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1. General methods.

General: '"H NMR, and >C NMR spectra were recorded on Bruker DRX-400 spectrometers.
The chemical shifts for "H NMR were recorded in ppm (3) relative to tetramethylsilane (TMS)
with the solvent resonance employed as the internal standard (CDCl;, d 7.26 ppm). The chemical
shifts for "?C NMR were recorded in ppm downfield using the central peak of deuterochloroform
(77.0 ppm) as the internal standard. Flash column chromatography was performed on silica gel
(200-300 mesh). TLC analysis was performed using glass-backed plates coated with 0.2 mm silica.
After elution, plate was visualized under at 254 nm UV illumination. All commercially available
compounds were used as provided without further purification. The solvents were distilled from
appropriate drying agents prior to use, unless otherwise noted. Cyclic imines 1 were prepared
according to the procedures reported in the literature."!

2. More results on the condition optimization of asymmetric Mannich reaction
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Entry” Acid Solvent  Temp. (°C) Time (h) Yield (%) ee (%)
1 TFA THF 10 22 51 90
2 (+)-CSA THF 10 72 35 96

! (a) S. R. Hanson, L. J. Whalen and C.-H. Wong, Bioorg. Med. Chem., 2006, 14, 8386; (b) Y. Wang, H. Dong, Y.
Zhang and J. Li Journal of Henan University(Natural Science) 2013, 43, 253; (c) Y.-Q. Wang, Y. Zhang, H. Dong,
J. Zhang and J. Zhao, Eur. J. Org. Chem., 2013, 3764.
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3 TsOH THF 10 72 50 95
4 AcOH THF 10 96 0 -

5 TFA Toluene 10 12 99 96
6 (+)-CSA Toluene 10 84 71 94
7 (-)-CSA Toluene 10 96 75 84
8 TFA Toluene 0 24 99 91

The effects of acid were investigated in THF (entries 1-4). In spite of the best ee, the reaction was
slower with (+)-CSA than TFA (entries 1vs 2). However, in optimized solvent (Toluene) TFA
afforded the better reactivities and enantioselectivities than CSA (entries 5-7). While temperature
was decreased to 0°C, a slightly lower ee values was obtained (entry 8).

3. Procedure and data of asymmetric Mannich reaction

Typical procedure: To the mixture of quinine-NH, C-4 (0.015 mmol, 10 mol%) and cyclic
imine 1 (0.15 mmol) in toluene (1.45 mL) was added the solution of TFA (0.03 mmol, 20 mol%)
in toluene (0.05 mL). After the reaction mixture was cooled to 10°C, acetone (0.75 mmol) was
added. This reaction mixture was stirred in showed reaction time. Direct purification reaction
mixture by column chromatography on a silica gel (petroleum ether/DCM) gave the desired
Mannich products. The enantiomeric excess was determined by HPLC. Racemic Mannich
products were obtained with the combination of 10 mol% benzyl amine and 20 mol% TFA.

o, 2a:Known compound’; R, = 0.18 (CH,Cl,); 96% ee, [a]*p = -21.3 (¢ 0.97, CHCly);
v '"H NMR (400 MHz, CDCly): & 7.31 (t, J = 7.6 Hz, 1H), 7.17 (t, J = 7.5 Hz, 1H),
Me  7.11-7.10 (m, 1H), 7.02 (d, J = 8.2 Hz, 1H), 5.82 (s, 1H), 5.17 (dd, J = 7.2, 3.8 Hz,
1H), 3.62 (dd, J = 18.1, 7.5 Hz, 1H), 2.97 (dd, J = 18.1, 3.8 Hz, 1H), 2.24 (s, 3H); °C
NMR (100 MHz, CDCl;): & 206.7, 151.1, 129.6, 125.8, 125.4, 121.3, 119.1, 53.3, 46.4, 31.0;
HPLC (Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 10.1 min (major,

S), t, = 15.0 min.
os 2b: White solid; mp 114.4-115.3°C; Ry= 0.30 (CH,Cl,); 96% ee, [a]32D =-18.4 (c

. " 1.03, CHCl;); 'H NMR (400 MHz, CDCL3): & 7.03-6.96 (m, 2H), 6.84-6.81 (m,
Mo 1H), 5.89 (s, 1H), 5.14 (dd, J = 6.7, 3.9 Hz, 1H), 3.57 (dd, J = 18.3, 7.4 Hz, 1H),

2.98 (dd, J = 18.3, 4.1 Hz, 1H), 2.24 (s, 3H); °C NMR (100 MHz, CDCl;): & 206.6,
159.3 (d, 'Jr.c = 2443 Hz), 147.0 (d, *Jr.c = 2.7 Hz), 123.1 (d, *Jr.c = 7.1 Hz), 120.6 (d, *Jr.c =
8.3 Hz), 116.6 (d, *Jr.c = 23.5 Hz), 112.7 (d, “Jr.c = 24.8 Hz), 53.0, 46.4, 30.8; HRMS (ESI): m/z
calculated for C;oH;oFNNaO,S [M+Na]+ 282.0207, found: 282.0210; HPLC (Chiralcel IC column,
hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 8.5 min (major, S), t, = 10.7 min.

oo 2¢: White solid; mp 123.2-124.1°C; R, = 0.34 (CH,Cl,); 97% ee, [0]’p = -52.3
o W (¢ 1.17, CHCLy): '"H NMR (400 MHz, CDCL): § 7.28 (ddd, J = 8.8, 2.4, 0.5 Hz,
Ve 1H), 7.10 — 7.09 (m, 1H), 6.98 (d, J = 8.8 Hz, 1H), 5.78 (d, J = 5.2 Hz, 1H), 5.14

(d, J= 3.6 Hz, 1H), 3.61 (dd, J = 18.4, 7.2 Hz, 1H), 2.99 (dd, J = 18.4, 4.0 Hz,
1H), 2.26 (s, 3H); *C NMR (100 MHz, CDCLy): $206.3, 149.7, 130.7, 129.7, 125.7, 122.9, 120.5,
53.1, 46.1, 30.9; HRMS (ESI): m/z calculated for C;oH;oCINNaO,S [M+Na]" 297.9911, found:

297.9914; HPLC (Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 7.2 min

o

[¢]

o

2 H-X. Zhang, J. Nie, H. Cai and J.-A. Ma Org. Lett., 2014, 16, 2542.
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(major, S), t, = 8.5 min.

0\?02 2d: White solid; mp 125.3-126.6°C; Ry = 0.34 (CH,Cl); 91% ee, [a]*’p = -42.3

Br N (¢ 0.93, CHCLy); 'H NMR (400 MHz, CDCly): & 7.42 (d, J = 8.2 Hz, 1H), 7.25 (s,

JC[[,(MG 1H), 6.92 (d, J = 8.6 Hz, 1H), 5.82 (s, 1H), 5.15 (s, 1H), 3.61 (dd, /= 18.3, 7.0 Hz,

1H), 2.98 (dd, J = 167.6, 1.2 Hz, 1H), 2.26 (s, 3H); *C NMR (100 MHz, CDCl;):

5 206.4, 150.1, 132.6, 128.7, 123.3, 120.8, 118.1, 52.9, 46.3, 30.9; HRMS (ESI): m/z calculated

for C;oH;oBrNNaO,S [M—IrNa]+ 341.9406, found: 341.9408; HPLC (Chiralcel IC column,
hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 7.4 min (major, S), t, = 8.7 min.

O\foz 2e: White solid; mp 111.9-112.6°C; R, = 0.29 (CH,Cl,); 95% ee, [a]3°D =-46.8

Ve v (¢ 1.06, CHCLy); 'H NMR (400 MHz, CDCLy): & 7.08 (d, J = 8.4 Hz, 1H), &

Qi('(“"e 6.89-6.88 (m, 2H), 5.78 (s, 1H), 5.12 (s, 1H), 3.59 (dd, /= 18.1, 7.9 Hz, 1H), 2.94

(dd, J = 18.1, 3.8 Hz, 1H), 2.30 (s, 3H), 2.23 (s, 3H); >C NMR (100 MHz,

CDCl;): 6 206.7, 149.00, 135.2, 130.2, 126.1, 120.9, 118.8, 53.3, 46.6, 31.0, 20.8; HRMS (ESI):

m/z calculated for C;;H;3NNaO,S [M+Na]+ 278.0458, found: 278.0464; HPLC (Chiralcel IC
column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 10.1 min (major, S), t, = 12.1 min.

o

o 2f: White solid; mp 89.3-89.7°C; R,= 0.27 (CH,Cl); 95% ee, [0’ = -35.1 (¢
Moo 2 1.30, CHCl;); 'H NMR (400 MHz, CDCls): & 6.94 (d, J = 9.0 Hz, 1H), 6.82 (dd,
M J=9.0,2.8 Hz, 1H), 6.60 (d, /= 2.8 Hz, 1H), 5.76 (d, J= 7.5 Hz, 1H), 5.12 (d, J

= 3.8 Hz, 1H), 3.76 (s, 3H), 3.58 (dd, J = 18.1, 7.7 Hz, 1H), 2.95 (dd, J = 18.1,
3.9 Hz, 1H), 2.23 (s, 3H); °C NMR (100 MHz, CDCl;): & 206.9, 160.3, 151.8, 126.4, 113.0, 112.4,
103.8, 55.6, 53.0, 463, 31.1; HRMS (ESI): m/z calculated for C;;H;3NNaOsS
[M+Na]294.0407, found: 294.0409; HPLC (Chiralcel IC column, hexane/iPrOH = 70/30, 0.8

mL/min, 220 nm): t; = 10.3 min (major, S), t, = 12.3 min.

oo,  2g Colorless oil; Ry =023 (CH,CL); 96% ee, [a]*% = -27.3 (¢ 1.17, CHCL);
W 'H NMR (400 MHz, CDCls): § 6.94 (d, J = 8.6 Hz, 1H), 6.66 (dd, J= 8.6, 2.1 Hz,
j@i(,(“ﬂe 1H), 6.45 (s, 1H), 5.06 (dd, J = 7.7, 3.8 Hz, 1H), 4.83 (s, 1H), 3.75 (s, 3H), 3.47
(dd, J = 17.7, 8.0 Hz, 1H), 2.88 (dd, J = 17.8, 3.7 Hz, 1H), 2.19 (s, 3H); °C
NMR (100 MHz, CDCL3): 6 206.9, 160.3, 151.8, 126.4, 113.0, 112.4, 103.8, 55.6, 53.0, 46.3, 31.1;
HRMS (ESI): m/z calculated for C;;H;sNNaOsS [M+Na]™ 294.0407, found: 294.0410; HPLC
(Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 15.2 min (major, S), t, =
21.7 min.

Me o 2h: White solid; mp 116.2-117.0°C; Ry = 0.21 (CH,Cl,); 95% ee, [a]31D =-243 (c

1 1.44, CHCL); 'H NMR (400 MHz, CDCly): & 7.08 (t, J = 8.1 Hz, 1H), 6.87 (d, J =

we 7.9 Hz, 1H), 6.66 (d, J = 7.9 Hz, 1H), 5.84 (s, 1H), 5.16 (s, 1H), 3.84 (s, 3H), 3.59

6 (dd, J=18.1, 7.6 Hz, 1H), 2.94 (dd, J = 18.1, 3.9 Hz, 1H), 2.22 (s, 3H); °C NMR

(100 MHz, CDCl;): & 206.7, 156.7, 144.8, 122.2, 119.9, 114.5, 111.1, 55.7, 53.4, 46.5, 31.0;

HRMS (ESI): m/z calculated for C;;H;;NNaOsS [M+Na]" 294.0407, found: 294.0411; HPLC

(Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 15.0 min (major, S), t, =
26.6 min.

ro 2i: White solid; mp 133.9-135.1°C; R, = 0.28 (CH,Cl,); 97% ee, [a]'p = -12.6 (¢
)f:[{fz 1.00, CHCly); 'H NMR (400 MHz, CDCLy): & 7.69-7.67 (m, 1H), 7.19 (s, 1H),
Br
Me

Z—0
I O

(0]

o

5.98 (s, 1H), 5.15 (s, 1H), 3.64-3.56 (m, 1H), 2.99 (d, J = 18.4 Hz, 1H), 2.26-2.25
o (m,3H); >C NMR (100 MHz, CDCLs): § 206.2, 147.3, 135.8, 127.7, 124.8, 117.9,
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113.9, 53.1, 46.2, 30.9; HRMS (ESI): m/z calculated for C;;HoBr,NNaO,S [M+Na]" 419.8511,
found: 419.8514; HPLC (Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; =

6.3 min (major, S), t, = 7.9 min.

T 2j: White solid; mp 121,7-122.2°C; R;= 0.26 (CH,CLy); 96% ee, [0]’p = -6.1 (¢
~s0,

L. 1.12, CHCL); 'H NMR (400 MHz, CDCls): & 7.54 (d, J= 2.1 Hz, 1H), 7.05 (d, J

we = 1.8 Hz, 1H), 5.95 (s, 1H), 5.15 (s, 1H), 3.60 (dd, J=18.4, 7.2 Hz, 1H), 3.00 (dd,

o J=184,4.0Hz, 1H), 2.26 (s, 3H); C NMR (100 MHz, CDCl;): & 206.2, 146.8,

133.1, 130.8, 124.9, 1244, 113.5, 53.1, 46.3, 30.8; HRMS (ESI): m/z calculated for

C1oHoBrCINNaO,S [M+Na]" 375.9016, found: 375.9015; HPLC (Chiralcel IC column,
hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 6.1 min (major, S), t, = 7.8 min.

a 2k: White solid; mp 143.3-144.5°C; R;= 0.29 (CH,Cl,); 93% ee, [a]’'p =-37.3
\g,zz (¢ 1.00, CHCls); "H NMR (400 MHz, CDCl;): & 7.33 (d, J = 2.2 Hz, 1H), 6.94 (d,

wve J=2.0Hz, 1H), 5.74 (s, 1H), 5.15 (dd, J = 8.4, 3.8 Hz, 1H), 3.61 (dd, J=17.9,
8.5 Hz, 1H), 2.92 (dd, J= 17.9, 3.9 Hz, 1H), 2.24 (s, 3H), 1.40 (s, 9H), 1.28 (s,
9H); *C NMR (100 MHz, CDCl;): & 206.8, 148.0, 147.6, 139.4, 124.3, 121.8, 120.7, 53.6, 47.4,
35.1, 34.6, 31.3, 30.9, 30.0; HRMS (ESI): m/z calculated for C;sH,,NNaO,S [M+Na]" 376.1553,
found: 376.1557; HPLC (Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; =

5.8 min (major, S), t, = 6.4 min.

o 4a: Known compound’; R; = 0.34 (CH,Cl,); 96% ee, [a]’'p = -26.7 (¢ 0.97,

N CHCl;); '"H NMR (400 MHz, CDCls): & 7.33-7.29 (m, 1H), 7.17 (td, J = 7.6, 1.0

ve Hz, 1H), 7.11-7.09 (m, 1H), 7.03 (dd, J = 8.2, 0.8 Hz, 1H), 5.78 (d, J= 4.3 Hz, 1H),

© 5.19 (d, J=3.4 Hz, 1H), 3.61 (dd, J=17.9, 7.5 Hz, 1H), 2.93 (dd, J=17.9, 3.9 Hz,

1H), 2.58-2.46 (m, 2H), 1.06 (t, J = 7.3 Hz, 3H); °C NMR (100 MHz, CDCl;): & 209.5, 151.2,

129.6, 125.7, 125.4, 121.4, 1192, 53.6, 45.0, 372, 7.4; HPLC (Chiralcel IC column,
hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 9.5 min (major, S), t, = 15.9 min.
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o, 4b: Known compound’; R, = 0.18 (CH,CLy); 95% ee, [0]’'p = -21.3 (¢ 0.97,
N CHCL); 'H NMR (400 MHz, CDCly): & 7.32-7.27 (m, 1H), 7.16 (td, J = 7.5, 0.8
Me  Hgz, 1H), 7.10 (d, J = 7.5 Hz, 1H), 7.00 (d, J = 8.2 Hz, 1H), 5.93 (d, J = 8.0 Hz,

© 1H), 5.18 (td, J = 7.8, 3.9 Hz, 1H), 3.58 (dd, J = 17.9, 7.7Hz, 1H), 2.91 (dd, J =

17.9, 3.9 Hz, 1H), 2.48-2.43 (m, 2H), 1.59 (dd, J = 14.7, 7.4 Hz, 2H), 0.89 (t, J = 7.4 Hz, 3H); "*C
NMR (100 MHz, CDCl;): 6 209.3, 151.1, 129.5, 125.8, 125.4, 121.4, 119.0, 53.4, 45.7, 45.5, 16.8,
13.5; HPLC (Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 8.3 min
(major, S), t, = 13.3 min.

o, 4c: White solid; mp 43.1-44.3°C; Ry = 0.56 (CH,Cl,); 97% ee, [a]’'p =-31.4
NH (¢ 0.92, CHCLy); 'H NMR (400 MHz, CDCls): 8 7.32-7.29 (m, 1H), 7.16 (t, J =
we 7.1 Hz, 1H), 7.10 (d, J = 7.6 Hz, 1H), 7.01 (d, J = 8.2 Hz, 1H), 5.90 (s, 1H),
° 5.18 (s, 1H), 3.59 (dd, J=17.9, 7.6 Hz, 1H), 2.91 (dd, J = 17.9, 3.9 Hz, 1H),
2.54-2.41 (m, 2H), 1.58-1.50 (m, 2H), 1.33-1.24 (m, 2H), 0.88 (t, J = 7.3 Hz, 3H); °C NMR (100
MHz, CDCl;): 6 209.4, 151.1, 129.5, 125.8, 125.4, 121.4, 119.0, 53.4, 45.5, 43.6, 25.4, 22.1, 13.7,
HRMS (ESI): m/z calculated for C;3H;;NNaO,S [M+Na]" 306.0771, found: 306.0773; HPLC
(Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 7.3 min (major, S), t, =

O.

fﬁfﬁ

~50, 12.4 min.

4d: Yellow solid; mp 36.3-37.5°C; Ry= 0.47 (CH,Cl,); 96% ee, [a]”’p = -31.4 (¢

ZzZ—0
T
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0.97, CHCl;); "H NMR (400 MHz, CDCl3): § 7.29 (t, J = 7.7 Hz, 1H), 7.18-7.14 (m, 1H), 7.10 (d,
J="17.5Hz, 1H), 7.00 (d, /= 8.2 Hz, 1H), 5.96 (s, 1H), 5.18 (td, /= 7.8, 4.0 Hz, 1H), 3.58 (dd, J =
18.0, 7.6 Hz, 1H), 2.88 (dd, J = 18.0, 3.9 Hz, 1H), 2.35 (d, J = 7.0 Hz, 2H), 2.17-2.07 (m, 1H),
0.89 (dd, J = 6.6, 2.5 Hz, 6H); *C NMR (100 MHz, CDCl3): 5 209.1, 151.1, 129.5, 1265.9, 125.3,
121.5, 119.0, 53.3, 52.7, 46.0, 24.4, 22.4, 22.3; HRMS (ESI): m/z calculated for C;3H;;NNaO,4S
[M+Na]" 306.0771, found: 306.0774; HPLC (Chiralcel IC column, hexane/iPrOH = 70/30, 0.8
mL/min, 220 nm): t; = 6.4 min (major, S), t, = 8.8 min.

o 4e: White solid; mp 76.5-77.8°C; R, = 0.32 (PE/EtOAc, 5:1); 87% ee, [a]’’p =
NH -38.1 (¢ 1.25, CHCl3); '"H NMR (400 MHz, CDCl3): §7.33-7.28 (m, 1H), 7.16 (td,
J=1., 1.0 Hz, 1H), 7.10-7.08 (m, 1H), 7.02 (dd, J = 8.3 Hz, 1.0 Hz, 1H), 5.87
(d, J=8.0 Hz, 1H), 5.20-5.15 (m, 1H), 3.59 (dd, J = 18.0, 7.3 Hz, 1H), 2.89 (dd,
J=18.0, 3.9 Hz, 1H), 2.34 (d, J = 6.9 Hz, 2H), 1.87-1.76 (m, 1H), 1.68-1.60 (m, 4H), 1.30-1.06
(m, 4H), 0.96-0.82 (m, 2H); °C NMR (100 MHz, CDCly): & 209.1, 151.2, 129.6, 125.8, 125.3,
121.4, 119.2, 53.5, 51.6, 45.8, 33.8, 33.2, 33.1, 26.1, 26.02, 25.98; HRMS (ESI): m/z calculated
for Ci¢H, NNaO,S [M+Na]® 346.1089, found: 346.1088; HPLC (Chiralcel IC column,
hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 7.2 min (major, S), t, = 9.3 min.
4f: White solid; mp 121.7-122.2°C; R;= 0.29 (PE/EtOAc, 3:1); 92% ee, [0]"*p
=-13.8 (¢ 1.73, CHCl3); 'H NMR (400 MHz, CDCLy): & 7.32-7.28 (m, 1H),
7.15-7.11 (m, 2H), 7.09-7.07 (m, 1H), 7.06-7.00 (m, 3H), 6.90 (d, J = 8.0 Hz,
7.7H), 5.66 (d, J = 8.1 Hz, 1H), 5.14 (td, J = 7.8, 3.9 Hz, 1H), 3.74 (s, 2H),
3.66 (dd, J = 18.0, 7.5 Hz, 1H), 2.92 (dd, J = 18.0, 3.9 Hz, 1H); *C NMR (100 MHz, CDCl;): &
206.1, 162.2 (d, 'Jr.c = 245.0 Hz), 151.1, 131.1 (d, *Jr.c = 8.0 Hz), 129.7, 128.38 (d, *Jr.c = 3.3
Hz), 125.6, 125.4, 121.0, 119.1, 115.9 (d, *Jr.c = 21.4 Hz), 53.5, 50.0, 44.6; HRMS (ESI): m/z
calculated for C;H;sFNNaO,S [M+Na]" 358.0525, found: 358.0510; HPLC (Chiralcel IC column,
hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 8.8 min (major, S), t, = 12.0 min.
O 0\?02 4g: White solid; mp 121.7-122.2°C; Ry = 0.29 (PE/EtOAc, 3:1); 94% ee,
NH [a]*’p = -6.8 (¢ 1.66, CHCL;); '"H NMR (400 MHz, CDCL;): § 7.31-7.28 (m,
i O 3H), 7.12-7.08 (m, 3H), 7.01- 6.99 (m, 1H), 6.91 (d, J= 7.7 Hz, 1H), 5.69 (s,
¢ 1H), 5.14 (d, J = 3.5 Hz, 1H), 3.73 (s, 2H), 3.66 (dd, J = 18.0, 7.7 Hz, 1H),
2.92 (dd, J=18.0, 3.9 Hz, 1H); >C NMR (100 MHz, CDCLy): 8 205.9, 151.1, 133.5, 131.1, 130.8,
129.7, 129.1, 125.7, 125.4, 121.0, 119.1, 53.5, 50.1, 44.9; HRMS (ESI): m/z calculated for
Ci6H14CINNaO,S [M+Na]~ 374.0230, found: 374.0198; HPLC (Chiralcel IC column,
hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 9.3 min (major, S), t, = 12.3 min.
4h: White solid; mp 121.7-122.2°C; Yellow solid; mp 102.7-103.8°C; Ry=
0.43 (CH,CL); 94% ee, [0]’'p = 6.1 (¢ 1.73, CHCL); 'H NMR (400 MHz,
CDCly): & 7.30-7.25 (m, 1H), 7.09-7.04 (m, 3H), 6.99 (d, J = 8.3 Hz, 1H),
oM 6.88-6.84 (m, 3H), 5.79 (s, 1H), 5.10 (d, J= 3.4 Hz, 1H), 3.80 (s, 3H), 3.68
(s, 2H), 3.63 (dd, J = 18.1, 7.2 Hz, 1H), 2.90 (dd, J = 18.1, 3.9 Hz, 1H); °C NMR (100 MHz,
CDCly): 6 207.0, 158.9, 151.1, 130.5, 129.5, 125.7, 125.3, 124.7, 121.1, 118.9, 55.2, 53.4, 50.0,
44.1; HRMS (ESI): m/z calculated for C;7H;;NNaOsS [M+Na]" 370.0720, found: 370.0719;
HPLC (Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 16.3 min (major,
0\?02 S), t, = 37.5 min.
NH

4i: White solid; mp 36.3-37.5°C; R, = 0.57 (CH,CL,); 96% ee, [a]’'p = -23.4 (¢
0.98, CHCL;); '"H NMR (400 MHz, CDCl): § 7.31-7.25 (m, 3H), 7.19 (t, J = 7.3

SS



Hz, 1H), 7.15-7.11 (m, 3H), 7.00 (d, J = 8.4 Hz, 1H), 5.78 (s, 1H), 5.16 (d, /= 3.6 Hz, 1H), 3.56
(dd, J=18.0, 7.7 Hz, 1H), 2.90-2.79 (5, 2H); *C NMR (100 MHz, CDCl5): & 208.1, 151.1, 140.2,
129.6, 128.6, 128.2, 126.3, 125.8, 125.4, 121.2, 119.1, 53.3, 45.9, 45.1, 29.3; HRMS (ESI): m/z
calculated for C;;H;;NNaO,S [M+Na]" 354.0771, found: 354.0771; HPLC (Chiralcel IC column,
hexane/iPrOH = 70/30, 0.8 mL/min, 220 nm): t; = 9.9 min (major, S), t, = 15.9 min.

%,  4j: Known compound’; R, = 0.49 (CH,Cl,); 96% ee, [a]’p = -51.2 (¢ 1.44 in

N CHCl;); 'H NMR (400 MHz, CDCl;) & 7.30 (t, J= 7.8 Hz, 1H), 7.17 (t, J= 7.5 Hz,

1H), 7.09 (m, 1H), 7.02 (dd, J = 8.2, 1.9 Hz, 1H), 5.84 (d, /= 10.9 Hz, 1H), 5.20 (s,

1H), 3.69 (dd, J = 18.1, 7.6 Hz, 1H), 2.93 (dd, J = 18.1, 3.8 Hz, 1H), 2.64 (m, J =

6.9 Hz, 1H), 1.11 (t, J = 6.8 Hz, 6H) ; >C NMR (100 MHz, CDCl;) §212.8, 151.1 129.6, 125.8,

125.4, 121.4, 119.1, 53.5, 43.5, 41.6, 17.8, 17.7; HPLC (Chiralcel IC column, hexane/iPrOH =
70/30, 0.8 mL/min 220 nm): t; = 6.6 min (major), t, = 10.7 min (minor).

4k: Known compound’; R, = 0.51 (CH,Cl,); 97% ee, [a]p = -19.4 (¢ 0.97,
CHCl;); 'H NMR (400 MHz, CDCly): § 7.31-7.27 (m, 1H), 7.16 (td, J = 7.5, 1.0
Hz, 1H), 7.08 (m, 1H), 7.00 (d, J = 8.3 Hz, 1H), 5.92 (s, 1H), 5.19 (d, J= 3.7 Hz,

° 1H), 3.67 (dd, J=18.2, 7.6 Hz, 1H), 2.91 (dd, J = 18.2, 3.9 Hz, 1H), 2.38-2.34 (m,
1H), 1.87-1.81 (m, 2H), 1.79-1.76 (m, 2H), 1.68-1.65 (m, 1H), 1.39-1.29 (m, 2H), 1.25-1.15 (m,
3H); °C NMR (100 MHz, CDCl): & 212.1, 151.2, 129.5, 125.8, 125.3, 121.5, 119.1, 53.4, 51.3,
43.6, 28.1, 28.0, 25.6, 25.4; HPLC (Chiralcel IC column, hexane/iPrOH = 70/30, 0.8 mL/min, 220
nm): t; = 6.9 min (major, S), t; = 12.5 min.

oo, 41: Known compound’; R, = 0.41 (CH,CL,); 95% ee, [o]’p = -43.92 (¢ 1.11 in

xi CHCL); "H NMR (400 MHz, CDCl;) § 7.32 — 7.28 (m, 1H), 7.19 — 7.12 (m, 2H),

7.01 (d, J = 8.2 Hz, 1H), 5.96 (s, 1H), 5.17 (dd, J = 7.0, 3.8 Hz, 1H), 3.72 (dd, J =

© 18.0, 7.2 Hz, 1H), 3.11 (dd, J = 18.0, 3.9 Hz, 1H), 2.02 — 1.96 (m, 1H), 1.13 — 1.07

(m, 1H), 1.04 — 0.93 (m, 3H) ; *C NMR (100 MHz, CDCLy) & 209.0, 151.2, 129.5, 125.8, 125.3,
121.5, 119.0, 53.4, 45.7, 21.7, 11.7.5, 11.71; HPLC (Chiralcel IC column, hexane/iPrOH = 70/30,

0.8 mL/min 220 nm): t; = 9.7 min (major), t, = 13.7 min (minor).

O\?Oz
NH

4. X-ray structure for compound 2c

The needle-like crystals of the compound 2¢ were grown from its solution in dichloromethane
and hexane, and one of them is suitable for X-ray diffraction analysis. The correctness of the X-ray
data and the structure had been checked by using the CheckCIF utility on the submission Web site:
http://checkcif.iucr.org.
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HPLC for racemic and pure enantioenriched sample 2a

DAD1 C, Sig=220,8 Ref=360,100 (2014CXY000025.0)

mAU ] ]
N
&)
350
300 5
<
209 "
2004
150
100
50
0,
T B e L L e e A B A T T
2 4 6 8 10 12 14 mir
{89 2: DADL C, Sig=220,8 Ref=380,100
g (REIRTIR WE IGR g5 F -39 15 7 B
#  [min) [mwin]  [mAlrs] (AT 8
| =|==== |==== | -===| |
1 59.786 EE 0.2314 6234,588721 414.71365 45,7203
Z 14,211 BB 0.3633 6305.02657 265.11%35 50,2787
BE 1.2535%%4  683.83301

mAU
400

350
3009
250
200
150

100

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-62A000208.D)

2 4 § 8 1 12
{85 2: DiDL C, $ig=220,8 Ref=360,100
i (RETETE SE T L3t & 5 E
# [min] [min] [mAU*=] [malr] ]
e e B I [
1l 10,076 VE 0.2258 6467.710%4 434.06515 97,5309
2 14,575 MM 0.3062 133.28027 7.25523 2.0181
RE 6600.99121 441.32438

S30

HPLC for racemic and pure enantioenriched sample 2b
DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-79D000039.D)

mAU

2004

50

&9 2: DADL €, $ig=220,8 Ref=360,100

Its {REFRTIH] #B IHER i EBL 41 I
#  [min] [min]  [@AU*s] [mAT] %
T SN 0.2216 79055068 224.65648 49,1924
2 10.722 MM 0.2957 3084.57227 173.87868 50.8076
BE : 6071.07886 398. 53712
DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-81D000023.)
mAU 1
700
600
500
400
300
200
100
04
\ \ \ \
2 4 6 8

f§% 2: DAD1 €, $igm220,6 Ref=360,100

g (REXETIET HE T 5 I8 75 It B B
# [min] [min]  [mAl*s] [maT] 3
e pititared) | airat i

1 8.544 MM 0.2199 1.4241%e4 1078.23364 98.2106
2 10,663 MM 0.2863 255.45130 15.10346  1,7854
HE 1.4501%e4 1054, 33711



HPLC for racemic and pure enantioenriched sample 2¢

mAU
7004

600-

500

40

304

2009

1004

DAD1 C, Sig=2208 Ref=360,100 (2014CXY-1-73000092.0)

7114

8.423

&S 2z DADL C, Sig=220,8 Ref=360, 100

% (REFRTET 2B G g B =3=1 L)
# [min] [min] [mATT*5] [mATT] %

e e Ll Bt Bt
1 7.114 VB 0.1544 7400.45555 725.31238 50.3%26

2 5.423 BB 0.19%96 7285.16162 560.66552 45,6074
BE 1. 4685604 1285, 55230
DAD1 C, Sig=220,8 Ref=360,100 (2014,CXY-1-77B000093.D)
mAU | 3
N
20004
15004
10004
504
0
]
9
)
04 T
T T T T
1 2 3 4 5 6 7 i
5% 2: DID1 C, $ig=220,3 Ref=350, 100
i (RERTE HE R gty 21 3
# [min] [min] [mAT* 3] [m&lT] %
-1 === | | | |
1 7.160 VB 0.1755 2.66175% 4 2455.20410 95.3503
2 &.480 BB 0.1585  465.20705 3620536 1.6087
HE : Z2.90801ed 2531, 40547
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HPLC for racemic and pure enantioenriched sample 2d

DAD1 C, Sig=220,8 Ref=340,100 (2014\CXY-1-78C000104.D)
AU ] 2
I\
N
7009 3
0
©
600
500
400
3009
200
100
07 T
! ! ! : ! ! ! : ! ! ! : ! ! ! : ! ! ! |
2 4 6 8 i
{8% 2: DADL €, Sig=220,8 Ref=360,100
I {RETETIE] #EB IGR 165 =1 i @
# [mim] [miri] [mAU*=] [marT] %
- | | s e | ———
1 7.245 EB 0.15%0 8012.18311 772.50812 50,0850

2 8.560 EE 0.2000 7983.71680 61Z.90518 4% 5110

BE 1.5555% 4 1355.41730

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-81C000105.D)

&% 2: DAD1 ©, 5ig=220,5 Ref=360,100

s (RETRTIE HE R =3 -3 = Tago)
# [min] [min] [malr* =] [marr] ]
el e P [ ——-1-- -|mmm ]
1l 7.357 VB 0.1735 2256.32010 157.16563 55,4552
2 B.Ti9 VB 0.2222  106.33068 7.20407 4, 5008
BE Z36Z.66878 Z04. 36570



HPLC for racemic and pure enantioenriched sample 2e

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-73000090.0)
mAU

70.316

20

1604

1004

12.322

Jul

1% 21 DADL €, $ig=220,8 Ref=360,100

iy (RETRYIE ME GW g5 B 11 65 1 B
# [min] [min] [maT* =] [mATT] ]
e e e e I L

1 10.316 BE 0.2360 3624.50977 234.50344 50,2459
2 1Z.32Z BB 0.2555 3585.02783 185.74545 45, 7541
BE : T213.53760 423, 65252

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-77000089.0)
mAU

1604

70.132

1409

1209

1004

12.144

Jul

&9 2 DAD1 C, 5ig=220,5 Ref=360,100

i REEE HE GR its EB 121 6 7 B
# [min] [min] [mATI* 5] [maIT] ]
e L B el B Bl
1 10.132 BB 0.2406 2615.16797 167.10361 S7.2565
2 12.144 BB 0.2%15  73.5455%5 3.88032 2.7431
BE 265201352  170.59%353

HPLC for racemic and pure enantioenriched sample 2f

DAD1 C, Sig=220,8 Ref=380,100 (2014\CXY-1-78B000101.0)
mAU N
0
o o
70 " 2
o
600
500
400
300
200
1004
0
e o
2 4 6 8 10 12 o mi
{2 2: DADL C, Sig=220,8 Ref=360,100
g (RETRTIE] 551 WER 6 A [l: 34 e L
# [mita] [min] [mATT+ 3] [mATT] %
el e R - |-
1 10524 VE 0.2686 1.36193e4  776.67523 50,2752
2 13.100 BB 0.35354 1.34702e4  620.27550 45,7245
BE : 2.70535e4 1396 95374
DAD1 C, Sig=220,8 Ref=360,100 (2014/CXY-1-80B000102.0)
mAU M
b N
°
200
1501
1004
50
0
@
i
D,
R T e e e R R
2 4 6 8 10 12 1 mi
{§% 2: DAD1 C, Sig=220,5% Ref=360,100
g (RETEHE B R I B 13-4 [
# [min] [min] [mATI* 5] [marT] %
Bl B B I [ Rt [
1 10.233 BB 0.2453 4153.51563 259.80075 57,3554
2 12.331 BE 0.3043 113.78202 S.BEE0G 2. B4lE
BE 4307. 29765 265, 46654
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HPLC for racemic and pure enantioenriched sample 2g
DAD1 C, Sig=220 8 Ref=360,100 (2014(CXY--74000236.D)

AU | ]
6
350 o
o]
©
3004 =
N
250
200
150
1004
50
o .
A \ \ \ \ \
5 10 15 2 mir|
{85 2: DADL C, Sig=220,8 Ref=360,100
i {RETRTIET B v % e =34 EEH
# [min] [min] [maT=z] [madr]) 3
SO N Y R K S N IS S e
1l 15.118 VB 0.3643 9625.430945 406.41882 50,2909
Z 2l.e00 VE 0.5441 9514.09473 Z70.69171 49,7091
HE 1.0139%e4  677.11053

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-77C000038.D)

mAU ]

500

400

300

200

1 1 1 1
5 10 15 2

&% 2: DADL C, 5ig=220,8 Ref=360,100

% (RETRTIE] B T 1o f B Lt g B
# [min] [min] [mAlr* =] [mTT] ]
e e o L B

L 15,165 MM  0.3857 1,3263%4  573,10760 97,8265

2 2l.664 MM 0.5167 2Z94.68802 9.50820  2,1735

MR 1.35562ed  5B2. 61280

HPLC for racemic and pure enantioenriched sample 2h

DAD1 C, Sig=2208 Ref=360,100 (2014\CXY-1-78A000099.0)
mAl
1204

15.031

1004

26.541

i

{59 2: DAD1 €, $ig=220,8 Ref=360,100

5 (REFRIE #E G 5 B =31 i i B
# [mn] [min]  [mAU*s] [maIT] 3
e e e R e Sepat el
1 15031 BE  0.3895 3479.35278 138.09985 50.1868
% 26,541 BE  0.7484 3453.45459  71.63601 49,8132
HE : 6932.80737 209, 73650
DAD1C, Sig=220,8 Ref=360,100 (2014ICXY-1-80A000100.0)
mAU
1204
1004
80
60
404
20
o—ﬁ
A T T T 1 T T
5 10 15 2 25 mir}

{59 2 DADL C, $ig=220,8 Ref=360,100

I (RETETE] B GR 15 FIE ¢ & 18 T B
# [min] [mwin]  [mAU*a] [mAT] 3
-l
1 15.017 BB 0.3904 3613.97607 144.Z1667 97.5687
2 26,854 MM 0.7112 80,0154 2,10860 2, 4303

HE I703.00556 146, 32627

S33




HPLC for racemic and pure enantioenriched sample 2i HPLC for racemic and pure enantioenriched sample 2j

DAD1 C, Sig=2208 Ref=350,100 (2014(CKY-AT6A000112.D) DADI C, Sg=2208 Ref=360,100 (20141CKY-A-T9ED00084D)
Al ] 2 A 5
o 707 o
i N I
o % 0] <
N N
1000 ol
07 i
600 0]
4007 200,
2004 1004
0 T L T 07 T T
‘ ‘ ‘ ‘ ‘ ‘ T ‘ ‘ T T T T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘
1 2 3 4 5 6 7 8 i 2 4 § 8 0 i
{§% 2: DADL ©, Sig=220,8 Ref=360,100 {5 2: DADL C, Sig=220,6 Ref=360,100
g (REFEiE] B G e =21 e 7 B g (RETETIE HE %W I =31 I B
# [min] [mir] [mAT* =] [marT] 3 # [min] [mir] [maU*=] [mATT] ]
P S [J— [ - - (. |
1 6,228 VE 0.1432 1.315888e4 1408.87585 50,0834 1 5.107 EE 00,1325 6528.36%63 742.84656 50,3888
2 7.8a7 BE 0.1944 1.31445824 1047.55847 49,9166 2 7.70Z BB 0.1775 6425.06152 551.78%943 45,6012
BE : 2.63336ed4 2406, 43433 BE 1.259534e4  1294.63599
DAD1 C, Sig=220 8 Ref=350,100 (2D14CKY-A-826000114D) DADI C, Sg=2208 Ref=360,100 (2014ICKY-1-61ED00085.0)
mAl 8 mAU g
0y B R :
30
600
07
5001
250
40
207
301
150
201 o]
100 P 504 3
4} N
N .
0 ‘ — 0] ; ;
\ I I \ \ \ T T — Y ———————————
1 2 3 4 5 6 7 i 2 4 3 8 0 i
i¥% z: DADL ©, 3ig=220,6 Ref=360,100 &2 2: DIDL C, Sig=220,8 Ref=360,100
i (RETETIE B BN i EE =1 IEE I (RETRHIE B gEE I JB [ 3-4 i 7 B
# [min] [mir] [mATT==] [mAF] 3 # [min] [min] [miUs] [malr] ]
B L B P R = | | | i [ e [ | e |
1 6.250VB  0.1351 6802.08105 741.24535 98.2709 1 6.142BB  0.1420 3868.69312 416.97598 97,7505
2 7.878BE  0.1801 119.68201  0.76028 1.7291 2 7.798 BB 0.1895 89.49083  7.17051  2.2495
HE : 6921,.76397 7T51.00613 BE 3875.18304 424, 14649

S34



HPLC for racemic and pure enantioenriched sample 2k
DADY C, Sig=2208 Ref=360,100 (2014.CHY-1-T6B000122D)

mAU 8
IN ®
o 5
800 ¢
6001
4004
2004
0 I}
\ \ \ \ \ \ \
1 2 3 4 5 6 T mi
{52 2: DADL C, Sig=220,5 Ref=360,100
s REIEE #B gw 5 @B [:3=1 5 1 B
# [min] [min]  [m&U%s] [mal] 3
e e T e e B e
1 5795 %V 0.1311 8201.44531 O46.36481 49,6127
2 6338 WV 0.1619 8320.48047 797.23413 50,3873
BE 1.65300e4 1743, 59804
DAD1 C, Sig=220,8 Ref=360,100 (2014ICXY-1-82H000123.D)
mAU 5
N
350 9
3004
2504
2004
150
100
50 2
V)
[
0,
\ \ \ \ \ \ \
1 2 3 4 5 6 T i

{89 2: DAD1 ©, §ig=220,5 Ref=360,100

I (REIRTIE] B IGR 16 E 501 15 7 B
# [min] [min] [malT*s] [mATT] ]
il e P B et [ - - [

il 5.767 VB 0.125% 3209.33057 376.65247 86.57360
2 6.365 EE 0.1634 113.86711 10.428259 3. 4264
HE F323.19768  385.08075
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HPLC for racemic and pure enantioenriched sample 4a
DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-72A000035.D)

{&% 2: DAD1 C, Sig=220,8 Ref=360,100

G (RETEET S4B i8S ik [ 155 7 Iei B B
#  [min] (min]  [mAU7s] (malr) &
i e ekl Bt el ot b S st ) Dok et e
1 9.360MM  0.2715 4905.58456 301.10931 50,4593
2 15.535 MM 0.4082 4808.57031 196.32689 45,5007

BE 8714.15527 407, 43620

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-69B000027.D)
mAU
350+

3004

250

15 2: DAD1 C, 5ig=220,8 Ref=360,100

i (RERE #E HH i BB L=1-1 Lt
# [min] [mir] [miTr= =] [maI] 3
e e P == |—-— I -

L 9.502 MM  0.2340 5176.98926 368.71222 98.1576
2 15,954 MM 0.4683 95.02184 3.38194 1.8024
B 5272.0L109 372.09416



HPLC for racemic and pure enantioenriched sample 4b
DADT C, Sig=220,8 Ref=360,100 (20141CXY-1-924000030.0)

mAU
1000
A
80 8 o
O
600
40
20
0,
—— 1 "~ T [ T [ 1 T T T T
2 4 § 8 10 1 1% i
{89 2: DADL C, $1g=220,8 Ref=350, 100
i (REFmfieT B W I B 13- s ) B
§  [min] [min]  [mAU*s] (i) %
i | e ] i i | e g | i et i
1 B8.243 MH 0.2175 1.39565e4 1069.31714 48.9301
2 13.300 MM 0.3452 1.45377e4 701.8804% 51.015%
E.E: 2.84%942ed4 1771.19763
DADI C, Sig=220,8 Ref=360,100 (20141CXY-1-85A000031.0)
mAUi
1200
1000
80
600
10
o®
20 4
0,
I I I I I I I I [T
2 4 § 8 1 1 n 16 1 i

{9 2: DADL C, Sig=220,8 Ref=360,100

I {REIRTIET B T i E L:1-1 @
#  [min] [min]  [mAU*s] [maU] H

B L e L |

1 GB.3E7 MM 0.2527 2.15627e4 1423.50037 57.6798
2 13.z264 MM 0.3532 51Z.64600 24.18923 2.3202

RE 2.20554e4 1447.68959

HPLC for racemic and pure enantioenriched sample 4c¢
DADI C, Sig=220,8 Ref=360,100 (2014/CXY-1-93C000036 D)
mAU

8.294

800

12.380

600

4004

200

8% 2: DADL C, 3ig=220,8 Ref=360,100

g {RETETIET S4B RTL 1k 31 % [

# [min] [min] [mATT* 5] [mATT] ]
Bl el B B ] |

1 8,294 BV 0.2025 1,29810e4  980.54248 49,1016

2 12.380 VB 0.3216 1.34569ed4  666.39166 50,8984
B 2.6438884 1646, 93414

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-87C000033.0)

mAU
1400

1200

1000

800

600

400

200

1 1 1 1 ] l
2 4 6 8 10 12

{85 2 DADL C, %ig=220,8 Ref=360,100

I (REIRTIET 4B FR e I ie /0
1 8.315MM  0.255 2.26353ed 1476.19519 98,5213
Z 12,366 MM 0.2645 338.72885 21.40765  1.4787

BE 2,29750e4 1497, 60284
S36




HPLC for racemic and pure enantioenriched sample 4d
DADY C, Sig=2208 Ref=360,100 (2014.CHY-128000080)

AU 5
vl
1400 © 5
o
N
1200 o
1000
800
600
400
20
0 :
I I I T I [ [
2 4 § § 1 12mi
{89 2: DADL C, Sig=220,8 Ref=360,100
I (RETETI MBI GEB 21 55 B
#  [min) [min]  [mAU*s] [mAl] %
e | | | e | e - o |
1 6.331 BB 0.1589 1.5187%4 1490.37976 47.05665
2 8. 760 V¥ 0.2185 1.64757e4 1182.84839 52,0335
BE 3.16636e4 2673.22815
DAD1 C, Sig=220 8 Ref=360,100 (2014ICXY-1-878000094D)
mAU 8
v}
o
400
300
20
1004
5
)
w'
0 ‘ | s :
I I I T I T [ [
2 4 § § 1 12mi
% 2: DADL C, Sig=220,8 Ref=360,100
i (RETRTE B R [z Jrnt ot I3 1% B
# [mirn] [mit] [mATT* =] [mATT] %
e L B B B |
L 6,355 BB 0,1327 4102,70215 475,52829 97,8840
2 8,601 BB 0.2056 68.60110  6.64887  2.1160
HE 4191.39325 482.17716

HPLC for racemic and pure enantioenriched sample 4e

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-2-19A000218.D)
mAU 3
1754
o
]
150 ol
1254
100
75
50
25
0 :
T T T T T T T T T T T T T T T T T
2 4 6 8 10 min
{8% 2: DADL C, $ig=220,8 Ref=360,100
It (RETEY T B G 6 T =11 Ve B
#  [min] [min]  [mAU*s) [mAlT) ]
B B B B B e
1 7.206 VB 0.1874 2224,38403 186.17825 50.1371
2 9,366 BB 0.2294 2212.22192 145.51544 49,8629
BE 4436,60596 334, 99669
DADT C, Sig=220,8 Ref=360,100 (2014\CXY-2-17A000217.0)
mAU 3
5004
400
3001
200
1004
vl
<
o
o
0- :
T T T T T T T T T T T T T T T T T
2 4 6 8 10 min

{59 2: DAD1 C, $ig=220,% Ref=360,100

e (REFRIE] B R 5 LT 16 i B
#  [min] (min]  [mAU*s] (=) i
nrm e e e | e — | e ———— m———

1 7.164 VB 0.1961 6459.75684 S522.95007 93,3360

2 5.343 BB 0.2267 461.21164 31.14886  6.6640

BE : 6920.96648 554.00893
S37




HPLC for racemic and pure enantioenriched sample 4f

mAU

400

300

200

100+

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-2-20C000219.0)

12.027

mAU]

250

200

150

1004

{§% 2: DAD1 C, Sig=220,8 Ref=360,100

I (RETRTIE] B EW i = 3=1 iEEH
#  [min] [min]  [WAU*s] [mair] H
r e e b ot e bt e et
1l 8.833 BB 0.2164 6607.58252 468.86636 49.8497
z 12.027 BB 0.3089 6647.43701 333.02460 50.1503
B 1,32550e4  B0L.850%6
DAD! C, Sig=220,8 Ref=360,100 (2014\CXY-2-18C000220.D)
0
3
o
T 1 T T I L 1 T T
2 4 6 8 10 12 min
{85 2: DAD1 C, Sig=220,5 Ref=360,100
i (RETRTIE] 8 T I =31 e T B
#  [min] [min]  [mAU*s] [mAlT] 4
o | i | i | i i i | i i e | i | e i |
1l B.842 VB 0.2215 4395,56736 256.44586 55,5480
2 12.045 BB 0.3010 185.63002 5,45831  4.0520
BRE : 4581.15740 307, 50417
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HPLC for racemic and pure enantioenriched sample 4g
DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-2-20D000221.D)

12.296

{§% 2: DADL C, Sig=220,58 Ref=360,100

g (RETRYiE] B GR 6 R L1 i E R
# [min] [min] [mdTr= =] [mAl] ]

= [ = | | | i | | |
1 9.323VB  0.2288 3027.01074 202.04700 43.7277
2 12,256 BB 0,3202 30680.16162 147.43176 50,2723

BE : G057.17236  34%. 47676

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-2-18D000222.D)
mAU - @

600

500

400

300

200

12.322

8% 2: DADL C, $ig=220,8 Ref=350, 100

i (REIRTIE] HE Mg Lt g5 &5 L Jiagi
# [min] [min] [=AU*s] [mAlT] 3

R ey i e e e i
1 9.325BE  0.2208 1.03054e4 683.76392 97.1335
2 12,322 BB 0.3260 304.12646 14.07875  2.8665

BE 1.06095e4  697.84266




HPLC for racemic and pure enantioenriched sample 4h

HPLC for racemic and pure enantioenriched sample 4i

DAD1 C, Sig=220.8 Ref=360,100 (20141CXY-1-96000197.D) DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-94H000028.0)
mAU Q mAU 9
] 3 8
o 8004 o
1200- 70 .
o
o
1000 600 ¢
800- . 5004
8
< 4004
600- o
3004
400+ 20
200 100
0] ‘ 0] —
———r———r 77— ‘ R T T R T T T R
5 10 15 20 %5 30 3% 4 i 25 5 15 10 125 15 175 20 m
{5 2: DADL C, Sig=220,8 Ref=380,100 {9 2: DADL C, 5ig=220,5 Bef=350,100
% (RETEE] HE G I 13-4 e T B g (RETEiE] B GwE (=gl g L=Araf
#  [min] [min]  [mAl*s] [maIT] 3 #  [min] [min]  [mAl*s] [mAIT] ]
R B B B B L g e e L e e e L e
1 16.340 VB 0.4452 4.01542e4 1397.59692 49.7229 1 10.082 BV 0.2470 1.40130e4 556.15204 49,5383
2 36.934 BB 1.1236 4.060l8e4 563.26l66 50.2771 2 16,060 VB D0.3956 1.423%6e4 550.74084 50.4011
BE 8.07560e4 1965, 85853 HE 2.82526ed4 1406, 80288
DAD1 C, Sig=220,8 Ref=360,100 (2014CXY-1-90G000198.0) DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-90H000029.0)
mAU S mAU
o] 4
o
0] 1000
800
3004
600
2004
400
1004
o P 20
5 F
A
0 . 0
—— :
5 10 15 20 2 30 35 4 m

8% 2: DADL C, 3ig=220,5 Ref=360,100

5 (RETRTIE] #E iFE 65 EB =51 155 1 B
# [min] [min]  [mAU*s] [mAlT] %
el Ll e el

1 16.300 VB 0.4276 1.39786ed4  503.980L0 97.0073
2 37.52Z MM 1.0318 431.23782  6.96586  2.9927
HBE 1.4409%e4 510, 94597

S39

{8 2: DAD1 C, $ig=220,8 Ref=360,100

I (RETEFIT MBI g i T B 16 %5 e B B
#  [min] [min] [mAlr=s] [LEN &
= | | e [ e | = | |

1 9,516 MM  0.2686 1.5688led 1221.48560 97.1453
2 15,541 MM  0.5080 577.71265 18.91502  2.3507
BE 2.02658e4  1240. 40062



HPLC for racemic and pure enantioenriched sample 4;j

HPLC for racemic and pure enantioenriched sample 4k

DAD1 C, Sig=220,8 Ref=360,100 (2014ICXY-1-94F000106.0) DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-93E000104.D)
AU p mAl 3
- © o
¢ 0] ¢
600 5]
50 ) 0
s 0 3
m ;
1501
3004
1004
200
107 07
0 0
I I I [ [ j I I I [ [ [ T
2 4 6 8 10 mir 2 4 6 8 10 12 min
&% 2: DADL C, Sig=220,8 Ref=360,100 {¥S 2: DADL C, Sig=220,5 Ref=380,100
I (RETRTIT MR WG 5 (8- i 5 B % (RERE HE g 6% FET {51 i [ B
# [min] [min]  [mAU*s) [ma1T) 3 # [min] [min]  [mil*s] [malT] 3
Bl e B B B ] B | e e B B B B e |
1 6.631 VW 0.1480 6866.25877 715.41711 49,5523 1 6,934 VW  0.1651 3334.88257 310.93454 50,3115
2 10.6681 BE  0.2561 £390.33545 420.25735 50,4477 2 12,449 VB 0.3097 3203.50220 164.30861 49,6885
HE 1.3856604 113567447 HE 6628,47485 475,33315
DAD1 C, Sig=220,8 Ref=360,100 (2014ICXY-1-89F000107.0) DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-88E000105.0)
AU 9 mAl 9
© 4 0]
w0l < 100 <
600
2504
500
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4004
150
300
100 a0l
0 : 100 :
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I I I T [ [ T j I I I [ [ [ T
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% 2: DADL C, Sigm220,68 Ref=360,100 {§% 2: DADL C, Sig=220,8 Ref-360,100
i (REFRTIE] HE R i mE [ 11 ik {7 B g (RETRTIET B g% [ kit 31 i T B
# [min] [min]  [mAU*s] (Al ] #  [min] [min]  [m&TT*s] [malT] 3
- | -— —— -1 ——e [====] === |- I I
1 6.620BE  0.1426 2990.46167 320.57642 93.1537 1 6,945 VW 0.1581 7450.78297 723.85013 98.6527
2 10.602 BE  0.2566 56.25220  3.33892  1.8463 Zz 12,482 BE  0.3210 101.75320  5.00823  1.3473
BE 3046.71387 323.91534 BE 7552.54617 72B.BEE36
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HPLC for racemic and pure enantioenriched sample 41
DADY C, Sig=220,8 Ref=360,100 (20141CXY-1-930000019.0)

mAU
400

350
300
250
200
1504
100

&% 2: DADL C, Hig=220,5 Ref=360,100

G (RETRHiET S4B T 6 f 8 i It i B
¥ [min) [mir) [mAU* =) [mdir) L]

1L 5,745 MM 00,2562 6590.950561 425,65%244 50,4555
Z 13.656 MM 0.3562 6471.858261 302.83783 49,5441

BE L.o062% 4 731l 53027

DAD1 C, Sig=220,8 Ref=360,100 (2014\CXY-1-88D000020.D)

mAU
1200

1000

800

600

400

200

{52 2: DADL €, Sig=220,6 Ref=360,100

% RERTE HE GR i EB [1: 31 16 7 B
#  [min] [min]  [mAU*s] [maIT] &

1 5.710 MM 0.2752 2.07564ed4 1257.24915 97.4208
2 13.656 MM 0.3172 549.53210 28.87473 2.5792

B 2.13060e4 1286, 12388

S41



