 MHz,
Chloroform-d) 6 -137.05 (ddd, J=20.4, 11.7, 7.7 Hz), -138.23 (dtd, J = 21.6, 8.3, 7.8,
4.3 Hz). HRMS(ESI) m/z: calculated for [CigHi3FaNO + H]Y 298.1043, found
298.1039. IR v 1637.69, 1584.13, 1515.70, 1420.50, 1283.64, 1244.96, 1131.90,
938.51, 858.18, 828.43, 762.98, 605.29, cm™!. HPLC data (Chiralpak AD column,
hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 11.1 min (major), tr = 13.1 min

(minor), ee = 90%.
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©\/j\
>
N o

. _Me

OMe
31

Following the general procedure C, 31 was obtained as white solid (16 mg, 55% yield)
(Z:E=15.3:1), m.p.216-127 °C. '"H NMR (500 MHz, Chloroform-d) & 7.78 (d, J =

8.6 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.39 (t, J/ = 7.8 Hz, 1H), 7.29 (d, J = 8.4 Hz,
1H), 7.18 (td, J = 7.5, 3.7 Hz, 2H), 6.99 (d, J = 7.6 Hz, 1H), 6.93 (t, /= 7.1 Hz, 2H),
6.80 (q, J = 7.8, 5.7 Hz, 2H), 3.85 (s, 3H), 1.59 (d, J = 6.9 Hz, 3H). 13C NMR (126
MHz, Chloroform-d) & 156.35, 138.85, 138.46, 130.73, 129.54, 129.45, 127.81,
127.25, 123.63, 121.28, 121.26, 119.78, 119.45, 115.10, 110.44, 54.52, 12.81. IR v
1646.61, 1584.13, 1488.93, 1444.30, 1325.29, 1247.93, 1120.00, 1021.82, 890.91,
831.40, 760.00, 632.07, cm™'. HRMS(ESI) m/z: calculated for [CioHi7NO2 + H]*
292.1338, found 292.1328. HPLC data (Chiralpak AD column, hexane : isopropanol

=85: 15, 1.0 mL/min), tr = 11.7 min (major), tr = 13.2 min (minor), ee = 18%.

Following the general procedure C, 3m was obtained as white solid (26 mg, 84%
yield), m.p.194-195 °C. '"H NMR (500 MHz, Chloroform-d) & 7.87 (d, J = 9.6 Hz, 1H),
7.78 (dd, J = 15.6, 7.9 Hz, 2H), 7.66 — 7.62 (m, 3H), 7.51 (d, /= 1.8 Hz, 1H), 7.42 —
7.35 (m, 3H), 7.23 — 7.19 (m, 2H), 6.90 — 6.85 (m, 2H), 1.66 (d, J = 7.0 Hz, 3H). °C
NMR (126 MHz, Chloroform-d) & 160.27, 139.12, 138.32, 134.91, 132.39, 132.07,
131.76, 129.84, 127.63, 127.52, 127.33, 126.50, 125.25, 125.15, 125.03, 122.84,
121.88, 121.56, 121.26, 119.52, 114.71, 12.54. HRMS(ESI) m/z: calculated for
[C22Hi7NO + HJ]* 312.1388, found 312.1376. IR v 1643.64, 1584.13, 1488.93,
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1447.27, 1328.26, 1250.91, 1221.16, 1188.43, 858.18, 819.50, 751.07, 664.79, cm.
HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr =

34.8 min (major), tr = 21.9 min (minor), ee = 90%.

3n
Following the general procedure C, 3n was obtained as white solid (28 mg, 91%
yield), m.p.126-127 °C. 'TH NMR (500 MHz, Chloroform-d) & 7.80 (d, /= 9.6 Hz, 1H),
7.60 (dd, J=17.8, 1.5 Hz, 1H), 7.40 (ddd, J = 8.6, 7.2, 1.5 Hz, 1H), 7.22 — 7.17 (m,
2H), 6.83 — 6.79 (m, 2H), 6.73 — 6.67 (m, 2H), 6.55 (q, J = 7.0 Hz, 1H), 5.91 — 5.90
(m, 2H), 1.56 (d, J = 7.0 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) & 160.12,
147.18, 146.60, 138.97, 138.24, 134.37, 129.78, 129.01, 127.47, 122.97, 121.51,
121.21, 119.45, 117.86, 114.61, 107.46, 104.51, 100.19, 12.31. HRMS(ESI) m/z:
calculated for [Ci19H1sNOs + H]" 306.1130, found 306.1126. IR v 1640.66, 1587.11,
1497.85, 1399.67, 1322.31, 1221.16, 1161.65, 1033.72, 935.54, 831.40, 760.00,
596.36, cm™!. HPLC data (Chiralpak AD column, hexane : isopropanol = 80 : 20, 1.0
mL/min), tr = 25.7 min (major), tr = 14.2 min (minor), ee = §9%.
CO

N o
S N

\ |
30

Following the general procedure C, 30 was obtained as yellow solid (25 mg, 95%
yield)(Z:E=4.0:1), m.p.82-83 °C. '"H NMR (500 MHz, Chloroform-d) & 7.80 (d, J =

9.6 Hz, 1H), 7.60 (dd, J = 7.8, 1.4 Hz, 1H), 7.46 — 7.39 (m, 1H), 7.25 — 7.19 (m, 2H),
7.12 (d, J= 5.1 Hz, 1H), 6.84 (dd, J= 5.1, 3.7 Hz, 1H), 6.79 (d, J = 9.6 Hz, 1H), 6.63
(d, J=3.7 Hz, 1H), 6.58 (q, J = 7.0 Hz, 1H), 1.57 (d, J = 7.0 Hz, 3H). 3C NMR (126
MHz, Chloroform-d) & 159.85, 139.23, 139.09, 138.80, 138.01, 130.03, 129.85,
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129.45, 127.47, 127.30, 126.52, 126.15, 125.85, 125.23, 123.81, 123.70, 122.86,
121.62, 121.36, 121.28, 121.12, 119.42, 119.36, 114.94, 114.52, 13.85, 12.00.
HRMS(ESI) m/z: calculated for [C1sHisNOS + H]" 268.0796, found 268.0787. IR v
1646.61, 1590.08, 1488.93, 1438.35, 1319.34, 1250.91, 1221.16 1033.72, 935.54,
831.40, 760.00, 664.79, c¢cm’'. HPLC data (Chiralpak AD column, hexane :
isopropanol = 85 : 15, 1.0 mL/min), tr = 12.4 min (Z-major), tr = 14.5 min (Z-minor),

ee = 96%, tr = 10.9 min (E-major), tr = 16.3 min (E-minor), ee = 91%.

m
NS
N o

N . _Me

/

N 3p

Following the general procedure C, 3p was obtained as white solid (22 mg, 84%
yield), m.p.94-95 °C. 'H NMR (500 MHz, Chloroform-d) & 8.64 (d, J = 2.4 Hz, 1H),
8.47 (dd,J=4.9, 1.5 Hz, 1H), 7.83 (d,J=9.6 Hz, 1H), 7.62 (dd, J= 7.8, 1.4 Hz, 1H),
7.51 (ddd, J = 8.1, 2.5, 1.6 Hz, 1H), 7.41 (ddd, J = 8.6, 7.2, 1.5 Hz, 1H), 7.24 — 7.14
(m, 3H), 6.81 — 6.77 (m, 2H), 1.64 (d, J = 7.0 Hz, 3H). 1*C NMR (126 MHz,
Chloroform-d) & 160.09, 147.99, 145.62, 139.28, 137.93, 132.25, 131.31, 130.48,
130.00, 127.74, 126.79, 122.48, 121.82, 121.07, 119.51, 114.15, 12.47. HRMS(ESI)
m/z: calculated for [Ci7HisNO + HJ" 263.1184, found 263.1171. IR v 1637.69,
1590.08, 1482.98, 1444.30, 1244.96, 1212.23, 1134.88, 962.31, 837.36, 762.98,
706.45, 620.17, cm’!. HPLC data (Chiralpak AD column, hexane : isopropanol = 85 :
15, 1.0 mL/min), tr = 28.8 min (major), tr = 24.8 min (minor), ee = 94%.

—_—

—0
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Following the general procedure C, 3q was obtained as white solid (30 mg, 66% yield)
(Z:E=6.1:1), m.p.78-79 °C. '"H NMR (500 MHz, Chloroform-d) & 7.94 (t, J = 8.9 Hz,

1H), 7.84 (dd, J=13.5, 8.6 Hz, 2H), 7.62 (dd, J = 10.9, 7.9 Hz, 3H), 7.31 (dt, J = 20.4,
7.6 Hz, 3H), 7.25 — 7.19 (m, 2H), 7.14 (t, J = 8.2 Hz, 3H), 6.84 (d, J = 9.5 Hz, 1H),
6.74 (q, J= 6.7 Hz, 1H), 2.31 (s, 3H), 1.63 (d, /= 6.9 Hz, 3H). 1*C NMR (126 MHz,
Chloroform-d) & 159.99, 144.07, 139.30, 139.21, 138.77, 137.96, 134.71, 133.64,
129.78, 128.91, 128.64, 127.61, 127.53, 126.94, 125.92, 125.87, 125.81, 124.06,
123.36, 122.83, 122.60, 121.67, 121.33, 121.28, 121.09, 119.93, 119.65, 119.62,
119.51, 119.49, 118.16, 114.78, 114.45, 112.94, 112.62, 20.56, 14.33, 12.13.
HRMS(ESI) m/z: calculated for [C27H22N203S + H] 455.1429, found 455.1429. IR v
1649.59, 1590.08, 1557.36, 1444.30, 1363.97, 1173.55, 1125.95, 980.17, 825.45,
745.12, 667.77, 569.59, cm’'. HPLC data (Chiralpak AD column, hexane :
isopropanol = 80 : 20, 1.0 mL/min), tr = 18.2 min (E£-major), tr = 38.8 min (E-minor),

ee =70%, tr = 20.7 min (E-major), tr = 6.8 min (E-minor), ee =70%.

m
N
Br N (o)

. _Me

3r

Following the general procedure C, 3r was obtained as yellow waxy (32 mg, 94%
yield). 'H NMR (500 MHz, Chloroform-d) & 7.76 (d, J = 9.6 Hz, 1H), 7.46 (d, J = 8.2
Hz, 1H), 7.34 — 7.31 (m, 2H), 7.30 — 7.26 (m, 5H), 6.81 (d, J=9.6 Hz, 1H), 6.73 (q, J
= 7.0 Hz, 1H), 1.61 (d, J= 6.9 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) & 159.80,
139.27, 138.38, 134.42, 134.05, 128.69, 127.89, 127.29, 124.88, 124.85, 124.31,
123.81, 121.55, 118.22, 117.29, 12.45. HRMS(ESI) m/z: calculated for [Ci1sH14BrNO
+ H]* 340.0337, found 340.0337. Isotopic MS, calculated 342.0317, found 342.0317.
IR v 1646.61, 1581.16, 1545.45, 1414.55, 1241.98, 1134.88, 1078.35, 1000.99,
837.36, 771.90, 691.57, 632.07, cm’!. HPLC data (Chiralpak AD column, hexane :
isopropanol = 85 : 15, 1.0 mL/min), tr = 11.8 min (major), tr = 8.9 min (minor), ee =
89%.
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m
N
Ci N o

. _Me

3s
Following the general procedure C, 3s was obtained as white waxy (29 mg, 98%
yield). 'H NMR (500 MHz, Chloroform-d) & 7.77 (d, J = 9.6 Hz, 1H), 7.53 — 7.51 (m,
1H), 7.29 — 7.24 (m, 5H), 7.17 (d, J = 7.4 Hz, 2H), 6.79 (d, /= 9.6 Hz, 1H), 6.73 (q, J
= 7.0 Hz, 1H), 1.61 (d, J= 7.0 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) & 159.90,
139.18, 138.31, 136.06, 134.45, 134.03, 128.60, 127.89, 127.29, 124.82, 123.81,
122.08, 121.30, 117.90, 114.37, 12.43. HRMS(ESI) m/z: calculated for [CisH14CINO
+ H]* 296.0842, found 296.0841. Isotopic MS, calculated 298.0813, found 298.0814.
IR v 1652.56, 1584.13, 1548.43, 1491.90, 1423.47, 1319.34, 1206.28, 1134.88,
1087.27, 840.33, 751.07, 694.55, cm™'. HPLC data (Chiralpak AD column, hexane :
isopropanol = 85 : 15, 1.0 mL/min), tr = 11.3 min (major), tr = 8.4 min (minor), ee =

91%.

m
N
MeO N o

X _Me

3t
Following the general procedure C, 3t was obtained as yellow solid (21 mg, 74%
yield) (Z:£=16.8:1), m.p.101-102 °C. '"H NMR (500 MHz, Chloroform-d) & 7.78 (d,
J=9.5Hz, 1H), 7.54 (d, J = 8.6 Hz, 1H), 7.36 — 7.32 (m, 2H), 7.31 — 7.27 (m, 3H),
6.83 (dd, J = 8.6, 2.4 Hz, 1H), 6.75 (q, J = 6.9 Hz, 1H), 6.72 — 6.68 (m, 2H), 3.76 (s,
3H), 1.67 (d, J = 6.9 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) § 161.92, 161.71,
140.96, 139.83, 135.95, 135.49, 129.84, 128.80, 128.09, 125.52, 124.96, 118.93,
114.71, 110.41, 99.69, 55.46, 13.46. HRMS(ESI) m/z: calculated for [CioH17NO; +
HJ" 292.1338, found 292.1336. IR v 1637.69, 1584.13, 1548.43, 1405.62, 1360.99,
1221.16, 1146.78, 1018.84, 831.40, 754.05, 691.57, 635.04, cm’!. HPLC data
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(Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 22.6 min

(major), tr = 15.0 min (minor), ee = 87%.

Br.
\©\/j\
N\
N (o)
N ]

3u
Following the general procedure C, 3u was obtained as yellow waxy (29 mg, 86%
yield). '"H NMR (500 MHz, Chloroform-d) & 7.74 — 7.72 (m, 2H), 7.46 (dd, J = 9.0,
2.3 Hz, 1H), 7.30 — 7.22 (m, 5H), 7.06 (d, J = 9.0 Hz, 1H), 6.83 (d, /= 9.5 Hz, 1H),
6.72 (q,J = 7.0 Hz, 1H), 1.60 (d, J = 7.0 Hz, 3H). *C NMR (126 MHz, Chloroform-d)
0 159.68, 137.72, 137.26, 134.47, 134.08, 132.55, 129.64, 127.87, 127.27, 124.70,
123.77, 122.51, 120.90, 116.42, 114.33, 12.41. HRMS(ESI) m/z: calculated for
[CisHisBrNO + H]* 340.0337, found 340.0335. Isotopic MS, calculated 342.0317,
found 342.0316. IR v 1658.51, 1584.13, 1554.38, 1474.05, 1417.52, 1280.66, 1241.98,
1018.84, 893.88, 813.55, 754.05, 691.57, cm’l. HPLC data (Chiralpak AD column,
hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 17.2 min (major), tr = 11.5 min

(minor), ee = 92%.

Me

3v

Following the general procedure C, 3v was obtained as white solid (19 mg, 69%
yield), m.p.131-132 °C. '"H NMR (500 MHz, Chloroform-d) & 7.74 (dd, J = 8.0, 1.5
Hz, 1H), 7.39 (ddd, J = 8.6, 7.2, 1.5 Hz, 1H), 7.30 — 7.24 (m, 4H), 7.24 — 7.20 (m,
3H), 6.74 — 6.70 (m, 2H), 2.55 (d, J = 1.2 Hz, 3H), 1.60 (d, J = 7.0 Hz, 3H). 3*C NMR
(126 MHz, Chloroform-d) & 159.92, 146.58, 137.96, 134.79, 134.63, 129.61, 127.73,
126.99, 124.45, 124.01, 123.88, 121.30, 120.50, 120.17, 114.90, 18.18, 12.40.
HRMS(ESI) m/z: calculated for [CioHi7NO + H]* 276.1388, found 276.1382. IR v
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1637.69, 1587.11, 1488.93, 1450.25, 1387.77, 1313.39, 1075.37, 968.26, 864.13,
757.02, 688.60, 563.64, cm’!. HPLC data (Chiralpak AD column, hexane :

isopropanol = 85 : 15, 1.0 mL/min), tr = 19.4 min (major), tr = 14.5 min (minor), ee =

92%.
N02 IPr
N
N
N (0]
. _Me
3w

Following the general procedure C, 3w was obtained as white solid (27 mg, 78%
yield), m.p.104-105 °C. '"H NMR (500 MHz, Chloroform-d) & 8.76 (d, J = 2.4 Hz, 1H),
8.21 (dd, J=9.3, 2.4 Hz, 1H), 7.33 — 7.25 (m, 6H), 6.86 (s, 1H), 6.76 (q, J = 6.9 Hz,
1H), 3.54-3.48 (m, 1H), 1.61 (d, J = 7.0 Hz, 3H), 1.44 (dd, J = 6.8, 2.0 Hz, 6H). 13C
NMR (126 MHz, Chloroform-d) & 160.01, 156.01, 142.54, 141.55, 134.36, 133.77,
127.99, 127.51, 125.16, 124.01, 123.71, 119.86, 118.71, 118.47, 115.95, 27.80, 21.33,
12.48. HRMS(ESI) m/z: calculated for [C21H20N203 + H]" 349.1552, found 349.1542.
IR v 1670.41, 1593.06, 1518.68, 1429.42, 1337.19, 1271.74, 1099.17, 902.81, 867.11,
828.43, 760.00, 688.60, cm!. HPLC data (Chiralpak AD column, hexane :

isopropanol = 85 : 15, 1.0 mL/min), tr = 18.9 min (major), tr = 25.3 min (minor), ee =

L
AN Me
S

N (o]
. _Me

89%.

3x

Following the general procedure C, 3x was obtained as white waxy (30 mg, 76%
yield). '"H NMR (400 MHz, Chloroform-d) & 7.93 (d, J = 8.1 Hz, 1H), 7.43 (t,J= 7.9
Hz, 1H), 7.28 (s, 6H), 7.25 (d, /= 10.3 Hz, 3H), 7.12 (d, /= 7.7 Hz, 2H), 6.73 (q, J =
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7.0 Hz, 1H), 6.53 (s, 1H), 4.24 (s, 2H), 2.35 (s, 3H), 1.59 (d, J = 6.9 Hz, 3H). *C
NMR (101 MHz, Chloroform-d) 8 160.46, 146.15, 139.45, 138.21, 135.71, 135.45,
132.76, 130.84, 130.44, 129.96, 128.79, 128.10, 125.49, 125.28, 124.86, 122.43,
121.97, 119.19, 116.22, 37.66, 21.19, 13.39. HRMS(ESI) m/z: calculated for
[C26H23NOS + H]" 398.1579, found 398.1567. IR v 1646.61, 1593.06, 1563.31,
1488.93, 1444.30, 1387.77, 1304.46, 1069.42, 870.08, 807.60, 751.07, 688.60, cm™.
HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr =
26.9 min (major), tr = 20.1 min (minor), ee = 8§6%.

COOMe

N

N \0

X _Me

3y
Following the general procedure C, 3y was obtained as white solid (22 mg, 69%
yield), m.p.158-159 °C. '"H NMR (400 MHz, Chloroform-d) & 8.38 (d, /= 8.1 Hz, 1H),
7.46 (t, J = 7.8 Hz, 1H), 7.33 (s, 1H), 7.28 (d, J = 7.8 Hz, 7TH), 6.76 (q, J = 6.9 Hz,
1H), 4.05 (s, 3H), 1.62 (d, J = 6.9 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) &
174.71, 165.88, 160.11, 139.70, 139.59, 135.57, 135.03, 131.42, 128.87, 128.27,
126.97, 125.65, 124.83, 123.14, 117.25, 116.04, 53.01, 13.45. HRMS(ESI]) m/z:
calculated for [C20H17NO3s + HJ" 320.1287, found 320.1281. IR v 1735.87, 1649.59,
1593.06, 1438.35, 1227.11, 1152.73, 1018.84, 887.93, 786.78, 757.02, 679.67, 584.46,
cm’!. HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min),

tr = 27.3 min (major), tr = 21.0 min (minor), ee = 75%.

N
N o
©)\/Me

3z

Following the general procedure C, 3z was obtained as white waxy (35 mg, 89%
yield). 'H NMR (500 MHz, Chloroform-d) & 7.74 (d, J = 9.6 Hz, 1H), 7.32 — 7.20 (m,
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5H), 7.10 (d, J=9.2 Hz, 1H), 7.04 (d, J = 2.8 Hz, 1H), 6.99 (dd, J=9.2, 2.8 Hz, 1H),
6.81 (d,J=9.6 Hz, 1H), 6.71 (q, J= 7.0 Hz, 1H), 4.14 (q, /= 7.1 Hz, 2H), 4.03 (t, J =
6.1 Hz, 2H), 2.51 (t, J = 7.3 Hz, 2H), 2.11-2.09 (m, 2H), 1.59 (d, J = 7.0 Hz, 3H),
1.24 (d, J = 7.2 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) & 172.12, 159.77,
153.23, 138.46, 134.84, 134.46, 132.75, 127.76, 127.05, 124.39, 123.85, 121.77,
120.13, 118.86, 115.98, 109.94, 66.24, 59.48, 29.70, 23.56, 13.22, 12.39. HRMS(ESI)
m/z: calculated for [C24H2sNOs + HJ" 392.1862, found 392.1860. IR v 1729.92,
1649.59, 1560.33, 1494.88, 1435.37, 1244.96, 1173.55, 1027.77, 971.24, 813.55,
760.00, 688.60, cm’!. HPLC data (Chiralpak AD column, hexane : isopropanol = 70 :

30, 1.0 mL/min), tr = 29.9 min (major), tr = 9.2 min (minor), ee = 90%.

L
N S
/N (0]

X _Me

3a’
Following the general procedure C, 3a’ was obtained as white waxy (25 mg, 96%
yield). 'TH NMR (500 MHz, Chloroform-d) & 8.57 (s, 1H), 8.42 (d, J = 5.1 Hz, 1H),
7.79 (d, J = 9.6 Hz, 1H), 7.46 (d, J = 5.1 Hz, 1H), 7.28 — 7.23 (m, 5H), 7.01 (d, J =
9.6 Hz, 1H), 6.75 (q, J = 7.0 Hz, 1H), 1.62 (d, J = 7.0 Hz, 3H). *C NMR (126 MHz,
Chloroform-d) & 159.21, 141.80, 137.57, 137.02, 134.07, 133.66, 133.51, 127.92,
127.43, 126.65, 125.27, 124.05, 123.87, 119.66, 12.52. HRMS(ESI) m/z: calculated
for [C17H14N20 + H]" 263.1184, found 263.1180. IR v 1658.51, 1578.18, 1488.93,
1417.52, 1337.19, 1241.98, 1137.85, 956.36, 849.26, 760.00, 688.60, 566.61, cm™.
HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr =

16.8 min (major), tr = 14.9 min (minor), ee = 8§6%.
I
X
N (0]
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Following the general procedure C, 3b’ was obtained as yellow waxy (19 mg, 72%
yield). '"H NMR (500 MHz, Chloroform-d) & 7.34 — 7.22 (m, 6H), 6.61 — 6.57 (m, 2H),
2.56 (d, J = 5.8 Hz, 2H), 2.46 (dt, J = 14.8, 6.0 Hz, 1H), 2.26 (dt, J = 12.2, 5.2 Hz,
1H), 1.70 (dd, J = 11.4, 6.4 Hz, 7H). 3C NMR (126 MHz, Chloroform-d) 8 161.22,
142.20, 141.46, 135.81, 134.59, 127.77, 126.95, 123.58, 122.92, 117.33, 113.44,
26.11, 25.56, 21.24, 20.90, 12.33. HRMS(ESI) m/z: calculated for [C1sH1oNO + H]"
266.1545, found 266.1543. IR v 1655.54, 1590.08, 1536.53, 1491.90, 1372.89,
1319.34, 1170.58, 962.31, 816.53, 754.05, 724.30, 688.60, cm!. HPLC data
(Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 17.0 min

(major), tr = 9.8 min (minor), ee = 99%.

3¢’
Following the general procedure C, 3¢’ was obtained as yellow solid (17 mg, 76%
yield), m.p.106-107 °C. 'H NMR (400 MHz, Chloroform-d) 6 7.38 — 7.26 (m, 6H),
6.60 (t, J=7.1 Hz, 2H), 6.15 (d, /= 6.8 Hz, 1H), 2.10 (d, J = 2.2 Hz, 3H), 1.68 (dd, J
= 7.1, 2.2 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) & 163.03, 146.51, 139.92,
137.15, 135.32, 128.84, 128.13, 124.58, 123.95, 118.36, 106.39, 20.07, 13.32.
HRMS(ESI) m/z: calculated for [CisHisNO + H]* 226.1232, found 226.1229. IR v
1649.59, 1578.18, 1539.50, 1491.90, 1390.74, 1250.91, 1134.88, 890.91, 789.75,
762.98, 691.57, 626.12, cm’'. HPLC data (Chiralpak AD column, hexane :
isopropanol = 85 : 15, 1.0 mL/min), tr = 16.2 min (major), tr = 9.9 min (minor), ee =
97%.
L
Et N \0
X _Me

3d'
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Following the general procedure C, 3d’ was obtained as white solid (19 mg, 79%
yield), m.p.108-109 °C. 'H NMR (500 MHz, Chloroform-d) § 7.40 (dd, J = 9.2, 6.9
Hz, 1H), 7.31 — 7.28 (m, 2H), 7.26 — 7.22 (m, 3H), 6.60 — 6.56 (m, 2H), 6.12 (d, J =
6.9 Hz, 1H), 2.48 — 2.40 (m, 1H), 2.35 — 2.28 (m, 1H), 1.66 (d, J = 7.0 Hz, 3H), 1.08
(t, J = 7.4 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) & 161.82, 150.66, 138.77,
135.65, 134.64, 127.80, 127.03, 123.56, 123.27, 117.28, 102.85, 24.34, 12.49, 10.94.
HRMS(ESI) m/z: calculated for [CisHi7NO + H]* 240.1388, found 240.1377. IR v
1652.56, 1578.18, 1491.90, 1325.29, 1233.06, 1128.93, 1075.37, 965.29, 804.63,
760.00, 697.52, 623.14, cm’'. HPLC data (Chiralpak AD column, hexane :

isopropanol = 85 : 15, 1.0 mL/min), tr = 16.3 min (major), tr = 9.3 min (minor), ee =

99%.
Me
| N
N
Me N (0]
. _Me
3e'

Following the general procedure C, 3e’ was obtained as white solid (18 mg, 76%
yield), m.p.76-77 °C. 'H NMR (500 MHz, Chloroform-d) & 7.31 — 7.23 (m, 5H), 6.56
(g, /= 6.9 Hz, 1H), 6.38 (s, 1H), 5.98 (s, 1H), 2.20 — 2.19 (m, 3H), 2.04 (s, 3H), 1.66
(d, J = 6.9 Hz, 3H). *C NMR (126 MHz, Chloroform-d) & 161.92, 150.32, 144.04,
136.05, 134.58, 127.77, 127.01, 123.58, 122.99, 115.87, 107.89, 20.37, 18.88, 12.32.
HRMS(ESI) m/z: calculated for [CisHi7NO + H]* 240.1388, found 240.1383. IR v
3024.13, 1590.08, 1590.08, 1325.29, 1253.88, 1096.20, 1051.57, 932.56, 864.13,
813.55, 739.17, 646.94, cm’!. HPLC data (Chiralpak AD column, hexane :
isopropanol = 85 : 15, 1.0 mL/min), tr = 16.2 min (major), tr = 9.3 min (minor), ee =

98%.
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Following the general procedure C, 3f* was obtained as white waxy (14 mg, 40%
yield). '"H NMR (500 MHz, Chloroform-d) & 7.44 — 7.35 (m, 5H), 7.32 — 7.28 (m, 4H),
7.24 (d, J=6.9 Hz, 1H), 6.58 (q, /= 6.9 Hz, 1H), 6.04 (d, /= 2.6 Hz, 1H), 5.94 (d, J
= 2.5 Hz, 1H), 5.02 (s, 2H), 2.04 (s, 3H), 1.69 (d, J = 6.9 Hz, 3H). *C NMR (126
MHz, Chloroform-d) & 166.12, 163.41, 145.26, 135.83, 134.75, 134.40, 127.80,
127.72, 127.47, 127.03, 126.83, 123.56, 123.43, 100.16, 94.98, 69.15, 18.96, 12.35.
HRMS(ESI) m/z: calculated for [C22H21NO> + HJ" 332.1651, found 332.1640. IR v
1652.56, 1593.06, 1551.40, 1453.22, 1349.09, 1239.01, 1176.53, 1137.85, 1015.87,
816.53, 757.02, 688.60, cm!. HPLC data (Chiralpak AD column, hexane :

isopropanol = 80 : 20, 1.0 mL/min), tr = 12.9 min (major), tr = 10.9 min (minor), ee =

98%.
| N
X N \0
. _Me
3g'

Following the general procedure C, 3g’ was obtained as white waxy (20 mg, 75%
yield). '"H NMR (500 MHz, Chloroform-d) & 7.43 (ddd, J=9.2, 7.0, 2.2 Hz, 1H), 7.37
—7.33 (m, 2H), 7.31 — 7.28 (m, 3H), 6.65 — 6.61 (m, 2H), 6.17 (d, J = 6.9 Hz, 1H),
5.72 (ddt, J = 16.8, 10.1, 6.5 Hz, 1H), 5.02 — 4.96 (m, 2H), 2.53 (dd, J = 9.6, 6.3 Hz,
1H), 2.46 (dd, J=9.2, 6.4 Hz, 1H), 2.30 — 2.26 (m, 1H), 2.22 — 2.19 (m, 1H), 1.72 (dd,
J=17.2,2.2 Hz, 3H).3C NMR (126 MHz, Chloroform-d) & 161.84, 148.51, 138.66,
135.67, 135.39, 134.74, 127.83, 127.11, 123.63, 123.54, 117.50, 114.95, 104.11,
30.67, 30.64, 12.62. HRMS(ESI) m/z: calculated for [CisHioNO + H]" 266.1545,
found 266.1550. IR v 1655.54, 1584.13, 1542.48, 1482.98, 1441.32, 1325.29, 1230.08,
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1131.90, 905.79, 798.68, 760.00, 688.60, cm™. HPLC data (Chiralpak AD column,
hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 11.7 min (major), tr = 7.7 min

(minor), ee = 98%.

N

Me . _Me

S
(o)

3h'

Following the general procedure C, 3h’ was obtained as white waxy (15 mg, 54%
yield). 'H NMR (500 MHz, Chloroform-d) 8 7.43 (dd, J = 9.2, 6.9 Hz, 1H), 7.36—
7.33 (m, 2H), 7.31 — 7.30 (m, 3H), 6.66 — 6.61 (m, 2H), 6.17 (d, J = 6.9 Hz, 1H), 4.74
(t, J = 1.6 Hz, 1H), 4.60 (s, 1H), 2.56 (dd, J = 10.1, 5.8 Hz, 1H), 2.51 (dd, J = 10.0,
5.9 Hz, 1H), 2.22 (ddd, J = 15.5, 10.0, 5.9 Hz, 1H), 2.13 (dd, J = 10.0, 5.6 Hz, 1H),
1.73 (d, J = 7.0 Hz, 3H), 1.65 (s, 3H). *C NMR (126 MHz, Chloroform-d) & 161.85,
148.91, 142.63, 138.72, 135.70, 134.83, 127.83, 127.11, 123.67, 123.60, 117.41,
110.03, 104.05, 34.89, 29.65, 21.27, 12.66. HRMS(ESI) m/z: calculated for
[CioH21NO + H]* 280.1701, found 280.1702. IR v 1658.51, 1584.13, 1539.50,
1441.32, 1328.26, 1259.83, 884.96, 798.68, 757.02, 688.60, cm!. HPLC data
(Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 9.9 min

(major), tr = 7.2 min (minor), ee = 98%.

Following the general procedure C, 3i’ was obtained as yellow waxy (16 mg, 43%
yield). '"H NMR (500 MHz, Chloroform-d) & 7.37 (d, J = 4.4 Hz, 4H), 7.34 (d, J = 8.3
Hz, 3H), 7.29 (d, J = 7.2 Hz, 3H), 6.60 (q, J = 6.9 Hz, 1H), 6.50 (s, 1H), 3.75 (t, J =
9.7 Hz, 2H), 3.53 — 3.42 (m, 2H), 2.76 — 2.48 (m, 4H), 2.15 (s, 3H), 1.71 (d, J = 6.9
Hz, 3H). 3C NMR (126 MHz, Chloroform-d) & 160.75, 148.58, 139.67, 135.46,
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134.60, 128.06, 127.79, 127.41, 127.01, 126.43, 123.61, 123.44, 116.98, 94.38, 61.25,
50.85, 47.62, 28.69, 26.31, 17.78, 12.45. HRMS(ESI) m/z: calculated for [C25sH26N20
+ H]" 371.2123, found 371.2133. IR v 1661.49, 1578.18, 1536.53, 1491.90, 1358.02,
1328.26, 1209.26, 1033.72, 962.31, 852.23, 757.02, 697.52, cm’!. HPLC data
(Chiralpak AD column, hexane : isopropanol = 70 : 30, 1.0 mL/min), tr = 8.2 min

(major), tr = 5.9 min (minor), ee = 99%.

Following the general procedure C, 3j* was obtained as white solid (41 mg, 75% yield)
(Z:E=10:1), m.p.55-56 °C. '"H NMR (500 MHz, Chloroform-d) § 7.74 (d, J= 9.5 Hz,

1H), 7.69 — 7.64 (m, 1H), 7.56 (d, J = 8.1 Hz, 1H), 7.52 — 7.47 (m, 1H), 7.40 (s, 2H),
7.33 = 7.27 (m, 3H), 7.26 — 7.21 (m, 2H), 6.88 (d, /= 7.7 Hz, 1H), 6.79 (dd, J = 8.7,
2.3 Hz, 1H), 6.72 — 6.64 (m, 3H), 3.91 (ddt, J = 27.1,9.2, 6.1 Hz, 2H), 3.20 (t,J = 4.9
Hz, 4H), 2.74 (s, 4H), 2.52 (t, /= 7.5 Hz, 2H), 1.781-1.72 (m, 2H), 1.71 (dd, J = 10.2,
5.3 Hz, 2H), 1.63 (d, J = 7.0 Hz, 3H).!*C NMR (126 MHz, Chloroform-d) & 160.63,
160.40, 147.42, 140.12, 140.00, 138.78, 134.98, 134.54, 133.05, 128.80, 127.78,
127.04, 125.39, 124.43, 124.01, 123.95, 120.86, 117.85, 116.02, 113.58, 111.15,
109.85, 99.11, 66.95, 57.20, 52.55, 51.08, 26.07, 22.37, 12.47. HRMS(ESI) m/z:
calculated for [C34H3s5N30,S + H]" 550.2528, found 550.2526. IR v 1646.61, 1625.79,
1584.13, 1441.32, 1405.62, 1230.08, 1200.33, 1143.80, 968.26, 837.36, 745.12,
694.55, cm™!, HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0

mL/min), tr = 29.4 min (major), tr = 19.4 min (minor), ee = 92%.

Cl

N ©)\V
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Following the general procedure C, 3k’ was obtained as yellow oil (17 mg, 64%
yield). 'H NMR (500 MHz, Chloroform-d) & 7.78 (d, J = 9.5 Hz, 1H), 7.54 (d, J = 8.6
Hz, 1H), 7.37 — 7.33 (m, 2H), 7.30 (d, J = 12.3 Hz, 3H), 7.23 — 7.16 (m, 2H), 7.01 —
6.96 (m, 1H), 6.83 (dd, J = 8.7, 2.4 Hz, 1H), 6.75 (d, J = 6.9 Hz, 1H), 6.69 (dd, J =
5.9, 3.6 Hz, 2H), 4.01 — 3.90 (m, 2H), 3.11 (s, 4H), 2.70 (s, 4H), 2.51 (t, J = 7.5 Hz,
2H), 1.81 (d, J = 7.3 Hz, 2H), 1.73 (d, J = 7.6 Hz, 2H), 1.67 (d, J = 7.0 Hz, 3H). 13C
NMR (126 MHz, Chloroform-d) & 160.60, 160.36, 150.22, 139.99, 138.74, 134.97,
134.53, 133.01, 128.78, 127.77, 127.04, 126.44, 125.37, 124.41, 123.94, 123.57,
117.87, 117.55, 113.57, 109.80, 99.09, 66.91, 57.09, 52.25, 50.27, 26.03, 22.33, 12.46.
HRMS(ESI) m/z: calculated for [C32H33CLLN3O2 + H]* 562.2028, found 562.2027.
Isotopic MS, calculated 564.1999, found 564.2001. IR v 1655.54, 1593.06, 1447.27,
1399.67, 1215.21, 1134.88, 1045.62, 965.29, 831.40, 727.27, 688.60, cm™'. HPLC
data (Chiralpak AD column, hexane : isopropanol = 70 : 30, 1.0 mL/min), tr = 10.9

min (major), tr = 7.3 min (minor), ee = 94%.

o
oo Lo
. Me

Following the general procedure C, 31’ was obtained as white waxy (22 mg, 48%
yield). '"H NMR (400 MHz, Chloroform-d) & 7.77 (d, J = 9.5 Hz, 1H), 7.27 (dd, J =
11.0, 3.3 Hz, 5H), 7.13 — 7.02 (m, 3H), 6.84 (d, /= 9.5 Hz, 1H), 6.73 (q, J = 6.9 Hz,
1H), 4.16 — 4.02 (m, 3H), 2.83 (d, J = 6.8 Hz, 3H), 2.53 (dt, J = 20.7, 7.0 Hz, 2H),
2.18 = 2.14 (m, 2H), 2.06 (s, 1H), 1.81 (t, J=13.2 Hz, 2H), 1.66 (d, J = 13.8 Hz, 2H),
1.61 (d, J= 7.0 Hz, 3H), 1.43 — 1.34 (m, 2H), 1.28 (d, J = 11.6 Hz, 3H). *C NMR
(101 MHz, Chloroform-d) & 171.66, 160.84, 154.39, 154.34, 139.56, 135.82, 135.45,
128.77, 128.07, 125.42, 124.86, 122.72, 122.69, 121.19, 119.91, 117.00, 110.93,
56.54, 52.35, 30.90, 30.24, 29.93, 27.23, 25.78, 25.65, 24.73, 13.41. HRMS(ESI) m/z:
calculated for [C29H34N203 + H]* 459.2648, found 459.2648. IR v 1640.66, 1613.88,
1563.31, 1491.90, 1432.40, 1244.96, 1137.85, 1030.74, 974.21, 819.50, 760.00,
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688.60, cm™!. HPLC data (Chiralpak OD column, hexane : isopropanol = 80 : 20, 1.0

mL/min), tr = 27.5 min (major), tr = 24.7 min (minor), ee = 92%.

Following the general procedure C, 3m’ was obtained as brown waxy (17 mg, 35%
yield). '"H NMR (500 MHz, Chloroform-d) & 7.80 (d, J = 9.5 Hz, 1H), 7.32 (d, J=4.9
Hz, 5SH), 7.15 (d, J = 9.2 Hz, 1H), 7.09 (d, J = 2.8 Hz, 1H), 7.03 (dd, J=9.1, 2.8 Hz,
1H), 6.87 (d, J=9.5 Hz, 1H), 6.76 (q, J = 6.9 Hz, 1H), 4.19 —4.13 (m, 1H), 4.10 (t, J
=5.9 Hz, 2H), 2.97 (t, J= 7.5 Hz, 2H), 2.11 — 2.08 (m, 3H), 2.07 — 1.97 (m, 9H), 1.81
(d, J=11.9 Hz, 2H), 1.65 (d, J = 6.9 Hz, 3H). '3C NMR (126 MHz, Chloroform-d) &
153.19, 152.43, 144.70, 138.38, 134.84, 134.46, 132.81, 127.76, 127.06, 124.41,
123.85, 121.88, 120.14, 118.75, 116.02, 109.91, 66.62, 56.61, 31.88, 28.69, 27.48,
2431, 23.77, 2294, 2199, 21.69, 12.39. HRMS(ESI) m/z: calculated for
[C2oH33Ns02 + H]" 484.2713, found 484.2704. IR v 1646.61, 1563.31, 1491.90,
1438.35, 1331.24, 1247.93, 1140.83, 977.19, 807.60, 762.98, 685.62, cm''. HPLC
data (Chiralpak AD column, hexane : isopropanol = 70 : 30, 1.0 mL/min), tr = 36.8

min (major), tr = 16.5 min (minor), ee = 90%.

General procedure D: Large scale experiment

N
(o} [Ir(cod)Cl], (2 mol%) m
A @f\l Ligand (4 mol%), TBD(10 mol%) N X0
(o] OMe + >
Ej/\A o DBU, THF, o Me
1a H
2a

25°C
3a

The reaction was carried out in the glovebox under argon atmosphere. [Ir(cod)Cl], (14
mg, 0.02 mmol), L1 (25 mg, 0.04 mmol), and TBD (14 mg, 0.1 mmol) were added to
a vial equipped with a magnetic stirring bar. The vial was then charged with THF (5.0
mL) and stirred at 25 °C for 30 min. Pressure pipe was added propenyl carbonate (1.0

mmol), 2-Hydroxyquinoline (2.0 mmol), DBU (3.0 mmol) and THF (5.0 mL). The
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pre-formed catalyst solution was then transferred to pressure pipe. The mixture was
stirred at 25 °C for 48 h. Upon completion of the reaction, saturated NH4Cl aqueous
solution was added and the mixture was extracted with DCM (10 mL x 3). The
combined organic phase was washed with brine, dried over Na,;SOs, filtered and
concentrated in vacuo. The residue was purified by silica gel flash chromatography
(PE : EA =4 : 1) to afford the desired product 3a as a yellow solid (190 mg, 73%
yield, ee = 91%).

General procedure E: Iridium catalyzed asymmetric allylic amination

AN
Q [Ir(cod)Cl], (2 mol%) Rm
/ \ 0, 0,
N0 Nonte . R{/\lfl L1 (4 mol%), TBD (10 mol%) N"o
5 :
N0 THF, 25 °C ‘/\/
1 H
2 @
4

The reactions were proceeded in the glovebox. [Ir(cod)Cl]> (1.4 mg, 0.002 mmol, 0.02

eq), L1 (2.5 mg, 0.004 mmol, 0.04 eq), and TBD (1.4 mg, 0.01 mmol, 0.1 eq) were
added to a 2 dram scintillation vial (vial A) equipped with a magnetic stirring bar. The
vial was then charged with THF (0.5 mL) and stirred at 25 °C for 30 min, generating
an orange solution. To another 2 dram scintillation vial (vial B) was added 1 (0.1
mmol, 1.0 eq), 2 (0.2 mmol, 2.0 eq) and THF (0.5 mL). The pre-formed catalyst
solution (vial A) was then transferred to vial B. The vial B was sealed and stirred at rt
with stirring for 48 hour. The vial was removed from the glovebox and uncapped.
Saturated NH4Cl aqueous solution was added and the mixture was extracted with
DCM (10 mL x 3), the combined organic phase was washed with brine, dried over
NazSO0qs, filtered and concentrated in vacuo. The residue was purified by column
chromatography over silica gel (PE : EA =4 : 1) to afford the desired product. The

configuration of the products was assigned according to 4f.!!]
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Table S1 Iridium catalyzed asymmetric allylic amination.?

20
Rl
X

AN [Ir(cod)Cl]; (2 mol%)
OCOOMe + R— | L1 (4 mol%), TBD (10 mol%) N o
H 0 THF, rt "

St adilie s o

4a, 95% ee, 65% yield 4b, 96% ee, 72% yield 4c, 95% ee, 55% yield
CL L >
v ooR Nﬁ /©\/\l ©\/Nlo
S N k/N\/\/\o N o B _
<\J/\/ A Et” 7
4d, 99% ee, 56% yield 49, 98% ee, 36% yield ©/\/4f’ 85% ee, 19% yield

a Reaction conditions: all reactions were run on 0.1 mmol scale with respect to 1. ee
determined by chiral HPLC. Isolated yield.

L

N" o

4a
Following the general procedure E, 4a was obtained as yellow oil (17 mg, 65% yield).
"H NMR (500 MHz, Chloroform-d) & 7.71 (d, J = 9.5 Hz, 1H), 7.57 — 7.51 (m, 2H),
7.30 (dd, J = 8.3, 7.0 Hz, 2H), 7.25 — 7.21 (m, 4H), 7.12 — 7.07 (m, 2H), 6.81 (d, J =
9.5 Hz, 1H), 6.64 (ddd, J = 17.0, 10.4, 6.6 Hz, 1H), 5.46 (dt, J = 10.4, 1.4 Hz, 1H),
5.38 (dt, J=17.1, 1.4 Hz, 1H). 3*C NMR (126 MHz, Chloroform-d) 4 161.85, 138.67,
137.78, 132.07, 128.37, 127.90, 127.75, 126.03, 125.01, 120.91, 120.64, 120.36,

119.68, 117.05, 117.02, 56.09. HRMS(ESI) m/z: calculated for [CigHisNO + H]*
262.1232, found 262.1225. IR v 1661.49, 1503.80, 1450.25, 1450.25, 1369.92, 789.75,
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765.95, 739.17, 688.60, cm’!. HPLC data (Chiralpak AD column, hexane :
isopropanol = 85 : 15, 1.0 mL/min), tr = 8.6 min (major), tr = 9.1 min (minor), ee =

95%.

4b

Following the general procedure E, 4b was obtained as yellow oil (20 mg, 72% yield).
'H NMR (500 MHz, Chloroform-d) & 7.70 (d, J = 9.4 Hz, 1H), 7.52 (td, J = 7.5, 2.9
Hz, 2H), 7.23 (ddd, J= 8.6, 7.1, 1.6 Hz, 1H), 7.14 — 7.09 (m, 6H), 6.80 (d, /= 9.5 Hz,
1H), 6.63 (ddd, J = 16.9, 10.4, 6.5 Hz, 1H), 5.55 — 5.31 (m, 2H), 2.30 (s, 3H). 13C
NMR (126 MHz, Chloroform-d) & 161.89, 138.64, 137.01, 135.65, 134.72, 132.25,
128.43, 128.34, 127.86, 124.98, 120.88, 120.64, 120.36, 119.34, 117.07, 55.94, 20.00.
HRMS(ESI) m/z: calculated for [CioHi7NO + H]* 276.1388, found 276.1380. IR v
1643.64, 1572.23, 1447.27, 1301.49, 1224.13, 1120.00, 929.59, 825.45, 742.15, cm™.
HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr =

9.5 min (major), tr = 10.4 min (minor), ee =96%.

4c
Following the general procedure E, 4c was obtained as yellow oil (15 mg, 55% yield).
"H NMR (500 MHz, Chloroform-d) & 7.72 (d, J = 9.4 Hz, 1H), 7.52 (dt, J= 7.5, 3.9
Hz, 2H), 7.25 — 7.17 (m, 2H), 7.13 — 7.10 (m, 2H), 7.05 — 7.02 (m, 3H), 6.81 (d, J =
9.4 Hz, 1H), 6.64 (ddd, J=17.0, 10.4, 6.6 Hz, 1H), 5.46 — 5.35 (m, 2H), 2.29 (s, 3H).
BC NMR (126 MHz, Chloroform-d) & 161.87, 138.65, 137.76, 137.45, 137.02,
132.16, 128.38, 127.87, 127.59, 126.83, 125.68, 122.05, 120.88, 120.63, 120.38,
119.54, 117.02, 56.07, 20.56. HRMS(ESI) m/z: calculated for [CioH7NO + H]*
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276.1388, found 276.1377. IR v 1652.56, 1578.18, 1485.95, 1447.27, 1218.18,
1120.00, 926.61, 825.45, 745.12, 691.57, cm™!. HPLC data (Chiralpak AD column,
hexane : isopropanol = 90 : 10, 1.0 mL/min), tr = 9.6 min (major), tr = 9.0 min

(minor), ee = 95%.

4d
Following the general procedure E, 4d was obtained as yellow oil (15 mg, 56% yield),
m.p.51-52 °C. '"H NMR (500 MHz, Chloroform-d) & 7.70 (d, J = 9.4 Hz, 2H), 7.53 (d,
J=17.7Hz, 1H), 7.31 (d, J = 5.4 Hz, 2H), 7.20 (d, /= 5.0 Hz, 1H), 7.14 (ddd, J = 8.0,
5.8, 2.3 Hz, 1H), 6.95 — 6.92 (m, 2H), 6.77 (d, J = 9.4 Hz, 1H), 6.61 (ddd, J = 16.5,
10.4, 5.4 Hz, 1H), 5.42 (dd, J=10.4, 1.8 Hz, 1H), 5.33 (dd, /= 17.1, 1.8 Hz, 1H). 13C
NMR (126 MHz, Chloroform-d) & 161.41, 141.81, 138.90, 136.79, 132.52, 128.43,
127.96, 126.05, 123.81, 123.78, 121.11, 120.64, 120.16, 118.58, 116.79, 52.92.
HRMS(ESI) m/z: calculated for [CisHisNOS + H]" 268.0796, found 268.0785. IR v
1637.69, 1584.13, 1444.30, 1399.67, 1227.11, 1137.85, 926.61, 837.36, 748.10,
697.52, 581.49, cm’!. HPLC data (Chiralpak AD column, hexane : isopropanol = 95 :

5, 1.0 mL/min), tr = 19.8 min (major), tr = 21.0 min (minor), ee > 99%.

o oo

Following the general procedure E, 4e was obtained as white solid (20 mg, 36%
yield), m.p.178-179 °C. 'H NMR (500 MHz, Chloroform-d) & 7.63 (t, J = 8.5 Hz, 2H),
7.56 (d, J=8.1 Hz, 1H), 7.42 — 7.38 (m, 3H), 7.34 — 7.22 (m, 6H), 6.90 (d, /= 7.6 Hz,
1H), 6.70 — 6.60 (m, 3H), 6.52 (d, J = 2.3 Hz, 1H), 5.48 (d, /= 10.4 Hz, 1H), 5.38 (d,
J=17.1 Hz, 1H), 3.78 — 3.76 (m, 1H), 3.54 — 3.52 (m, 1H), 3.21 (s, 4H), 2.72 — 2.71
(m, 4H), 2.47 (t,J = 7.2 Hz, 2H), 1.66 (dq, J = 12.3, 6.3 Hz, 4H). *C NMR (126 MHz,
Chloroform-d) & 162.25, 158.83, 140.12, 138.55, 138.50, 138.03, 133.02, 131.49,
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128.94, 127.81, 126.08, 125.13, 124.09, 124.01, 120.72, 119.52, 117.02, 116.18,
114.55, 111.25, 110.39, 101.33, 66.72, 57.09, 52.47, 29.18, 28.71, 25.82, 21.70, 13.14.
HRMS(ESI) m/z: calculated for [C34H35sN302S + H]" 550.2528, found 550.2524. IR v
1625.79, 1536.53, 1456.20, 1369.92, 1334.21, 1259.83, 1122.98, 1122.98, 974.21,
837.36, 664.79, cm™'. HPLC data (Chiralpak AD column, hexane : isopropanol = 85 :

15, 1.0 mL/min), tr = 24.0 min (major), tr = 22.7 min (minor), ee = 98%.

T
4f
Following the general procedure E, 4f was obtained as white oil (4 mg, 19% yield).
HPLC data (Chiralpak OD column, hexane : isopropanol = 99 : 1, 1.0 mL/min), tr =
25.1 min (major), tr = 29.0 min (minor), ee = 8§5%.
General procedure of isomerization of 4a

L L
N [} N N

A DBU (15 mol%)

©/’\/ THF, 25 °C ©)\/Me

4a

A vail was charged with 4a (26.1 mg, 0.1 mmol), DBU (15 mol%) and THF (1.0 mL).
The reaction mixture was stirred at room temperature for 6 hours. After the reaction
complete, the residue was purified by silica gel flash chromatography (PE : EA=4:1)
to afford the desired product as a white solid (full conversion, 95% ee). This result

indicated the isomerization of the 4a was attributed to the base of DBU.

Deuterium-labeling experiment

S
D (99% D)
“~ AN standard N"o
- H
OCOOMe + @ conditions X
N o A

H D (> 90% D)

5 2a 6

The substrates 6 was synthesized according to literature [2), the general procedure C

was used to synthesize 6.
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D (>90% D)
6

Following the general procedure C, 6 was obtained as yellow solid (23 mg, 88%
yield). 'H NMR (500 MHz, Chloroform-d) & 7.82 (d, J = 9.6 Hz, 1H), 7.61 (d, J="7.7
Hz, 1H), 7.40 (q, J =9.0, 7.8 Hz, 1H), 7.29 (dq, /= 10.1, 4.9, 3.3 Hz, 4H), 7.24 - 7.18
(m, 3H), 6.82 (d, J=9.5 Hz, 1H), 6.72 (t, J = 6.9 Hz, 1H), 1.59 (dt, J = 7.3, 2.2 Hz,
2.1H).

General procedure F: Chiral transfer for epoxidation

I L
S
-CPBA (2.0
N o m (2.0 eq) o
©)\/Me DCM, 24 h, rt ©/}>/Me
o

3a 8a

Under an argon atmosphere, a vial was charged with 3a (26 mg, 0.1 mmol), m-CPBA
(34 mg, 0.2 mmol) and DCM (1.0 mL). The mixture is stirred for 24 hours at 25 °C,
and then quenched by addition of saturated NH4Cl aqueous. The layers were
separated and the aqueous phase was extracted with DCM (10 mL x 3). The combined
organic layers were dried over Na>SOy, filtered and concentrated in vacuo. The crude
product was purified by column chromatography over silica gel (PE: EA=4:1) to
afford the desired product.
QL

N o

Me

o

8a
Following the general procedure F, 8a was obtained as pale yellow waxy (19 mg,
69% yield). 'H NMR (400 MHz, Chloroform-d) 6 7.75 (d, J = 9.5 Hz, 1H), 7.63 (d, J
=7.8 Hz, 1H), 7.48 (t, J = 7.9 Hz, 1H), 7.34 (q, J = 7.0, 5.3 Hz, 4H), 7.30-7.23 (m,
3H), 6.74 (d, J = 9.6 Hz, 1H), 3.69 (q, J = 5.3 Hz, 1H), 1.20 (d, J = 5.2 Hz, 3H). 13C
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NMR (101 MHz, Chloroform-d) 8 162.32, 139.69, 139.30, 135.93, 130.20, 128.85,
128.82, 128.70, 125.72, 123.42, 122.87, 120.00, 115.31, 70.98, 64.74, 16.05.
HRMS(ESI) m/z: calculated for [CigHisNO, + H]" 278.1181, found 278.1168. IR v
1652.56, 1590.08, 1459.17, 1244.96, 1134.88, 965.29, 822.48, 745.12, 697.52, 632.07,
cm’!, HPLC data (Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min),
tr = 15.9 min (major), tr = 13.7 min (minor), ee = 90%.
SO\
N o}
Me

o)

Ph
8b

Following the general procedure F, 8b was obtained as white solid (27 mg, 76%
yield), m.p.138-139 °C. '"H NMR (500 MHz, Chloroform-d) & 7.81 (d, J = 9.6 Hz, 1H),
7.68 (dd, J=17.8, 1.5 Hz, 1H), 7.61 — 7.58 (m, 4H), 7.56 — 7.54 (m, 1H), 7.47 (t,J =
7.8 Hz, 2H), 7.44 — 7.39 (m, 2H), 7.36 (dd, J = 8.5, 2.0 Hz, 3H), 7.32 (d, J = 7.7 Hz,
1H), 6.80 (d, J = 9.5 Hz, 1H), 3.77 (q, J = 5.2 Hz, 1H), 1.26 (d, J = 5.3 Hz, 3H). 13C
NMR (126 MHz, Chloroform-d) & 161.32, 140.83, 139.46, 138.69, 138.28, 133.94,
129.22, 127.79, 127.72, 127.58, 126.65, 126.58, 126.51, 126.11, 125.18, 122.45,
121.88, 119.01, 114.28, 69.91, 63.76, 15.06. HRMS(ESI) m/z: calculated for
[C24H1oNO2 + H]" 354.1494, found 354.1495. IR v 1664.46, 1584.13, 1485.95,
144430, 1128.93, 992.07, 837.36, 754.05, 697.52, 620.17, cm!. HPLC data
(Chiralpak AD column, hexane : isopropanol = 85 : 15, 1.0 mL/min), tr = 30.9 min

(major), tr = 25.9 min (minor), ee = 94%.

Me

AN

N (o)
Me

(o)

8c

Following the general procedure F, 8¢ was obtained as white solid (19 mg, 66% yield),
m.p.120-121 °C. '"H NMR (500 MHz, Chloroform-d) & 7.75 (dd, J = 8.1, 1.4 Hz, 1H),
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7.46 (ddd, J = 8.6, 7.2, 1.5 Hz, 1H), 7.33 — 7.26 (m, 5H), 7.21 (dd, J = 6.8, 3.0 Hz,
2H), 6.63 (s, 1H), 3.66 (q, J = 5.3 Hz, 1H), 2.50 (d, /= 1.1 Hz, 3H), 1.17 (d, J=5.3
Hz, 3H). *C NMR (126 MHz, Chloroform-d) & 161.13, 146.32, 137.96, 135.08,
129.00, 127.80, 127.75, 124.74, 124.20, 121.67, 121.54, 119.79, 114.54, 69.84, 63.68,
18.14, 15.03. HRMS(ESI) m/z: calculated for [Ci9H17NO> + H]" 292.1338, found
292.1329. IR v 1667.44, 1596.03, 1494.88, 1447.27, 1313.39, 1084.30, 893.88,
795.70, 748.10, 694.55, 649.92, cm™!. HPLC data (Chiralpak AD column, hexane :
isopropanol = 85 : 15, 1.0 mL/min), tr = 19.3 min (major), tr = 16.4 min (minor), ee =
92%.

Enantiomerization barrier determination for 3a

The enantiomerisation barrier, corresponding to barrier to rotation for 3a atropisomers,
was obtained by kinetic of racemization of an enantiomer. The slope of the first-order
kinetic line gives the racemization constant (k racemization =2 * k enantiomersation).
Eyring equation gives the enantiomerisation barrier from enantiomerisation constant
(k enantiomerisation), R = 8.31451 J.K-'.mol !, h = 6.62608*10 * J.s and k 5 =
1.38066 10 -23 JK 1.

A .solvent: THF

Temperature = 25 °C

Time (hour) % first eluted enantiomer (%t) | In((%t-50)/ (%t -50))

0 91.70 0

2 91.58 -0.00288184637488890
5 91.14 -0.01352024457994465
8 90.94 -0.01839354857161229
13 90.32 -0.03365350504164259
23 89.78 -0.04713685537892962
29 87.48 -0.10669367143453433
35 87.12 -0.11634522088675598
47 85.68 -0.15591082109294196
59 84.34 -0.19419027333542629
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0.00 4
002 9
004 -
-0.06 -

T T T T T T 1
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kinetic line: In(%0t-50)/(%00-50) vs time (hours)
\ 4

-0.08
-0.10 -
-0.12
-0.14 -
-0.16 y =-0.0034x + 0.0064
018 - R*=0.9789

-0.20

-0.22 -

K racemization = 9.4444386 x 107 S'!
K enantiomerization =4.7222193 x 1077 S*!
Half-life time t12=733921 seconds
=12232.01 mins
=203.9 hours
=8.5 days
Ps: It is worthy to note that 3a could be stored as solid at room temperature for at least
one month with < 1% ece loss; and in freezer for several months without loss in its

enantioselectivity.
DFT results

All density functional theory (DFT) calculations were performed using the
Gaussian 1681 software package on Pitt CRC and XSEDEM supercomputers.
Geometries were optimized in tetrahydrofuran (THF) with the SMD solvation model™!
using the M06-2X[® functional and a standard basis set of 6-31G(d). Vibrational
frequency calculations were performed for all the stationary points to confirm if each
optimized structure is a local minimum or a transition state structure. Single point
energies were calculated using M06-2X and 6-311++G(d,p) basis set in THF using the
SMD solvation model.

Intrinsic reaction coordinate (IRC) calculations have demonstrated that the

transition state connects two corresponding intermediates along the reaction
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coordinate. Born—Oppenheimer molecular dynamics (BOMD) simulation on the DBU
mediated deprotonation step (TS-la and TS-1b) were also performed at the
M06-2X/6-31G(d)-SMD(THF) level of theory to gain more insights. BOMD
simulation results suggested that the cleavage of benzylic C-H bond and the
formation of N—H bond occurred simultaneously along the reaction coordinate. When
the TS-1a is used as the input structure of BOMD simulation, the interaction of
carbonyl oxygen atom with benzylic hydrogen atom is observed during DBU
mediated deprotonation. The corresponding O—H distance decreased from 2.48 A to
1.84 A in 50 fs. Therefore, the BOMD simulation confirmed that the ion-pair
intermediate 7a is directly generated from the deprotonation transition state TS-1a.
The NClplot 3.0 developed by Yang and co-workers was used to visualize the
non-covalent interaction in the ion-pair intermediates 7a and 7b. As shown in Figure
S1, a critical hydrogen bonding interaction could be observed in 7a. While in 7b, the
corresponding interaction is not observed because the carbonyl oxygen atom is in
trans position with respect to the N-H bond. Therefore, the chiral ion-pair
intermediate 7a is not only stabilized by the electrostatic attraction but the hydrogen
bonding interaction. This hydrogen bonding interaction is also crucial for the
stereoretention during central-to-axial chiral transfer because it could fix the relative

position of DBU-H cation.

0
O° N n
oy TC
I'\
8
7b

Figure S1. Non-covalent interaction (NCI) plot of chiral ion-pair intermediates 7a

and 7b.
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[, 1.9 ¥ ) y
N NN \"‘TL 7\
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INAANS PN 7
R ™
TS-1a Top view of TS-1a

f1 b Top view of TS-1b
Figure S2. Top view of DBU mediated deprotonation transition states TS-1a and
TS-1b.

Optimized structure of DBU mediated deprotonation transition state TS-1b shows
that the distance between benzylic hydrogen atom and phenyl hydrogen atom is 1.95
A (Figure S2), which indicates a remarkable steric repulsion. The steric repulsion is
also reflected in the comparison of dihedral angles of H-C—N—C. As shown in the top
view of TS-1a, the dihedral angle of H-C—N—C is 0.4° while the corresponding value
in TS-1b is 22.7°. This difference further demonstrates the steric repulsion in
transition state TS-1b. Therefore, the deprotonation prefers to occur through transition
state TS-1a.

The dissociation of chiral ion-pair intermediates 7a and 7b are shown in Figure S3.
Computational results suggest that the dissociation of 7a is disfavored as it requires an
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energy increase of 9.1 kcal/mol, which is in accordance with Paton’s study.®) The
dissociation of 7b is only endergonic by 3.5 kcal/mol because 7b is less stable than 7a

by 5.3 kcal/mol.¥]

(@

N
N
N Yo H
WS AG = 9.1 kcal/mol +N
- 8 N‘ \_o/ + r/N
| AH = 20.3 kcal/mol N NI\)
“N
~
1
UJ

o N - + AG = 3.5 kealimol _ N
o +|-N
©)\/ @ AH = 14.3 kcal/mol ©/\/ O/\J
7b
Figure S3. The dissociation of chiral ion-pair intermediates 7a (a) and 7b (b).

(aH) N0

kcal/mol

Cfl . II)

Calculated ratio = 90:10
Figure S4. The isomerization between 4a and 4b.

The isomerization between 4a and 4b could occur through the rotation along the
C—N bond. A transition state TS-1d was located for this process. As shown in Figure
S4, the activation free energy is only 12.0 kcal/mol, which suggests the isomerization
is a facile process. Meanwhile, computational results show that 4b is less stable than

4a by 1.3 kcal/mol, which corresponds to a ratio of 90:10.

Cartesian coordinates (A) and energies of optimized structures

(P)-3a
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M06-2X/6-31G(d) SCF energy in solution: -824.59835943 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -824.295431 a.u.

MO06-2X/6-31G(d) free energy in solution: -824.356975 a.u.
M06-2X/6-311+G(d,p) SCF energy in solution: -824.82531889 a.u.
MO06-2X/6-311+G(d,p) enthalpy in solution: -824.522390 a.u.
M06-2X/6-311+G(d,p) free energy in solution: -824.583934 a.u.

Cartesian coordinates

ATOM X Y Z

C 1.471442  -2.515263 1.416745
C 0.756887  -1.352922 1.177423
C 1.241173  -0.410860 0.253412
C 2.463790  -0.656486  -0.406063
C 3.167783  -1.842902  -0.142561

C 2.680347  -2.772362 0.756907
H 1.083097  -3.232995 2.132725
H -0.170070  -1.168889 1.707663
C 2.959327 0.336021  -1.325033
H 4.107848  -2.010986  -0.661257
H 3.228703  -3.687082 0.955262
C 2.280387 1.477528  -1.545001
C 1.006365 1.763433  -0.886435
H 3.900997 0.142210  -1.832834
H 2.633521 2.242691  -2.226847
O 0.367289 2.787377  -1.081375
N 0.543181 0.769070  -0.011136
C -0.752974 0.964766 0.584722
C -0.918366 1.902274 1.523144
H -1.928185 2.073776 1.888969
C 0.156778 2.782090 2.070566
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(M)-3a

M06-2X/6-31G(d) SCF energy in solution:
M06-2X/6-31G(d) enthalpy in solution:
M06-2X/6-31G(d) free energy in solution:
M06-2X/6-311+G(d,p) SCF energy in solution:
M06-2X/6-311+G(d,p) enthalpy in solution:
M06-2X/6-311+G(d,p) free energy in solution:

Cartesian coordinates

ATOM

O O a0 o O O

1.154950

0.055551
-1.843156
-2.966513
-1.765839
-3.997465
-2.797528
-0.895955
-3.918793
-2.723049
-4.721154
-3.023812
-4.859038

0.074153

X
1.471442
0.756887
1.241173
2.463790
3.167783
2.680347

2.398693
2.882626

0.116405
-0.198251
-0.387469
-0.969949
-1.162686
-0.165847
-1.453950
-1.539128
-2.061702

0.146823
-1.205748

3.786550

Y
-2.515263
-1.352922
-0.410860
-0.656486
-1.842902
-2.772362

1.844033
3.155905
0.042396
0.819383
-1.261737
0.294259
-1.784498
-1.873908
-1.011122
-2.800225
-1.417831
1.847743
0.911654
1.638855

-824.59835943 a.u.
-824.295431 a.u.
-824.356975 a.u.
-824.82531889 a.u.
-824.522390 a.u.
-824.583934 a.u.

Z
-1.416745
-1.177423
-0.253412

0.406063
0.142561
-0.756907
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1.083097
-0.170070
2.959327
4.107848
3.228703
2.280387
1.006365
3.900997
2.633521
0.367289
0.543181
-0.752974
-0.918366
-1.928185
0.156778
1.154950
0.055551
-1.843156
-2.966513
-1.765839
-3.997465
-2.797528
-0.895955
-3.918793
-2.723049
-4.721154
-3.023812
-4.859038
0.074153

-3.232995
-1.168889
0.336021
-2.010986
-3.687082
1.477528
1.763433
0.142210
2.242691
2.787377
0.769070
0.964766
1.902274
2.073776
2.782090
2.398693
2.882626
0.116405
-0.198251
-0.387469
-0.969949
-1.162686
-0.165847
-1.453950
-1.539128
-2.061702
0.146823
-1.205748
3.786550

-2.132725
-1.707663
1.325033
0.661257
-0.955262
1.545001
0.886435
1.832834
2.226847
1.081375
0.011136
-0.584722
-1.523144
-1.888969
-2.070566
-1.844033
-3.155905
-0.042396
-0.819383
1.261737
-0.294259
1.784498
1.873908
1.011122
2.800225
1.417831
-1.847743
-0.911654
-1.638855
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3c

M06-2X/6-31G(d) SCF energy in solution: -824.59463941 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -824.291787 a.u.
M06-2X/6-31G(d) free energy in solution: -824.353094 a.u.
MO06-2X/6-311+G(d,p) SCF energy in solution: -824.82129409 a.u.
MO06-2X/6-311+G(d,p) enthalpy in solution: -824.518442 a.u.
M06-2X/6-311+G(d,p) free energy in solution: -824.579749 a.u.
Cartesian coordinates

ATOM X Y Z

C -2.008014  -2.555275  -0.843370

C -1.107518  -1.502820  -0.843444

C -1.453506  -0.284769  -0.232783

C -2.725476  -0.148152 0.363436

C -3.619735  -1.231166 0.344322

C -3.270856  -2.429584  -0.249470

H -1.724088  -3.490223  -1.316619

H -0.139332  -1.618803  -1.315620

C -3.067096 1.113319 0.969051

H -4.594457  -1.103746 0.807477

H -3.965780  -3.262521  -0.258946

C -2.192386 2.137047 0.979325

C -0.856289 2.019298 0.398040

H -4.051152 1.218308 1.419204

H -2.421719 3.094757 1.432550

0) -0.021547 2.913888 0.443920

N -0.569824 0.793676  -0.213139

C 0.742199 0.640231  -0.804534

C 0.926239 1.107038  -2.043203
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4a

0.055170
2.209098
3.081984
2.309311
1.749959
2.624594
1.818030
3.561593
2.754980
1.146106
3.631034
2.801995
4.359337
2.554652
4.229447
2.218563

1.541101
1.147335
0.989346
2.119692
-0.030252
-0.987351
0.264313
-1.618604
-0.366815
1.005359
-1.308364
-0.122140
-1.802272
-1.253911
-2.361841
0.387484

-2.531327
-2.813689
-2.176589
-3.306575
0.053804
-0.475857
1.421825
0.338351
2.233571
1.844227
1.694612
3.290387
2.330540
-1.526908
-0.086460
-3.604656

M06-2X/6-31G(d) SCF energy in solution:

M06-2X/6-31G(d) enthalpy in solution:

M06-2X/6-31G(d) free energy in solution:

M06-2X/6-311+G(d,p) SCF energy in solution:

M06-2X/6-311+G(d,p) enthalpy in solution:

M06-2X/6-311+G(d,p) free energy in solution:

Cartesian coordinates

ATOM
C
C
C

X
1.221571
0.574871
1.231557

Y
-2.531756
-1.347145
-0.354905

Z
1.292594
0.980830
0.227044
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-824.58312417 a.u.
-824.279625 a.u.
-824.340707 a.u.
-824.81130006 a.u.
-824.507801 a.u.
-824.568883 a.u.
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2.554850
3.185629
2.533050
0.690671
-0.443098
3.233300
4.203597
3.026237
2.625333
1.265600
4.249693
3.108034
0.712940
0.616774
-0.747940
-0.956936
-0.761719
-0.503949
-1.063906
-1.321914
-1.062663
-1.794338
-2.963489
-1.631712
-3.950140
-2.616849
-0.726774
-3.779699
-2.474253
-4.546249

-0.603711
-1.814909
-2.778693
-3.278502
-1.205249
0.403032
-1.973424
-3.711534
1.563943
1.859064
0.202695
2.345137
2.924632
0.852971
1.183544
2.138578
1.442528
0.620277
2.634554
3.475235
2.812688
0.195403
-0.029191
-0.443966
-0.884046
-1.297165
-0.276621
-1.522639
-1.788641
-2.190731

-0.203428
0.125954
0.869261
1.874890
1.317375
-0.975716
-0.219687
1.120673
-1.278537
-0.838867
-1.305276
-1.854200
-1.092720
-0.110505
0.352549
-0.134327
1.840904
2.505666
2.347319
1.706867
3.418928
-0.150790
0.578719
-1.383249
0.088782
-1.872035
-1.961490
-1.136417
-2.829825
-1.516829
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H -3.106560 0.468624 1.533495
H -4.852594  -1.050034 0.669537
4b

MO06-2X/6-31G(d) SCF energy in solution: -824.57982783 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -824.276474 a.u.
MO06-2X/6-31G(d) free energy in solution: -824.338389 a.u.
MO06-2X/6-311+G(d,p) SCF energy in solution: -824.80824139 a.u.
MO06-2X/6-311+G(d,p) enthalpy in solution: -824.504888 a.u.

M06-2X/6-311+G(d,p) free energy in solution: -824.566803 a.u.

Cartesian coordinates

ATOM

z O T - O O T =m O =Zm T O 0 o o o 0

X
2411197
1.351784
1.508752
2.746566
3.804471
3.651821
2.262111
0.399824
2.878222
4.745994
4.472644
1.827946
0.530698
3.838823
1.879714

-0.461103
0.479978

Y
-2.236816
-1.368199
-0.247600
-0.066037
-0.958339
-2.033390
-3.095386
-1.591206

1.018732
-0.786639
-2.720003

1.808343

1.625639

1.164369

2.610673

2.279239
0.671387

V4
-1.306848
-1.097199
-0.259139

0.400167
0.162880
-0.691649
-1.954260
-1.562461
1.337937
0.677774
-0.868647
1.627004
0.980780
1.825607
2.354054
1.282242
-0.036384
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C -0.760474 0.596667  -0.834192
H -0.479335 0.076334  -1.751478
C -1.253886 1.955719  -1.294437
H -1.886120 2.509720  -0.610741
C -0.953849 2434924  -2.498292
H -0.321407 1.884588  -3.192254
H -1.322099 3.401544  -2.830113
C -1.850247  -0.214877  -0.145587
C -3.104154  -0.305098  -0.759124
C -1.631698  -0.899824 1.049526
C -4.120731  -1.063492  -0.186761
C -2.650809  -1.658469 1.624566
H -0.664953  -0.841948 1.540974
C -3.897075  -1.743048 1.010101
H -2.466737  -2.182551 2.557672
H -4.689637  -2.333229 1.459843
H -3.282415 0.224064  -1.692195
H -5.088633  -1.122965  -0.675432
4c

MO06-2X/6-31G(d) SCF energy in solution: -824.58171393 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -824.278425 a.u.

MO06-2X/6-31G(d) free energy in solution: -824.338805 a.u.
M06-2X/6-311+G(d,p) SCF energy in solution: -824.80965102 a.u.
MO06-2X/6-311+G(d,p) enthalpy in solution: -824.506362 a.u.
MO06-2X/6-311+G(d,p) free energy in solution: -824.566742 a.u.

Cartesian coordinates
ATOM X Y Z
C 1.818121

-2.632529 0.175130
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0.957077
1.395825
2.710844
3.563585
3.132791
1.454647
-0.057292
3.137904
4.570670
3.796143
2.296456
0.936864
4.151866
2.579720
0.165705
0.560320
-0.762479
-1.037077
-0.627138
0.166692
-1.380560
-2.180916
-1.209345
-1.844497
-3.174737
-1.581434
-4.211608
-2.621077
-0.563471
-3.936972

-1.562608
-0.249053
-0.056809
-1.160465
-2.442216
-3.635405
-1.748270
1.276100
-0.979845
-3.289934
2.318600
2.156957
1.416219
3.332799
3.102874
0.857561
0.739373
1.783731
0.116781
0.571971
-0.837602
-1.327889
-1.165738
0.178439
0.243552
-0.322369
-0.210754
-0.776000
-0.352648
-0.728787

0.354625
0.101026
-0.379057
-0.549446
-0.268460
0.376966
0.678107
-0.713842
-0.915718
-0.402674
-0.593374
-0.088427
-1.079883
-0.849957
0.033228
0.279074
0.922554
1.103721
2.299793
2.891510
2.836097
2.288542
3.856963
0.012558
0.446895
-1.263090
-0.361200
-2.075616
-1.638275
-1.626701
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T T T =

TS-1a

-2.395750
-4.744854
-3.396812
-5.235882

-1.162669
-1.082310

0.662339
-0.151946

-3.064952

-2.259998
1.425128

-0.005617

M06-2X/6-31G(d) SCF energy in solution:

M06-2X/6-31G(d) enthalpy in solution:

M06-2X/6-31G(d) free energy in solution:

M06-2X/6-311+G(d,p) SCF energy in solution:

M06-2X/6-311+G(d,p) enthalpy in solution:

M06-2X/6-311+G(d,p) free energy in solution:

Imaginary frequency:

Cartesian coordinates

ATOM

O =& & O & =T O a0 O o O O

X
4.972937
3.646177
3.203486
4.147137
5.489583
5.910119
5.285664
2.947280
3.699344
6.188581
6.947070
2.409442

-1355.4818 cm-1

Y
0.847966
0.471098

-0.249430
-0.571048
-0.178076
0.526911
1.402992
0.732121
-1.301103
-0.442649
0.828523
-1.661969

V4
-1.072762
-0.958544

0.169086
1.171107
1.029041
-0.080864
-1.952104
-1.741808
2.327189
1.818255
-0.185087
2.448092
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-1286.44831526 a.u.
-1285.888792 a.u.
-1285.975098 a.u.
-1286.80863424 a.u.
-1286.249111 a.u.
-1286.335417 a.u.
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1.411641
4.426421
2.035260
0.237932
1.864607
0.900518
-0.435138
1.163411
0.660885
1.896843
2.428723
1.981883
0.557021
0.943619
-0.299337
0.516637
-0.721006
-0.657001
-0.316130
-1.378219
-0.646690
1.585122
0.843537
-5.034615
-2.606703
-4.869901
-2.120164
-4.061801
-2.818546
-5.242816

-1.338620
-1.550967
-2.212359
-1.675148
-0.630773
-0.330935
-0.815565
-1.100803
-0.735210
-2.218361
-2.647711
-2.735222
1.108118
2.056500
1.558457
3.380150
2.883297
0.859954
3.810345
3.190803
4.842942
1.750663
4.081443
-0.019264
-0.568589
0.482526
0.391181
1.777743
1.755988
0.823717

1.427433
3.096201
3.303937
1.550457
0.313380
-0.745450
-0.483798
-1.974972
-2.870672
-2.088388
-1.242571
-3.039021
-0.867419
0.099492
-1.892377
0.032468
-1.958898
-2.644020
-0.999318
-2.768144
-1.051945
0.920944
0.795773
0.508419
0.114005
1.940690
1.178125
2.050477
1.158635
-0.167507
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TS-1b

-2.229596
-4.420024
-3.764294
-5.908934
-5.872978
-1.049334
-4.693946
-2.109220
-3.085284
-4.352901
-3.309503
-1.972783
-1.154410
-3.234323
-3.607806
-4.527638
-5.305115
-1.974770
-1.681329
-3.932349

-0.087133
-0.315551
1.922403
-0.674340
0.645016
0.503398
2.631144
2.523813
2.010787
-1.707535
-2.780107
-2.106539
-2.831555
-3.432405
-3.391778
-1.113186
-2.160659
-1.610309
-1.127403
-0.827445

2.158323
2.541133
3.095597
0.472421
2.348614
1.019141
1.779128
1.483241
0.125351
-1.134254
-1.391518
-1.646601
-1.653415
-0.514961
-2.246953
-2.042374
-0.846107
-2.626841
-0.608785
-0.039130

M06-2X/6-31G(d) SCF energy in solution:

M06-2X/6-31G(d) enthalpy in solution:

M06-2X/6-31G(d) free energy in solution:

M06-2X/6-311+G(d,p) SCF energy in solution:

M06-2X/6-311+G(d,p) enthalpy in solution:

M06-2X/6-311+G(d,p) free energy in solution:
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-1286.44348482 a.u.

-1285.883721 a.u.

-1285.968945 a.u.
-1286.80565672 a.u.
-1286.245893 a.u.
-1286.331117 a.u.



Imaginary frequency:

Cartesian coordinates

ATOM

O o0 & & o T o & 0 Z o @&n @m o0 o @D T 0D T 00 o o a0

X
-1.394995
-1.359542
-2.260096
-3.241266
-3.250274
-2.329838
-0.690792
-0.654240
-4.237654
-4.009512
-2.344246
-4.269404
-3.281761
-4.976443
-5.026877
-3.340000
-2.220210
-1.125469

0.164474
-1.420041
-0.748949
-2.360732
-3.073644
-2.453175
-0.490128
-0.588345

-1193.0183 cm-1

Y
-3.296568
-1.917261
-1.114660
-1.758164
-3.159564
-3.932700
-3.889996
-1.455607
-0.948624
-3.622068
-5.014121

0.381680
1.064410
-1.440732
1.019809
2.264930
0.276079
0.975958
0.233468
1.248826
1.948278
0.659149
-0.050258
0.890411
2.026240
2.013588

V4
0.738895
0.855243
0.126860

-0.664132
-0.770275
-0.089677
1.314741
1.533036
-1.314956
-1.395757
-0.175487
-1.115958
-0.277073
-1.943084
-1.557549
-0.048999
0.195405
0.869604
1.014813
2.282219
2.779981
3.037740
2.624333
4.094261
0.036352
-1.370415
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0.386636
0.131447
1.106508
0.515239
0.988699
1.765886
1.548412
-1.240398
0.016639
4377622
2.093799
3.892456
1.383263
3.098657
2.091595
4741526
1.231013
3.304444
2.572515
5.227485
4775378
0.389864
3.787050
1.338933
2.586638
4.053713
3.086136
1.832307
1.034796
2.832137

2.978161
2.899938
3.865226
3.036467
3.839124
4.586513
4.532933
1.290014
2.855720
-1.069209
-0.565512
-1.985263
-0.836258
-1.258093
-0.268774
-0.117564
-1.917611
-2.797179
-1.999861
-1.546006
-2.453972
-0.394927
-0.725997
-0.009527
0.672273
-0.437748
-0.611024
0.192770
-0.027419
-1.670712

0.593113
-2.164296
-0.203396

1.669616
-1.591106

0.272599
-2.210501
-1.852834
-3.244469

-0.648872
0.279290
-1.768641
-1.031159
-2.855592
-2.266442
-1.061709
-1.135128
-1.326444
-3.467374
-0.154996
-2.215055
-0.932999
-3.521850
-3.017386
-1.996799
1.708030
2.866105

2.573926

3.290176

2.976068
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H 3.556810  -0.275086 3.793365

H 4.417780 0.597033 1.658443

H 4920121  -1.091308 1.833834

H 2.042096 1.268879 2.634889

N 1.331735  -0.121424 1.243026

N 3.415516  -0.792538 0.432844
TS-1¢

M06-2X/6-31G(d) SCF energy in solution: -1286.44646381 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -1285.886617 a.u.

MO06-2X/6-31G(d) free energy in solution: -1285.971486 a.u.
M06-2X/6-311+G(d,p) SCF energy in solution: -1286.80575722 a.u.
MO06-2X/6-311+G(d,p) enthalpy in solution: -1286.245910 a.u.
M06-2X/6-311+G(d,p) free energy in solution: -1286.330779 a.u.

Imaginary frequency: -1289.3499 cm-1

Cartesian coordinates

ATOM X Y V4
C -5.112362 0.596908 1.046147
C -3.752224 0.378612 0.907514
C -3.260363  -0.389501  -0.167654
C -4.185904  -0.900371  -1.106813
C -5.561739  -0.668016  -0.938243
C -6.032739 0.069790 0.129986
H -5.464188 1.193379 1.882561
H -3.066088 0.803209 1.627911
C -3.681159  -1.636652  -2.234847
H -6.246688  -1.079776  -1.675003
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-7.095885
-2.357071
-1.379450
-4.392377
-1.938607
-0.173288
-1.891417
-0.943500
0.403279
-1.227567
-1.619244
-1.028353
-0.675528
-1.252855
-0.630315
-1.149145
0.332942
-0.749586
0.727640
0.807148
0.186118
1.473822
0.493131
-1.871506
-1.178385
5.077249
2.601476
4.991239
2.237344
4.329025

0.247121
-1.808373
-1.283655
-2.037229
-2.345490
-1.426770
-0.629583
-0.180543
-0.704375
-0.839774
-1.850598
-0.440360
0.549197
-1.115702
1.267308
2.105850
1.830532
3.434632
3.160046
1.205358
3.978679
3.555509
5.016081
1.709973
4.049617
-0.314297
-0.600143
0.226789
0.424809
1.603334

0.253994
-2.398360
-1.443870
-2.953348
-3.242101
-1.619036
-0.322227

0.705358

0.509805

1.994678

1.856222

3.262032

3.531487

4.082273

0.638327
-0.366717

1.502209
-0.484518

1.384019

2.251125

0.393602

2.068346

0.303279
-1.074322
-1.271247
-0.390596
-0.028359

-1.815604
-1.080176
-1.912542
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Ta

C 3.082145 1.704187  -1.031227
H 5.359642 0.489751 0.305225
H 2.308022  -0.049253  -2.065794
H 4.468180  -0.508045  -2.436946
H 4.059251 1.794761  -2.957598
H 5.877901  -1.057186  -0.352960
H 6.012534 0.287288  -2.205810
H 1.183147 0.649536  -0.936726
H 5.047198 2379142 -1.622779
H 2.464244 2.550130  -1.348422
H 3.367776 1.912143 0.007533
C 4.197085  -1.982121 1.179903
C 3.030748  -2.929777 1.394976
C 1.789690  -2.106123 1.686957
H 0.887365  -2.726016 1.674754
H 2.876170  -3.528735 0.491110
H 3.251511  -3.609703 2.221885
H 4.440324  -1.451779 2.111476
H 5.088224  -2.533926 0.869355
H 1.849821  -1.649615 2.683574
N 1.616169  -1.063165 0.685580
N 3.886907 -1.013146 0.123265

MO06-2X/6-31G(d) SCF energy in solution: -1286.46437685 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -1285.899335 a.u.
M06-2X/6-31G(d) free energy in solution: -1285.986649 a.u.
MO06-2X/6-311+G(d,p) SCF energy in solution: -1286.82875833 a.u.

S55



M06-2X/6-311+G(d,p) enthalpy in solution:

M06-2X/6-311+G(d,p) free energy in solution:

Cartesian coordinates

ATOM

QO & T o T 0 - O Z o @&n @&m 0o T T O T =z 0o o a0

X
5.357612
4.011291
3.517001
4.414421
5.779566
6.255137
5.722023
3.321641
3.891376
6.449992
7.308661
2.578312
1.644490
4.577657
2.151167
0.441843
2.160354
1.252894

-0.805562
1.178704
0.550253
1.811333
2.464286
1.692469
0.542330

Y
0.494960
0.231886

-0.096539
-0.153324
0.119387
0.441364
0.746920
0.274711
-0.489727
0.071281
0.650681
-0.748996
-0.703633
-0.531094
-1.009379
-0.955459
-0.358692
-0.319142
-1.135619
-1.507450
-1.444010
-2.692841
-2.851223
-3.519632
0.894622

V4
-1.357934
-1.184390

0.092008
1.181124
0.975651
-0.279280
-2.349350
-2.018395
2.476133
1.829887
-0.432673
2.639506
1.521127
3.318661
3.601277
1.676051
0.284333
-0.838592
0.339646
-1.610660
-2.500189
-1.394920
-0.540097
-2.087061
-1.062740
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-0.468324
0.785551
-1.129297
0.108803
1.533519
-0.853020
0.344294
-1.376739
-0.732888
-1.883085
-5.158322
-2.733137
-5.184501
-2.335238
-4.413844
-3.092695
-5.250841
-2.439506
-4.792504
-4.223226
-6.016150
-6.232000
-1.266744
-5.025108
-2.444801
-3.263112
-4.239304
-3.295401
-1.868248
-1.145089

1.031379
2.060997
2.231197
3.252701
2.020559
3.368510
4.112692
4.303131
0.175338
2.279185
0.032559
-0.571359
0.662874
0.604174
1.981357
1.907329
0.797760
0.301129
-0.065495
2.223381
-0.634149
0.829237
0.752973
2.793332
2.742022
2.012657
-1.937601
-3.094186
-2.593082
-3.310406

-2.061099
-0.279256
-2.276649
-0.503404
0.508116
-1.509856
0.120229
-1.682443
-2.676045
-3.060142
0.209324
0.314279
1.599064
1.179860
1.678483
0.915506
-0.571828
2.229704
2.318120
2.730248
0.108520
1.869069
1.007120
1.268853
1.198761
-0.162065
-0.999838
-0.716005
-0.814951
-0.421737
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-3.490179
-3.467522
-4.124586
-5.276407
-1.599334
-1.739361
-3.983890

-3.488054
-3.894419
-1.584441
-2.245969
-2.385986
-1.366270
-0.816172

0.286683
-1.439049
-2.031833
-0.859944
-1.856584
-0.035387
-0.078776

M06-2X/6-31G(d) SCF energy in solution:

M06-2X/6-31G(d) enthalpy in solution:

M06-2X/6-31G(d) free energy in solution:

M06-2X/6-311+G(d,p) SCF energy in solution:

M06-2X/6-311+G(d,p) enthalpy in solution:

M06-2X/6-311+G(d,p) free energy in solution:

Cartesian coordinates

ATOM

- O & Z-m O O O a a O

X
-0.207981
0.538189
1.538739
1.766923
0.986101
0.003649
-0.968674
0.369730
2.812283
1.179930

Y

-1.312306
-0.637327
-1.311634
-2.681234
-3.345340
-2.675562
-0.769938

0.415585
-3.352408
-4.399267

V4
2.115286
1.164762
0.436653
0.705345
1.667413
2.372512
2.670894
0.972334
-0.022700
1.850543
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-1286.45259358 a.u.
-1285.888823 a.u.
-1285.977387 a.u.

-1286.81782527 a.u.
-1286.254055 a.u.
-1286.342619 a.u.
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-0.589348
3.560344
3.348277
2.986733
4.360629
4.038369
2.303397
1.966306

-1.068508
1.082093
0.818714
0.477422
0.770507

-0.102286
2.536498
2.253481
3.413953
2.804523
3.959275
3.671997
3.665047
4.628253
4.093108
1.592806
2.557424

-5.005687

-2.811172

-4.513862

-2.438755

-4.307881

-3.192710
-2.682299
-1.260381
-4.407510
-3.156670
-0.651280
-0.641593
0.718808
-0.431560
0.862706
1.889363
-0.125012
-1.169008
0.138316
1.770214
3.146973
1.480544
4.137832
2.482155
0.445714
3.826504
2.203861
4.607061
3.443531
5.176505
0.552646
0.080711
1.860219
1.529291
2.974258

3.120026
-0.918729
-1.208965

0.175366
-1.476119
-2.014412
-0.513638
-0.862082
-1.477399
-1.935561

-2.194488
-2.686596
-2.587911
-3.566053
-0.065705
-0.277882
1.011492
0.520830
1.805336
1.217547
1.577527
2.616449
2.198215
-1.087058
0.313228
0.545058

-0.572016

1.156711
-0.800029
0.130340
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Tc

C -3.607137 2461367  -1.126887
H -5.767937 0.738716  -0.222330
H -1.888904 1.885179 0.080854
H -3.589414 1.660581 1.711126
H -3.713974 3.774825 0.585115
H -5.475598  -0.045281 1.328507
H -5.254428 2.174994 1.898342
H -1.718727 1.522526  -1.623150
H -5.275295 3.409002  -0.144259
H -3.226519 3.303078  -1.712134
H -4.319560 1.933945  -1.772328
C -4.273493  -1.757371  -0.055781
C -3.028651  -2.577750 0.245358
C -1.957522  -2.239012  -0.774495
H -0.965597  -2.554447  -0.434263
H -2.678074  -2.341709 1.254781
H -3.263229  -3.643801 0.204695
H -4.674799  -2.006794  -1.045437
H -5.052241  -1.943983 0.684016
H -2.161170  -2.722122  -1.735957
N -1.911465  -0.794389  -0.976466
N -3.955971  -0.319345  -0.020043

MO06-2X/6-31G(d) SCF energy in solution: -1286.45971970 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -1285.894541 a.u.
MO06-2X/6-31G(d) free energy in solution: -1285.982364 a.u.
M06-2X/6-311+G(d,p) SCF energy in solution: -1286.82280038 a.u.
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M06-2X/6-311+G(d,p) enthalpy in solution:

M06-2X/6-311+G(d,p) free energy in solution:

Cartesian coordinates

ATOM

QO & T o T 0 - O Z o @&n @&m 0o T T O T =z 0o o a0

X
5.487567
4.127366
3.601731
4.484883
5.865196
6.371297
5.872677
3.456627
3.931328
6.522547
7.436299
2.601230
1.681158
4.606364
2.148374
0.460930
2.231754
1.338294

-0.787371
1.398236
1.964305
0.930520
0.421289
1.137077
0.621616

Y
0.193399
0.016646

-0.165641
-0.144816
0.029268
0.194442
0.335088
0.013307
-0.285797
0.035800
0.329487
-0.424910
-0.458714
-0.270603
-0.529443
-0.578863
-0.354344
-0.396056
-0.893050
-1.598295
-2.378343
-1.957030
-1.283970
-2.954931
0.808924

V4
-1.311851
-1.134502

0.160107
1.263541
1.052184
-0.220994
-2.317217
-1.984413
2.580885
1.917889
-0.378365
2.752731
1.623638
3.433291
3.732133
1.795879
0.356095
-0.784605
0.504752
-1.543717
-1.025387
-2.775111
-3.453951
-3.149071
-1.059220
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-0.430786
0.883662
-1.127251
0.181967
1.665240
-0.830101
0.433323
-1.372280
-0.728913
-1.924118
-5.231575
-2.757874
-5.324855
-2.479158
-4.699546
-3.379848
-5.405572
-2.530663
-4.855321
-4.534008
-6.013273
-6.383604
-1.434734
-5.394877
-2.829578
-3.563823
-4.087287
-3.086951
-1.693188
-0.958343

0.878320
2.015347
2.056656
3.185334
2.025854
3.232792
4.080354
4.152019
-0.019979
2.053177
-0.179132
-0.507351
0.646925
0.835728
2.035902
1.990184
0.445230
0.704660
0.081018
2.452260
-0.940483
0.740268
1.064382
2.708186
2.924723
1.910164
-2.204162
-3.217016
-2.635719
-3.192309

-2.016045
-0.347124
-2.254280
-0.598836
0.407526
-1.562414
-0.033983
-1.760683
-2.542851
-2.995410
0.182682
0.367667
1.462602
1.008226
1.330877
0.563432
-0.702587
2.096969
2.275299
2.331055
0.196154
1.723619
0.775918
0.815786
0.704865
-0.514276
-0.719114
-0.184528
-0.317353
0.270507
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TS-2a
M06-2X/6-31G(d) SCF energy in solution:
M06-2X/6-31G(d) enthalpy in solution:
M06-2X/6-31G(d) free energy in solution:
M06-2X/6-311+G(d,p) SCF energy in solution:
M06-2X/6-311+G(d,p) enthalpy in solution:
M06-2X/6-311+G(d,p) free energy in solution:

Imaginary frequency:

Cartesian coordinates

ATOM

O @&- =D o o o o o 0

-3.314720
-3.164270
-3.919680
-5.108292
-1.353357
-1.694103
-3.972018

X
-4.984158
-3.664675
-2.852536
-3.410285
-4.753501
-5.541101
-5.594360
-3.246210
-2.579956

-3.432928
-4.147272
-2.019881
-2.565181
-2.635544
-1.262707
-0.930453

0.864330
-0.751553
-1.787184
-0.590964
-1.358627

0.177327

0.011740

-1286.45410932 a.u.
-1285.894536 a.u.
-1285.979113 a.u.
-1286.81282878 a.u.
-1286.253255 a.u.
-1286.337832 a.u.

-1222.4093 cm-1

Y

-0.203876

0.187226
-0.411241
-1.405953
-1.786434
-1.197495

0.271561

0.955233
-1.989037

Z
1.175383
1.033597
0.051756
-0.781954
-0.612769
0.356282
1.937402
1.672118
-1.801077
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-5.157816
-6.576802
-1.301164
-0.693288
-3.012398
-0.658507
0.474725
-1.518250
-0.931439
0.625034
-0.603351
-0.183672
-0.636016
-1.362042
-0.594921
-0.710036
0.161028
-1.356918
0.350899
-1.158863
-2.029129
-0.306870
-1.678419
-0.151209
0.710841
1.031038
4.220118
2.421974
3.849458
2.538286

-2.553723
-1.495095
-1.593581
-0.581470
-2.747074
-2.000886
-0.221191
-0.037324
0.958760
-1.301394
0.581983
1.367982
-0.727586
-1.425386
-0.773781
2.280129
3.223266
2.658067
4.478847
3.913149
1.956439
4.838556
4.169105
5.816971
2.965637
5.178865
-0.839508
-1.123114
0.621385
0.289469

-1.267835
0.481861
-1.956252
-1.093665
-2.449785
-2.729023
-1.224991
-0.108588
0.758703
1.981460
2.029228
2.658280
2.591623
2.166949
3.679845
0.169835
0.753423
-1.022168
0.188079
-1.588554
-1.508354
-0.988652
-2.508058
-1.432243
1.654353
0.666019
-0.993149
0.743240
-1.236263
1.276260
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TS-2b

4.259618
3.933959
5.215526
1.830917
2.769420
3.728493
4.272459
4.340388
2.149403
5.332217
3.986371
4.680882
3.114741
1.641351
1.033113
-0.062915
1.159527
1.521507
3.632984
3.606703
1.304934
1.470585
3.243325

1.542590
0.913207
-0.920931
0.897141
0.672792
2.496899
-1.348301
0.943009
0.249936
1.761935
1.672888
0.152139
-3.033587
-3.407652
-3.128848
-3.100109
-2.788331
-4.460162
-3.636991
-3.201499
-3.919080
-1.841818
-1.610826

-0.086727
1.266888
-0.535525
0.697431
-1.414163
-0.184753
-1.958180
-2.160585
2.296801
-0.144329
2.053130
1.524197
-0.538397
-0.600786
0.762401
0.709592
-1.363231
-0.870253
0.218114
-1.497257
1.472724
1.285460
-0.203226

M06-2X/6-31G(d) SCF energy in solution:

M06-2X/6-31G(d) enthalpy in solution:

M06-2X/6-31G(d) free energy in solution:
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-1286.45053353 a.u.

-1285.891018 a.u.

-1285.978065 a.u.



M06-2X/6-311+G(d,p) SCF energy in solution:
M06-2X/6-311+G(d,p) enthalpy in solution:

M06-2X/6-311+G(d,p) free energy in solution:
Imaginary frequency: -986.3759 cm-1

Cartesian coordinates

ATOM X Y V4

C -0.123133  -1.417348 2.115265

C 0.605008  -0.696219 1.184962
C 1.551818  -1.346774 0.370371
C 1.745962  -2.737911 0.525336
C 0.984342  -3.447390 1.470466
C 0.055039  -2.801317 2.263849
H -0.845378  -0.896033 2.737480
H 0.453521 0.370851 1.073433
C 2.736081  -3.383451  -0.297402
H 1.149767  -4.517385 1.567721
H -0.525238  -3.354096 2.995612
C 3.463935  -2.675450  -1.181585

C 3.281112  -1.233370  -1.364487

H 2.885512  -4.454433  -0.181799
H 4.219817  -3.133525  -1.809831

O 3.936623  -0.581075  -2.165772
N 2.300909  -0.638692  -0.564582
C 2.020969 0.762022  -0.778315
H -1.059359  -0.198549  -1.441282

C 1.014958 1.051889  -1.659549
H 0.785097 2.109930  -1.791813
C 0.173542 0.136697  -2.350235
H 0.569174  -0.871970  -2.498853
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-1286.81178191 a.u.
-1286.252266 a.u.
-1286.339313 a.u.
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-0.312689
2.808010
2.679626
3.734651
3.424976
4.480702
3.871317
4.333812
5.184255
4.916385
1.994178
3.297863
-5.251999
-2.955368
-4.912225
-2.663074
-4.695104
-3.852281
-5.951319
-2.248790
-4.030315
-4.201023
-5.761243
-5.737484
-1.856422
-5.663224
-3.476592
-4.470392
-4.353301
-3.063181

0.535168
1.712880
3.110664
1.262644
3.995179
2.153847
0.195614
3.529296
1.763912
4.224179
3.514207
5.063927
0.542415
0.181259
1.897661
1.658109
2.999029
2.508915
0.662053
2.047994
1.780097
3.851504
-0.061683
2.176691
1.710965
3.356764
3.363635
1.925650
-1.722232
-2.489758

-3.242373
0.001069
-0.152784
0.962952
0.615108
1.728567
1.111462
1.567187
2.459414
2.163815
-0.891609
0.463844
0.504714
-0.463651
1.117889
-0.642475
0.079479
-1.097509
-0.334431
0.295640
1.757834
0.559350
1.258957
1.780601
1.377459

0.288772
1.667474

1.790558

0.049632
0.292314
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TS-2¢

C -2.041057  -2.070074  -0.747734
H -1.032725  -2.403522  -0.476843
H -2.691287  -2.260121 1.296193
H -3.251467  -3.564886 0.236088
H -4.794209  -1.999255  -0.916756
H -5.084701  -1.944847 0.828677
H -2.282973  -2.502711  -1.726084
N -2.004384  -0.620061  -0.866841
N -4.103090  -0.273934 0.073622

MO06-2X/6-31G(d) SCF energy in solution: -1286.44676720 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -1285.886912 a.u.

MO06-2X/6-31G(d) free energy in solution: -1285.974916 a.u.

M06-2X/6-311+G(d,p) SCF energy in solution: -1286.80638090 a.u.
MO06-2X/6-311+G(d,p) enthalpy in solution: -1286.246526 a.u.
M06-2X/6-311+G(d,p) free energy in solution: -1286.334530 a.u.

Imaginary frequency: -955.7817 cm-1

Cartesian coordinates

ATOM X Y V4
C -5.179571  -1.248375 2.116882
C -3.973039  -0.903495 1.533093
C -3.899095  -0.677591 0.145222
C -5.074937  -0.795514  -0.629559
C -6.285163  -1.153392  -0.010472
C -6.346612  -1.382018 1.350451
H -5.215963  -1.416852 3.188999
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-3.078447
-4.991664
-7.174055
-7.284281
-3.823321
-2.592668
-5.895934
-3.730756
-1.525589
-2.696114
-1.487451
1.546901
-0.791003
-1.238293
0.415145
0.688022
0.544813
-1.152260
0.153746
-2.127958
0.454306
-1.822970
-3.142986
-0.529370
-2.604815
-0.292714
0.950531
1.473974
5.905049
3.577376

-0.805785
-0.532213
-1.242268
-1.656565
-0.173765
-0.043460
-0.625304
0.034154
0.289299
-0.327086
-0.204494
-1.269122
-1.364849
-2.228602
-1.641807
-0.973429
-2.693968
1.153330
1.520743
2.173320
2.823929
3.471093
1.940808
3.810189
4.225797
4.824498
0.787453
3.069487
0.109945
-0.666436

2.135739
-2.041852
-0.629730

1.822133
-2.607843
-1.828190
-2.638730
-3.667954
-2.334534
-0.465122

0.324890

0.235347

0.553551

0.054626

1.260141

2.079250

1.518103

0.743440

1.130703

0.743815

1.518602

1.134652

0.434629

1.533270

1.127836

1.839317

1.093908

1.804423
-0.708917
-0.184931
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TS-3

C 6.393903 0.133326 0.737492
C 3.982573  -1.391021 1.084286
C 6.507068  -1.257878 1.364131
C 5315013  -2.145626 1.006058
H 6.355863  -0.729220  -1.256150
H 4.004081  -0.666327 1.907903
H 5.723702 0.774518 1.320796
H 6.577552  -1.155218 2.452979
H 6.235991 1.024740  -1.204626
H 7.374047 0.620445 0.750581
H 3.170014  -2.086759 1.301938
H 7.432039  -1.740411 1.028752
H 5.273876  -3.002321 1.684976
H 5.438315  -2.559049  -0.001888
C 3.975222 0.775058  -2.104678
C 2.497134 1.113560  -2.010344
C 1.724207  -0.150715  -1.684242
H 0.673656 0.054985 -1.456170
H 2.335881 1.856672  -1.221207
H 2.158761 1.543664  -2.956183
H 4.173601 0.142210  -2.979415
H 4.569745 1.685752  -2.208774
H 1.744678  -0.842599  -2.535665
N 2.321692  -0.804294  -0.525359
N 4.442271 0.086118  -0.890575

M06-2X/6-31G(d) SCF energy in solution: -824.55770436 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -824.255985 a.u.
M06-2X/6-31G(d) free energy in solution: -824.313644 a.u.
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M06-2X/6-311+G(d,p) SCF energy in solution: -1286.77461316 a.u.

MO06-2X/6-311+G(d,p) enthalpy in solution: -1286.472894 a.u.

M06-2X/6-311+G(d,p) free energy in solution: -1286.530553 a.u.

Imaginary frequency: -47.6130 cm-1
Cartesian coordinates

ATOM X Y Z
C -0.037052  -2.901175  -1.000597
C 0.046394  -1.516746  -0.979358
C -0.906826  -0.757572  -0.283206
C -2.005546  -1.427609 0.298052
C -2.060991  -2.829600 0.278302
C -1.075899  -3.571707  -0.347941
H 0.713496  -3.462130  -1.548705
H 0.844818  -1.026574  -1.519512
C -3.111863  -0.646674 0.805265
H -2.912763  -3.317648 0.744207
H -1.127802  -4.655244  -0.363803
C -3.181028 0.665298 0.526590
C -2.107061 1.332109  -0.218226
H -3.912266  -1.157280 1.334125
H -4.034695 1.283022 0.782301
0) -2.259826 2.394585  -0.787607
N -0.857771 0.659026  -0.201292
C 0.368005 1.398137  -0.103845
C 0.545057 2.728651 0.049728
H 1.598802 2.968278 0.163017
C -0.344897 3.929275 0.210689
H -0.851411 4201319  -0.718269
H 0.270973 4.772757 0.533798
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TS-4

C 1.623436 0.593792 0.075020
C 2.691500 0.741427  -0.813076
C 1.770916  -0.250731 1.180877
C 3.880284 0.041716  -0.612410
C 2.956914  -0.949656 1.380564
H 0.949054  -0.363159 1.883504
C 4.013897  -0.810323 0.480946
H 3.057972  -1.601621 2.242973
H 4.937702  -1.359234 0.635900
H 2.581706 1.399445  -1.670608
H 4.699552 0.160781  -1.315072
H -1.123582 3.775757 0.961794

M06-2X/6-31G(d) SCF energy in solution: -824.55770436 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -824.255985 a.u.
M06-2X/6-31G(d) free energy in solution: -824.313644 a.u.

M06-2X/6-311+G(d,p) SCF energy in solution: -824.78422971 a.u.

MO06-2X/6-311+G(d,p) enthalpy in solution: -824.482510 a.u.
MO06-2X/6-311+G(d,p) free energy in solution: -824.540169 a.u.
Imaginary frequency: -47.6130 cm-1

Cartesian coordinates

ATOM X Y Z

C -0.037052  -2.901175  -1.000597

C 0.046394  -1.516746  -0.979358

C -0.906826  -0.757572  -0.283206

C -2.005546  -1.427609 0.298052

C -2.060991  -2.829600 0.278302
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-1.075899
0.713496
0.844818

-3.111863

-2.912763

-1.127802

-3.181028

-2.107061

-3.912266

-4.034695

-2.259826

-0.857771
0.368005
0.545057
1.598802

-0.344897

-0.851411

0.270973
1.623436
2.691500
1.770916
3.880284
2.956914
0.949054
4.013897
3.057972
4.937702
2.581706
4.699552

-1.123582

-3.571707
-3.462130
-1.026574

-0.646674

-3.317648

-4.655244

0.665298
1.332109
-1.157280
1.283022
2.394585
0.659026
1.398137
2.728651
2.968278
3.929275
4.201319
4.772757
0.593792
0.741427
-0.250731
0.041716

-0.949656
-0.363159
-0.810323
-1.601621
-1.359234

1.399445
0.160781
3.775757

-0.347941
-1.548705
-1.519512
0.805265
0.744207
-0.363803
0.526590
-0.218226
1.334125
0.782301
-0.787607
-0.201292
-0.103845
0.049728
0.163017
0.210689
-0.718269
0.533798
0.075020
-0.813076
1.180877
-0.612410
1.380564
1.883504
0.480946
2.242973
0.635900
-1.670608
-1.315072
0.961794
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TS-5

M06-2X/6-31G(d) SCF energy in solution:

M06-2X/6-31G(d) enthalpy in solution:

M06-2X/6-31G(d) free energy in solution:

M06-2X/6-311+G(d,p) SCF energy in solution:

M06-2X/6-311+G(d,p) enthalpy in solution:

M06-2X/6-311+G(d,p) free energy in solution:

Imaginary frequency:

Cartesian coordinates

ATOM

0 z O T T O O T m O @D =D O o o o a0

X
4.805820
3.633930
3.265780
4.113926
5.300298
5.649813
5.072743
2.984969
3.741023
5.935931
6.564577
2.599134
1.699695
4.397445
2.281557
0.634109
2.076110
1.223801

-153.6640 cm-1

Y
0.193524
0.529736

-0.140213
-1.152640
-1.475838
-0.815706
0.722582
1.306728
-1.813765
-2.256753
-1.069555
-1.479174
-0.464593
-2.584497
-1.958080
-0.189752
0.179011
1.239922

V4
1.816389
1.164640

-0.018616
-0.521207
0.164660
1.324540
2.726434
1.548679
-1.739133
-0.244725
1.850007
-2.374272
-1.845264
-2.135643
-3.293632
-2.424038
-0.678832
-0.189546
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-1286.43884080 a.u.
-1285.875372 a.u.
-1285.961578 a.u.
-1286.80172522 a.u.
-1286.238256 a.u.
-1286.324462 a.u.
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1.162940
0.420085
1.989293
2.761890
1.926903
0.407047
-0.492478
0.403542
-1.313227
-0.418022
1.061640
-1.307348
-0.368471
-1.941568
-0.502172
-1.968734
-0.865231
-4.517702
-2.479096
-4.514328
-1.787096
-3.370850
-2.073957
-4.248611
-2.034632
-4.474899
-3.231040
-5.526545
-5.475455
-0.719152

2.440057
2.476503
3.484126
3.522910
4.332467
1.013751
2.019967
-0.216159
1.796846
-0.405901
-1.024028
0.579345
-1.360244
0.420225
2.993793
2.602036
0.441283
-1.028375
-0.278353
-2.415864
-1.624361
-3.304346
-2.512875
-1.074927
-2.145876
-2.295253
-4.135730
-0.616256
-2.889627
-1.397093

-1.058705
-1.867287
-0.958728
-0.193069
-1.638599
0.919438
1.421523
1.665024
2.513123
2.765292
1.353464
3.211150
3.288108
4.076811
0.937650
2.842784
-1.656455
0.540516
-0.697468
-0.096601
-0.671295
0.396079
0.538755
1.603033
-1.605401
-1.185544
-0.304339
0.481622
0.125839
-0.720686
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H -3.633434  -3.742744 1.365356
H -1.228080  -3.195108 0.670075
H -2.104462  -1.889625 1.437831
C -4.130933 1.361117  -0.079967
C -3.807329 2.073261  -1.383517
C -2.306623 2.021764  -1.595246
H -2.030948 2.292893  -2.617855
H -4.331083 1.579991  -2.208722
H -4.143128 3.111416  -1.335090
H -3.646226 1.861483 0.766957
H -5.206236 1.341325 0.097871
H -1.796081 2.704857  -0.908883
N -1.825400 0.667031  -1.349331
N -3.660245  -0.032985  -0.133793
7d

M06-2X/6-31G(d) SCF energy in solution: -824.05963841 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -823.772718 a.u.

M06-2X/6-31G(d) free energy in solution: -823.831969 a.u.

MO06-2X/6-311+G(d,p) SCF energy in solution: -824.30184827 a.u.
MO06-2X/6-311+G(d,p) enthalpy in solution: -824.014928 a.u.
M06-2X/6-311+G(d,p) free energy in solution: -824.074179 a.u.

Cartesian coordinates

ATOM X Y V4
C 2.243485  -2.506371 0.584194
C 1.250146  -1.548930 0.683464
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1.407307
2.598390
3.592087
3.426105
2.099761
0.338746
2.750042
4.495981
4.196774
1.779694
0.538119
3.663661
1.862754
-0.339349
0.410723
-0.783522
-0.677111
-1.574791
0.405676
1.346502
0.355132
-1.925762
-3.182489
-1.885112
-4.271775
-2.985637
-0.960126
-4.201308
-2.890353
-5.059891

-0.295019
-0.040229
-1.031387
-2.258084
-3.466428
-1.745942
1.243686
-0.808124
-3.018913
2.171511
1.931735
1.444289
3.148621
2.782276
0.673710
0.400377
0.597113
0.361702
1.007730
1.272174
1.102213
-0.060367
-0.333092
-0.297195
-0.800845
-0.764683
-0.105694
-1.029740
-0.925950
-1.394692

0.059966
-0.658064
-0.742322
-0.129762

1.071372

1.234058
-1.289675
-1.303910
-0.198869
-1.192290
-0.449903

-1.844974

-1.655833

-0.368692
0.146575

0.911956

2311484

2.884669

3.026994

2.550783

4.106585

0.199864
0.821694
-1.206432
0.104434
-1.909844
-1.743608
-1.274030
-2.981974
-1.828465
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H -3.301412  -0.165329 1.888000
H -5.203021  -0.989356 0.635304
Te

M06-2X/6-31G(d) SCF energy in solution: -824.05962049 a.u.

MO06-2X/6-31G(d) enthalpy in solution: -823.772723 a.u.

M06-2X/6-31G(d) free energy in solution: -823.832390 a.u.

MO06-2X/6-311+G(d,p) SCF energy in solution: -824.30182688 a.u.
MO06-2X/6-311+G(d,p) enthalpy in solution: -824.014929 a.u.
M06-2X/6-311+G(d,p) free energy in solution: -824.074596 a.u.

Cartesian coordinates

ATOM

- - O O m =m O =m &=Zm O o a0 o o Q

X
-2.241643
-1.251503
-1.407502
-2.596899
-3.587594
-3.421123
-2.097827
-0.342524
-2.749154
-4.489683
-4.189197
-1.780902
-0.539233
-3.661741
-1.865109

Y
-2.506340
-1.545420
-0.296089
-0.048169
-1.042604
-2.265768
-3.462843
-1.736748

1.231730
-0.825153
-3.029359

2.162329

1.928364

1.427004

3.136003

V4
0.600288
0.698173
0.065019

-0.658349
-0.740609
-0.120864
1.094519
1.254984
-1.297743
-1.307297
-0.189004
-1.202773
-0.457998
-1.856783
-1.673016
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0.339565
-0.412185
0.783103
0.683376
1.585664
-0.395365
-1.340590
-0.337341
1.923619
3.174355
1.886448
4.261446
2.984405
0.966290
4.194377
2.892163
5.051105
3.288270
5.188030

2.778079
0.674155
0.405047
0.624963
0.403354
1.045899
1.298747
1.160156
-0.059984
-0.354346
-0.279405
-0.825908
-0.752665
-0.072544
-1.038241
-0.900658
-1.406521
-0.204087
-1.031413

-0.383852
0.147273
0.912896
2.309483
2.880908
3.025457
2.551387
4.102735
0.200751
0.824580
-1.208903
0.106534
-1.912300
-1.748120
-1.274810
-2.986612
-1.829978
1.894002
0.639185

M06-2X/6-31G(d) SCF energy in solution:

M06-2X/6-31G(d) enthalpy in solution:

M06-2X/6-31G(d) free energy in solution:

M06-2X/6-311+G(d,p) SCF energy in solution:

M06-2X/6-311+G(d,p) enthalpy in solution:

M06-2X/6-311+G(d,p) free energy in solution:

S79

-461.88371148 a.u.
-461.623627 a.u.
-461.669292 a.u.
-462.01570567 a.u.
-461.755621 a.u.
-461.801286 a.u.



Cartesian coordinates

ATOM

Z Z T Tm T T & &om O 0 Q0 @ & @D T & @D & & @ T 0 o o o a0

X
0.850435
-0.368885
2.111182
0.925226
2.947173
2.078112
1.066995
1.246919
1.814358
3.650818
0.566210
2.720251
0.647933
3.549781
2.697355
1.667800
-1.582287
-2.775371
-2.720767
-3.479800
-2.723173
-3.704990
-1.683339
-1.524574
-2.961223
-1.423760
-0.339131

Y
1.456868
-0.720510
1.136810
-1.472730
0.002200
-1.156200
1.407473
-1.295789
0.905299
-0.360885
2492173
2.045470
-2.525611
0.386691
-2.049626
-0.924676
1.346715
0.615134
-0.833990
-1.431256
0.659022
1.099759
1.418863
2.368212
-0.892864
-1.455262
0.662686

Z
-0.270795
0.136976
0.531159
0.402188
-0.066553
-0.559735
-1.350596
1.436736
1.560124
0.691938
-0.061190
0.582989
0.333558
-0.897887
-0.688745
-1.550369
-0.297695
0.290051
-0.169992
0.348051
1.384031
-0.023251
-1.392301
0.092264
-1.241402
0.059009
0.055623
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DBU-H
M06-2X/6-31G(d) SCF energy in solution: -462.36299326 a.u.
MO06-2X/6-31G(d) enthalpy in solution: -462.087978 a.u.

MO06-2X/6-31G(d) free energy in solution: -462.133940 a.u.

MO06-2X/6-311+G(d,p) SCF energy in solution: -462.49141710 a.u.
MO06-2X/6-311+G(d,p) enthalpy in solution: -462.216402 a.u.
MO06-2X/6-311+G(d,p) free energy in solution: -462.262364 a.u.

Cartesian coordinates

ATOM X Y Z
C 0.910069 1.498301  -0.231305
C -0.307007  -0.664827 0.060458
C 2.083288 1.093100 0.654450
C 0.936199  -1.500439 0.262316
C 2.965503 0.006353 0.039283
C 2.133178  -1.100573  -0.606163
H 1.209797 1.554769  -1.285006
H 1.200847  -1.465165 1.325893
H 1.694745 0.782523 1.631049
H 3.605784  -0.419060 0.819817
H 0.572708 2.492894 0.063102
H 2.679760 1.992344 0.835056
H 0.648760  -2.532125 0.048867
H 3.627382 0.447357  -0.713648
H 2.750941  -1.987232  -0.771654
H 1.774983  -0.785328  -1.593007
C -1.566880 1.339518  -0.427209
C -2.720109 0.702811 0.329007
C -2.792354  -0.769041  -0.025674
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-3.442840
-2.563792
-3.653328
-1.738806
-1.444665
-3.160018
-1.450205
-0.297397
-1.380373

-1.317907
0.825007
1.200725
1.307683
2.381752

-0.911908

-1.339503
0.645803

-2.341650

0.657607
1.405250
0.058522

-1.509253
-0.131180
-1.046637
0.082467
-0.131304
0.216094

M06-2X/6-31G(d) SCF energy in solution:
M06-2X/6-31G(d) enthalpy in solution:
M06-2X/6-31G(d) free energy in solution:
M06-2X/6-311+G(d,p) SCF energy in solution:
M06-2X/6-311+G(d,p) enthalpy in solution:
M06-2X/6-311+G(d,p) free energy in solution:

Imaginary frequency:

Cartesian coordinates

ATOM

- o O T =T O O 0 0 O 0

X
0.703388
0.285826
1.135805
2.463149
2.857356
1.982905
0.019568

-0.690371
3.428825
3.880494
2.294324

-32.4851 cm-1

Y Z
-2.983475  -0.350154
-1.673069  -0.522584
-0.597063  -0.195927
-0.907542 0.192984
-2.244056 0.370290
-3.285004 0.127340
-3.784593  -0.613655

-1.497514  -0.946591
0.155660 0.306625
-2.438220 0.681060
-4.315129 0.264072
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-824.56465774 a.u.
-824.262859 a.u.
-824.321042 a.u.
-824.79339958 a.u.
-824.491601 a.u.
-824.549784 a.u.



C 3.105699 1.407575  -0.058843
C 1.746208 1.753450  -0.467878
H 4.434676  -0.093176 0.635396
H 3.816370 2.226258  -0.055938
O 1.442998 2.871689  -0.862025
N 0.770034 0.753935  -0.310828
C -0.612559 1.329810  -0.240535
H -0.756220 1.900711  -1.160829
C -0.682152 2.283386 0.936817
H -0.412373 1.855141 1.901568
C -1.095247 3.541380 0.844167
H -1.350626 3.983549  -0.115846
H -1.188270 4.173765 1.722239
C -1.760371 0.349945  -0.098962
C -1.968997  -0.366659 1.085184
C -2.665310 0.201278  -1.150227
C -3.043891  -1.241261 1.197947
C -3.745988  -0.672992  -1.037414

H -2.514495 0.763940  -2.067859
C -3.933903  -1.400258 0.134747
H -4.439092  -0.783613  -1.865843

H -4.772254  -2.084361 0.223786
H -1.272195  -0.262659 1.912426
H -3.188205  -1.801780 2.116560
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X-ray structures of 3f

Table 1 Crystal data and structure refinement for 1941459.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/lA

b/A

c/A

a/°

pr°

V/°

Volume/A3

Z

Pealcg/cm?

wmm-!

F(000)

Crystal size/mm?
Radiation

1941459
CisH14CINO
295.75

173(2)
orthorhombic
P212:2,

7.1789(9)
8.6698(11)
24.751(3)

90

90

90

1540.5(3)

4

1.275

1.429

616.0

0.170 x 0.160 x 0.110
GaKa (A= 1.34139)

20 range for data collection/°6.214 to 105.996

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

8<h<8,-10<k<10,-29<1<29

20404

2719 [Rint = 0.0838, Rsigma = 0.0474]

2719/0/192

1.169

R; =0.0874, wR> = 0.1737
R;=0.1141, wR> = 0.1863

Largest diff. peak/hole / e A 0.20/-0.19

Flack parameter

0.18(2)
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Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic

Displacement Parameters (A2x10%) for 1941459. U, is defined as 1/3 of of the
trace of the orthogonalised Uytensor.

Atom
Cl
C2
C3
C4
C5
Co6
C7
C8
C9
C10
Cll1
Cl12
C13
Cl4
Cl15
Cl6
C17
C18
Cll1
N1
o1

Table 3 Anisotropic Displacement Parameters (A2x103) for 1941459. The
Anisotropic displacement factor exponent takes the form:

X
4634(15)
3405(19)
1886(18)
1575(16)
2749(13)
4337(13)
5617(12)
7485(13)
8823(13)
4719(13)
3768(13)
2983(13)
3056(12)
2318(13)
2466(14)
3408(12)
4123(11)
4006(10)

369(5)
4744(9)
5418(11)

-2n?[h2a*?U+2hka*b*U+...].

Atom
Cl
C2
C3
C4
C5
Co6
C7
C8
C9

Un

Uz
108(7) 145(9)
144(10) 170(12)
113(8) 156(11)
119(8) 123(9)
95(6) 94(6)
88(6) 115(7)
87(5) 92(6)
83(6) 145(9)
76(6) 211(13)

5253(13)
5126(16)
4221(16)
3449(13)
3561(11)
4432(12)
4596(10)
4687(12)
4870(15)
3130(13)
3159(14)
4485(16)
5870(13)
7238(15)
8592(15)
8624(12)
7307(11)
5934(11)

4109(6)

4545(9)

1994(8)

Uss
50(4)
47(4)
76(6)
80(6)
65(5)
44(4)
44(3)
60(4)
84(6)

586

2522(3)
2090(3)
2129(4)
2596(4)
3028(3)
2993(3)
3454(3)
3409(3)
3865(3)
4257(3)
4769(3)
4972(3)
4685(3)
4889(4)
4618(4)
4117(4)
3900(3)
4185(3)

1592.5(12)

Uzs

11(5)
9(6)
-29(7)
-15(6)
-3(4)
3(4)
0(4)
1(5)
-18(7)

3980(2)
4057(2)

Uis

5(4)
-18(6)
-30(6)
-31(6)
-10(4)
-3(4)
0(3)
-6(4)
-11(5)

U(eq)

101(3)
121(4)
115(4)
107(3)

85(3)
82(2)
74(2)
96(3)
124(4)
86(3)
99(3)
103(3)
82(3)
99(3)
109(3)
92(3)
77(2)
75(2)
186(2)

75.6(18)

108(2)

Ur2

2(7)
32(9)
20(8)
12(7)
-1(6)
18(6)

6(5)
12(6)
-3(7)



C10 95(6) 117(8) 45(4) 1(4)
Cl1 104(7) 139(9) 53(5) 18(5)
C12 83(6) 181(11) 45(4) 4(6)
C13 75(5) 124(8) 47(4) -8(5)
Cl14 79(6) 141(10) 76(6) -15(6)
CI5 86(7) 139(10) 101(7) -35(7)
Cl6 79(6) 100(7) 98(6) -6(6)
C17 77(5) 99(7) 56(4) -11(4)
CI18 62(4) 118(7) 46(4) 0(4)
Cl1 177(3) 268(5) 112(2) -44(3)
N1 84(4) 98(5) 44(3) 2(3)
Ol 146(6) 110(5) 67(4) 5(4)
Table 4 Bond Lengths for 1941459.

AtomAtom Length/A AtomAtom Length/A

Cl (2 1.390(13) C10 Cl11 1.439(11)

Cl Ce6 1.383(11) C10 N1 1.405(11)

Cc2 C3 1.347(15) C11 Cl12 1.375(14)

C3 C4 1.356(14) C12 Cl13 1.395(14)

C3 (I 1.720(9) C13 Cl4 1.394(13)

C4 G5 1.364(11) C13 CI18 1.415(10)

Cs Cé6 1.370(12) C14 C15 1.356(14)

c6 C7 1.471(10) C15 Cl16 1.411(13)

C7 C8 1.348(11) Cl6 Cl17 1.363(11)

C7 NI 1.447(9) C17 CI18 1.387(11)

c8 C9 1.490(11) C18 NI1 1.410(10)
C10 Ol 1.212(10)

Table 5 Bond Angles for 1941459.

Atom Atom Atom Angle/® Atom Atom Atom
C2 Cl1 C6 120.7(10) C11 C10 N1

c3 C2 C(Cl 120.3(10) C12 C11 Cl10
C2 C3 4 118.8(9) C11 Cl12 C13
Cc2 C3 119.4(10) C14 C13 CI18
C4 C3 Cl 121.8(11) C14 C13 Cl12
Cs C4 C3 122.1(11) C18 C13 Cl12
C4 C5 C6 120.3(9) C15 C14 Cl13

S87

-13(4)
-105)
2(4)
-1(4)
-3(5)
0(6)
-7(5)
0(4)
-903)
-90(2)
203)
-19(4)

Angle/®
114.8(9)
122.0(10)
121.2(8)
117.8(10)
122.3(8)
119.8(9)
121.9(9)

-6(6)
-3(7)
-16(7)
-10(5)
0(7)
7(7)
1(5)
905)
-705)
56(3)
0(4)
18(5)



Cl C6 G5 117.7(8) C14 C15 Cl16 119.3(11)

Cl C6 C7 120.5(9) C17 Cl16 C15 120.7(10)
C5 C6 C7 121.7(7) C16 C17 C18 119.7(8)
c8 C7 NI 120.4(7) C17 C18 C13 120.6(9)
c8 C7 Cé6 1243(7) C17 C18 NI 121.8(6)
N1 C7 Cé6 115.1(7) C13 C18 NI 117.5(8)
C7 C8 (9 125.98) C7 NI C10 118.1(7)
Ol Cl10 Cl1 124.8(10) C7 N1 CI8 117.4(7)
Ol C10 NI 120.4(8) C10 N1 CI18 124.4(6)

Table 6 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement
Parameters (A2x10°) for 1941459.

Atom X y z U(eq)

H1 5687.64 5910.25 2493.18 121
H2 3638.9 5679.6 1766.06 145
H4 504.61 2808.99 2624.52 129
H5 2464.38 3032.7 3353.66 102
HS8 7993.68 4629.39 3055.69 115
H9A 8139.82 5130.24 4195.27 185
H9B 9705.44 5698.04 3780.19 185
HOC 9504.04 3902.64 3918.53 185
HI11 3680.37 2233.64 4972.9 118
H12 2380.13 4457.4 5313.33 124
H14 1692.82 7222.39 5227.16 118
H15 1941.72 9508.13 4762.83 130
H16 3545.08 9574.45 3930.14 111

H17 4698.48 7329.78 3554.06 93
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X-ray structures of 8c

Table 1 Crystal data and structure refinement for 1960857

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

pr°

V/°

Volume/A3

Z

Pealcg/cm?

wmm-!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A~
Flack parameter

1960857
C19H17NO2

291.33

193(2)

monoclinic

P2,

8.9647(3)
9.7465(4)
9.2350(3)

90

110.2250(10)

90

757.15(5)

2

1.278

0.420

308.0

0.120 x 0.110 x 0.090
GaKoa (A =1.34139)
18.17 to 107.918

-10<h<10,-11<k<11,-11<1<11

12804

2691 [Rint = 0.0306, Rsigma = 0.0228]

2691/1/201
1.068

R;=0.0261, wR> = 0.0734
R; =0.0263, wR, = 0.0737

0.12/-0.11
0.10(7)
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Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic

Displacement Parameters (A2x10%) for 20191017ZH_LMF 2KL Om_a. U, is
defined as 1/3 of of the trace of the orthogonalised Uy, tensor.

Atom X y U(eq)

Cl1 5446.9(19)3251.9(17) 842.6(18) 40.8(4)
C2 6874(2)  3591(2) 658(2) 50.0(4)
C3 7686(2)  4746(2) 1342(2) 54.8(5)
C4 7096(2)  5566(2) 2229(2) 54.0(4)
C5 5684.7(19)5223.4(17) 2442.1(19) 42.0(4)
Cé6 4840.4(18)4065.7(16) 1738.1(16) 33.6(3)
C7 3286.1(18)3698.1(16) 1909.6(17) 34.5(3)
C8 2835(2)2258.3(18) 2068.4(19) 42.6(4)
C9 1636(2)  1822(2) 2774(2) 55.0(5)
C10 2893.9(18)4894.7(16) 4116.3(17) 35.2(3)
Cl11 3919(2)3973.9(17) 5148.0(18) 42.4(4)
Cl12 41342)  4060(2) 6705(2) 50.3(4)
Cl13 3365(3)  5043(2) 7260(2) 54.0(5)
Cl4 2426(2)  5991(2) 6263(2) 47.7(4)
C15 2183.7(18)5961.9(17) 4672.6(18) 38.4(3)
Cl16 1267.4(18)6997.5(17) 3607(2) 42.4(4)
C17 1099.9(19)6903.4(19) 2108(2) 44.0(4)
C18 1773.1(17) 5804.2(18) 1477.9(18) 38.8(3)
C19 545(3)  8174(2) 4182(3) 61.1(5)
N1 2577.6(15)4787.5(13) 2522.6(14) 34.4(3)
o1 2204.9(14)2988.5(13) 628.7(12) 44.6(3)
02 1672.5(15)5726.6(14) 120.5(13) 51.2(3)

Table 3 Anisotropic Displacement Parameters (A2x103) for
20191017ZH_LMF _2KL_Om_a. The Anisotropic displacement factor exponent

takes the form: -2a%[h2a*2Uy;+2hka*b*Upa+...].

Atom Un U2 Uss Uzs U Un

Cl 47.4(8) 39.0(8) 35.8(7) 0.4(6) 14.1(6) 3.0(7)
C2 50.8(9) 56.3(11) 48.7(9) 4.0(8) 24.7(8) 10.4(8)
C3 38.7(9) 64.5(12) 64.4(12) 8.2(9) 22.0(8) 1.1(8)
C4 42.8(9) 51.3(10) 66.3(12) -4.6(8) 16.9(8) -9.5(7)
C5 40.4(8) 39.4(8) 45.6(8) -5.8(7) 13.9(7) -2.7(7)
Co6 36.4(7) 33.1(7) 29.0(7) 3.1(5) 8.3(6) 1.2(6)
C7 36.8(7) 35.9(8) 28.1(7) -1.6(6) 7.7(5) -2.9(6)

C8 48.3(9) 37.8(9) 38.7(8) -3.3(6) 11.3(7) -8.8(7)
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C9

C10
Cl1
Cl12
C13
Cl4
CI5
Cl6
C17
CI18
C19
N1

01

02

60.1(10)
37.3(7)
51.8(9)

65.5(11)

70.5(11)
52.9(9)
37.4(7)
34.4(7)
35.0(7)
33.7(7)

54.5(10)
36.5(6)
46.1(6)
53.5(7)

53.6(11)
36.2(8)
37.5(9)
45.6(9)

58.6(11)
50.3(9)
38.9(8)
39.7(8)
42.7(9)
44.4(9)

50.6(11)
36.0(7)
49.7(7)
62.3(8)

50.6(10)
32.4(7)
34.9(8)
34.1(8)
32.3(8)
44.7(9)
40.5(8)
55.1(9)
53.7(9)
37.1(8)

82.4(14)
30.2(6)
33.8(5)
36.9(6)

-1.9(8)
2.1(6)
-0.6(6)
0.9(7)
-8.6(8)
15.1(8)
-5.4(6)
-4.8(7)
9.0(7)
7.2(6)
_12.4(10)
2.3(5)
-7.0(5)
12.5(5)

Table 4 Bond Lengths for 20191017ZH_LMF 2KL Om_a.
Length/A

Atom Atom
Cl Co6
Cl C2
c2 C3
C3 C4
Cc4 C5
C5 Cé6
Co (7
Cc7 Ol
C7 NI
C7 C8
c8 Ol
c8 (9
C10 Cl11

Length/A

1.385(2) C10
1.388(3) C10
1.371(3) Cl11
1.374(3) CI12
1.387(3) CI13
1.389(2) Cl14
1.499(2) C15

1.4228(18) C16

1.4492) C16
1.482(2) C17
1.4402) C18
1.498(3) CI18
1.397(2)

Atom Atom

N1

CI5
Cl12
C13
Cl4
CI5
Cl6
C17
C19
CI18
02

N1

1.4031(18)
1.406(2)
1.386(2)
1.378(3)
1.369(3)
1.408(2)
1.450(2)
1.343(3)
1.501(2)
1.447(2)
1.228(2)
1.397(2)

Table 5 Bond Angles for 20191017ZH_LMF 2KL Om_a.
Atom Atom Atom

Atom Atom Atom
cC6e Cl1 (2
C3 C2 (i
C4 C3 (2
C3 C4 G5

Angle/®

120.37(16) N1
120.31(17) C12
119.95(16) C13
120.21(18) C14

S91

C10
Cl1
Cl12
C13

CI5
C10
Cl1
Cl12

18.1(8)
12.5(6)
11.3(7)
10.0(7)
17.0(8)
22.8(7)
15.4(6)
18.0(7)
14.5(7)
10.4(6)
29.1(10)
11.0(5)
8.2(5)
14.4(5)

Angle/®

119.04(14)
119.46(16)
121.30(18)
119.28(16)

-21.8(9)
-7.6(6)
-3.4(7)
-8.8(8)
19.4(9)
13.4(8)
-9.4(6)
-4.2(6)
4.1(7)
0.4(6)
3.3(9)
1.2(5)
-11.6(5)
9.5(6)



C4 C5 C6
Cl C6 G5
Cl C6 (7
cs Co6 (C7
01 C7 NI
01 C7 C8
N1 C7 C8
01 C7 Cé6
N1 C7 Cé6
Cc8 C7 C6
o1 C8 (7
o1 C8 (9
Cc7 C&8 (9
Cll1 C10 NI
Cll1 C10 CI15

120.34(16) C13
118.81(14) Cl4
119.81(14) Cl4
121.38(14) C10
114.60(13) C17
59.41(10) C17
118.94(13) C15
114.79(13) C16
114.52(13) 02
122.15(14) 02
58.26(10) N1
115.48(15) C18
124.98(16) C18
120.95(14) C10
120.00(14) C7

Cl4
CI5
CI5
CI5
Cl6
Cl6
Cl6
C17
CI18
CI18
CI18
N1

N1

N1

01

CI5
C10
Cl6
Cl6
CI5
C19
C19
CI18
N1

C17
C17
C10
C7

C7

C8

121.70(17)
117.99(16)
122.73(16)
119.26(14)
119.15(15)
120.56(17)
120.27(16)
123.48(16)
119.98(15)
124.24(15)
115.78(14)
122.71(13)
116.18(12)
120.49(12)

62.33(10)

Table 6 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement
Parameters (A2x103) for 20191017ZH_LMF 2KL 0Om_a.

Atom
H1
H2
H3
H4
H5
HS
HY9A
H9B
H9C
H11
H12
H13
H14
H17
HI19A
H19B
H19C

4882.8
7289.21
8656.58
7656.96

52934
3666.77

979.81

2186.7

957.23
4463.43
4825.09
3485.29
1925.57

507.96

-25.02
1387.87
-197.78

y

2457.04
3020.28

4980.4
6368.84
5783.94
1559.24
2610.77
1467.67
1101.64
3294.59
3428.32
5062.03
6685.67
7595.25
8773.16
8697.06
7819.86

592

3

352.42
54.46
1202.65
2697.17
3073.23
2114.2
2828.61
3815.87
2138.54
4784.95
7404.04
8323.03
6653.27
1425.32
3315.23
4947.06
4659.37

U(eq)

49
60
66
65
50
51
&3
&3
&3
51
60
65
57
53
92
92
92
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HPLC data

For comparison of Chinese and English of the HPLC data table.

= 5 N — — =
RS/ I =< T S TI A N=S =i  E Dl T TI W DT = A = b =4
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
mAU) | (%) (%) na
N
N
N o
. _Me
3a
r 70.0- 7 2019-5-29 #2 [F 030 53] RAC UV_VIS_1WVL:254 nm
60.04
50.0
g 1001 |11-13.250
E
gaum
% \2-23.297
2 2004
10.04
oo_—;ML_A_/\ ] |
-103 r T T T T T T T 1
0.0 5.0 100 150 20.0 250 300 350 40.0)
B4 8 [min]
v L
"= [E&FF F ER A [B] IEETI [ AAEERN | AAlEs | FmE
min mAU*min mAU % % n.a.
1 13.250 14874 40403 19,66 64.70 na
2 23297 15.078 22039 50.34 35.30 na
4 120 7 2019-7-25#5 [(F 2114 1 UV_VIS_1WVL:254 nm
|2-22.887
1001
80
5
£ 01
S 40+
o
<<
20
1-13.113
0 _J\.AJ\,_A /\ 1 . 1
.20 r T T T T T T T T T 1
00 25 50 75 100 125 15.0 175 20.0 225 25.0
A3 (8] [min]
BNEE
TS [EZFF RG] (8] FER [ AMEER | EdES FEZE
min mAU*min mAU % % n.a.
1 13113 3.567 9131 115 761 na
2 22 887 82.397 110.897 95.85 92.39 na 4
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For comparison of Chinese and English of the HPLC data table.

=) 5 ‘ E=n = A= =N
Fe | A | R R R o B W & | X | s | FEaE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) (%) (%) n.a
~N
NS
N (0]
. _Me
MeO
3b
HNJ%WMﬂﬁWMI DUI JIA YANG JI RAC UV_VIS_1WVL:254 nm Y
11-18.753
1004
804
=) 12-28.367
£ 60
§ 40
2
204
0 J'LI\__A_\ /\ 1 _— 1 :
-20_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0
B4 8 [min]
AHER
S [E27r RE AT 8] IEETI [ TAX IFE R HATIES EZE
min mAU*min mAU % % n.a.
1 18.753 57.341 103.907 49.98 60.94 n.a.
2 28.367 57.386 66.597 50.02 39.06 na. 4
'dm_iZM&&%#ﬂ¥ﬂﬂﬁ] DUI JIAYANGJI UV_VIS_1WVL:254 nm Y
400 |2-28.337
300+
=)
<T
E
% 200
2
1004
11-18.687
0 /\ 1 . L ]
50_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 300 350 40.0]
N B I8 [min]
BHGER _
B3 [EE TRERRT @] EER 3= AAEER | BNEs | FmE |
min mAU*min mAU % % n.a.
1 18.687 1772 2139 3.21 522 na.
2 28.337 355.032 388.501 96.79 94.78 na. 4
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For comparison of Chinese and English of the HPLC data table.

= , 2 2 =)
Fe | A | R R R o B W & | X | s | FEaE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) (%) (%) n.a
X
7 N
N (0]
. _Me
®
=
Me™
3¢
'3m_imw64mﬂ¥mmﬁ1 RAC UV_VIS_1WVL:254 nm Y
250 1-13.000
2001
=) 2-19.923
£ 150 |
5 1001
2
501
0.—N~_.\_LJ_ T 1 T
'50_1 T T T — T T T T T T T T T T T T T 1
0.0 50 100 15.0 20.0 25.0 30.0 35.0 40.0
A3 i8] [min)
MHER
TS [EE2Fr TRERHT 8] EED (35 TR IEETR HATES FRE
min mAU*min mAU % % n.a.
1 13.000 92.054 247 047 49.32 61.14 na.
2 19.923 94.583 156.988 50.68 38.86 na.
y 180- 7 2019-6-20 #4 [F zhil 73] CHIRAL DUIJIAJI UV_VIS_1WVL:254 nm
1 2 -19.927
150
1254
2 100
i
§ 75]
2 ]
50:
251
\1-13.003
0] A&’\\J\_ VAN AN | |
-203L - - : ——————— - T ]
0.0 5.0 10.0 15.0 20.0 25.0 300 35.0 40.0
B3 8 [min]
VAR L
B2 [E=2Fr BT 8] FE D EFs TANEER | BiEs | BeE |
min mAU*min mAU % % n.a.
1 13.003 3.280 8.831 3.08 193 na.
2 19.927 103.207 170.194 96.92 95.07 na. 4
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For comparison of Chinese and English of the HPLC data table.

ARSI e/ I =< T S TIPS =i O S Dl T TI W DT ) = A = b =4
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
N
NS
N (0]
. _Me
Ph
3d
140+ 7 2019-6-21#2 [F zhil 4 PH-RAC UV_VIS_1WVL:254 nm
120: 11-18.583
12 -20.653
100
= 80
<C
E
% 60
2 0]
204
0] I P /L I J -
-20-I T T T T T T T 1
0.0 50 10.0 15.0 200 250 300 350 400
B3 i [min)
F VAR L _
TS [E&wr R EB AT (8] 3 FS TAAT IEE D TR IES FRE
min mAU*min mAU % % n.a.
1 18 583 67518 120 651 4989 52.80 na
2 20653 67.829 107.843 5011 47.20 na
350~ 7 2019-6-25 #2 [F 2hi 73] PH- UV_VIS_1WVL:254 nm
4 1-18.690
300
250
= 200
=
£
g 150:
2 100
50
] 2-20723
e A 1 . T
507 ; ; ; — : ; : —
50 100 15.0 20.0 25.0 30.0 350 400
h B3 i [min]
l\ﬁ\%%
TFS [EEF R EGHT [B] 3 IZ= TR IFETD HAES ERE
min mAU*min mAU % % n.a.
1 18.690 178.910 312.766 98.30 9843 na
2 20723 3.088 4.986 1.70 1,57 na
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For comparison of Chinese and English of the HPLC data table.

= 5 - - - e
(ARSI e/ I =< T S TR A N =S =i O S Dl T T W DT = A = b =4
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) (%) (%) n.a
~N
N
N (o]
. _Me
Br
3e
60.0 7 2019-6-20 #2 [F 2hi0 53] RAC BR UV_VIS_1WVL:254 nm
T \1-18.357
50,0
] 2-22.110
400
=) ]
E 300-
s ]
5 |
S 20.04
= B
=
1004
0.0] :
-100 r T T T T T T T T 1
0.0 50 100 15.0 20.0 250 300 350 400
B3 i8] [min]
v
G AEES: R e8] 8] IFED (3= TARTIEETY T IES HRE
min mAU*min mAU % % n.a
1 18.357 30.299 56.963 49.47 54.98 na.
2 22110 30.946 46.645 50.53 45.02 n.a.
500- 7 2019-6-20 #3 [F 2hi0 73] CHIRAL BR UV_VIS_1WVL:254 nm
|2-22.053
400
- 3001
=
£
S 200
2
=]
<
100
11-18.370
0 I I
-SOI — T T T T T T — T T T T —T T T l
00 50 10.0 15.0 200 250 30.0 350 40.0
B3 i8] [mir]
VAL
= [E=2Fr R EB BT [E] IEETY [E3 TR EE R T ES FEZE |
min mAU*min mAU % % n.a.
1 18.370 8.838 17187 2.80 3.69 na.
2 22.053 307.134 448139 97.20 96.31 na 4

S

148




For comparison of Chinese and English of the HPLC data table.

=] 5 X => =» 3 OB
ARSI e/ I =< T S TIPS =i O S Dl T TI W DT ) = A = b =4
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
~N
S
N (o)
. _Me
Cl
3f
r 300+ 7 2019-7-2#7 (F 2hi1 4 4-CLRAC UV_VIS_1WVL:254 nm Y
2504 1-16.050
2001 12-19.927
5
£ 150
§ 100
2
50
04 L T T
-SO_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 300 350 400
N A3 I8l [min]
v L
S [E2Fr R BT 8] IEETD [:33 A I 72 A ES ERE
min mAU*min mAU % % n.a.
1 16.050 113.361 243753 4915 55.06 na
2 19.927 117.290 198.933 50.85 44.94 na
4 50.0- 17 2019-7-3#2 F 2hi1 5] DUILVC UV_VIS_1 WVL:254 nm
2 - 19.863
40.0-
= 30.0-
<
E
% 20.0-
N
10.0
1-16.023
00 — A /\J ,
'5»0,.'.'. T T — T T T T T T T 1
0.0 5.0 10.0 15.0 200 250 300 350 40.0]
B3 i8] [min]
BHPGR —
BT [EZTr R EB AT [E] FEETI 3= TR EE D TR IES FRE |
min mAU*min mAU % % n.a.
1 16.023 1412 3.108 522 663 na
2 19.863 25630 43.800 94.78 93.37 na
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For comparison of Chinese and English of the HPLC data table.

=] 5 X => =» 3 OB
ARSI e/ I =< T S TIPS =i O S Dl T TI W DT ) = A = b =4
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
N
N
N (o)
F . _Me
3g
r 80.0- 7 2019-6-28 #2 [F 2hi0 ) 3-FRAC UV_VIS_1WVL:254 nm
1-13.143
70.0
60.0
50.0
? |2-21.680
§.400—
§ 30.0
2
20.0
10.0
0.0
100 f T T T T T T T 1
0.0 5.0 10.0 15.0 200 250 30.0 35.0 400
A A4 8 [min]
VAN L
B2 [EE [ &8 B [8] IFHER 633 TAAEER TR IES ERE
min mAU*min mAU % % n.a.
1 13143 26179 71264 4939 62.71 na
2 21.680 26.831 42378 50.61 37.29 na
¥ 00 2201973 #31 [F A 3FC UV_ViS_1WVL254 nm
12-21.937
175]
150
1251
=)
B
= 100
§ 751
2
507
25 11-13.280
0 M 1 r
420_I T T T T T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0
N A4 8 [min]
BPBR —
TS [E2Fr R 2 A 8] IFED [ TAAT IEE IR TAMIES ERE
min mAU*min mAU % % n.a.
1 ‘ 13.280 6.354 17.393 495 3.66 na
2 21.937 121.896 183.550 95.05 9134 na 4
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For comparison of Chinese and English of the HPLC data table.

=] [5 i =n = X O Bl
g | e & | DR B A | e o A | g | AH U MU | REARE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
~N
S
N 0]
MeO . _Me
3h
r 160_52019-6-23#4 [F zhi 53] 3-JIA YANG JIRAC UV_VIS_1 WVL:254 nm
1 1-16.100
140
120
100
5 ]
<
% 50
= |2-32.470
2 60]
2
404
20
N 'V GO N U A |
20:I T T T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
N A4 8 [minl
l\ﬁ\gi —— ——
%S B2 TREGET 8] IFE [ TAX IFE D AT ES FRE |
min mAU*min mAU % % n.a.
1 16.100 67.667 141512 49.86 67.64 na.
2 32.470 68.044 67.708 50.14 32.36 na.
r 800_52019-6-29#2[?%%%‘] 3-JIA YAMG JI UV_VIS_1WVL:254 nm
12-31.977
700
6004
500
5
<<
% 400
§ 300
=
200
11-16.180
100
0 PN N K /\ 1 |
T T
-100_|v T T T T T T T — T T T T T T LA 1
0.0 5.0 10.0 15.0 20.0 250 300 350 40.0
B3 i8] [min]
BNGR
TS [EZFF TREGHT 8] IFED (3= TAAT IEE TR HAES FRE Y
min mAU*min mAU % % n.a.
1 16.180 52423 110.051 514 1343 na
2 31.977 966.547 709.645 9486 86.57 na
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For comparison of Chinese and English of the HPLC data table.

= 5 N — —~ =
ARSI e/ I =< T S TIPS =i O S Dl T TI W DT ) = A = b =4
R (min) (mAU*min) | (mAU) | 1 (%) (%) n.a.
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a.
N
S
N o
Cl . _Me
3i
3500+ 7 2019-6-6 #3 [F zh#1 53 LVBEN UV_VIS_1WVL:254 nm
] 1-12.540
3000
25007
= 20004 2-21.617
=T
E
@ 4
£ 15001
2 1000]
500
0 : T
4500:|v---|v"v| ----- T T T T T T T T T T T
0.0 5.0 10.0 15.0 20.0 250 300 35.0 40.0)
‘ B3 i8] [min]
MNER
= [E&Fk TREZET ] FEETR 3= {3 7l HATIES FRE
min mAU*min mAU % % n.a.
1 12,540 1685.140 3043222 4965 6040 na
2 21.617 1708.968 1995.498 50.35 39.60 na.
700- 3 2020-8-14 27 [F 2h0 5 ar UV_VIS_1WVL:254 nm
600 12 -21.420
500
|5 400
=
2 300
:Eﬂ
2
2 200
1004
|1-12563 J
0 N ANEIVAN -
-100%; =T T T L T T T 1
0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 40.0
& 18] [minl
favor
= [FEHEF I &L F = TEATUEEIL | A Hm i
min mAU*min mAU % % n.a.
1 | 12.563 19.989 54.333 440 8.65 | na
Y] 21420 434003 573.768 9560 91.35 na 4
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For comparison of Chinese and English of the HPLC data table.

= = N ~ —~ =)
Fes |0 4 | OR B E) | UE T AR 0E & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
700 2.2019-7-2 #5 [F 2hi53] 3-JIAN JIA JIRAC UV_VIS_1WVL:254 nm
600 1-11.010
500
5 400
=T
E
= |2 -20.040
£ 3001
= 200
100
04 M T ) |
-100 T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
h A3 i8] [min]
BHGR
TS [IE=ZFF TRERHT (8] EER (6353 AT EE TR T IES ERE
min mAU*min mAU % % n.a.
1 11.010 202.647 599.964 50.59 65.12 na
2 20.040 197.960 321.291 49.41 34.88 na.
r 29,03 2019-7-3#4 Fahing) JIAN JIAJIC UV_VIS_1WVL:254 nm Y
20.0 12-20.013
1757
15.0
2 125
E
[
£ 10.07
=
§ 7.59
5.0
2.5 11-11.017 ‘J
0.0 —N'\JLA_J\_/L_».J.[\L :
20 r T T T T T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 400
A A4 8 [min]
l\ﬁ%*
TS |EETr R &8 BT I8 IEE TR 33 TR IF 12 T ES EFRE
min mAU*min mAU % % n.a.
1 11.017 0.565 1.813 467 8.61 na.
2 20.013 11.547 19.249 95.33 91.39 na.
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For comparison of Chinese and English of the HPLC data table.

= = N ~ ~ =
g | e & | DR B A | e o A | g | AH U MU | REARE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
N
NS
N (0]
F . _Me
F
3k
r 900_52019.7.9#17[%1;1%1 3.4-2F-RAC UV_VIS_1WVL:254 nm Y
750
625
2 500
£
3
5 375]
2
&
250
125
11-11.37013.207
] Ak, ,..J LA
0 T
'100_|v"v|v|v'| — T T T T T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 300 350 40.0
A3 i8] [min]
BHGR _
FS [E2Tr K ES AT 8] IFHED IFS TAA FET TR IES ERE
min mAU*min mAU % % n.a.
1 11.270 12507 38.747 4994 5476 na
2 13.207 12535 32.011 50.06 4524 na._ 4
r 1400_‘512019-7-12#10#%%!&5:‘] 3.4-2F-C UV_VIS_1WVL:254 nm Y
1200 1-11.093
1000
5 800
<
E
L
2 6007
2
2
2 400
200+
12-13.107
04 e
-200_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
A4 8 [min]
BDER _ —
S [EETr % E5 B 18] IFE™ [£35] AR IFER HATES FRE |
min mAU*min mAU % % n.a.
1 11.093 403.015 1159.067 9518 96.24 na.
2 13.107 20.390 45.330 4.82 3.76 n.a.
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For comparison of Chinese and English of the HPLC data table.

=] [5 i =n = X O Bl
g | e & | DR B A | e o A | g | AH U MU | REARE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
~N
N
N (0]
. _Me
OMe
31
700+ 17 2019-6-28 #1 F 2hi1 73 2-JIAYANGJI RAC UV_VIS_1WVL:254 nm
’ 1-12.533
60.0
2 - 14.000
50.0
= 40.0
2
£
g 30.0
2 200]
10.0
0.0
00— L e e e e e T — T T T— T T T T T T T T T ™
0.0 5.0 10.0 15.0 200 250 300 350 400
h B3 i8] [min]
RNER
S (B2 TRERET [B] IETE R [ A IEER | BEs | FRE
min mAU*min mAU % % n.a
1 12533 21562 66.223 4991 5376 na
2 14.000 21.636 56.955 50.09 46.24 na.
r 1404 17 2019-7-3#6 F Ehil 4 LIN JIA YANG JI C UV_VIS_1WVL:254 nm Y
12.04 1-11.727
10.0
5 8.0
E 12-13.207
% 6.0
2 40l
2.0
0.0 LR
'2'0|'rv-|--v-| -------------------------
0.0 5.0 10.0 15.0 20.0 250 300 350 400
a A4 8 [min]
BRGR _ _
T3 &% TREBHT 8] IFHE [ TAXT IEER HATIES ERE Y
min mAU*min mAU % % n.a.
1 11.727 3880 11763 5917 62.16 na.
2 13.207 2677 7.160 40.83 37.84 na.
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For comparison of Chinese and English of the HPLC data table.

- " N - — e
Fe | A | R R R o B W & | X | s | FEaE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) (%) (%) n.a
N
N
N (o)
X _Me
3m
7 200 2.2019-6-21 #4 [F FHRA) 2NAI-RAC OV ViS_1WWL254 nm
1-21.753
250
2001
=) 2-34.697
E 1504
3
g
S 100
2
501
0: 4}&‘\1_&_/‘ 1 . 1 "
-50-I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 300 35.0 40.0
N B4 8 [min]
BHGER _ _
BE [EEFF R E8 B[] IFER s TAMEER | mdEs | oz |
min mAU*min mAU % % n.a.
1 21753 186.072 279.636 50.63 62.71 na.
2 34.697 181.471 166.316 49.37 37.29 na 4
7 500 3.2019-6-26 #2 [F RS 2-NAI OV Vis_1WVL254 nm
2007 12-34.763
175
1504
3 125]
E
£ 100
8
g
3 759
2 759
50
257
] 1-21.897
: Y N .
0 L T L T
-20_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
N A3 i8] [min]
l\ﬁJ\g
B B BT (8] EET (3 TANEAR | AaEs | FmE |
min mAU*min mAU % % n.a.
1 21.897 11.553 14,509 5.08 6.4 na.
2 34.763 215.914 197.757 94.92 93.16 na.
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For comparison of Chinese and English of the HPLC data table.

Fe o | A | B R R W m B W & | X | s | B E
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
AN
N
N (0]
fo) ::: /1Q\\ Me
(o)
3n
¥ 002 2019-6-28 8 [F 2L LIANG GE YANG RAC UV_VIS_1WVL:254 nm Y
250
200
5
£ 150
S 100 [1-14217
2
50 \—\ 12-25.617
0_____JAAﬁ\_,JJ I | T
—50_I T T T T T T T 1
0.0 50 100 15.0 20.0 25.0 30.0 35.0 40.0
B3 i8] [min]
VAL
TS [FEZF % &8 A [8] EFED (3= FA T I H 2 HATIES FRE |
min mAU*min mAU % % n.a.
1 14217 37.384 89.348 29,54 65.10 na.
25 617 38.073 47.895 50.46 34.90 n.a.
r 200+ 7 2019-6-26 #6 [F 2hi1 43 LIANG GE YANG UV_VIS_1WVL:254 nm Y
2501
2001
- 12-25.693
2
E 150
£ 100]
2
501
L 1-14243
09 T T
—so_l T T T T T T T 1
0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 40.0
N B3 i8] [min)
l\ﬁ%*
TS [E2r % &8 A 8] IFEY (3= TAXT IEE 2 HTIES FRE |
min mAU*min mAU % % n.a.
1 14.243 8.006 18.852 547 10.06 na.
2 25.693 138.386 168.596 94.53 89.94 na. 4
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For comparison of Chinese and English of the HPLC data table.

= = N - - =)
Fes |0 4 | OR B E) | UE T AR 0E & | MW R | AEXIES | BEAE
K (min) (mAU*min) | (mAU) | 1 (%) (%) n.a.
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a.
N
N o
S . _Me
3o
¥ 550 2 2019-6-28#3 (F IHiRF) SAI FEN RAC UV_VIS_1WWL:254 nm )
5004 2-12280
{3-14.467
400
Z-isomer .
- \ Z-isomer
£ 3004 /
g
g
€ 200-
=
<
1004 £eomer \ 1-1042 E-isomer
AN
0- — =
.50 r T T T T T
00 50 100 15.0 200 250 264
[ 84 & [min)
BHGE
TS RER fREaed (o] FmE EE EiEmeE | Adks [ HEE Y
min mAU min mAU % % na
1 10.823 87.884 80.601 2044 8.10 na.
2 12.280 169.397 493510 39.39 43.58 na
3 14 467 169.555 411.870 3943 4138 na
d 16.150 3472 9.381 0.74 0.94 na. 4
4 450 7 2019-6-29 #5 [F 2D TH SAl FEN UV_VIS_1 WVL 254 nm
4004 13+ 14.850
Z-isomer
300-
2 /
E
£ 200
é Z-isomer
2
M
100 E-isomer
E-isomer
1-%0.8%0
0__"‘1_&; |/ T: v:stTIJ:r‘“s,-
-50 T T T T T T T
00 50 100 150 200 250 300 350 400
[ Ed 8 (min}
B
BE|EER RE 8 IEETE %3 HHEEDR | EAES | Ham |
min mALU*min mAU % % na
1 10890 39.126 34177 1854 7.66 na
2 12.383 2745 8.6844 1.30 1.98 na.
3 14.550 167.268 398.247 79.26 89.29 na
g 16.267 1.903 4756 0.90 1.07 na
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For comparison of Chinese and English of the HPLC data table.

= O 7~ i T O TR 2 N = £ < T D 2= 7
R (min) (mAU*min) | (mAU) | 1 (%) (%) n.a.
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a.
N
NS
N o
. _Me
X
7
N 3p
4 900_52019-7-2#3#&3#,'15:‘] BI DING RAC UV_VIS_1WVL:254 nm
7504
6254
g 5004
E
E 375
e
2504
1254
11-24.500 12-28.810
o : T I T
100-| —t + r T 1 T T r | T T T T [ T r T T [ T T Tt Tt [ T T T T T T T T T
0.0 50 10.0 15.0 200 250 300 350 40.0
N B3 8 [min]
BHGLR _
TS B2 R EG BT [B] EFER (=S TAXIEER | 1A ES ERE Y
min mAU*min mAU % % n.a.
1 24500 14.436 17.646 4942 53.19 na.
2 28.810 14.776 16.530 50.58 46.81 na 4
7 5.0 2201973 %8 F ENHRA) BIDING C OV _Vis_1 W24 nm
2-28.777
20.0
15.04
5
e
E
% 10.04
2
5.0
' h h ﬂ N 1-24.793
0.0 | ! | ! /\__
'5'0|v'|v||v-v--v--v---n--nr-v--n--n--vlv-v
0.0 50 10.0 15.0 200 250 30.0 350 40.0
A B3 {8 [min)
BHHR
"S [EZEr RS ] FER (3= AXNEER | BEAES FRE
min mAU*min mAU % % n.a.
1 24793 0.606 0.771 2.79 3.30 na.
28777 21.151 22.566 97.21 96.70 na 4
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For comparison of Chinese and English of the HPLC data table.

= 5 N ~ ~ =)
g | e & | DR B A | e o A | g | AH U MU | REARE
/_, . .
R (min) (mAU*min) | (mAU) | R (%) (%) n.a.
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a.
¥ 2019826 #13 (F 1h#R T TS-RAC UV_VIS_1 WVL:254 nm
R -17.087
5004
4004
Z-isomer
=
E 3004
g 2004 PR /Z-isomer
E-isomer
100 ///
Q19,613
0 - | —_—
-100- Y T T v T T
0.0 100 200 300 40.0 50.0 60.0
A B4 A [mini
BOGR
'E%‘Im TR ERHT 15) B [ ] ] HRm | FoE |
min mAU min mAU % % n.a.
1 7057 30.289 153.497 387 1658 na
2 17.087 323.882 539.454 4142 58.27 n.a.
3 19613 108.117 66.627 1383 720 na
¢ 36.947 319574 166.222 40.87 17.95 na.
¥ 0.0 1.2019:8-26 15 [F ZHR ] TS-C UV_VIS_1 WVL 254 nm
1 2-18207
75.0+
: Z-isomer
6251 //,/’
%'500-
E k14 55
2 ]
2507
1 E-isomer Ei Z-isomer
1254 ﬁyé isomer
1 J 3- y’{ (&-38 7/
0.0- . —
100 - ; ;
0.0 10.0 20.0 30.0 400 50.0 60.0
N 3 &8 [minl
BAER
ﬁv‘%—[ﬂ_ﬁ? R ] [EEL [F AR m 1 3 =3
min mAUmin mAU % % na.
1 6793 131 9547 198 964 na
2 18.207 47.982 79.672 72.38 80.47 na
3 20723 8018 4870 12.09 492 na
é 38.760 8984 4918 1355 497 na 4
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For comparison of Chinese and English of the HPLC data table.

ARSI e/ I =< T S TIPS =i O S Dl T TI W DT ) = A = b =4
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
~N
S
Br N (0]
. _Me
3r
r 450+ 7 2019-7-11#3 (F 5h10 ) 7-KL-RAC UV_VIS_1WVL:254 nm Y
1-8.870
400
3004 2-11.797
5
=T
=
% 200
2
100+
o4 MhA IJ - J .
-SU-I T T T T T T T T T T T T T T r T T 1
0.0 5.0 10.0 15.0 200 25.0 300 350 40,0
A 8 [min]
AR
3 [EEZ &8 BT [8] FETI [E3=3 TAX FE N AT IES FRE
min mAU*min mAU % % n.a.
1 8.870 106.274 418.849 4945 5851 na
2 11.797 108.631 296.987 50.55 4149 n.a.
180+ 7 2019-7-11 #9 [F i) 7-BR-KL-C UV_VIS_1WVL:254 nm
71 2 -11.840
150
125
2 100]
Elaad
ER
50:
25]
4q |1-8.800
05 I OV | W AN .
20:I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 300 350 400
h B3 i8] [min]
MHER
AEES [ &5 B [8] EED [E3=5 A FETD TR IES FRE
min mAU*min mAU % % n.a.
1 8.900 3.392 13.334 531 7.28 n.a.
2 11.840 60.479 169.707 94.69 92.72 na.
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For comparison of Chinese and English of the HPLC data table.

Fes |0 4 | OR B E) | UE T AR 0E & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
N
NS
Cl N (0]
. _Me
3s
v w00 7 2019-7-9 #4 [(F 2 H) 7-CL-KL-RAC UV_VIS_1WVL:254 nm \
1-8.373
500-]
4004 2-11.307
5
£ 3004
5 200]
=
100
04 A VAN : | J :
-100_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
N A% 8] [min 4
BPBR —
FS [BE/% e BT (8] FER 3= EXNEER | BANES FRE Y
min mAU*min mAU % % n.a.
1 8.373 129.534 554861 4953 58.93 na.
2 11.307 131.967 386.730 50.47 41.07 na.
d 350- 7 2019-7-9 #9 [F zhil ) 7-CLKL-C UV_VIS_1WVL:254 nm
12-11.330
300
250
5 200
=z
E
% 150
£ 100
501
|1-8.403
04 L T T
-so_l T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 140 151
N A3 i8] [min]
ANGR
TS [EEwr R ES AT ] IFTE 2 3= HHEER | HAES FRE
min mAU*min mAU % % n.a.
1 8.403 5162 22472 447 6.41 na.
2 11.330 110.288 328.047 95.53 93.59 na.
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For comparison of Chinese and English of the HPLC data table.

=] ¥ h=n h=n > E=A
ARSI e/ I =< T S TIPS =i O S Dl T TI W DT ) = A = b =4
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
X
AN N,
MeO N (0]
. _Me
®
=
3t
r 55.0+ 17 2019-8-23 #3 [F 0104 23-RAC UV_VIS_1WVL:254 nm Y
50,0: 1-15.077
40.0-
s
E 30.0 |2-23.583
5 2004
Ee
10.0
0,0: _J/A)\ka,_/\._ I | 1 —
-50 .l T T T T T T T 1
0.0 5.0 100 15.0 20.0 250 300 35.0 40.0
A3 i8] [min]
MR
FS [EEr R E8 BT (8] IFHER (63 TR IEE TR THATIES FRE
min mAU*min mAU % % n.a.
1 15.077 23195 48.760 50.21 62.62 na
2 23.583 22997 29.106 49.79 37.38 na. 4
4 700- 7 2019-8-23 #15 [(F zh#0 53] 23-C UV_VIS_1WVL:254 nm Y
600 2-22.637
500
5 400
2
£
g 300
2 200]
11-14.3993
100
04 /\_ L i
T
-100_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 300 350 400
A B4 8 [min]
BPAR —
B= [EZFF R E5 BT (8] IFE 3= TART IEE R THATIES FRE
min mAU*min mAU % % n.a.
1 14993 49152 109.871 6.35 1611 na
22637 725.133 572.201 93.65 83.89 na.
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For comparison of Chinese and English of the HPLC data table.

= o N — - oy
g | e & | DR B A | e o A | g | AH U MU | REARE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
Br.
N
NS
N o
. _Me
3u
7 00 2201979 %6 [F DR 6-BRKL-RAC UV_VIS_1WVL254 nm
1-11.473
7504
6254
g 5004 2-17.143
E
§ 3754
g
2
2504
125
o] e N I ; | ]
100-I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
N A3 8 [min]
BHEE
T3 [E2Tr % B8 A [8] EER 3= A FE R A ES FRE
min mAU*min mAU % % n.a.
1 11473 281.062 807.790 49.46 61.91 na.
2 17.143 287236 496.992 50.54 38.09 na 4
r3m_5qugmﬂ¥mﬂﬁl 6-BR-KL-C UV_VIS_1WVL:254 nm Y
2504 \2-17.200
200
2
£ 1504
H
&
o
S 100
=S
50
11-11.493
04 1 I 1 |
-50_1 T T T T T T T T T 1
0.0 25 50 75 10.0 12.5 15.0 17.5 200 225 25.0
N 84 8 [min]
Bng _
TS [E=Fr TREBHET [E] IEED (L35 THRTIEE 7Y T ES FRE |
min mAU*min mAU % % n.a.
1 11493 5698 16.939 108 648 na
2 17.200 134.130 244 571 95.92 93 52 na .
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For comparison of Chinese and English of the HPLC data table.

= 5 N — — =
g | e & | DR B A | e o A | g | AH U MU | REARE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
Me
~N
\§
N o
. _Me
3v
140- 7 2019-7-9#5 (F hil 53 4-ME-KL-RAC UV_VIS_1WVL:254 nm
1-14.413
120
100
|2-19.350
= 804
<
E
@
2 60
K
2 0]
204
0._/1‘\'\«—«/\_/‘/ —
'20_|'|'v|'|vv| T — T T T T T T —T T T T T T T T T
0.0 50 10.0 15.0 200 250 30.0 35.0 40.0
h B3 i8] [min]
ANER
G EES TREZHT ] 3 (3= AAEAER | BiEs | FRE Y
min mAU*min mAU % % n.a.
1 14413 53714 122526 4992 57.45 na
2 19.350 53.876 90.731 50.08 4255 na
v 600_32019.7.9;;10[532&}]1253\1 4-ME-KL-C UV_VIS_1WVL:254 nm
q 2-19.393
50.0
40.0]
5 1
£ 300-
g ]
5 200
2 |
=
100
—”A_AJ/\ |1-14.463
0.0 L T L T
-10'0-| T T T T T T T T T 1
0.0 25 5.0 75 100 125 15.0 175 20.0 225 25.0
A A3 i8] [min]
VXL )
= |EEFr e BT |8 FEE R Fs TR [F IR A ES FRE
min mAU*min mAU % % n.a.
1 | 14.463 1345 3174 410 565 na
2 19.393 31.504 52.969 95.90 94.35 na 4
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For comparison of Chinese and English of the HPLC data table.

= = N ~ ~ v o=
Fro | W A | REE R | B g m | XU | A | MR E
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a.
NO, 'Pr
~N
\§
N 0]
. _Me
3w
2700+ 7 2019-7-11 #4 [F 2hi2 53] 8-KL-RAC UV_VIS_1WVL:254 nm
1-18.813
600
500
|12 -24.957
= 4004
<€
=
3
2 300
2
2 200]
1004
0 ! .
100 T T T T T T T 1
0.0 5.0 10.0 15.0 200 25.0 300 350 40.0)
A B3 {8 [mir]
BHGLR
7S [EEEr R EGHT [a] FER (3= AREER | AdlEs | FmE
min mAU*min mAU % % n.a.
1 18.813 375.763 609.378 50.03 59.66 na.
2 24.957 375.297 412.077 49.97 40.34 n.a.
r 70,04, 2.2019-7-11#10 F 31053 8-KL-C UV_VIS_1WVL:254 nm Y
60.0: 1-18.933
50.01
5 40.04
<
E
g 300]
g 4
2 200]
10.0]
: |12 -25.337
0.0 L .
-10.0 r T T T T T T T 1
0.0 5.0 10.0 15.0 200 250 300 350 400
R B3 i8] [min]
BHHE
B E2 F g BT (8] EFER 4= TR [F T2 A IES FRE
min mAU*min mAU % % n.a.
1 18.933 35.666 58.391 94.44 95.89 na.
2 25.337 2102 2.505 5.56 411 n.a.
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For comparison of Chinese and English of the HPLC data table.

= 5 N 44 - v o =
g | e & | DR B A | e o A | g | AH U MU | REARE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
S
N Me
\§
N (o)
. _Me
3x
4 5004 13 2019-8-23 #5 [F zh#l 53] 22-RAC UV_VIS_1WVL:254 nm
70.0 11-20.223
60.0
12-27.230
50.0
=)
<
%4om
§ 30.0
2
20.0
10.0
0.0
-100 r T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 300 35.0 40.0
BomR
TS [EEFr % &8 A [8] IFED [E3= TR IEE TR T IES FRE
min mAU*min mAU % % n.a.
1 20.223 50.319 68.839 4975 5550 na
2 27.230 50.824 55.205 50.25 44.50 n.a.
'4m 7 2019-8-23#19 (F 2h10 53] 22-C UV_VIS_1WVL:254 nm
12-26.920
350
300
250
5
<
%200-
§ 150
2
100
50 |1-20.090
0 A\JL L 1
T T
.50 r T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
[ A3 i8] [min]
BHGR
= [[B&EFF % &5 AT [8] EETD [ A E E 7Y T ES ERE
min mAU*min mAU % % n.a.
1 ‘ 20.090 26.777 36.149 7.08 899 na.
2 26.920 351613 365.992 92.92 91.01 na 4
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For comparison of Chinese and English of the HPLC data table.

o 5 N - - e
5= = I < L T 2 = IS 7 L VT = RO = T o
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
COOMe
~N
NS
N (0]
X _Me
3y
100.02.2019-8-23 #7 [F A5 25-RAC UV_VIS_1WvL:254 nm Y
v 11-21.153
875
75.0 12-27.777
625
=)
=T
£ 500
5 375
2
25.0]
125
00 L , L ,
-10.0 r T T T T T T T 1
00 50 10.0 15.0 200 250 300 350 40.0
h A3 i8] [min]
BHER
TR EEFr &5 B[] EER [ AAEER | AxEs HRE
min mAU*min mAU % % n.a.
1 21153 66.566 94.017 4987 56.24 na.
2 21777 66.911 73.146 50.13 43.76 n.a.
3m_imw&nm3§mmﬁl 25-C UV_VIS_1WVL:254 nm
3004 12-27.333
2507
5 200
=
£
£ 150
2 100]
11-20.960
507
04 NL L |
T
-50- — T T T T T T T — T —T T T T
0.0 50 10.0 15.0 200 250 300 350 40.0
h B3 8] [min)
BHER
= [E&Fr &5 BT [B] FER (3 AREER | AxEs HRE ¥
min mAU*min mAU % % n.a.
1 20.960 42111 61486 12.70 17.05 na.
2 27.333 289.473 299.117 87.30 82.95 na._ 4
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For comparison of Chinese and English of the HPLC data table.

ARSI e/ I =< T S TIPS =i O S Dl T TI W DT ) = A = b =4
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) (%) (%) n.a
EtOOC\/\/O N
S
N o
. _Me
3z
r 600- 7 2019-9-2 #4 [F 2hil ) 18-RAC UV_VIS_1WVL:254 nm Y
1-9.180
500
400
=)
£ 300
5 200
2
12 -30.843
100
04 T L T
.100<l T T T T T T T T T T T T T T T T r T T T T T T T
0.0 5.0 10.0 15.0 200 25.0 30.0 350 400
A4 8 [min]
MHGHR
ES [EEr TRER AT (@] FHER [ TAAIEERR | A9 ES FRE |
min mAU*min mAU % % n.a.
1 9.180 171.306 510471 5045 80.74 na
2 30.843 168.260 121.797 4955 19.26 na 4
4 500- 7 2019-9-2 #7 (F 2hi1 4 18-C UV_VIS_1WVL:254 nm Y
2-29.830
4001
= 300
<
E
‘g“ 200
§ 11-9.193
100
" T L T
-so_l T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 300 35.0 400
A B3 i8] [min]
AR
TS EEF % 8 B [B] IEER [ A FmE R T IES FRE \
min mAU*min mAU % % n.a.
1 9.193 47.972 149.637 5.09 2465 na.
2 29.890 893.997 457478 94.91 75.35 na. 4
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For comparison of Chinese and English of the HPLC data table.

=] B K =N =N =N
Fes |0 4 | OR B E) | UE T AR 0E & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
3a’
¥ 1200 2.2019-10-19 #2 FF ZHHR5 ) 34-RAC OV_Vis_1WVL254 nm
1-15.400
1000
12-17.537
8004
=)
E 6001
E 400
2
2004
o] /N RV AN\
2OO.I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0
R B4 B [mir]
BNGHE _ _
BS B2 RG] [B] FER 3= HHEER | EHES FRE Y
min mAU*min mAU % % n.a.
1 15.400 473.087 1008.3% 50.01 54.58 na
2 17.537 472 861 839.038 49.99 4542 na
[ 300 3.2019-10-22 24 (F E043) 34-KL-C UV_VIS_1 WVL:254 nm Y
2-16.797
250
200
2
£ 150
5 100
2
504
11-14.9p3
0 N 1 T I} T
-so-l T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0]
h A4 8 [min]
BoHR
TFS [EEFr TREGET 8] IEER (3= A IEER | BAEs ERE
min mAU*min mAU % % n.a.
1 14.903 11.488 25819 7.25 869 na
2 16.797 147.058 274.793 92.75 91.41 na 4
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For comparison of Chinese and English of the HPLC data table.

= P N — — v O =
Fes |0 4 | OR B E) | UE T AR 0E & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
3b’
r 45.0 7 2019-9-3#4 [F EnR 7] 29-RAC UV_VIS_1WVL:254 nm
40.01 1-9.857
30.04
o
2
E |
@ 12-17.237
£ 20.0
@
2 d
o
2
< 4
10.01
0.0 — -
-50 U T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
A B3 {8 (min)
I\ﬁ%% ——
"3 B R ES AT ] IETE R G35 HXEER | HENES FRE
min mAU*min mAU % % n.a.
1 9857 11621 37721 4971 6456 na
2 17.237 11.656 20.706 50.29 35.44 na 4
T 00, 2 2019-0-4 %3 (F T 25-C UV_VIS_1 WVL:254 nm
12-16.970
600
5004
5 400]
<
E
@
£ 300
©
2
g
2 200
1004
11-9.840
04 A2 ! T
-100_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0]
A B3 8 [min]
BRGR
Fs = R &S AT 18] FER 3= AHEER | BxdEs FRE
min mAU*min mAU % % n.a.
1 9.840 2502 10.020 062 156 na
2 16.970 399.375 632,615 9.3 98.44 na 4
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For comparison of Chinese and English of the HPLC data table.

o 5 N - - e
Feig | W 4| OR BT 0E o R\ 0E | AR XS 0ETE | AT | BRARE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
N
NS
Me N (0]
. _Me
3¢’
4 1600- 7 2019-8-26 #2 [(F 5hi0 53 19-RAC UV_VIS_1WVL:254 nm Y
1-9.853
1400
1200
1000
2
-16..
£ a0l 2 220
2 Y]
S
@ -
£ 600
3
<z ]
400
2004
, U
200_I T T T T T T T 1
0.0 5.0 10.0 16.0 200 25.0 300 350 400
A B3 18 [min]
BH&R
BS [EEFr TRERHT [6] IETE TR Fs TR IEER | A e ERE
min mAU*min mAU % % na
1 9.853 419.746 1416.619 5167 6331 na
2 16.220 392.676 821.016 48.33 36.69 n.a.
'1mmimm&mm7ﬁmﬂﬁ] 19-C UV_VIS_1WVL:254 nm
] 2-16.213
8751
750
6257
5
< 4
£ 500
g ]
£
5 3759
o
e ]
250
125]
o l i 4937: /\ ]
100_I T T T T T T T T T 1
0.0 20 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
N B4 i8] [min]
BNGR
TS |lEE B8 ] IFE (35 HAREER | AXES | FmE )
min mAU*min mAU % % n.a.
1 9.877 6.676 24010 150 255 na
2 16.213 439.262 916.292 98.50 97.45 na.
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For comparison of Chinese and English of the HPLC data table.

=) ‘ E=n = A= =N
Fes |0 4 | OR B E) | UE T AR 0E & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
~N
NS
Et N o
. _Me
3d'
r 100,04 2.2019-10-19-1#2 F i) 35-rac-kl UV_ViS_1WVL254 nm
1-9.443
87.5]
75.0
62,51

5

=z

% 50.0 2-16.470

5 375

2

25.0
125
0.0 -
10'O-I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
A4 i8] [min]
BHER _ _
TS [EZF R EB AT (8] EER 3= AXMEER | A ES FRE
min mAU*min mAU % % n.a.

1 9443 24982 89.484 4934 64.95 na.

2 16.470 25144 48299 50.16 35.05 na 4
200+ 7 2019-10-22#5 [F 2hi0 53] 35-KL-C UV_VIS_1WVL:254 nm
1757 12-16.327
150
1257

=)

=

100

5 75

2

50

25]

o A 11-9.347 )

-20 T T T T T v T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 300

h B4 8 [min]

BOEE

TFS [EETR R BT 18] IEE TR 33 AXEER | AN e FRE

min mAU*min mAU % % n.a.
1 9.347 0.611 3.027 0.68 172 na.
2 16.327 89.053 172.865 99.32 98.28 na 4
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For comparison of Chinese and English of the HPLC data table.

= 5 - — - e
ARSI e/ I =< T S TIPS =i O S Dl T TI W DT ) = A = b =4
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
Me
~N
8
Me N (o]
. _Me
3e'
7 0.0 B 2010-10-1#2 FF EHRS) KL-32-RAC OV Vis_1Wi254 nm
1-9.370
50.0
40.0
2
£ 30.049 |12-16.257
@
e
2
S 20.04
o
<
10.0
0.0 I .
-100 f T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 342
A3 i8] [min]
MR
TS [[EE2Fr % £ B [8] FE (35 TAAT IEE D AR ES FRE V
min mAU*min mAU % % n.a.
1 9.370 14339 51541 4999 64.73 na
2 16.257 14.344 28.087 50.01 35.27 na 4
r 180 7 2019-10-1#7 (F 2h#0 5 KL-32-C UV_VIS_1WVL:254 nm
] 2 -16.157
1501
125
2 100]
El
E 751
2
50]
25
0: n I};\-S,EISA | :
-20-I T T T T T 1
0.0 100 20.0 300 40.0 50.0 60.0
h B+ i8] tmin]
MHGER
TFE EEFr ' E5 87 (8] FETR [ TAMEER | BdEs | FaE |
min mAU*min mAU % % n.a
1 9337 0.792 3.609 0.91 211 na
% 16157 85.923 167.572 99.09 97.89 na
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For comparison of Chinese and English of the HPLC data table.

= P N — — oy
Fes |0 4 | OR B E) | UE T AR 0E & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
OBn
N
NS
Me N (o]
. _Me
3f
r 250 1 2019-10-15 #2 [F 2hi0 53 33-KL-RAC UV_VIS_1WVL:254 nm Y
20,0:
] 11-10.850
15.0
-
=
£
g 10.0
2
5.04
0,0:
's’o-lvvv|vv|---|--.-- — T — T T T T T
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.4
B 8 (min)
BHER
TS lEEw =S IFER [ EHEER | BxEs | FeE |
min mAU*min mAU % % n.a.
i 10.850 6.222 18.104 49.64 54.61 na.
2 12.897 6.312 15.047 50.36 45.39 n.a.
" 140 2 2010-10-15#3 F SR 33KL-C UV_VIS_1 WVL:254 nm Y
2-12.890
1204
1004
5 80
<<
£
% 60
¢
2 40
20+
0 | i1-108857
1 e N ! ,
.ZO—I T T T T T T T 1
0.0 20 40 6.0 8.0 10.0 12.0 14.0 16.5
N 4 8 (mirl
BHEE
FSEE/% R T 8] [ E 3 AMEER | BAES ERE Y
min mAU*min mAU % % n.a.
1 10.857 0492 1.600 0.88 122 na.
2 12.890 55.251 129.495 99.12 98.78 na. 4
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For comparison of Chinese and English of the HPLC data table.

= ’ = = =T
Feo |0 4 | OR B E) | UE o AR & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
| N
\ N
N o
X _Me
3g'
" gogq 22019-12-12#2 [F 5 1-RAC UV_VIS_1 WVL:254 nm Y
1-7.713
700
600
5004
g 2-11.713
£ 400 .
% 300
2
200
100
. JL ]
-100-; T T T T T ]
0.0 10.0 20.0 300 400 50.0 543
A i8] [min)
BHER _
FS [BEF% R EFHT Bl IFER 3] EXNEER | AAES ERE
min mAU*min mAU % % n.a.
1 7713 163.125 730670 5186 6364 na
2 11.713 151.421 413806 48.14 36.16 na
r 300 7 2019-12-16 #2 [F En3 5] 1-C UV_VIS_1WVL:254 nm Y
12-11.687
2504
2004
5
£ 1501
5 100
z
504
1-7.723
04 1 1 ;
'50|' T T T T T T T T T T ] T T T T T T T T T T T T T T T T T T T T T T —T T ™
0.0 25 5.0 75 10.0 125 15.0 175 20.0 225 25.0]
" B3 i8] [min]
BHEGHE _
%3S [E&FF R EG AT [B] IETE T (3= TR EE TR T IE S ERE Y
min mAU*min mAU % % n.a.
1 7.723 1.068 5214 1.09 1.92 na.
2 11.687 96.540 265.760 98.91 98.08 na 4
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For comparison of Chinese and English of the HPLC data table.

=} 5 , 2 2 A==
Ei= A A e < 11 - TR 2 O S =" W 1 O 1T DT =R I = %
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) (%) (%) n.a
3h'
7 g00- 2.2019-12-12 23 [F ERA] 2-RAC OV Vis_1 WL 254 nm
700: 1-7.113
600
5001
=) 2-9.810
<<
% 400
£ 300
2
200
100
oJ—— Al
-100-I T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0
- B3 i8 [min]
MG R _
B= [E2r BT (8] IEET 3= TANERR | EdEs | RmE |
min mAU*min mAU % % n.a.
1 7113 142.858 679.021 5139 60.75 na.
9.810 135.112 438.713 48.61 39.25 n.a.
r 120+ 7 2019-12-16 #3 F 5h10 ) 2-C UV_VIS_1WVL:254 nm Y
2 -9.860
100
80+
El
£ 60
5 40l
2
20
1-7.177
o T 1 S -
—20_I T T T T T T T T T 1
0.0 25 5.0 75 10.0 125 15.0 175 20.0 225 25.0
h B4 8 [minl
VL _ _
FS [E2Fr R &5 BT [B] FE [543 AXMEETR | ENES FRE Y
min mAU*min mAU % % n.a.
1 7477 0.350 2169 1.07 1.96 na.
2 9.860 32534 108.465 98.93 98.04 na. 4
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For comparison of Chinese and English of the HPLC data table.

=] B I h=x R=x 3% OBl
Feo |0 4 | OR B E) | UE o AR & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
3i'
r 160+, 2.2019-12-17 #2 F 215 4-RAC UV_VIS_1WVL:254 nm Y
140 1-5.960
1204
100+
g 2 -8.300
£ 20
% 60-
S
40
20
R I
.ZO_I""I" T T LA L A B B R | T T 1
0.0 5.0 10.0 15.0 20.0 25.0 300 35.0 40.0
B3 8] [min]
B4R
TS [BEwr &5 BT [8] [k 3= A EHER A ES FRE
min mAU*min mAU % % n.a.
1 5.960 27.075 138.207 50.61 61.17 na.
2 8.300 26.425 87.722 49.39 38.83 n.a.
4 450- 7 2019-12-20 #2 [(F £hi0 4] 4-C UV_VIS_1WVL:254 nm Y
4001 2-8.230
3001
=)
<<
£
% 200
2
100
1»554?
o2 N
50-! T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 400
B3 i8] [min]
LR
= [[E=F e AT 8] IEEH 33 AN EETR A IES FRE
min mAU*min mAU % % n.a.
1 5.927 0.832 3.860 0.65 1.00 na
2 8.230 126.630 382.383 99.35 99.00 na. 4
S178




For comparison of Chinese and English of the HPLC data table.

=] N - B > =
Feig | W 4| OR B 0E o R | & | AR XS OETE | AT | BRARE
K (min) (mAU*min) | (mAU) | 1 (%) (%) n.a.
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a.
OO0
— N \
L\v/ ~N"No N o
. _Me
3j'
700+ 7 2019-8-17 #5 [F zh#0 4 16 UV_VIS_1WVL:254 nm
] 1-19.680
60.0
500
2-29.837
= 40.04
2 7]
E
% 300
2 200
100
0.0 — 4//
.100 r T T T T T T T 1
0.0 5.0 10.0 15.0 200 25.0 30.0 35.0 400
B3 i8] [min]
BRI — —
TS [BEFk REGRT Al EER 35 HHEER | BHES | FmE )
min mAU*min mAU % % n.a.
1 19.680 46.845 64177 48.97 59.68 na
2 29.837 48.813 43.366 51.03 40.32 na.
[ 0.3 2020-8-13 #3 [ iR 3y UV_VIS_1 WVL254 nm
2004 2.29.417
1754
1504
5 :
2 1253
B
£ 100
g
2 754
=4 -
50
25
1 (1-19.437
04 A L/ S— —
2D‘l ¥ T T T M T L) ¥ v ¥ T 1
0.0 50 100 150 20.0 250 300 350 400
i3 & [minl
BOGR
s [EEF ST ] Em = FA R IREs | FeeE
min mAU min mAU % % na.
1 19.437 9.090 12513 384 6.01 na
4 29417 227717 195.806 96.16 93.99 na
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For comparison of Chinese and English of the HPLC data table.

Feo |0 4 | OR B E) | UE o AR & | MW R | AEXIES | BEAE
s (min) (mAU*min) | (mAU) | #1 (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
cl
cl
N X
GV\/\ m
(o] N o
. _Me
3k’
r 200- 7 2019-12-16 #5 FF zhil 4] 3-RAC UV_VIS_1WVL:254 nm
1-7.253
1751
150
125
g 2-10.89
-10.897
% 100 |
=
§ 751
o
<
50
251
0+ T
—20_| T T T T T T T —
0.0 5.0 10.0 15.0 20.0 25.0 283
B3 i8] [min]
BH&GHR
T3 [EEF & E5 AT (8] EETD (33 AT IE E T2 AxTIES ERE
min mAU*min mAU % % n.a.
1 7.253 46.501 186.992 5149 64.33 na.
2 10.897 43.810 103.671 48.51 35.67 n.a.
1202 2019-12-16 #8 F zhil 5] 3-C UV_VIS_1 WVL:254 nm
2-10.893
100+
80
=)
E 60
§ 40
Es
204
01 T
-20_I T T T T T T T 1
0.0 5.0 10.0 15.0 200 25.0 300 35.0 40.0
h A3 i8] [min]
BHER
TF3S [EZFF * &8 B (8] IEER 33 AR IFE R X ES ERE
min mAU*min mAU % % n.a.
1 7.267 1.285 5018 285 459 na.
2 10.893 43.782 104.336 97.15 95.41 n.a.
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For comparison of Chinese and English of the HPLC data table.

Frio | W A | RE R | o B g m | XS | XS | MR E
R (min) (mAU*min) | (mAU) | 1 (%) (%) n.a.
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a.
o
M )]\/\/
N
N (o]
. _Me
3r
30.0- 7 2019-8-27 #16 F hl 53] 15-RAC UV_VIS_1WVL:254 nm \
25.0: 11-24.793
] 12-27.950
200
2 ]
£ 15.04
s ]
I
S 10.04
2 ]
= 4
50
00— AN J\
4 ! T
5.0 T T T T T T T —
0.0 5.0 10.0 15.0 20.0 25.0 300 349
L B3 i8] [min 4
AR ~ — —
TS [EEF TR ER BT 6] IETE TR (633 TERT 2 T IES ERE
min mAU*min mAU % % n.a.
1 24.793 45214 25.347 48.89 52.34 n.a.
2 27.950 47.276 23.078 51.11 47.66 na. .
1401 3 2020-8-15 26 (T AH) KIS UV_VIS_1WVL:254 nm Y
1201 ';'“‘-7
100 [\
5 80 \
B
2 60]
‘.g
S
2 404
20- \
\
\1-24f67 \
o] M N Y -
207 = T T T T A T T T
0.0 5.0 100 15.0 20.0 250 30.0 35.0 36.7
£ 8 Imini
Bofs
m5s [ER ) EEI0 = AT EEIL | HAEm | FaaE
min mAU*min mAU % % n.a.
1 24 667 10516 7442 415 579 na.
4 27 477 243.105 121.019 95.85 9421 na.__ ,
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For comparison of Chinese and English of the HPLC data table.

Fro | W A | REE R | B g m | XU | A | MR E
R (min) (mAU*min) | (mAU) | 1 (%) (%) n.a.
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a.
Y
—N
N N So
X _Me
3m'
r 80.0 7 2019-12-23 #14 [F 2h10 5] 5-RAC UV_VIS_1WVL:254 nm Y
70.04 1-17.040
600
50.0
=
=
£ 4001
S 300]
é |2 -39.440
20.04
10.04
0.0+ 1 |
-100 r T T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0
h B3 I8 [mir]
BOEE
TF3S [EETr R EB BT 8] EFER 33 AT IEE D T IES ERE
min mAU*min mAU % % n.a.
1 17.040 55732 69.483 5138 74.86 na
2 39.440 52731 23332 4862 2514 na 4
[ 30,03 2020-8-15 £15 FF )33 3N UV_VIS_1WVL254 nm Y
25.0- 2-36793
1 f\
2007
ER
E 15.0-
3 100
=
5.0 \
11 -10.483
N I }
0.0
\ﬂ J\,\_,‘~_f/ \ \ J \ 1/ \‘
N
-50 r T T T T T ™T ¥ T T 1
0o 50 100 150 200 250 300 350 400 450 500
h B3 A [minl 4
BOER
TFS [EEFr REBET | BWR Ea TEATIER IS | TEATIES | e
min mAU men mAl % % n.a
1 16,483 2.748 3547 277 nI7 na
2 36.793 54 855 26573 9523 88.23 na
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For comparison of Chinese and English of the HPLC data table.

Feo |0 4 | OR B E) | UE o AR & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
X
N (o)
Me
(o)
8a
4 70.0_52019.3.22#2 B 214 m-cpba UV_VIS_1WVL:254 nm Y
1 1-13.717
60.0-: 12-15.940
50.0-:
5 4004
2™
é 30.0—:
é 20.0:
1005
005——_______f«Aj\_*_,ﬁ___~__J\ﬁ\J\\\_‘, ! L :
-10'0.l""l""l""l“"l""l —T T T T T T —T —T— T T
0.0 25 50 75 10.0 125 15.0 175 200 225 23.6]
B3 18 [min]
BHELR
HS [EEF F ST [E] FEH 3= AHEER | BEAES FRE Y
min mAU*min mAU % % n.a.
1 3717 27.923 66.411 4977 £3.70 na
2 15.940 28.182 57.266 50.23 46.30 na 4
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r 550- 7 2019-8-22 #4 [F £h30 1) m-cpba-C UV_VIS_1WVL:254 nm
5004 12-15.893
4004
=
‘é 3004
% 2004
Es
100
{\N\ 11-13.677]
04 T L T
—50_I T T T T T 1
0.0 5.0 10.0 15.0 200 250 27.0
A B3 ] [min]
BNER
TS [E=Fr & &5 BT (8] IEET 3= AT EE TR THAIES ERE Y
min mAU*min mAU % % n.a.
1 3677 12313 29815 489 577 na
2 16.893 239.325 487.116 95.11 9423 na 4
For comparison of Chinese and English of the HPLC data table.
Fes |0 4 | OR B E) | UE o AR |0 & | MW R | AEXIES | BEAE
i (min) (mAU*min) (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
X
N (0]
Me
(o)
Ph
8b
1 30.0- 2 2019-9-10 #4 [F =D 73] 4-PH-MCPBA-RAC UV_VIS_1WVL:Z54 nm Y

25.0

20.0

15.0

10.0

Absorbance [mAU]

50

|

|1-26.037

12-31.020

0.0
.SG r T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 300 35.0 40.0
A3 8 [min]
BHER _
TS [EEwr TRERHT 8] EFER 3= ANEER | AAES FRE
min mAU*min mAU % % n.a.
1 26.037 4.941 6.238 50.37 55.73 na.
2 31.020 4.868 4.955 49.63 44.27 n.a.
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" g0.04 3. 2019-9-10 #6 [F EhH 53] 4-PH-MCPBA-C UV_VIS_1WVL254 nm ™
70.0E 12-30.303
60.0
500
>
£ 4004
2 30,0
= ]
20.0—_
100
] 1 -25.947
0.0 - I ! :
.1 00 ~l T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
N A4 i8] [min] 4
BHEE
TS EEFr R BT [E] FER 3= AMEETR | EdEs | FmE
min mAU*min mAU % % n.a.
1 25.947 2.058 2.897 279 403 na
2 30.903 71.616 69.075 97.21 95.97 na
For comparison of Chinese and English of the HPLC data table.
Fes |0 4 | OR B E) | UE o AR |0 & | MW R | AEXIES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
Me
X
N (o)
Me
(o)
8c
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4
45.0

17 2019-9-25 #4 [F 2h30 53]

2-KL-M-CPBA-RAC

UV_VIS_1WVL254 nm

40.04
30.01
3
E
% 20.0
2 |1-16.347
< \2-19.287
10.0
O_O_J L‘J\J\_/\/L L — :
5.0 U T T T T T T T T T 1
0.0 25 5.0 75 10.0 125 15.0 175 200 225 237
\ B4 i min)
BHER
= [EZFR TREGHT 8] FEETR [ AT I [ 72 T S ERE
min mAU*min mAU % % n.a.
1 | 16.347 7.268 14130 1947 5488 na.
2 19.287 7423 1617 5053 4512 na 4
" 0.0 D 2019-0-25 #5 [F %] 2-KL-M-CPBA-C OV_Vis_1Wi254 nm
12-19.253
60.0
50.04
5 40.0
=
E
% 30.01
§ 20.04
10.0
11-16.37]
0.0 I/\ 1 —
-100 r T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 300 35.0 40.0]
N B 8 il
ANGR
S [EEw R B A [B] [y g (3 HHEER | BAES | FRE |
min mAU*min mAU % % n.a.
1 16.370 1.815 3.585 422 541 n.a.
2 19.253 41.167 62703 95.78 9459 na
For comparison of Chinese and English of the HPLC data table.
Feg |0 A | OR B E) | UE o AR |0 & | MW R | AEXES | BEAE
i (min) (mAU*min) (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
X
N (0]
o
4a
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60,0 2.2019-9-11#2 [F 2H153) YIGOUQIAN-RAC UV_VIS_1WvL:254 nm Y
1n-8577
50.04 2-9.157
40.04
=
£ 300
£ 200]
2
10.0
00-—________JA“J\_A,____A‘A, JA,
-10.0 r T T T T T T T T
0.0 20 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0]
B3 i8] [min]
BER
FS B2 R EGET [B] FER 3= AAEER | BAEs | FeE )
min mAU*min mAU % % n.a.
1 8.577 12.196 51.538 49.29 51.89 na.
2 9.157 12.546 47.793 50.71 48.11 n.a.
'Mmimwgmﬁﬁﬂmm YIGOUQIAN-C UV_VIS_1WVL:254 nm
1-8.593
400
3004
2
E
g 2004
2
1004
0.
50‘! T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 26.9]
N A3 i8] [min]
BRGR
" |EEF TREGH] 8] [y g 3= HHEER | BAES FRE
min mAU*min mAU % % n.a.
8.593 101.324 412931 97.62 96.99 na
9.107 2468 12.821 238 3.01 na
For comparison of Chinese and English of the HPLC data table.
Feo |0 4 | OR B E) | UE o AR & | MW R | AEXIES | BEAE
i (min) (mAU*min) (mAU) (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
XN
Pz
N (o)
o
Me
4b
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45.0- 17 2019-9-27 #4 [F zhil 53 YI-9-RAC UV_VIS_1WVL:254 nm
40.04
30.0
=3
<
E
§ 20.04 \1-9.437
2 2-10.413
5
K
=T
10.0
0.0 T
'5'0|v T T T T T — T T —T—T —T T — T T —T—T—
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
A3 {8 [min]
AnEE
TS EZF R E8 AT 18] EE (L3 TAXT IFE T AT IES FRE Y
min mAU*min mAU % % n.a.
1 9.437 5128 19.439 50.60 53.22 n.a.
2 10.413 5.006 17.084 49.40 46.78 n.a.
" s B.2019-9-25#7 [F S YI-9-C UV_VIS_1 WVL:254 nm Y
1-9.493
2001
150
=)
<
£
@
2 100
©
2
5
2
<< 4
50
12-10.430
04 L T
'50'| T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
A3 i8] [min]
BH&GR
B2 [EZF B8 AT [8] IFHED (35 TAAEER A ES ERE
min mAU*min mAU % % n.a.
1 9.493 59.700 215.436 98.15 98.31 n.a.
2 10.430 1.127 3.696 1.85 1.69 n.a.

For comparison of Chinese and English of the HPLC data table.

5= = I < L < TE 2  = IE 7 E TTI = RO = T o

PR (min) (mAU*min) | (mAU) | 1 (%) (%) n.a.
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a.
X
N (o)
Me 2 =
4c
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250- 7 2019-9-19#7 [(F 5h10 4] YI-2-RAC UV_VIS_1WVL:254 nm
200:
1504
2
E
% 1004
E
50
04
>50_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0]
B4 i8] [min]
BHGR
TS [E=Tr F BT [E] FER G35 AHEER | BAES FRE
min mAU*min mAU % % n.a.
1 8.983 1.380 6.304 47.95 49.45 na
2 9673 1.498 6.445 52,05 50.55 na 4
r 2700- 7 2019-9-19#25 [F hil 4 Y1-2-C UV_VIS_1WVL:254 nm Y
2-9.563
600
5004
= 400
T
E
:é; 3004
§ 2004
100+
o] \ \ I[.\? 93:
100_I T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 300 35.0 40.0
h A4 8 [min]
AR
TS [EZFr R EG BT [B] IEER 3= AXEER | B lES FRE
min mAU*min mAU % % n.a.
1 8.987 3.998 15.765 233 254 na
2 9563 167.332 604.813 o7.67 97.46 na
For comparison of Chinese and English of the HPLC data table.
Fg |0 4 | OR B E) | UE o AR 0E & | MW R | AEXES | BEAE
i (min) (mAU*min) | (mAU) | R (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) n.a
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N (0]
\ /
\_s
4d
r 80.0+ 7 2019-10-19 #6 [F Ehi0 4 YI-3-RAC UV_VIS_1WVL:254 nm Y
70.0-] 11-19.923
60.0
50.04
2
£ 4004
£ 3007
2
20.0
10.0
0.0 AN |
-100 r T T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0
B3 8] [min]
BHGR
"= [EEFr R &5 B [8] IETE TR G35 A EER | BHEs | FRE |
min mAU*min mAU % % n.a.
1 19.923 39174 69.612 49.49 52.19 na
2 21477 39.973 63.766 50.51 47.81 na
¢ 140+ 7 2019-10-22 #8 [(F hi 7] YI-3-C UV_VIS_1WVL:254 nm Y
|1-19.753
120+
1004
= 804
2
E
é 60
é 404
204
. W | 2.21.013
1 |
-20-| T T T T T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0
B3 8 [min)
BHGR
FS &% e FER 3= AHEER | BHES FRE Y
min mAU*min mAU % % n.a.
1 19.753 71.830 31127 99.99 100.00 na
2 21013 0.005 0.000 0.01 0.00 na 4
For comparison of Chinese and English of the HPLC data table.
Fes |0 4 | OR B E) | UE T AR & | MW R | AEXES | BEAE
i (min) (mAU*min) (mAU) (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
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| (mAU)

| (%)

| %)

m

s; ; N/\ A
= K/N\/\/\
(o} N7 o
©/:\/
4e
r 60 0_‘5 2019-9-26 #5 [F zh#l 53] YI-6-RAC UV_VIS_1WVL:254 nm Y
50.04
40,0
> ]
£ 30.0-
= |
e 4
I 4
S 20.0-
2 ]
< 4
10,0
0.0
—10'0-1 T T T T T T T T T T T T T T T T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0
B3 i8] [min]
MNER
TS [EER R ES BT (8] IFETI (3= AR FE R TR IES EZE
min mAU*min mAU % % n.a.
1 22657 1.039 1.443 50.46 53.81 na.
2 24.317 1.020 1.239 4954 46.19 na
7 160 2.2019-9-28 #11 (F iR ) Y1-6-C UV_VIS_1WVL:254 nm Y
12-24.000
140+
120
100
=)
=T
E g0
@
2
2
5 60
2
ES
40
20
| 112274
01 f —_
-20-l"'I""I"'I""I""l""l"'l"'|
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
B4 8 [minl
DGR
S |E2Fr % E8 BT [8] EFED [ TAX I THATIES F@RE |
min mAU*min mAU % % n.a.
1 22.743 0.773 1.496 0.68 1.02 n.a.
24.000 112.348 144 514 99.32 98.98 na. 4
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For comparison of Chinese and English of the HPLC data table.

AR/ I =< T S TIR A N<S= TR O 1 DT T DT A =
s (min) (mAU*min) | (mAU) | #1 (%) (%) n.a
Entry | Peak | Retention Peak area Peak Relative Relative Sample
name | time (min) | (mAU*min) height peak area | Peak height | volume
(mAU) | (%) (%) na
" 0
< /
Et/\/
4f
r 12,04 7 2019-10-19 210 [F 2h#0 53] YIJI-RAC UV_VIS_1WVL:254 nm
10.0:
8.0
5 |
£ 6.0
§ 4
§ . 11-25.877
S 4.0 2-29.440
2
20]
o.o-_J“
2'O-I T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0
N B3 I8 [min]
iy _
BE [E=2 % E5 B 8] EED (33 TAATIEETD BT IES EFZE
min mAU*min mAU % % n.a.
1 25877 2.901 4.270 49.91 53.61 n.a.
2 29.440 2912 3.696 50.09 46.39 na.
" 1804, 2.2019-10-17 #10 F E0HR 5] “ UV_VIS_1WVL:254 nm Y
] 1-25.113
150
125
2 100]
£
§ 75
H
2 1
50:
25
2-28.997
0] Mj\\ 1 . Ak
_20:1 T T T T T 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0
B4 8] [min)
BOER _ _
E= [EZF % &8 A (8] IFE S (33 TAX IEE R T IES ERE Y
min mAU*min mAU % % n.a.
1 25113 131.156 166.656 92.50 92.31 n.a.
2 28.997 10.640 13.886 7.50 7.69 na._ 4
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