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1. General information

The *H NMR spectra were recorded on a 400 MHz NMR spectrometer. The *C NMR
spectra were recorded at 100 MHz. The °F NMR spectra were recorded at 376 MHz.
The residual solvent signals were used as references and the chemical shifts were
converted to the TMS scale. The coupling constants were given in Hz. High-resolution
mass spectra (HRMS) were recorded with a ThermoScientific Orbitrap Explories MX
mass spectrometer. The conversion of starting materials was monitored by thin layer
chromatography (TLC) using silica gel plates (silica gel 60 F254 0.25 mm), and
components were visualized under UV light (254 and 365 nm). Column
chromatography was performed on silica gel 300-400 mesh. HPLC analysis was
performed on a Dionex UltiMate 3000, ThermoScientific. Chiral HPLC data for the
products could be obtained using a Chiralpak IA, Chiralpak 1B, Chiralpak IC, Chiralpak
IE, and Chiralpak IG, Chiralcel OJ-H column. All reactions were carried out under
an atmosphere of nitrogen using standard Schlenk techniques. All the reactions that
require heating were heated by oil bath. Unless otherwise noted, all solvents and
reagents were obtained from commercial sources and purified according to established
procedures before use. Chiral catalysts (R)-3,3 '-Br,-BINOL Cat 1, (R)-BINOL Cat 2,
(R)-3,3'-I-BINOL Cat 3, (R)-3,3'-Pho-BINOL Cat 4, Cat 5 bearing two 3,5-
bis(trifluoromethyl)phenyl groups, and Cat 6 (R)-3,3’-Me>-BINOL were purchased
from Daicel Chemical Industries Ltd. Cat 7 and Cat 8 were prepared according to the
procedure previously reported.! Alkenyl-substituted benzothiazoles la-1r and
alkenylthiazoline 1s were synthesized according to the literature procedures.?
Potassium trifluoroborates 2m-2p, 2s, and 2t were purchased from commercial
suppliers and used without further purification. Potassium alkenyl trifluoroborates 2a-
21, 2q, and 2r were prepared according to those reported in the literature.?
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2. General procedures for the preparation of racemic products

100 °C

R2

(#)-3,3'<(CF3),CgH5-BINOL /

R']

N>_f gy BFK (20 mol%) " ?

S 4 AMS, m-xylene N

S
! 2 (#)-3

To a 10 mL Schlenk tube equipped with a stirring bar was added 4 A MS (100
mg), and the tube was flame-dried under high vacuum. After cooling to r.t., the tube
was then back-filled with nitrogen. Then trifluoroborate salts 2a—2m (0.2 mmol, 2.0
equiv), (H-3,3'-(CF3)2CsH3-BINOL (0.02 mmol, 20 mol %), alkenyl-substituted
benzothiazoles la-1s (0.1 mmol, 1.0 equiv), and dry m-xylene (1.0 mL) were
successively added to the test tube under N2. The tube was sealed up with a screw cap,
and allowed to stir at 100 <C in an oil bath for 48 h. After the removal of solvents via
rotary evaporation, the residue was purified through flash column chromatography on
silica gel (eluent: petroleum ether/ethyl acetate = 100:1-50:1) to give pure racemic
adducts 3.
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3. General procedures for the enantioselective conjugate addition of alkenyl

trifluoroborates to alkenyl-substituted benzothiazoles

S )
1 / | OH
R i
@EN\>_//— . Rz/\/BFsK Cat 5 (20 mol%) N\ R : \OH
S 4 AMS, m-xylene S i CF,
100 °C
1 2 3 i

CF3
(R)-3,3'-(CF5),CgH;-BINOL
Cat 5

To a 10 mL Schlenk tube equipped with a stirring bar was added 4 A MS (100 mg),
and the tube was flame-dried under high vacuum. After cooling to r.t., the tube was then
back-filled with nitrogen. Then trifluoroborate salts 2a—2m (0.2 mmol, 2.0 equiv), (R)-
3,3'-(CF3)2CsH3-BINOL (0.02 mmol, 20 mol %), alkenyl-substituted benzothiazoles
la-1s (0.1 mmol, 1.0 equiv), and dry m-xylene (1.0 mL) were successively added to
the test tube under N2. The tube was sealed up with a screw cap, and allowed to stir at
100 <C in an oil bath for 48 h. After the removal of solvents via rotary evaporation, the
residue was purified through flash column chromatography on silica gel (eluent:
petroleum ether/ethyl acetate = 100:1-50:1) to give pure adducts 3.

(S,E)-2-(2,4-diphenylbut-3-en-1-yl)benzo[d]thiazole (3aa)

Ph
/
@Q@

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (31.3 mg, 92% vyield); mp 73-74 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (major) = 6.0 min, tg (Minor) = 5.5 min, 99.8:0.2 e.r., >99% ee; [a]p®° =
+16.1 (c 1.0, CHCla);

'H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H),
7.43 (t, J = 8.0 Hz, 1H), 7.33-7.18 (m, 11H), 6.48-6.40 (m, 2H), 4.18-4.13 (m, 1H),
3.69-3.58 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) ¢ 169.7, 153.2, 142.6, 137.2, 135.4, 132.0,
131.1, 128.9, 128.6, 127.9, 127.5, 127.0, 126.4, 126.0, 124.9, 122.7, 121.6, 49.2, 40.7;

HRMS (ESI) m/z: [M + H]" calcd for C23sH20NS, 342.1311; found, 342.1311.
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(S,E)-2-(4-phenyl-2-(p-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ba)

Ph
/
@}_ﬁ@ Me

Eluent: petroleum ether/EtOAc = 50:1-30:1;

White soild (27.4 mg, 77% yield); mp 62-63 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (major) = 6.1 min, tz (minor) = 5.4 min, 99.7:0.3 e.r., >99% ee; [a]p?° =
+19.3 (c 1.0, CHCl3);

'H NMR (400 MHz, CDCls3) 6 7.97 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H),
7.44-7.40 (m, 11H), 7.33-7.12 (m, 10H), 6.46-6.38 (m, 2H), 4.14-4.09 (m, 1H), 3.67-
3.56 (m, 2H), 2.31 (s, 3H);

13C {*H} NMR (100 MHz, CDCls) ¢ 169.8, 153.2, 139.5, 137.2, 136.6, 135.4,
132.3,130.8, 129.6, 128.6, 127.7, 127.4, 126.4, 126.0, 124.8, 122.7, 121.6, 48.7, 40.8,
21.2;

HRMS (ESI) m/z: [M + H]" calcd for C24H22NS, 356.1467; found, 356.1468.

(S,E)-2-(4-phenyl-2-(m-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ca)

Ph
/ Me
@Z}@

Eluent: petroleum ether/EtOAc = 50:1-30:1;

White soild (24.3 mg, 68% yield); mp 77-79 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (Major) =5.7 min, tr (Minor) = 5.2 min, 99.5:0.5 e.r., 99% ee; [a]p?® = +15.7
(c 1.0, CHCIy);

'H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H),
7.45-7.40 (m, 1H), 7.33-7.12 (m, 9H),7.04 (d, J = 7.6 Hz, 1H), 6.43-6.42 (m, 2H), 4.13-
4.08 (m, 1H), 3.68-3.57 (m, 2H), 2.33 (s, 3H);

13C {*H} NMR (100 MHz, CDCls) 6 169.8, 153.2, 142.6, 138.5, 137.2, 135.4,
132.1, 131.0, 128.8, 128.62, 128.58, 127.8, 127.5, 126.4, 126.0, 124.8, 122.7, 121.6,
49.1, 40.8, 21.6;

HRMS (ESI) m/z: [M + H]" calcd for C24H22NS, 356.1467; found, 356.1468.

S5



(S,E)-2-(4-phenyl-2-(o-tolyl) but-3-en-1-yl) benzo[d[thiazole (3da)

Ph

/ Me
CL

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Colorless oil (19.9 mg, 56% yield);

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 4 =
254 nm) tr (Major) = 5.6 min, tr (Minor) = 4.9 min, 99.4:0.6 e.r., 99% ee; [a]p®® = +19.5
(c 1.0, CHCIy);

'H NMR (400 MHz, CDCls3) 6 7.97 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 7,6 Hz, 1H),
7.45-7.37 (m, 2H), 7.33-7.14 (m, 9H), 6.43-6.34 (m, 2H), 4.43-4.38 (m, 1H), 3.70-3.57
(m, 2H), 2.37 (s, 3H);

13C {*H} NMR (100 MHz, CDCls) ¢ 169.9, 153.2, 140.5, 137.2, 135.4, 131.8,
130.87, 130.85, 128.6, 127.5, 126.8, 126.7, 126.6, 126.4, 126.0, 124.9, 122.8, 121.6,
445, 40.2, 19.9;

HRMS (ESI) m/z: [M + H]" calcd for C24H22NS, 356.1467; found, 356.1468.

(S,E)-2-(2-(4-methoxyphenyl)-4-phenylbut-3-en-1-yl)benzo[d[thiazole (3ea)

Ph

/
S OMe
O
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (18.9 mg, 51% yield); mp 63-65 °C

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 0.5 mL/min, 4 =
254 nm) tr (major) = 16.3 min, tz (Minor) = 14.7 min, 99.7:0.3 e.r., >99% ee; [a]p® =
+5.4 (¢ 1.0, CHCIy);

'H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H),
7.45-7.41 (m, 1H), 7.34-7.18 (m, 8H), 6.87-6.84 (m, 2H), 6.46-6.38 (m, 2H), 4.13-4.08
(m, 1H), 3.78 (s, 3H), 3.67-3.54 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) 6 169.8, 158.6, 153.1, 137.2, 135.4, 134.6,
132.4,130.7, 128.9, 128.6, 127.5, 126.4, 126.0, 124.8, 122.7, 121.6, 114.3, 55.4, 48.3,
40.9;
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HRMS (ESI) m/z: [M + H]" calcd for C24H22NOS, 372.1417; found, 372.1417.
(S,E)-2-(2-(4-fluorophenyl)-4-phenylbut-3-en-1-yl) benzold]thiazole (3fa)

Ph

{
CLr ™

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow soild (26.7 mg, 74% yield); mp 85-87 °C

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 4 =
254 nm) tr (Major) = 5.9 min, tz (Minor) = 5.5 min, 99.4:0.6 e.r., 99% ee; [a]p?® = +12.3
(c 1.0, CHCIy);

'H NMR (400 MHz, CDCls) 6 7.97 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H),
7.46-7.42 (m, 1H), 7.35-7.18 (m, 8H), 7.02-6.97 (m, 2H), 6.46-6,37 (m, 2H), 4.17-4.13
(m, 1H), 3.67-3.53 (m, 2H);

13C {*H} NMR (100 MHz, CDCl3) § 169.3, 161.9 (d, J = 244.0 Hz), 153.2, 138.2
(d, J =3.0 Hz), 137.0, 135.3, 131.8, 131.1, 129.4 (d, J = 8.0 Hz), 128.7, 127.6, 126.5,
126.1, 125.0, 122.8, 121.6, 115.7(d, J = 22.0 Hz), 48.3, 40.8;

9F {'H} NMR (376 MHz, CDCl3) 6 —115.9;

HRMS (ESI) m/z: [M + H]* calcd for C23sH19FNS, 360.1217; found, 360.1217.

(S,E)-2-(2-(3-fluorophenyl)-4-phenylbut-3-en-1-yl)benzo[d[thiazole (3ga)

Ph
/ F
@ZJ@

Eluent: petroleum ether/EtOAc = 50:1-30:1;

White solid (33.6 mg, 93% yield); mp 81-83 °C

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 4 =
254 nm) tr (Major) = 6.0 min, tz (Minor) = 5.5 min, 99.8:0.2 e.r., >99% ee; [a]p®® =
+14.9 (c 1.0, CHCl3);

'H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H),
7.45-7.41 (m, 1H), 7.34-7.17 (m, 7H), 7.10-7.02 (m, 2H), 6.94-6.89 (m, 1H), 6.47-6,36
(m, 2H), 4.20-4.14 (m, 1H), 3.67-3.55 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) 6 169.1, 163.1 (d, J = 245.0 Hz), 153.2, 145.2
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(d,J=7.0Hz), 136.9, 135.3, 131.5, 131.2, 130.4 (d, J = 9.0 Hz), 128.7, 127.7, 126.5,
126.1, 125.0, 123.5 (d, J = 3,0 Hz), 122.8, 121.6, 114.8 (d, J = 22.0 Hz), 114.0 (d, J =
21.0 Hz), 48.8, 40.5;

¥F {14} NMR (376 MHz, CDCls3) 6 —112.6;

HRMS (ESI) m/z: [M + H]" calcd for C23H19FNS, 360.1217; found, 360.1217.

(S,E)-2-(2-(2-fluorophenyl)-4-phenylbut-3-en-1-yl) benzo[d[thiazole (3ha)

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow soild (27.6 mg, 77% yield); mp 98-99 °C

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 0.5 mL/min, 4 =
254 nm) tr (major) = 10.8 min, tr (minor) = 9.6 min, 99.7:0.3 e.r., >99% ee; [a]p?® =
+20.3 (c 1.0, CHCl3);

'H NMR (400 MHz, CDCls3) 6 7.97 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H),
7.44-7.40 (m, 1H), 7.33-7.16 (m, 8H), 7.11-7.02 (m, 2H), 6.51-6.43 (m, 2H), 4.45-4.40
(m, 1H), 3.72-3.62 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) 6 169.3, 160.9 (d, J = 245.0 Hz), 153.2, 137.1,
135.4,131.7, 130.3, 129.5 (d, J = 14.0 Hz), 129.3 (d, J = 5.0 Hz), 128.7, 128.6, 127.6,
126.5, 126.0, 124.9, 124.5 (d, J = 4,0 Hz), 122.8, 121.6, 116.0 (d, J = 22.0 Hz), 43.4,

39.5;
¥ {*H} NMR (376 MHz, CDCl3) 6 —117.0;
HRMS (ESI) m/z: [M + H]* calcd for C23sH19FNS, 360.1217; found, 360.1217.

(S,E)-2-(2-(4-chlorophenyl)-4-phenylbut-3-en-1-yl)benzo/d|thiazole (3ia)

S Cl
v,
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow soild (29.1 mg, 77% yield); mp 80-82 °C

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (Major) = 5.8 min, tz (Minor) = 5.4 min, 99.6:0.4 e.r., >99% ee; [a]o® =
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+3.0 (c 1.0, CHClg);

IH NMR (400 MHz, CDCls) § 7.96 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H),
7.46-7.42 (m, 1H), 7.35-7.18 (m, 10H), 6.45-6.36 (m, 2H), 4.18-4.13 (m, 1H), 3.67-
3.53 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) ¢ 169.1, 153.2, 141.0, 137.0, 135.3, 132.8,
1315, 131.3, 129.3, 129.0, 128.7, 127.7, 126.5, 126.1, 125.0, 122.8, 121.7, 48.4, 40.6;

HRMS (ESI) m/z: [M + H]" calcd for C23H19CINS, 360.0921; found, 360.0921.

(S,E)-2-(2-(4-bromophenyl)-4-phenylbut-3-en-1-yl)benzo/d|thiazole (3ja)

Ph

/
sEoave

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (33.6 mg, 80% yield); mp 81-83 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (Major) = 5.9 min, tz (Minor) = 5.6 min, 99.5:0.5 e.r., 99% ee; [a]p?° = -5.6
(c 1.0, CHCIy);

'H NMR (400 MHz, CDCls3) 6 7.97 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 7.6 Hz, 1H),
7.46-7.42 (m, 3H), 7.36-7.26 (m, 5H), 7.22-7.18 (m, 3H), 6.45-6.36 (m, 2H), 4.17-4.11
(m, 1H), 3.67-3.54 (m, 2H);

3¢ {*H} NMR (100 MHz, CDCl3) § 169.1, 153.1, 141.5, 136.9, 135.3, 132.0,
131.4,129.7,128.7,127.7, 126.5, 126.1, 125.0, 122.8, 121.7, 120.9, 48.5, 40.5;

HRMS (ESI) m/z: [M + H]" calcd for C2sH19"°BrNS, 420.0416; found, 420.0416.

(S,E)-2-(4-phenyl-2-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)benzo|d]thiazole
(Bka)

s CFs
L)
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;
Yellow solid (34.8 mg, 85% yield); mp 81-83 °C;
HPLC (Daicel Chiralpak 1A, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 1 =

254 nm) tr (major) = 6.0 min, tg (Minor) = 6.7 min, 99.9:0.1 e.r., >99% ee; [a]p?® =
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+9.7 (c 1.0, CHCly);

'H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.4 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H),
7.57 (d, J=8.0Hz, 2H), 7.46-7.43 (m, 3H), 7.36-7.19 (m, 6H), 6.48-6.38 (m, 2H), 4.28-
4.23 (m, 1H), 3.70-3.58 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) ¢ 168.8, 153.2, 146.7, 136.8, 135.3, 131.8,
131.0, 129.3 (q, J = 32.0 Hz), 128.7, 128.3, 127.8, 126.5, 126.2, 125.9 (g, J = 3,0 Hz),
125.1,124.3 (q, J = 270.0 Hz), 122.8, 121.7, 53.6, 48.8, 40.4;

¥ {1H} NMR (376 MHz, CDCls3) § —62.4;

HRMS (ESI) m/z: [M + H]" calcd for C24H19F3NS, 410.1185; found, 410.1184.

(S,E)-2-(2-(naphthalen-1-yl)-4-phenylbut-3-en-1-yl)benzo[d[thiazole (31a)
Ph
Ao,
s )
Cr
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (24.1 mg, 62% vyield); mp 74-75 °C

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 4 =
254 nm) tr (Major) = 6.3 min, tz (Minor) = 5.6 min, 99.2:0.8 e.r., 98% ee; [a]o?° = -5.5
(c 1.0, CHCIy);

'H NMR (400 MHz, CDCls) § 8.26 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.4 Hz, 1H),
7.87(d,J=8.0 Hz, 1H), 7.78-7.74 (m, 2H), 7.58-7.43 (m, 5H), 7.33-7.16 (m, 6H), 6.61-
6.45 (m, 2H), 5.06-5.01 (m, 1H), 3.85-3.76 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) ¢ 169.9, 153.2, 138.7, 137.2, 135.4, 134.2,
131.7,131.6,131.5,129.2,128.6, 127.7,127.5, 126.5, 126.4, 126.0, 125.8, 125.7, 124.9,
124.6, 123.4, 122.8, 121.6, 43.8, 40.3;

HRMS (ESI) m/z: [M + H]* calcd for C27H22NS, 392.1467; found, 392.1468.

(S,E)-2-(2-(naphthalen-2-yl)-4-phenylbut-3-en-1-yl) benzo[d[thiazole (3ma)

P

S
7
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;
Yellow solid (23.8 mg, 61% yield); mp 84-86 °C;
S10
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HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (major) = 6.8 min, tr (minor) = 6.2 min, 99.7:0.3 e.r., >99% ee; [a]p® = -
4.6 (c 1.0, CHCIy);

'H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.4 Hz, 1H), 7.82-7.73 (m, 5H), 7.48-
7.40 (m, 4H), 7.32-7.16 (m, 6H), 6.55-6.44 (m, 2H), 4.33 (q, J = 6.8 Hz, 1H), 3.79-3.69
(m, 2H);

13C {*H} NMR (100 MHz, CDCls) ¢ 169.6, 153.2, 140.0, 137.2, 135.4, 133.7,
132.7, 131.9, 131.3, 128.6, 127.9, 127.8, 127.6, 126.5, 126.27, 126.26, 126.0, 125.8,
124.9,122.8, 121.6, 49.2, 40.6;

HRMS (ESI) m/z: [M + H]* calcd for C27H22NS, 392.1467; found, 392.1468.

(S,E)-2-(2-(furan-2-yl)-4-phenylbut-3-en-1-yl)benzo|[d]thiazole (3na)

Ph
/ O
Cro— ™
/
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow soild (20.7 mg, 63% yield); mp 67-69 °C;

HPLC (Daicel Chiralpak 1B, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (major) = 7.6 min, tz (Minor) = 5.4 min, 99.6:0.4 e.r., >99% ee; [a]p?® =
+50.4 (¢ 1.0, CHCI3);

'H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H),
7.46-7.18 (m, 8H), 6.48 (d, J = 16.0 Hz, 1H), 6.37-6.29 (m, 2H), 6.13 (d, J = 3.2 Hz,
1H), 4.24 (q, J = 7.6 Hz, 1H), 3.74-3.53 (m, 2H);

13C {*H} NMR (100 MHz, CDCl3) 6 169.0, 155.1, 153.2, 141.9, 136.9, 135.5,
132.3,128.8, 128.6, 127.7, 126.6, 126.0, 124.9, 122.8, 121.6, 110.4, 106.4, 42.9, 38.7;

HRMS (ESI) m/z: [M + H]" calcd for C21H1sNOS, 332.1104; found, 332.1104.

(S,E)-2-(4-phenyl-2-(thiophen-2-yl)but-3-en-1-yl)benzo/d|thiazole (30a)

Ph

{ s
©:s/ N
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;

At 120 °C for 48 h. Yellow solid (18.8 mg, 54% yield); mp 78-80 °C;
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HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (major) = 6.1 min, tz (Minor) = 5.6 min, 99.7:0.3 e.r., >99% ee; [a]p?° =
+8.2 (¢ 1.0, CHCl3);

IH NMR (400 MHz, CDCls) § 7.98 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H),
7.46-7.43 (m, 1H), 7.35-7.19 (m, 7H), 6.96-6.94 (m, 2H), 6.52-6.37 (m, 2H), 4.45 (q, J
= 7,6 Hz, 1H), 3.72-3.61 (m, 2H);

3¢ {*H} NMR (100 MHz, CDCls) § 168.9, 153.2, 146.3, 136.9, 135.4, 131.7,
131.2,128.7,127.7, 127.1, 126.6, 126.1, 125.0, 124.5, 124.2, 122.8, 121.7, 44.4, 41.7,

HRMS (ESI) m/z: [M + H]" calcd for C21H1sNS», 348.0875; found, 348.0875.

(S,E)-2-(2-phenethyl-4-phenylbut-3-en-1-yl)benzo[d[thiazole (3pa)

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Colorless oil (36.9 mg, 99% yield);

HPLC (Daicel Chiralpak OJ-H, hexane/i-PrOH = 60:40, flow rate 1.0 mL/min, A
= 254 nm) tr (major) = 8.9 min, tr (minor) = 10.4 min, 99.6:0.4 e.r., >99% ee; [a]p® =
+35.2 (c 1.0, CHCl3);

'H NMR (400 MHz, CDCl3) 6 7.96 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H),
7.45-7.41 (m, 1H), 7.35-7.14 (m, 11H), 6.43 (d, J = 15.6 Hz, 1H), 6.13 (dd, J = 8.8,
15.6 Hz, 1H), 3.33-3.20 (m, 2H), 2.86-2.73 (m, 1H), 2.66-2.62 (m, 2H), 2.01-1.76 (m,
2H);

13C {*H} NMR (100 MHz, CDCl3) § 170.0, 153.2, 142.1, 137.3, 135.4, 132.4,
132.0, 128.64, 128.55, 128.5, 127.4, 126.4, 125.99, 125.95, 124.8, 122.7, 121.6, 43.5,
40.5, 36.7, 33.7;

HRMS (ESI) m/z: [M + H]" calcd for C2sH24NS, 370.1624; found, 370.1624.

(S,E)-6-chloro-2-(2,4-diphenylbut-3-en-1-yl)benzold|thiazole (3qa)

Ph

gect

Eluent: petroleum ether/EtOAc = 100:1-50:1;
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Yellow solid (25.6 mg, 68% yield); mp 91-93 °C;

HPLC (Daicel Chiralpak IE, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (major) = 7.1 min, tz (Minor) = 6.8 min, 99.7:0.3 e.r., >99% ee; [a]p?° =
+14.6 (c 1.0, CHCIy);

'H NMR (400 MHz, CDCls) 6 7.94 (d, J = 1.6 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1H),
7.34-7.17 (m, 11H), 6.47-6.38 (m, 2H), 4.16-4.11 (m, 1H), 3.68-3.56 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) ¢ 171.7, 154.0, 142.4, 137.1, 133.6, 132.1,
131.8,131.2, 128.9, 128.6, 127.9, 127.6, 127.1, 126.4, 125.4, 122.7, 122.3, 49.1, 40.8;

HRMS (ESI) m/z: [M + H]" calcd for C23sH19CINS, 376.0921; found, 376.0921.

(S,E)-6-bromo-2-(2,4-diphenylbut-3-en-1-yl)benzo/d]thiazole (3ra)

Ph

/
Br S
L
N

Eluent: petroleum ether/EtOAc = 100:1-50:1;

Yellow solid (32.4 mg, 77% yield); mp 112-113 °C;

HPLC (Daicel Chiralpak IE, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 4 =
254 nm) tr (Major) = 7.6 min, tr (Minor) = 7.2 min, 99.1:0.9 e.r., 98% ee; [a]p?® = +21.5
(c 1.0, CHCIy);

'H NMR (400 MHz, CDCls3) 6 8.10 (d, J = 1.6 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H),
7.41 (dd, J = 2.0, 8.8 Hz, 1H), 7.34-7.16 (m, 10H), 6.46-6.38 (m, 2H), 4.16-4.10 (m,
1H), 3.67-3.56 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) ¢ 171.5, 154.3, 142.4, 137.1, 134.2, 131.8,
131.1, 128.9, 128.6, 128.0, 127.8, 127.6, 127.1, 126.4, 125.7, 122.6, 119.6, 49.1, 40.7;

HRMS (ESI) m/z: [M + H]* calcd for C2sH1oN"BrS, 420.0416; found, 420.0416.

(S,E)-2-(2,4-diphenylbut-3-en-1-yl)-4,5-dihydrothiazole (3sa)

S
W
N

Eluent: petroleum ether/EtOAc = 50:1-10:1;
At 80 °C for 48 h. Colorless oil (13.5 mg, 46% yield);

HPLC (Daicel Chiralpak 1G, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 1 =
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254 nm) tr (Major) = 9.8 min, tz (Minor) = 8.9 min, 94.9:5.1 e.r.,90% ee; [a]p?® = +5.5
(c 1.0, CHCly);

'H NMR (400 MHz, CDCls) ¢ 7.34-7.16 (m, 10H), 6.45-6.31 (m, 2H), 4.12 (t, J =
8.0 Hz, 2H), 3.96 (q, J = 7.2 Hz, 1H), 3.21-3.17 (m, 2H), 3.08-2.95 (m,2H);

13C {*H} NMR (100 MHz, CDCls) ¢ 169.7, 142.8, 137.3, 132.2, 130.4, 128.7,
128.5,127.7,127.3, 126.8, 126.4, 64.4, 47.2, 40.4, 34.1,

HRMS (ESI) m/z: [M + H]* calcd for C1gH20NS, 294.1311; found, 294.1311.

(S,E)-2-(2-phenyl-4-(p-tolyl) but-3-en-1-yl) benzo[d]thiazole (3ab)

S O
7
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (21.3 mg, 60% yield); mp 69-70 °C;

HPLC (Daicel Chiralpak OJ-H, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A
= 254 nm) tg (Major) = 14.3 min, tz (Minor) = 15.9 min, 99.4:0.6 e.r., 99% ee; [a]o® =
+9.8 (c 1.0, CHCIy);

'H NMR (400 MHz, CDCls3) § 7.96 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H),
7.42 (t,J=7.6 Hz, 1H), 7.32-7.19 (m, 8H), 7.06 (d, J = 8.0 Hz, 2H), 6.43-6.34 (m, 2H),
4.16-4.11 (m, 1H), 3.68-3.57 (m, 2H), 2.29 (s, 3H);

13C {*H} NMR (100 MHz, CDCl3) § 169.8, 153.2, 142.8, 137.3, 135.4, 134.4,
131.0, 130.9, 129.3, 128.9, 127.9, 127.0, 126.3, 126.0, 124.8, 122.7, 121.6, 49.2, 40.8,
21.3;

HRMS (ESI) m/z: [M + H]" calcd for C24H22NS, 356.1467; found, 356.1468.

(S,E)-2-(2-phenyl-4-(m-tolyl) but-3-en-1-yl)benzo[d|thiazole (3ac)

Eluent: petroleum ether/EtOAc = 50:1-30:1;
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Yellow soild (22.3 mg, 63% yield); mp 82-84 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (major) = 5.6 min, tz (Minor) = 5.3 min, 99.7:0.3 e.r., >99% ee; [a]p?° =
+15.4 (c 1.0, CHCIy);

'H NMR (400 MHz, CDCls) 6 7.97 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H),
7.45-7.41 (m, 1H), 7.32-7.29 (m, 5H), 7.24-7.21 (m, 1H), 7.17-7.09 (m, 3H), 7.00 (d, J
=7.2 Hz, 1H), 6.46-6.37 (m, 2H), 4.17-4.12 (m, 1H), 3.69-3.75 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) 6 169.7, 153.2, 142.7, 138.2, 137.1, 135.4,
131.8,131.1,128.9,128.5,128.3,127.9, 127.1, 127.0, 126.0, 124.8, 123.6, 122.7, 121.6,
49.2, 40.8, 21.5;

HRMS (ESI) m/z: [M + H]* calcd for C24H22NS, 356.1467; found, 356.1468.

(S,E)-2-(2-phenyl-4-(o-tolyl) but-3-en-1-yl)benzo[d[thiazole (3ad)

S Ph
L

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Colorless oil (23.3 mg, 65% yield);

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (Major) = 5.6 min, tz (Minor) = 6.2 min, 99.4:0.6 e.r., 99% ee; [a]o*® = +16.6
(c 1.0, CHCIy);

'H NMR (400 MHz, CDCls3) § 7.97 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H),
7.45-7.41 (m, 1H), 7.37-7.30 (m, 6H), 7.26-7.22 (m, 1H), 7.11-7.04 (m, 3H), 6.64 (d, J
=15.6 Hz, 1H), 6.27 (dd, J = 8.0, 15.6 Hz, 1H), 4.21-4.16 (m, 1H), 3.69-3.58 (m, 2H),
2.15 (s, 3H);

13C {*H} NMR (100 MHz, CDCls) ¢ 169.7, 153.2, 142.8, 136.4, 135.5, 135.3,
133.2,130.2,129.2,128.9,127.8,127.4,127.0,126.1, 126.0, 125.9, 124.9, 122.7, 121.6,
49.5, 40.9, 19.8;

HRMS (ESI) m/z: [M + H]* calcd for C24H22NS, 356.1467; found, 356.1468.

(S,E)-2-(4-(4-methoxyphenyl)-2-phenylbut-3-en-1-yl)benzo[d[thiazole (3ae)
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MeO

S Ph
(L

Eluent: petroleum ether/EtOAc = 100:1-50:1;

At 145 °C for 48 h. Yellow solid (14.9 mg, 40% vyield); mp 95-96 °C

HPLC (Daicel Chiralpak 1G, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 1 =
254 nm) tr (major) = 16.0 min, tz (minor) = 15.2 min, 98.0:2.0 e.r., 96% ee; [a]o®® =
+13.7 (c 0.5, CHCIy);

'H NMR (400 MHz, CDCls3) 6 7.96 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H),
7.45-7.41 (m, 1H), 7.34-7.29 (m, 5H), 7.25-7.20 (m, 3H), 6.82-6.78 (m, 2H), 6.40-6.26
(m, 2H), 4.12 (q, J = 7.2 Hz, 1H), 3.77 (s, 3H), 3.68-3.57 (m, 2H);

13C {*H} NMR (100 MHz, CDCl3) § 169.8, 159.2, 153.2, 142.9, 135.4, 130.5,
130.0, 129.9, 128.9, 127.9, 127.6, 127.0, 126.0, 124.8, 122.7, 121.6, 144.0, 55.4, 49.2,
40.9;

HRMS (ESI) m/z: [M + H]" calcd for C24H22ONS, 372.1417; found, 372.1417.

(S,E)-2-(4-(4-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo/d]thiazole (3af)

S Ph
(L

Eluent: petroleum ether/EtOAc = 50:1-30:1;

White solid (14.0 mg, 39% vyield); mp 83-84 °C

HPLC (Daicel Chiralpak 1G, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (major) = 9.5 min, tr (minor) = 8.7 min, 99.6:0.4 e.r., >99% ee; [a]p?° =
+6.5 (c 1.0, CHCIy);

'H NMR (400 MHz, CDCls3) 6 7.97 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H),
7.43-7.41 (m, 1H), 7.34-7.31 (m, 5H), 7.27-7.22 (m, 3H), 6.96-6.92 (m, 2H), 6.41-6.31
(m, 2H), 4.16-4.11 (m, 1H), 3.68-3.57 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) 6 169.6, 162.3 (d, J = 245.0 Hz), 153.2, 142.5,
135.4,133.3(d, J=3.0 Hz), 131.8, 129.9, 129.0, 127.92 (d, J = 8.0 Hz), 127.86, 127.1,
126.0, 124.9, 122.8, 121.6, 115.5 (d, J = 21.0 Hz), 49.1, 40.7;

F {1H} NMR (376 MHz, CDCls3) § —114.8;
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HRMS (ESI) m/z: [M + H]" calcd for C23H19FNS, 360.1217; found, 360.1217.

(S,E)-2-(4-(3-fluorophenyl)-2-phenylbut-3-en-1-yl)benzold|thiazole (3ag)

S Ph
O
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (31.8 mg, 88% yield); mp 74-76 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 4 =
254 nm) tr (Major) = 5.9 min, tr (Minor) = 5.5 min, 99.4:0.6 e.r., 99% ee; [a]o®® = +8.4
(c 1.0, CHCIy);

'H NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H),
7.44 (t,J =8.0 Hz, 1H), 7.33-7.17 (m, 7H), 7.05-6.99 (m, 2H), 6.89-6.85 (m, 1H), 6.49-
6.36 (m, 2H), 4.16 (q, J = 7.6 Hz, 1H), 3.68-3.37 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) 6 169.4, 163.2 (d, J = 244.0 Hz), 153.2, 142.3,
139.5 (d, J=8.0 Hz), 135.4, 133.4, 130.04, 129.99 (d, J = 4.0 Hz), 129.0, 127.9, 127.2,
126.1, 124.9, 122.8, 122.4 (d, J = 3.0 Hz), 121.6, 114.3 (d, J = 22.0 Hz), 112.9 (d, J =
21.0 Hz), 49.1, 40.6;

9F {'H} NMR (376 MHz, CDCl3) 5 —113.6;

HRMS (ESI) m/z: [M + H]* calcd for C23sH19FNS, 360.1217; found, 360.1217.

(S,E)-2-(4-(4-chlorophenyl)-2-phenylbut-3-en-1-yl)benzol/d|thiazole (3ah)

Cl

©:s Ph
7
N

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (27.9 mg, 74% yield); mp 63-65 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 4 =
254 nm) tr (Major) = 6.2 min, tr (Minor) = 5.7 min, 99.5:0.5 e.r., 99% ee; [a]o?® = +21.1
(c 1.0, CHCly);

'H NMR (400 MHz, CDCls3) 6 7.97 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H),
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7.45-7.41 (m, 1H), 7.35-7.30 (M, 5H), 7.26-7.21 (m, 5H), 6.45-6.34 (m, 2H), 4.14 (q, J
= 7.2 Hz, 1H), 3.68-3.57 (m, 2H);
13C {*H} NMR (100 MHz, CDCls) § 169.5, 153.2, 142.4, 135.7, 135.4, 133.1,
132.7,129.9, 129.0, 128.7, 127.9, 127.7, 127.2, 126.1, 124.9, 122.8, 121.6, 49.1, 40.7;
HRMS (ESI) m/z: [M + H]* calcd for CasH1sCINS, 376.0921; found, 376.0921.

(S,E)-2-(4-(4-bromophenyl)-2-phenylbut-3-en-1-yl)benzo[d[thiazole (3ai)

Br

S Ph
(L

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (21.0 mg, 50% yield); mp 107-109 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, 4 =
254 nm) tr (Major) = 6.2 min, tr (Minor) = 5.7 min, 99.0:1.0 e.r., 98% ee; [a]p?® = +25.7
(c 1.0, CHCIy);

'H NMR (400 MHz, CDCl3) ¢ 7.97 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H),
7.46-7.42 (m, 1H), 7.38-7.32 (m, 7H), 7.25-7.22 (m, 1H), 7.16-7.14 (m, 2H), 6.46-6.32
(m, 2H), 4.14 (q, J = 7.6 Hz, 1H), 3.68-3.57 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) § 169.5, 153.2, 142.3, 136.1, 135.4, 132.8,
131.7,129.9, 129.0, 128.0, 127.9, 127.2, 126.1, 124.9, 122.8, 121.6, 121.2, 49.2, 40.6;

HRMS (ESI) m/z: [M + H]* calcd for C2sH1o"°BrNS, 420.0416; found, 420.0416.

(S,E)-2-(2-phenyl-4-(4-(trifluoromethyl)phenyl) but-3-en-1-yl)benzo[d[thiazole (3aj)

Fs;C

S Ph

(L

Eluent: petroleum ether/EtOAc = 50:1-30:1;

White soild (20.8 mg, 51% yield); mp 106-107 °C

HPLC (Daicel Chiralpak 1G, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tg (Major) = 8.2 min, tr (Minor) = 7.5 min, 99.5:0.5 e.r., 99% ee; [a]o*® = +18.6
(c 1.0, CHCIy);
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IH NMR (400 MHz, CDCl3) 6 7.97 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H),
7.51-7.42 (m, 3H), 7.39-7.31 (m, 7H), 7.27-7.23 (m, 1H), 6.58-6.42 (m, 2H), 4.18 (g, J
= 7.2 Hz, 1H), 3.70-3.59 (m, 2H);

13C {'H} NMR (100 MHz, CDCls) 6 169.3, 153.2, 142.1, 140.6, 135.3, 134.7,
129.8, 129.3 (g, J = 32.0 Hz), 129.0, 127.9, 127.3, 126.6, 126.1, 125.6 (q, J = 4.0 Hz),
125.0 (g, J = 270.0 Hz), 122.8, 121.6, 49.2, 40.6;

19F {14} NMR (376 MHz, CDCls) 5 —62.5;

HRMS (ESI) m/z: [M + H]* calcd for CasHi9FsNS, 410.1185; found, 410.1185.

(S,E)-2-(4-(naphthalen-2-yl)-2-phenylbut-3-en-1-yl)benzold[thiazole (3ak)

Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (18.4 mg, 47% yield); mp 112-114 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (major) = 8.3 min, tg (Minor) = 7.3 min, 99.7:0.3 e.r., >99% ee; [a]p?® =
+37.0 (¢ 1.0, CHCIy);

'H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 8.0 Hz, 1H), 7.78-7.71 (m, 4H),7.54-
7.52 (m, 1H), 7.43-7.23 (m, 9H), 6.62-6.53 (m, 2H), 4.23-4.18 (m, 1H), 3.73-3.62 (m,
2H);

3¢ {'H} NMR (100 MHz, CDCl3) § 169.7, 153.2, 142.6, 135.4, 134.6, 133.7,
133.0, 132.4, 131.2, 129.0, 128.2, 128.0, 127.9, 127.7, 127.1, 126.32, 126.26, 126.0,
125.9, 123.7, 122.8, 121.6, 49.3, 40.8;

HRMS (ESI) m/z: [M + H]" calcd for C27H22NS, 392.1467; found, 392.1468.

(S,E)-2-(2-phenyl-4-(thiophen-2-yl)but-3-en-1-yl)benzo[d]thiazole (3al)
7
5/
/
S Ph
L
N
Eluent: petroleum ether/EtOAc = 50:1-30:1;

Yellow solid (29.7 mg, 85% yield); mp 99-101 °C;
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HPLC (Daicel Chiralpak 1B, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tr (Major) = 6.9 min, tr (Minor) = 5.7 min, 96.6:3.4 e.r., 93% ee; [a]p?® = +19.4
(c 1.0, CHCIy);

'H NMR (400 MHz, CDClz) 6 7.97 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H),
7.44-7.40 (m, 1H), 7.33-7.29 (m, 5H), 7.25-7.21 (m, 1H), 7.08 (d, J = 4.8 Hz, 1H), 6.90-
6.88 (m, 1H), 6.84 (d, J = 3.2 Hz, 1H), 6.53 (d, J = 15.6 Hz, 1H), 6.29 (dd, J = 7.2, 15.6
Hz, 1H), 4.14-4.08 (m, 1H), 3.66-3.55 (m, 2H);

13C {*H} NMR (100 MHz, CDCls) 6 169.5, 153.2, 142.29, 142.27, 135.4, 131.7,
128.9, 127.9, 127.4, 127.1, 126.0, 125.5, 124.9, 124.3, 124.1, 122.8, 121.6, 49.0, 40.6;

HRMS (ESI) m/z: [M + H]* calcd for C21H1sNS>, 348.0875; found, 348.0875.

(R)-2-(2-(benzofuran-2-yl)-2-phenylethyl)benzo[d[thiazole (3am)

Eluent: petroleum ether/EtOAc = 50:1-30:1;

White soild (30.8 mg, 87% vyield); mp 150-151 °C

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tg (Major) = 5.7 min, tg (minor) = 5.3 min, 99.6:0.4 e.r., >99% ee; [a]p® = -
6.8 (c 1.0, CHCIy);

'H NMR (400 MHz, CDCls3) 6 7.96 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H),
7.47-7.14 (m, 11H), 6.51 (s, 1H), 4.83 (t, J = 7.6 Hz, 1H), 4.05 (dd, J = 8.0, 14.8 Hz,
1H), 3.78 (dd, J =8.0, 15.2 Hz, 1H);

3¢ {'*H} NMR (100 MHz, CDCl3) ¢ 168.8, 158.8, 155.0, 153.1, 140.4, 135.4,
128.9, 128.5, 128.2, 127.5, 126.0, 125.0, 123.9, 122.80, 122.78, 121.6, 120.9, 111.2,
103.8, 45.8, 39.3;

HRMS (ESI) m/z: [M + H]" calcd for C23H1sNOS, 356.1104; found, 356.1104.
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4. Large-scale reaction and synthetic transformations of products

X BF3K (R)-3,3'-(CF3),C¢H;-BINOL /
(20 mol%)
S
4 R MS, m- -xylene P
100 °C N
3aa

83% vyield, 99% ee

4.0 mmoI 8.0 mmol

To a 100 mL Schlenk tube equipped with a stirring bar was added 4 A MS (4.0 g),
and the tube was flame-dried under high vacuum. The tube was then back-filled with
nitrogen. To the tube was added (E)-2-styrylbenzo[d]thiazole 1a (4.0 mmol, 1.0 equiv,
949.0 mg), potassium styryltrifluoroborate 2a (8.0 mmol, 2.0 equiv, 1.68 g), Cat 5 (0.8
mmol, 20 mol%, 568.0 mg) and dry m-xylene (40.0 mL) under n itrogen. The reaction
mixture was kept stirring at 100 < for 48 h and monitored by TLC until (E)-2-
styrylbenzo[d]thiazole la was consumed. After the removal of solvents via rotary
evaporation, the residue was purified through flash column chromatography on silica
gel (eluent: petroleum ether/ethyl acetate = 100:1-50:1) to give pure adducts 3aa (1.13
g, 83% yield, 99% ee).

Synthesis of (R)-2-(2,4-diphenylbutyl)benzold[thiazole (4)

/
Hy
@[N\ O Pd/C (10 mol%) @[N\ O
S MeOH, r.t., 4.5h S
3aa 4
99% ee 99% vyield, 99% ee

To a stirred solution of 3aa (99% ee, 34.1 mg, 0.1 mmol, 1.0 equiv) in MeOH (1
mL) was added Pd-C (0.01 mmol, 10 mol %). The reaction mixture was stirred under
H> balloon for 5 h at room temperature. The resulting mixture was filtered through a
Celite pad and solvents were concentrated via rotary evaporation. The residue was
purified through flash column chromatography on silica gel (eluent: petroleum
ether/ethyl acetate = 50:1) to give product 4 (34.0 mg, 99% yield, 99% ee);

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) g (major) = 5.9 min, ¢z (minor) = 5.0 min, 99.3:0.7 e.r., 99% ee; [a]p® = -35.7
(c 1.0, CHCl3);

"H NMR (400 MHz, CDCls) 6 7.86 (d, J = 8.0 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H),
7.35-7.31 (m, 1H), 7.25-7.20 (m, 3H), 7.17-7.12 (m, 5H), 7.08-7.04 (m, 1H), 6,98 (d, J
=7.2 Hz, 2H), 3,41-3,27 (m, 2H), 3.19-3.12 (m, 1H), 2.47-2.34 (m, 2H), 2.09-1.91 (m,
2H);
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3C {'H} NMR (100 MHz, CDCl3) ¢ 170.2, 153.1, 143.3, 142.0, 135.4, 128.8,
128.5, 128.4,127.9, 126.9, 125.93, 125.90, 124.8, 122.7, 121.6, 46.1, 41.8, 37.9, 33.6;
HRMS (ESI) m/z: [M + H]" caled for C23H22NS, 344.1467; found, 344.1468.

Synthesis of (S,E)-2-(4-(4-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]oxazole
(6a)

4R ms, m-xylene

100 °C (6] Ph
V
N

6a
79% yield, >99% ee

To a 10 mL Schlenk tube equipped with a stirring bar was added 4 A MS (100
mg), and the tube was flame-dried under high vacuum. After cooling to r.t., the tube
was then back-filled with nitrogen. Then trifluoroborate salts 2f (0.2 mmol, 2.0 equiv),
(R)- 3,3-(CF3)2CsH3-BINOL (0.02 mmol, 20 mol %), alkenyl-substituted
benzothiazoles 5a (0.1 mmol, 1.0 equiv), and dry m-xylene (1.0 mL) were successively
added to the test tube under N2. The tube was sealed up with a screw cap, and allowed
to stir at 100 <T in an oil bath for 48 h. After the removal of solvents via rotary
evaporation, the residue was purified through flash column chromatography on silica
gel (eluent: petroleum ether/ethyl acetate = 100:1-50:1) to give pure product 6a as
yellow oil (27.1 mg, 79% yield, >99% ee);

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) tx (major) = 5.7 min, ¢z (minor) = 5.4 min, 99.8:0.2 e.r, >99% ee; [a]p>’ =
+19.1 (¢ 1.0, CHCl3);

'H NMR (400 MHz, CDCl3) & 7.67-7.63 (m, 1H), 7.46-7.42 (m, 1H), 7.32 (d, J =
4.4 Hz, 4H), 7.30-7.20 (m, 5H), 6.95-6.89 (m, 2H), 6.41-6.31 (m, 2H), 4.26 (dd, J =
6.8, 14.8 Hz, 1H), 3.50-3.38 (m, 2H);

3C {'H} NMR (100 MHz, CDCl3) 6 165.1, 162.3 (d, J = 245.0 Hz), 150.9, 142.4,
141.4,133.2 (d,J=4.0 Hz), 131.5 (d, J=2.0 Hz), 129.7, 128.9, 127.9 (d, J = 8.0 Hz),
127.6, 127.1, 124.7, 124.3, 119.8, 115.4 (d, J = 22.0 Hz), 46.8, 35.3;

9F {'H} NMR (376 MHz, CDCl3) & —114.7;

HRMS (ESI) m/z: [M + H]" caled for C23H19ONF 344.1445; found 344.1445.

o) >_//—© X BFaK Cat 5 (20 mol%)
+
@E ) /
N F
2f

5a
0.1 mmol 0.2 mmol

Synthesis of (S,E)-2-(4-(3-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]oxazole
(6b)
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- BFaK Cat 5 (20 mol%)
a mol7o
O>_//_© + /
N/ 4 A MS, m-xylene
F 100 °C O,

5a 2g 7
0.1 mmol 0.2 mmol

Ph

6b
94% vyield, 99% ee

To a 10 mL Schlenk tube equipped with a stirring bar was added 4 A MS (100
mg), and the tube was flame-dried under high vacuum. After cooling to r.t., the tube
was then back-filled with nitrogen. Then trifluoroborate salts 2 g (0.2 mmol, 2.0 equiv),
(R)-3,3'-(CF3)2CsH3-BINOL  (0.02 mmol, 20 mol %), alkenyl-substituted
benzothiazoles 5a (0.1 mmol, 1.0 equiv), and dry m-xylene (1.0 mL) were successively
added to the test tube under N2. The tube was sealed up with a screw cap, and allowed
to stir at 100 <T in an oil bath for 48 h. After the removal of solvents via rotary
evaporation, the residue was purified through flash column chromatography on silica
gel (eluent: petroleum ether/ethyl acetate = 100:1-50:1) to give pure product 6b as
yellow solid (32.2 mg, 94% yield, 99% ee), mp 73-75 °C;

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, A =
254 nm) g (major) = 5.8 min, #z (minor) = 5.4 min, 99.5:0.5 e.z, 99% ee; [a]p> =+19.9
(c 1.0, CHCl3);

'H NMR (400 MHz, CDCl3) & 7.67-7.62 (m, 1H), 7.46-7.42 (m, 1H), 7.31 (d, J =
4.4 Hz, 4H), 7.29-7.15 (m, 4H), 7.03-6.96 (m, 2H), 6.88-6.83 (m, 1H), 6.47-6.36 (m,
2H), 4.27 (dd, J= 7.2, 15.2 Hz, 1H), 3.50-3.39 (m, 2H);

-13C {TH} NMR (100 MHz, CDCl3) § 165.0, 163,1 (d, J=243.0 Hz), 150.9, 142.2,
141.4,139.4 (d, J=7.0 Hz), 133.2, 130.0 (d, J= 9.0 Hz), 129.8 (d, J = 3.0 Hz), 129.0,
127.6, 127.2, 124.7, 124.3, 122.3 (d, J = 3.0 Hz), 119.8, 114.3 (d, /= 21.0 Hz), 112.9
(d, J=22.0 Hz), 110.4, 46.7, 35.2;

¥F {*H} NMR (376 MHz, CDCl3) § —113.6;

HRMS (ESI) m/z: [M + H]" caled for C23H19ONF 344.1445; found 344.1445.
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5. Absolute configuration determination and DFT calculation

In order to establish the absolute configuration of the products, we detected CD
(circular dichroism) of optical pure 3aa (99% ee) at the concentration of 0.01 mg/mL
in MeOH (Fig. S1). Through comparison of CD and ECD (electrostatic circular
dichroism) of 3aa (Fig. S2), the absolute configuration of 3aa was determined to be
(S,E).

{

S O
V,
N

3aa

=
(€]

—a— Circular Dichroism

[ =
(%] o (%] o

Circular Dichroism (mdeg)

=
o

-15
200 250 300 350 400 450 500 550

Wavelength (nm)

Fig. S1 CD spectrum of 3aa

[a] 3aa
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Fig. S2 ECD spectrum of 3aa/3aa’

All the density functional theory (DFT) calculations were performed with the
Gaussian 16 B.01 series of programs.* The B3LYP-D3BJ* © functional with the
standard 6-311G(d,p) basis set was used for the geometry optimizations. The ECD
spectra was calculated via the TDDFT method.” The 3D images of the calculated
structures were prepared using CY Lview.®

[a]
C -6.20995200 0.33074700 -0.17843600
C -5.33628800 0.56903100 -1.23769200
C -3.97624200 0.31531500  -1.09325200
C -3.46434300 -0.17877300 0.11110800
C -4.34900900 -0.41286400 1.16499300
C -5.71193000 -0.16131200 1.02429400
C 1.61718800 4.22167700  -0.29201400
C 0.62628200 3.28723000  -0.01508100
C 0.94616500 2.06544700 0.59266000
C 2.28409900 1.81604300 0.92982800
C 3.27577900 2.74837500 0.64648700
C 2.94649200 3.95543800 0.03415000
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[o]

-0.05287400
-1.12376600
-1.98401000
-1.52335600
-5.71520000
-3.30849000
-3.96506400
-6.38280200
1.35207300
-0.40762200
2.54748200
4.30650400
3.71728800
0.17592100
-1.33147500
-1.82233700
-1.74321300
-2.08279700
-7.26956400
-0.04947000
2.10636000
2.23293800
3.24722600
3.47465800
4.48200300
3.13959600
4.59537200
3.56607700
5.37153100
5.57052200
0.80892200
0.64369900

1.02029200
0.76329300
-0.45863700
-1.59206900
0.95303300
0.50578700
-0.79185800
-0.34851900
5.16448600
3.50841600
0.86885100
2.52967200
4.68591600
0.34418900
1.37677400
-0.83549900
-1.30213700
-2.50266500
0.52818900
-1.80121800
-1.40960000
-2.11164800
-0.88820100
-2.30584200
-1.07203200
-0.33691300
-1.77558800
-2.84653100
-0.66355800
-1.90710400
-1.26205200
-2.60292500
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5.61949400
5.08190200
3.75530100
2.94588200
3.49459800
4.82184700
1.09633500
1.29838200
0.41535200
-0.66227500
-0.86574700
0.01203300
0.57178400
1.31377900
1.48126400
0.64156500
5.69783800
3.34269900
2.87564600
5.23356000
1.79182400
2.15803100
-1.35093400
-1.70939700
-0.14100300
-0.01783700
1.87139900
1.13651900
0.88542500
0.92081900
6.65344400
-0.83332200
-2.75691100
-3.28454800
-3.62497700

-2.08260100
-1.00576100
-0.63365800
-1.33341600
-2.41023000
-2.78419200
4.94106000
3.57307800
2.78334800
3.41797100
4.78799800
5.55600800
1.33114000
0.52744100
-0.96186900
-1.59052900
-0.45199700
0.21316300
-2.95754200
-3.62009300
5.53400600
3.11478200
2.82136700
5.25565500
6.62426300
0.90256400
0.94961500
-1.42016400
-1.12458700
-2.64504700
-2.37024500
-1.51294900
-1.51835600
-1.30091200

-1.59665500
528

-0.14376900
-0.84550600
-0.64733400
0.25176600
0.95138700
0.75678600
0.85097200
0.72358000
-0.02872700
-0.66269400
-0.53516400
0.22479500
-0.18207800
0.58418100
0.43536900
-0.69562900
-1.54495600
-1.18418000
1.65486200
1.31080600
1.43410600
1.19770900
-1.25152700
-1.02976100
0.32381200
-0.98592000
1.41602500
1.36844900
-1.65380300
-0.78563600
-0.29481400
-0.43640100
0.66360900
-0.63003600
1.75669500
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-4.65442800
-4.98873300
-3.21434200
-5.49916200
-5.05220500
-5.67047300
-6.56816800
-1.37719600
-1.96743500

-1.16429000
-1.45945000
-1.76133600
-1.24528800
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-1.51753100
-1.14035600
-1.63204200
-1.24316300

S29

-0.84420500
1.54468000
2.74479500
0.25604400

-1.83761800
2.38464800
0.11414300
0.72445500

-1.78389100



6. References

[1] (a) Le, P. Q.; Nguyen, T. S.; May, J. A. Org. Lett. 2012, 14, 6104-6107; (b) Shih, J.
L.; Nguyen, T. S.; May, J. A. Angew. Chem., Int. Ed. 2015, 54, 9931-9935.

[2] Mao, W.; Xue, W.; Irran, E.; Oestreich, M. Angew. Chem., Int. Ed. 2019, 58, 10723—
10726.

[3] Mao, B.; Chen, Z.-W.; Wang, J.-F.; Zhang, C.-H.; Du, Z.-Q.; Yu, C.-M. Org. Lett.
2022, 24, 6588—6593.

[4] Gaussian 16, Revision B.01, M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E.

Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, G. A. Peters-son,
H. Nakatsuji, X. Li, M. Caricato, A. V. Marenich, J. Bloino, B. G. Janesko, R.
Gomperts, B. Mennucci, H. P. Hratchian, J. V. Ortiz, A. F. Izmaylov, J. L.
Sonnenberg, D. Williams-Young, F. Ding, F. Lipparini, F. Egidi, J. Goings, B.
Peng, A. Petrone, T. Henderson, D. Ranasinghe, V. G. Zakrzewski, J. Gao, N.
Rega, G. Zheng, W. Liang, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J.
Haseg-awa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, K.
Thros-sell, J. A. Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. J. Bearpark, J. J.
Heyd, E. N. Brothers, K. N. Kudin, V. N. Staroverov, T. A. Keith, R. Kobayashi, J.
Normand, K. Raghavachari, A. P. Rendell, J. C. Burant, S. S. Iyengar, J. To-masi,
M. Cossi, J. M. Millam, M. Klene, C. Adamo, R. Cammi, J. W. Ochterski, R. L.
Martin, K. Morokuma, O. Farkas, J. B. For-esman, and D. J. Fox, Gaussian, Inc.,
Wallingford CT, 2016.

[5] Becke, A. D. J. Chem. Phys., 1993, 98, 5648-5652.

[6] Grimme, S.; Ehrlich, S.; Goerigk, L. J. Comput. Chem., 2011, 32, 1456-1465.
[7] Becke, A. D.; Johnson, E. R. J. Chem. Phys., 2005, 123, 154101.

[8] Legault, C. Y. CYLview, 1.0b; Universitéde Sherbrooke:
2009(http://www.cylview.org).

S30



. OE+11
SE+11
SE+11
OE+10

5E+11
0. OE+00

4. 0E+11

5.

L 3. 0E+11

b4, 5E+11
La.
Lo
L 2. 0E+11
b1
b 1.0E+11

L 4. 0E+08
5E+08
L 3. 0E+08

L3,

k2. 0E+08
1. 5E+08
1. OE+08
L 5. 0E+07

MAAJ_

Copies of 'H, 13C, and °F NMR spectra
(S,E)-2-(2,4-diphenylbut-3-en-1-yl)benzo[d]thiazole (3aa)

'H NMR (400 MHz, CDCl)

7.

€L0v —

Sl'evy—

Fo LRI

10

ANt |0 000

10

20

m
30

P lior
40

50

60

70

Fiog 9l hh\
< 8v'LL
F ooy
e co'lel
+ €L ecL
68'vClL
€091
Sv'oclL
b s0'.2L
[4px4%
6821
L9821
168l
90'LEL T
oo.Nmr\
9€°GEL
PARASE
6GcyvlL
60°€SL —

0
£1 (ppm)

2L 691 —

T
5 10.0 9.

T
10.

11

B3C {'H} NMR (100 MHz, CDCls)

0 140 130 120 110 100 90 80
£1 (ppm)

190 180 170 160 15

200

210




(S,E)-2-(4-phenyl-2-(p-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ba)

'"H NMR (400 MHz, CDCl5)
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(S,E)-2-(4-phenyl-2-(m-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ca)

'"H NMR (400 MHz, CDCl5)
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(S,E)-2-(4-phenyl-2-(o-tolyl) but-3-en-1-yl) benzo[d[thiazole (3da)
'H NMR (400 MHz, CDCls)
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(S,E)-2-(2-(4-methoxyphenyl)-4-phenylbut-3-en-1-yl)benzo[d[thiazole (3ea)

'"H NMR (400 MHz, CDCl5)
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(S,E)-2-(2-(4-fluorophenyl)-4-phenylbut-3-en-1-yl)benzold]thiazole (3fa)

'"H NMR (400 MHz, CDCl5)
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19F {'H'NMR (376 MHz, CDCls)
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'"H NMR (400 MHz, CDCls)

N-S.

432

7.979
7.959
7.786
7.766
7.083
\ 7.047
L 7.022
L 6.938

|
/
i
|
f

6.917
6.912
9:488
4177
4.160

N\ 4.142
3.646
3.629
3.608
3.588
3.570

-
<
3}
~

7.414

N
o}
<
N~

7
| 7.321

 7.300
| 7.282
| 7.274
| 7.264
| 7.243
- 7.209
- 7.192
- 7.102
L 6.933
| 6.468
1 6.429
L 6.418

L
|

Vs 3.666
3.551
— 0.000

|

Fh L 1. 50E+09

L 1. 40E+09

L 1. 30E+09

L 1. 20E+09

L 1. 10E+09

L 1. 00E+09

L 9. 00E+08

L 8. 00E+08

L 7. 00E+08

L 6. 00E+08

L 5. 00E+08

L 4. 00E+08

L 3. 00E+08

I k2. 00E+08

. 00E+08

L 0. 00E+00

L —1. 00E+08

1.00¢
1.00¢
2.151;:1I
1.00%
2.071
1.021
2.097

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
11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 4.0 3.5 3.0 25 20 15 1.0 05 00 -0.5 -1.0

£1 (ppm)

S37



13C{'H} NMR (100 MHz, CDCls)
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(2-(2-fluorophenyl)-4-phenylbut-3-en-1-yl)benzo[d[thiazole (3ha)

(S,E)

'"H NMR (400 MHz, CDCl5)
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19F {'H'NMR (376 MHz, CDCls)
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(S,E)-2-(2-(4-chlorophenyl)-4-phenylbut-3-en-1-yl)benzo/d|thiazole (3ia)

"H NMR (400 MHz, CDCl5)
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13C{'H} NMR (100 MHz, CDCls)
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(S,E)-2-(2-(4-bromophenyl)-4-phenylbut-3-en-1-yl)benzo/d|thiazole (3ja)

'"H NMR (400 MHz, CDCls)
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13C{'H} NMR (100 MHz, CDCls)
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(S,E)-2-(4-phenyl-2-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)benzo|d]thiazole
(Bka)
'"H NMR (400 MHz, CDCls)
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13C{'H} NMR (100 MHz, CDCls)
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(S,E)-2-(2-(naphthalen-1-yl)-4-phenylbut-3-en-1-yl)benzo[d[thiazole (31a)
'H NMR (400 MHz, CDCls)
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(S,E)-2-(2-(naphthalen-2-yl)-4-phenylbut-3-en-1-yl)benzo[d|thiazole (3ma)
'H NMR (400 MHz, CDCls)
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(S,E)-2-(2-(furan-2-yl)-4-phenylbut-3-en-1-yl)benzo|[d]thiazole (3na)
'H NMR (400 MHz, CDCls)
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(S,E)-2-(4-phenyl-2-(thiophen-2-yl)but-3-en-1-yl)benzo/d|thiazole (30a)

'"H NMR (400 MHz, CDCl5)
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(S,E)-2-(2-phenethyl-4-phenylbut-3-en-1-yl)benzo[d[thiazole (3pa)

'"H NMR (400 MHz, CDCl5)
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(S,E)-6-chloro-2-(2,4-diphenylbut-3-en-1-yl)benzo/d|thiazole (3qa)
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(S,E)-6-bromo-2-(2,4-diphenylbut-3-en-1-yl)benzol/d|thiazole (3ra)

'"H NMR (400 MHz, CDCl5)
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(S,E)-2-(2,4-diphenylbut-3-en-1-yl)-4,5-dihydrothiazole (3sa)

'"H NMR (400 MHz, CDCl5)
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(S,E)-2-(2-phenyl-4-(p-tolyl) but-3-en-1-yl)benzo[d[thiazole (3ab)
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(S,E)-2-(2-phenyl-4-(m-tolyl) but-3-en-1-yl) benzold]thiazole (3ac)

'H NMR (400 MHz, CDCl)
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(S,E)-2-(2-phenyl-4-(o-tolyl) but-3-en-1-yl)benzo[d[thiazole (3ad)

'"H NMR (400 MHz, CDCl5)

2. OE+08

| 1. 0E+08

OE+07

0. OE+00

00070~
¥2007

TN
186°¢
009°¢
8L9°¢
8z9'¢
9e9'e
8v9'c
G99'¢
g89'e
TN
vILY
£6LY
Ges
£92'9
282°9
20e'9
6199
859'9
250°2
¥90°L
¥80°2
160°L
9602
L0172 w
9ez'L
£ve L
0522
6082
61€L]
62¢'L
18872
eves ]
95e°L
99g°L
AR
oev'L
192°L
9822
296'L -
£86°2 2

-

———— e

*20'e

e

Feo'L

5zo'L
+20'L

e
7619
80'L
+/86°0
10}

o

8.

8.5

BC{'H} NMR (100 MHz, CDCls)

| 5. OE+08

L 4. OE+08

[ 3. 0E+08

5E+08

[

OE+08

[ 0. 0E+00

5. 0E+07

Sl'6l —

88°0Y —

LG'6Y —

8¥'LL
091217
zLZeL
187211
ERTAR
20'92} 1
[AR-TAR
20221 1
L22L
0822} 1
16'821
12°621 1

¥8'9L
m_\.hm/

W

L2'0gL N\

£

zzeeL~

ve'selL
9v'selL

vr'oelL
8L¢vl

6L°€SL —

€L691 —

190

10

10

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

180

200

210

(ppm)

1

S54



(S,E)-2-(4-(4-methoxyphenyl)-2-phenylbut-3-en-1-yl)benzo[d[thiazole (3ae)

'"H NMR (400 MHz, CDCl5)
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(S,E)-2-(4-(4-fluorophenyl)-2-phenylbut-3-en-1-yl) benzo[d|thiazole (3af)

'"H NMR (400 MHz, CDCl5)
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F{'H} NMR (376 MHz, CDCl)
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(S,E)-2-(4-(4-chlorophenyl)-2-phenylbut-3-en-1-yl)benzo/d|thiazole (3ah)
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(S,E)-2-(4-(4-bromophenyl)-2-phenylbut-3-en-1-yl)benzo/d|thiazole (3ai)

'"H NMR (400 MHz, CDCl5)
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'"H NMR (400 MHz, CDCl5)
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F{'H} NMR (376 MHz, CDCl)
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(S,E)-2-(4-(naphthalen-2-yl)-2-phenylbut-3-en-1-yl)benzo/d[thiazole (3ak)
H NMR (400 MHz, CDCls)
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13C{'H} NMR (100 MHz, CDCls)
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13C{'H} NMR (100 MHz, CDCls)
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'H NMR (400 MHz, CDCl)
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13C{'H} NMR (100 MHz, CDCls)
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(S,E)-2-(4-(4-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]oxazole (6a)

'H NMR (400 MHz, CDCls)
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BC{'H} NMR (100 MHz, CDCl5)
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PF{'H} NMR (376 MHz, CDCls)
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8. HPLC traces of optically active compounds

Compound 3aa

Ph
o
S
Ly
N

[Chromatogram
2000 THNTA #zE | ] HWY-3-13RAG UV_VIS_2 WYL 254 nm
1750
] 1-5343
15004
] .lz- 5.873
5 1250: ‘
=T .
E ]
& 1000
m
i |
7 ]
g 750 |
500 | |
250 A
] | L]
] | A
] — [T
_EU_ T T T T T T ]? T T T '\-'F "\'_ T T T T T T ]? T T T T T T T 1
0.00 125 250 R sho” ~  Bas 750 875 10.00 1125 12000
J 1] [rmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min malLl % % n.a.
1 5383 185.344 1528.010 50.03 52.29 n.a.
2 5.873 186.108 1384 088 48.97 47.71 n.a.
Total: 3T2.452 2922 106 100.00 100.00
[Chromatogram
2 000 3 FAY-T #265 | ] HVY-3-54 UV _VIS_2 WYL 254 fm
' mAL
1,750 ]
\2-6043
1,500 4 !
51250 ]
-y
E. |
& 10007
m
: |
o
o
a4 750 |
500 4 |
N
250 |
[
201 1 |1|'|5|510‘k_ ) min
oo 0 155 "zho’ avs O Tsbol 7 eis 7k ‘875 oo T 1100
[ [ [min]
Integration Results
Na. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
min mAL"min mAL % % n.a.
1 5510 0.578 £.104 0.24 033 n.a.
2 8.013 241.750 1525.471 20.76 20.567 n.a.
Total: 242329 1530.575 100.00 100.00
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Compound 3ba
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N
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j Vool
04 T —_— L_'_ — — -
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0.0 125 250 375 sha” 5.25 7ka 8.5 wha T 1o
fef 1] [rmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU“min mAU % % n.a.
1 5457 12.871 85145 50.09 51.88 n.a.
2 6.140 12.825 80.522 49.91 48.31 n.a.
Total: 25296 166.667 100.00 100.00
[Chromatogram
500 o WY #301 | ] HWY-2-161 UV_VIS_Z WL 254 nm
malLl
500+
|2 - 5077
400 |
Z |
T
E
8 300 |
m
H
2
2 |
200
1004 | |
|
|
II
i iglar \ min
_10: Lr\-l — = T T 1
0.00 125 2.50 375 5000 625 750 875 10100 1125 1200
i 1] [min]
Integration Results
M. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maLl % % n.a.
1 5.447 0.200 1.818 0.30 0.46 n.a.
2 8.077 G5.6556 412228 29.70 00.54 n.a.
Total: B5.T56 414 142 100.00 100_00
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Compound 3ca

Ph
/ Me
S
G
N

[Chromatogram

1 300 8 HANY-1 #292 [Tah B HWY-3-167TRAC UV_VIS_2 WVL254 nm
) mau
1,200 4
1,000
] 1 - 5.ER0 5567
] [

= 800 “ ‘|

= j

E. J

g ] |
@ B00
+ J
2 ] | |
E: ]
4004 ‘ | ‘|
200- | I ‘ ||
j |
|
i | I| | ||
] A
T T T
-50- - 3
0.00 125 zho ars sbo” 625 750 8.5 0o 1100
i [] [min]

Integration Results

Na. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
min mALU"min mAU % % n.a.

1 5.220 138.251 805.046 48.59 40,85 n.a.
2 5.667 140.639 000.504 50.41 50.15 n.a.
Total: 278550 1795640 10000 100.00
[Chromatogram

500 o AT E282 | 1 HWY-3-142 UV_VIS_2 WWL 254 nm
maLl
4004
r|2 - 5870

5300+ |
T
E

E ‘

=

m
£

2 200
< |

1004 |
[
ok
14527
20' I"‘l"" T TITT
0.0 1.25 250 375 sha” B.25 750 875 1000 1100
i 1] [rmin]
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
i mALL"min mAlU % % n.a.
1 5.217 0.204 1.755 0.45 0.51 n.a.
2 5.670 45.625 345.542 20.55 2049 n.a.
Total: 45829 347297 100.00 10000
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Compound 3da

Ph
/ Me
S
V/,
N
[Chromatogram
400 T project WL 1 £34 | ] WYL-1-T8-1RAC Uv_WIS_1 WYL 254 nim
350
300
|2-5.723
1
=250 1-485 ||
= fi |
£ i |
8 200 I | |
m
2 /|
: |
) 1504 | | |
100 | | | |
o
| |
50 \ \
| \ | |
! | |
| Vol \
] - _ m L — .
-10_ \—l T 1
0.ba 135 250 375 sha” 5.25 75a 8.5 [CYTTY
fief 1] [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU"min mAU % % n.a.
1 4815 50.564 238146 50.20 47.23 n.a.
2 5.723 50.024 208.037 49.80 5277 n.a.
Total: 118.649 £04.183 100.00 100.00
[Chromatogram |
250 B -1 #283 | ] HWT-2-151 UV_VIS_2 WYL 254 nm
mall
2 -
oo ii - 5847
51504 ‘
I
£
E |
G
m
H
o 100
1
S0 ||
|
7
d-4877 '\
b _ L —L =1 T
-10_ T 1
n.ba 155 250 375 sho” 5.25 7ka 8.5 1000 1100
][] [rmin]
Integration Results
No. Peak Hame Retention Time Area Height Relative Arsa Relative Height Amount
mim mAL"min mAL % % n.a.
1 4 877 0.154 1.8687 0.60 0.87 n.a.
2 5.647 25.587 188.881 29.40 299.13 n.a.
Total: 25721 150.548 100.00 100.00
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Compound 3ea

Ph
/
S OMe
CL
N

[Chromatogram
1 700 . 8 HWY-T €133 | ] HWY-3-37TRAC UV_WIS_2 WYL 254 nm
' mau
1,000
1-14.47
200 Il 'ﬂ 15.830
3 || I
E
8§ 600 |‘ |
=
m
: |
a
2 0] | |
2004 | | | f
AENN
A
Vo
| 4 ]
50' - — —l \M—P L\-"_I_ _ —min
0.0 25 50 75 100 125 150 175 200 220
fif 1] [min]
Integration Results
No. Peak Hame Retention Time Area Height Relative Area Relative Height Amount
min mALU"min mAL % % n.a.
1 14.470 255.184 802785 50.06 50.84 n.a.
2 15.830 255.812 773.086 49.94 49.08 n.a.
Total: 511.806 1675.851 100.00 10000
[Chromatogram
450 o WY1 #143 [ ] HNY-3-71 UV_VIS_2 WYL 254 nim
mall
400+
360+
2 - 16,280
300 n
=3
% 250 |
8
5
8 200 |
2
< 150 |
100 5 |
I
50 | |
| I'
11 - f4 74
o L th d\_|—_ TITiTT
I e —,—  ——— — R —
0l 50 10.0 150 20.0 280 3d.0)
B (1] frmin]
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 14.740 0.425 1.437 0.33 0.45 n.a.
2 16.280 126.987 318.358 99.587 28.55 n.a.
Total: 127 411 320.794 100.00 10000
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Compound 3fa

Ph
S F
/
N
[Chromatogram
a0 Wl 1 #14 | ] WYL-1-100-1 UV_VIS_2 WVL254 nmi
700
] 1-50
004 ’I |.2 - 5.767
] I |
5004 | | \
= | |
T 0] L
E. 4004
g ] I I
g L
£ 2004
] L | |
¥ an] i
200 | ||
1 !
] R
100 Lo
] T
g | i \
III—_ N ————l_l;.rl' N—— .
100 T 1
0.0 zho ars sho’ 5.5 ko B.rs 10700 1108
B [i1] frmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amoumnt
min mAL*min mAL % % n.a.
1 5.043 128 843 801388 48.61 50.85 n.a.
2 5787 136.343 581.186 51.38 48.15 n.a.
Total: 265.285 1182.595 100.00 100.00
[Chromatogram |
850 o FWY-1 #267 | ] HWY-3-72 UV_VIS_2 WVL254 nmi
1| mau
200
700
1 2-3.843
B00 |I|
2 5004 ‘
£
8
& 400 |
L
o -
] B
< 300 |
200 ||
] I
1004 | |
] |
] — — ||1|')k4|_'-k min
204 I I
T 1
0.0 125 250 a5 sha” 5.25 75a 8.75 wha T oo
B ff1] [rmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amoumnt
min mAU*min mAL % % n.a.
1 5473 0.572 4687 0.82 D77 n.a.
2 h.883 91.438 606.524 98.38 28.23 n.a.
Total: 92.010 611.211 100.00 100.00
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Compound 3ga
Ph

/ F
S
7
N
[Chromatogram
1100, 8 HWY-1 #187 | ] FVY-3-16BRAC UV_VIS_z WL 254 nm
1[:'0':':
875
?50: 11-5.557
] | |2 - 6,090
- | |
£ %% |‘
g 3 |
2 500+ “
5 ]
2 ]
= as] ‘ ||
250 | ||
1257 | | |
] Lol
] | | | II.\_
D: — ] A.[l' .
v E— — — e
0.00 125 250 ars 500 5.25 750 B.75 w000 1100
[ [61] frmin]
Integration Results
Ma. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL " min mALl % % n.a.
1 5557 101.778 758814 45,85 5203 n.a.
2 B.080 101.883 700372 50.05 47.87 n.a.
Total: 203.760 1459 987 100.00 100.00
[Chromatogram
1 500 8 FAYT #281 ] HWY-3-141 UV_VIS_Z WVL 254 nm
' mALl
1,400 4
1,200
12 - 5553
|
1,000 |
5
=
= 200
E |
<
m
£
ﬁ 6004 ‘
400 |
i
{
|
201 ! '_i.'"_ﬁ"*n.l min
o000 125 zho T ars  sho T 7 Tels Tho ‘avs o0 1100
[ (] [min]
Integration Results
Ma. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL " min mALl % % n.a.
1 5487 D.278 3.026 0.18 027 n.a.
2 5853 150.087 1111283 28.82 98.73 n.a.
Total: 150375 1114.309 100.00 100.00
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Compound 3ha

Ph

L

S
7
N
[Chromatogram
500 B HAY-T #2765 | ] HWY-3-36RAC UV_WIS_2 WVL 254 nm
]| mau
5004
4 1-18110
] r 2 - 11.330
400 ‘
= j
= j
E |
§ 004 ‘ ‘
5 j
£ j
: |
< 0. | |
100+ | ||
1 | |
J | | | |
] | \
i LN N —
T T T
-2U_| T T T 0
0.0 25 50 7.5 100 125 150 175 200 220
fif ] [min]
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maAL % % n.a.
1 10.110 110.488 458919 49.75 52.32 n.a.
2 11.330 111.581 418.085 50.25 47.88 n.a.
Total: 222073 B78.984 100.00 10000
[Chromatogram |
250 B HWYA #1486 | ] HWY-3-82 UV_WIS_2 WYL 254 nm
1| mau
200
250.] 12-10.837
] I
i |
- ] I
2 200] '
E |
g ] | I
< J
& 150 f
F“ ] |
4 ] I
100 | |
] |
[
0 |
] |
|:|_- o Ll Eiﬁf "\..__I
] ' miin
_QD_I T T T T
0o 20 40 50 an 10.0 120 140 8.0 180 20.0
f 1] [min]
Integration Results
No. Peak Hame Retention Time Area Height Relative Area Relative Height Amount
min mAL " min mAL % % n.a.
1 9.567 0420 0.889 0.34 0.3 n.a.
o 10.837 124.740 248378 20,86 20.54 n.a.
Total: 125169 249 168 100.00 100_00
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Compound 3ia
Ph

L

S Cl
7
N
[Chromatogram
350 8 HWY-1 8192 | ] FWY-3-169RAC UV_VIS_2 WL 254 im
300
: |1 - E -.-
250 F IF O as7
5'?00- H |
=] ]
E ] |
8 150 ‘| ‘|
m B
i ] |
o 4
a <4
< 100 | | | |
] | | |
Eo | ||
1 |.| |I
] W
0’ -— I T N — —
N | E—— — — — — |
0.ba 135 250 a¥s sho” 525 7k ats 000 T 1100
i 1] [min]
Integration Results
Na. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
min mAL"min mAL % % n.a.
1 5470 37.881 258053 48,93 50.73 n.a.
2 5.857 37T 250630 50.07 48.27 n.a.
Total: 75.435 H08.683 100.00 100.00
[Chromatogram |
550 Project HWY 1444 | ] roy-3-154 UV_VIS_1 WYL 254 nm
maLl
G004
500+ 12-5.818
|
=400 ‘
=T
E
a8
5 300
H
o
w
E |
2001 ‘
o I
{
I
] — o SR min
Spde—= —— , , , —— ——— = , = , =
060 125 250 ars sho B.25 750 815 10bo T 11’0
ff 1] [rmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min maAlLl % % n.a.
1 5433 0.288 1.904 0.43 039 n.a.
2 5.818 G6.692 487.848 28.57 99.81 n.a.
Total: 66980 489 850 100.00 100.00
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Compound 3ja
Ph

{

S Br
V
N
[Chromatogram
300, 3 HAY-1#193 | ] FWY-3-170RAC UV_vIS_z WVL 254 nm
2604
||1 Eﬁm.iﬁﬂ
2004 H “
3 Ll
T 150] | |
8 | |
(<
£
F I
50 l‘ | |‘ |
o
0ol
[
o] — Ul
-60- - q
n.ba 125 250 375 sha” 5.25 750 875 wha T 1100
B fi1] [rmin]
Integration Results
Mo Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 5.580 I7T.TE 2728823 4885 50.32 n.a.
2 5960 37_B50 225883 50.05 4888 n.a.
Total: TH.631 454.T16 100.00 100.00
[Chromatogram
1 500 8 HWY-T €218 | ] HNY 417 UV_VIS_2 WYL 254 nm
' AL
1,400
1,200 4 A2-5H2$
1,000 4
5
£ ‘
= 200
]
(=
m
H
5 600
400 |
2004 | |
|
|l ssT
50 — —— !
L1M7 "2k’ "ais sho” T is 750 ‘85 oo 100
B[] [min]
Integration Results
Mo. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
min mALU"min mAL % % n.a.
1 5.557 0.720 5.680 0.48 048 n.a.
2 5.923 156.843 1179.007 o054 20.52 n.a.
Total: 157.564 1184697 100.00 100.00
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Compound 3ka
Ph

{

s CF,
V
N
[Chromatogram
500~ T project HAY 1 #51 | ] WYL-1-85 UV_WIS_1 WVL 254 nmi
]| mau
500+
1 1 -807T
] fl
4004 |'| 12 -6.820
= 1 i
| o |
% 0. A
|
& 300+ | |
m 4
8 IR
B |
2 o
200 bl |
1 f
- L
4 I I I |
I
1004 [ \
i I| '.\1.' III
4 I| |I.
1 e ld M miin
-1U_I T T T T
i 20 40 B B0 100 2o 1do
fif ] [min]
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAL % % n.a.
1 8.077 156.820 434 581 50.15 52.82 n.a.
2 6.820 155.803 388.110 49.85 47.18 n.a.
Total: 32723 B22.671 100.00 10000
[Chromatogram
700 Project HAY 1 #47 | ] hwy-3-165 UV_VIS_1 WvL 254 nm
7005
Jl maLl
E004
] i1 - 5E5S
5004 r|
4004 | |
2004 ‘ |
| I
200 | II
| |
|
E 1
100 |
. | III
103 R P W N2 14 min
0.00 1.25 2.500 .75 5.00 6,25 7.50 75 10,00 11.00
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 5953 114.836 520875 99,868 298.78 n.a.
2 8.857 0.159 1.154 0.14 0.22 n.a.
Total: 114,995 531.030 100.00 100.00

S80




Compound 3la
Ph

L

S
7
N
[Chromatogram
45,0 1 Y- #303 | ] WYL-1-51RAC UV_WIS_z WYL 254 nm
T mau
40.0
35,0
,_,30'0; '11 B azm0
T ] |
E2503 | |
] ] | |
& -
m ]
'E ?U‘.U: | | |
i |
* ool ||
15.0: | |
100] )
] | || [
507 I | I,
] [ \
| f ] W |
0.0 qu\—k . S S min
0.00 125 250 .75 sba T B2s 750 875 1000 1125 12700
fi<f [ [in]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL % % n.a.
1 5.647 5.880 2B.988 51.84 50.81 n.a.
2 6.210 5.471 27.852 4816 48.08 n.a.
Total: 11.362 56.939 100.00 100.00
[Chromatogram
200 T HWT-1 #157 | ] HWY -4 UV_WIS_2 WYL 254 nm
4 mau
700
500 2-8.287
] l
5-500— ||
=
E. |
& 400+ ‘
m
k=) 4
5 ]
= 2004 | |
200+ | ‘
100 {
| |
] 1-5813 |
_20: — l—-.'_la I Min
n.bo 125 250 als sho” 625 75a als 10700 1’25 1200
B k1] [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
mim mAL*min mAL % % n.a.
1 5.613 0.765 £.832 0.81 1.00 n.a.
2 B8.267 93.240 586758 2018 20.00 n.a.
Total: 940086 592.692 100.00 100.00
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Compound 3ma
Ph

/
S

N
[Chromatogram
200 W HWY #25d | ] HWY-a-108RAC UV_IS_2 WYL 254 nm
mall
1754
1504
135 i1 -G53
= ] F 25773
=
.
8 | ‘|
(=
: |
5 75
s ‘I |
50 Lo
i
25] i | {
.
[ Lo Il,
0] e . }r' A8 s . R
min
-20_ T T T T T T T T T T T T j? T T T T T T T T T T T T T T T 'T T T T T T T T 1
0.bo 125 2.50 ERE sho” ~ 7 eds 5o 8.75 1000 11725 1200
B [i1] fmin]
Integration Results
M. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
mim mAL*min mALl % % n.a.
1 68.153 21.237 130187 40 086 5233 n.a.
2 8.773 21.273 118.624 50.04 47.87 n.a.
Total: 42.510 248.822 100.00 100.00
[Chromatogram |
700 3 -1 #1855 | ] HWY-3-96 UV_VIS_2 WL 254 nm
700
mAl
G004
12-8.810
500 ﬁ
Z |
£ 4004
) ||
(=1
m
Eauo—
: | |
200 |
1004 ‘ |
| f
II
n — 1 - 8yJ53 faTTe]
0.bo 125 250 ERE sbo’ " B2s 750 875 1000 1125 1200
i (1] [min]
Integration Results
Ma. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU min maL % % n.a.
1 6.163 0.240 1.660 027 032 n.a.
2 6.810 £8.0441 519,620 299.73 29.58 n.a.
Total: aB.281 521.273 100.00 100.00
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Compound 3na

Ph

Y4

O
S N
/
N
[Chromatogram
200, 3 HAY-1#198 | ] FWY-3-171RAC UV_VIS_2 WVL254 nm
1| mAL
175
150
1257
3E ] |‘I 1-526T
— d \ -
% 100 ||I |'!|2 T.A97
s ] | |
= ] 1
] | | [
@ 5] | |
E ] | | |
|
] \ | |
50 \ \
1 ! 1
] i | |
] b \
254 \ |
] L | '\'
] I| || A
] —— ST .
100 1 TTin
00 20 40 60 20 10.0 120 133
B [i1] [min]
Integration Results
Ma. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU"min mAU % % n.a.
1 5.287 41.258 113460 50.03 53.18 n.a.
2 7.187 41.211 90881 40.87 48.84 n.a.
Total: 82 467 213,441 10000 100_00
[Chromatogram
500 o T #1858 | 1 HWY-3-131 UV_WIS_2 WVL 254 nm
maLl
4004
|2-7.557
i
|
5300 |
z |
E.
5 ‘ |
&
m
L
5 200 | |
. |
1004 | {
|
|
| Y
1- 5357 !
B — T —— —L—'|—I — \'T_ TITTT
-2U_I T T T T
00 20 40 B 80 100 120 0 1dg
i [ii] fmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
mimn mAL*min mAL % % n.a.
1 5.357 0.369 1.674 0.44 048 n.a.
2 7.657 54.004 348801 28.56 25.52 n.a.
Total: 84373 350.475 100.00 100.00
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Compound 3oa

Ph

Y%

S |
V
N
[Chromatogram
200 o HWY-1 #2598 | ] HWY-4-114RAC UV_VIS_2 WVL 254 nm
maLll
2501
2004 1-5T13%
— 12 - 8.230
2 ]
E |
B
8 150 “ “
m
H
o
< Ll
|
u
1
| |
RYR
|
e e —
pbo” T T absT T T 2bo T Tars T Tshet T T eds T kot T Talbs 10’0 11725 1200
[ (1] [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amoumnt
min mAL"min mAlLl % % n.a.
1 BT13 28.788 185.050 50.10 51.32 n.a.
2 6.230 28.874 185.034 49.90 48.88 n.a.
Total: 574862 380,085 10000 100.00
[Chromatogram
300 o HWY-T 8226 | 1 HWY-4-30 UW_VIS_2 WVL254 nm
mALl
250+
2004 h2 - G140
=3
o
E “
[a @
& 150
m
a | |
o
g
100 ||
50 | |
[
B
1 -5&13 \
-1 sl - — : T— - i
0.ba 1o zho abo abo” " Tsho s.bo 7ha 8o obo oas
B (k1] [rnin]
Integration Results
No. Feak Hame Retention Time Area Height Relative Area Relative Height Amount
min mALU"min mAL % % n.a.
1 5613 0.088 0.805 0.33 o41 n.a.
2 6.140 26.288 187.654 20.87 20.59 n.a.
Total: 26374 158.459 100.00 100.00
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Compound 3pa
Ph

L

S
V
N
[Chromatogram
350 T project HWY 1 #75 | | HWY-3-126RAC UV_VIS_1WWVL 254 nm
[ mau
300
250: |I|1 -BE2D
2004 | r|I2 - 2.868
] | I
] [
150 | | |
100 ‘ | [ |
] | | | {
1 [
504 [ | |
] |
] I| | II '|\
: S Wi I"-- b'l " PR
_1U_| T T T T T T T T T T T T T T T I- T T T T T T T T T T T T T T T T 1
0.0 2.0 4,0 5,0 &2.0 10.0 12.0 140 16,0 18,0
Integration Results
M. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 8.520 789170 248082 50.04 58.22 n.a.
2 0.868 78.032 183.833 40068 43.78 n.a.
Total: 158202 443,016 100.00 100.00
[Chromatogram |
2 000 - D BTOject WY 1 #58 | ] HWY-2-191 UV_VIS_1 WVL254 nm
' 1| mau
1,750
1,500
] r|l - 569G
1,250 |I
4,000 | |
750 ‘ ||
500 | |
] R
250 | {
] |
] |
_50:' — . L) 210382 -
00 2.0 4.0 5.0 20 10,0 120 14.0 16.0 ' 185
Integration Results
No. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
min mAL"min mAL % % n.a.
1 8.288 428.480 1343528 298.583 og.69 n.a.
2 10.382 1.584 4.211 0.37 0.1 n.a.
Total: 430.084 1347.738 100.00 100.00
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Compound 3ga

Ph
(¢]] S
L
N
[Chromatogram
150- o WY1 %335 | ] HWY-5-3RAC UV_VIS_2 WVL-254 nm
4| mau
140
120
1004
3 an] 11 - RETT3
E 7] i1
] 1 ‘
5 60 ‘
g oof |
o
o) il
|
20 | || || |
] | ¥ III
odf— -~ B —1! —— - e —— e e
] min
_ZU_I T T T T T T T T T T T T T T T T T T T T T
0 2 40 8O 80 100 120 130
i< (1] fmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 8.817 10,872 81188 49.53 50.25 n.a.
2 7.113 11.178 80.381 50.47 48.75 n.a.
Total: 22150 161.530 10000 100_00
[Chromatogram
1 000 8 HWY-1 #336 | ] HWY-5-5 UV_WIS_2 WVL 254 nm
" mau
a7s]
750]
1 2-7.123
_. B25]
5 ]
I ]
E. ]
@ 5004
g ]
5 ]
-E ] ‘
o -
g a5
250] ‘ |
125] | |
] |
] |
0] LI - B30
] ! I min
-50-I T T T T T T T T T T T T T T T T T T T T T
0.0 z0 40 60 T ED 100 120 140 150
B 1] [rmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 6.830 0,283 2482 0.30 037 n.a
2 7123 28.088 676251 28.70 29883 n.a.
Total: 98389 678.7T33 100.00 100.00
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Compound 3ra

Ph
Br- S
\CE 7
N
[Chromatogram |
500 W AT #3 | HAY-5-2RAC UV_VIS_2Z WL 254 nm
maLl
7004
12-7.250
600 |
147.020
=500 A
=
E.
§ 400+ H
m
H
]
2 3004
200+ ‘ ‘
100 | u |
|
] S o '\-_I - [T
-ZD_I T T T T 2I J
0.0 20 40 BO 20 10.0 12,0 14.0
B k1] [rmin]
Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 7.020 T4.879 508.563 49.85 4471 n.a.
= 7.250 75.342 626.318 50.15 55.20 n.a.
Total: 150220 1132 882 100.00 10000
[Chromatogram |
400 W HWT-1 #aaT | HIVY-5-5 UV _WIS_2 WL 254 nmi
7| mAL
350
apod
250
E 2-7.559
E ] P
& 200 ‘
Ju ]
g ]
E ] ‘
a 1-:0_'
S 1 |
100 ‘
50 |
o] ~ Ly -
] I T [
_2U_I T T T T 2] d
00 20 40 60 - aD 100 120 140 " 150
i [] [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAL % % n.a.
1 7.217F 0.283 1.721 0.85 0D.78 n.a.
2 7.553 28.537 220132 20.05 90.22 n.a.
Total: 25820 221.853 100.00 100.00
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Compound 3sa

Ph
o
-

[Chromatogram
400 o WY1 #a2T | HNY-5-1RAC UV_JIS_2 WVL-254 nm
7| mAL
350
apod
250 i1-8.180
S ] 1 2 - 10.080
E_ ] | o
& 200 |
2 i
] ]
g |
|
4 1 | |
100 | ‘ ‘ |
50 | |
] Ll
] |\ Ia
] - ] i —
07 I ]
_2U_I T T T T
0.0 20 40 60 80 100 120 140 160 18.0 190
i [] [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAL % % n.a.
1 8120 54.0:411 242 855 40,88 52.80 n.a.
2 10.080 54.081 218.853 50.02 47.40 n.a.
Total: 108131 461907 100.00 100.00
[Chromatogram
200 ™ project HWY 1 #a7 [ ] HWY-5-13 UWV_VIS_1 WVL-254 nm
4| mau
250+
200+
b 2-9.798
180 ||
004 | |
0’ |
1 | |
] 11- E[H%
b ,-'\ \
04 —_— R
1 min
-zu_l T T T T T T T T T 1
0.0 20 4.0 B.0 8.0 100 120 14.0 16.0 18.0 20,0
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL " min maAlLl % % n.a.
1 8.242 2.081 10.784 514 582 n.a.
2 8.798 38.423 171.454 84 88 8408 n.a.
Total: 40.504 182248 100.00 100.00
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Compound 3ab

Me,
/
S Ph
L
N
[Chromatogram |
70,0, M Project HANY 1 #55 | ] HWY-3-175RAC Uv_VI5_1 WL 254 rim
T ) maw
B0.0+
50,04
- i1 - 14,033
40,04 'I
J | 12 - 15.502
] | i
i | | I
30,0 | 1
] |
20.0] |
] AR
] [ 1]
10,04 P
- | | | |
4 | W Iul
4 II '.J_,' 1\
0.0 f—a— L, N S e S -
7 min
-1U'O_| T T T T T al
0.0 5.0 100 15.0 200 25.0 301
Integration Results
No. Peak Hame Retention Time Area Height Relative Area Relative Height Amount
min mAL " min mAL % % n.a.
1 14.033 24799 41.383 49.78 53.13 n.a.
o 15.582 25.018 354583 50.22 48.87 n.a.
Total: 49817 T7.856 100.00 10000
[Chromatogram |
470 Project HWY 1474 | ] HWY-4-16 Uv_viS_1 WL 254 nim
1| mau
1604
140
] |1~ 14,338
120+ ﬂ
100 ! |
ap ] | |
B0 ‘ |
40 | |
] |
204 |
] [
4 | i
] | \
o] —— ~ [ p-tsa
1 min
_1D_| T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 o
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maLl % % n.a.
1 14.338 77.700 123844 28,35 298.17 n.a.
2 15.887 0.508 1.038 0.85 0.83 n.a.
Total: TE 208 124.980 100.00 100.00
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Compound 3ac

Me
/
S Ph
CLy
N
[Chromatogram
400 B HOTT #T54 | ] HWY-2-176RAC UV_VIS_2 WWL254 nm
&Ll
350 ]
300+ 1 - 5,275 607
“ |
__250] | ||
=
: |
= |
& 200 ‘ ‘
(=
m
f i
o
£ 150 |
1004 | | | |
i
50 ({1
|I '
u — 1) \
- \I' min
-2D-|"'|' T~ * 1+ *+ fr [+ *+ fr [T r *t T T t |1 *T T | FT T T [T T T
00 10 20 £ a0 50 B0 T 80 9.0 100
ff ] [min]
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 5273 42 812 283.384 48 65 4083 n.a.
2 5807 43.415 284 183 50.35 50.07 n.a.
Total: 86,227 HET.56T 100.00 100.00
[Chromatogram |
1 100 18 HWY-T #204 | ] HWY-3-184 UV_VIS_2 WL 254 nm
' mAL
1,000 4
H75
2 - 5.533
T50 4
5 |
T e25]
8
w
& 5004 |
]
< 78] ‘|
250 |
| I
125] {
|
[
. g 5287 i
_2|:|: — 1 'Ll : —
0.00 155 250 3.75 sbo” " 625 750 8.5 10.00 1151
B (i) [miin]
Integration Results
No. Peak Hame Retention Time Area Height Relative Area Relative Height Amount
min mAL " min mAL % % n.a.
1 5257 0.353 3.358 0.30 042 n.a.
2 5.583 115.502 803435 29.70 20.538 n.a.
Total: 115855 BOE.TI0 100.00 100_00
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Compound 3ad

Me /
S Ph
CL
N
[Chromatogram
70,04 o HAY-T #302 | 1 HWY-3-38RAC V_VIS_2 WWL-254 nm
mall
G0.0
50,04
- 5.0

= 40,0 ||| 2 - BED

z |

E | |

£ 200 | ||

m

L | | |

o

[

2 2001 | | |

|| | [
10,04 | , ||
i | i
II |
0.0 . _ e — Lt _\“-]I-a' e —— — |
min
-10,0- .
n.ba 100 2o 3o abo”  Tsbho 6.00 7ho aba sha 248
] 1] [min]

Integration Results

No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mA L min mAL % % n.a.

1 5.007 5.480 43 517 51.21 53.02 n.a.
2 5.810 5.221 38.556 48.79 48.08 n.a.
Total: 10,701 B2.072 100.00 100.00
[Chromatogram

500 o R #203 | ] HWY-3-188 V_VIS_2 WYL 254 nm
1| maLl

200

700+ 1 -£.807

B00 n

Z 1

E 500 ‘

8 i

S ]

4 400

a ]

= ]

2004 |
200 |
100 ‘ ||
] [ |
] — | _l'k_l_I_Jq_z'E-Z“3 mir
-20_ I T T 1
0.00 135 2.50 375 500 T B25 750 CRE 10.00 1150
f 1] [rmin]

Integration Results

No. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
mimn mA L " min mAL % % n.a.

1 5547 88.458 870847 o044 95,34 n.a.
2 8.213 0.508 4428 0.58 066 n.a.
Total: 85966 675.375 10000 100.00
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Compound 3ae

MeQ
Vi
S, Ph
L
N
[Chromatogram
200 & HWY-1 8324 | ] HWY-4-194rac UV _VIS_2 WVL:254 nm
mAL
1754
150
1254
=) 11 - 15203
2 n |2 - 16.053
=004 !
8 “ I
8
5 75] | | |
< | |
504 | | | |
i
A
[
o[- — Lt Lo
min
_20_I T
0.0 5.0 10.0 150 200 280 0.0
[ 6] [rmin]
Integration Results
Mao. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maL % % n.a.
1 15.203 44 581 114.070 48.75 51.70 n.a.
2 16.053 45.032 106.578 50.25 48.30 n.a.
Total: 89612 220.648 100.00 100.00
[Chromatogram
500 & HWY-1 #3726 | ] HWY-4-196 WV _VIS_2 WVL-254 nm
mALl
400
12 - 18.027
5 304 n
s
E. “
3
=
m
E |
7 200 |
) |
|||
| {
|
i1 b 15kt
] — : AJIJ . T — min
20— — - - = —_— — -
00 50 10,0 15,0 20,0 25.0 w0
B (1] frnin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
mim mALU*min mAL % % n.a.
1 15.187 2.861 B8.0@8 2.05 2.31 n.a.
2 16.027 141.503 341.161 g7.85 g7.62 n.a.
Total: 144 465 349.229 10000 100.00
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Compound 3af

E
/
s Ph
P
N
[Chromatogram
1600 WYL 1 #17 | ] WYL-1-112RAG UV_VIS_2 WYL 254 nm
1400
12004 11 - 6.693
] | 123847
= 1000 || I
ES ||
E. |
8 800 | | | |
] ]
£ o |
o
;] |
4 B00+ ‘ | |
400+ | | |
. | ||
200 |
] L
W
20 B 1 N
20 I T T T T T
0o 2o 40 B0 810 1o 120 141
B fia [rmin]
Integration Results
No. FPeak Mame Retention Time Area Height Relative Arsa Relative Height Amount
min mAL"min mALl % % n.a.
1 8.893 288 575 1156875 50003 51.58 n.a
e 0.647 288 255 1085.488 4887 48.41 n.a.
Total: 578.830 2242174 100.00 100.00
[Chromatogram
200 o WY #202 | ] HWY-3-192 UV_VIS_Z WVL254 nmi
1 mawn
2504
200 12 - 9.450
= ] I
=
T o (
1504
8 | |
] J
- |
o
2 100 |
2 100 |
50 | ||
] [
] i
II
ol —— A Lt-are \ |
1 min
-204 T T T T 1
0.ba 125 zko ars 5.00 525 a5 000 1125 1214
[ 1] [min]
Integration Results
Ma. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU"min mAU % % n.a.
1 8.740 ATF 1.017 0.38 0.51 n.a.
2 8.460 45.828 200.002 98.52 20.49 n.a.
Total: 47.004 201.013 10000 100_00
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Compound 3ag

F
/
S Ph
CL
N
[Chromatogram
500~ T project WL 1 #6% | ] WYL-1-10TRAC UV_VIS_TWVL 254 nm
5004
] 1 - 502
4 I 2 -5818
400 ihn
7 ] im
E ] L1
%300— | | ]
£ R
N ]
2004 | |
] | [ ]
100 | ||I ||
] [0
B I II
= — Jm'—ﬁ— — l.'I I'\. : — _ - —
0.0 100 zho 3bo abo” " Tsha 6.00 7ha alo Y-
<] 1] [min]
Integration Results
No. Peak Hame Retention Time Area Height Relative Area Relative Height Amount
min mAL " min mAL % % n.a.
1 5.402 97.098 421.338 49.75 51.48 n.a.
2 5.818 98.078 387.386 50.25 48.54 n.a.
Total: 195172 B18.725 100.00 100.00
[Chromatogram
1 500 . 8 HWY-T €271 | ] A -a-14 UV_VIS_2 WYL 254 nm
' mal
1,400
1,200 4
12 - 5500
1,000 4 r|
=
o
£ 00 ‘
]
(=
m
; |
5 E004
400 |
f
200 | |
|
|
1-k51
201 WS min
oo 0 125 zho T Tars T Tsbo T T Teas T thet T 7 Taks oo T 1100
[ [6] [min]
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maLl % % n.a.
1 5517 1.005 8.725 0.81 0.80 n.a.
2 5.2900 182.851 1082 887 25,39 88.20 n.a.
Total: 163.855 1091.721 100.00 100.00
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Compound 3ah

Cl

Ph

S
V.
N

[Chromatogram

1200 N project WYL 1 #65 [ 1 WYL-1-105RAC UV _VIS_1 WVL-254 nim
10004

| - 5587

- 'l
B0 || 12 -6.005

7 ] I
E | |

§ 600 | | |

<

g J
& | | |

g ] | |
E <400+ | | |

2004 | | | |
i [ | |
] I I| II
] T R
-50- - .
.00 155 250 375 500 B.25 750 B.75 w000 1100
fef 1] [imiin]

Integration Results

No. Feak Mame Retention Time Area Height Relative Area Relative Height Amoumnt
min mAL*min mAL % % n.a.

1 5.597 181.088 881.278 48.68 52.62 n.a.
2 6.085 183.422 802852 50.32 47.38 Mn.&.
Total: 364511 1693.931 100.00 100.00
[Chromatogram

300 W HAY-1 #200 | ] HWY-3-154 UV_VIS_2 WVL254 nm
1| mau

2504
] 12 - 5227

200

7 ] |

= ]

E 4

y 1504 |

Q ]

m 4

£

£ ]

o |

= 100

5014 |
] a
<4 Il
1 1-§.74
0 S 1 l_I d 5\ |
1 miin
_20_ T T T T T T T T T T T T j? T T T T T T T T T T T T T T T T |? T T T T T T T 1
0.bo 125 250 ERE 500 625 750 875 10100 11725 12100
[ [61] [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.

1 5.743 0.143 1.247 0.47 0.60 n.a.

2 6.227 30.387 205.081 98.53 98.40 n.a.

Total: 30.511 206327 100.00 100.00
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Compound 3ai

Br,

/
S Ph
Ly
N
[Chromatogram
350 o HWY -1 #281 | ] HWY-3-30RAC UY_VIS_2 WL 254 im
| mau
300
250+
] 115 g 413
= ] r| fl
E.?UCI- | |
g ] ||
&
m B
5 150 | | |
g ]
CI | |
100 | ‘ |
] ‘ ]
50 u
u':l_ | |I | |I
1 (. | \
. — e s — e
ELE
0.0 125 250 ars sho” B35 75 a5 10700 1’25 12000
B (1] [min]
Integration Results
No. FPeak Mame Retention Time Area Height Relative Arsa Relative Height Amount
min mALU"min mAL % % n.a.
1 5.880 38.328 227232 48 086 50.47 n.a.
2 6413 38.457 223.032 50.04 48.53 n.a.
Total: T6.845 450254 100.00 100.00
[Chromatogram
1 300 8 HWY-T#233 | 1 HWY-4-39 1V _IS_2 WVL-254 nm
' maL
1,200
1,000 4
|2 - 6.240
1
= 800 I
E
= |
E |
5 500
g |
o
? |
40014 ‘ |
|
{1
* i
- i -3 A min
By B = — .,‘._,.". — s =
0.00 1.bo zho abo abo” " Tsbo 5.00 7ho abo ofo 9az
[ [61] [min]
Integration Results
Ma. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % % n.a.
1 5.743 1.3668 10.872 1.00 1.16 n.a.
2 6.240 135.535 922 6848 958.00 28.84 n.a.
Total: 136.901 933.52 100.00 100.00
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Compound 3aj

F3C,
/
S Ph
PW
N
[Chromatogram |
500 WYL #15 WYL-1-111RAC 1V _IS_2 WVL-254 nm
5004
1 1-7.4972 - 3,200
400 I'-l i
ERE l |
o300] Il
£ ] | | I
£ j
LI il
0 N
100-] o
b [ T
| ! [
] o _ S AN _ _
_2U_| T T T T T T T T T T T T T T T T T
00 0 40 50 a0 10,0 120 128
= 1] [rmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amoumnt
min mALU“min mAL % % n.a.
1 7497 105.573 403 487 49,80 40.84 n.a.
2 8.200 105.904 406087 50,10 50.16 n.a.
Total: 211.567 B09.583 100.00 100.00
[Chromatogram |
250 ™ project HWY 1 #57 [ 1 HWY-3-196 UV_VIS_1 WYL 254 nm
Jl mall
2004
7 r|2 -3.205
i50] ||
1004 ‘ ‘
0] |
] N
i [
4 L : Faa, - it
_1U_| 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 1
0.0 20 4.0 &0 a0 100 12.0 14.0 150
Integration Results
M. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 7482 0. 120 1.085 0.50 0.59 n.a.
2 8.205 37.668 184180 22.50 20.41 n.a.
Total: 3r.ase 185.265 100.00 100.00
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Compound 3ak

[Chromatogram
200 W HWY1 #8150 | ] HWY-3-17TRAC UV_VIS_2 WYL 254 nm
mall
350 4
300 1
1-7.387
_.250 r| j2- 8417
E !
T
E |
o 200 | ‘|
(=
m
H
7 1504 ‘ | |
E:
.l
50 | | ‘ II
|
J| I
1 _ — 1 Y
o 'q-l \-l mim
-2U_| T T T T T T T T T T T T T T T T T T T T T T
00 20 40 0 T ab 10,0 120 140 " 180
i 6] [rmin]
Integration Results
M. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % n.a.
1 7.387 51.738 275077 50.02 53.31 n.a.
2 8.417 51.621 240.928 40.88 45.59 n.a.
Total: 103.429 516.004 100.00 100.00
[Chromatogram
450 & HWT- #2017 | ] HAWY-3-181 UW_MIS_2 WVL254 nm
1| mall
400
3504
] \2-8.343
300 |
5 |
E. 250 |
] ]
g 4
£ 2007 |
]
< 150 | |
130-: | |
50 | |
] |
4 1 Eﬂ& II
] |1~
20':". — T — T L'I_ - i
0.0 20 40 B0 L 10,0 120 140 T 180
fif [] [min]
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amoumnt
min mAL*min mAL % % n.a.
1 7.343 0.228 1.383 0.33 043 n.a.
2 8.343 68.072 321.755 99.87 28.57 n.a.
Total: 68298 323.148 100.00 100.00
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Compound 3al

7
s/
S Ph
V.
N
[Chromatogram
1000 T project HAY 1 #81 | HWY-4-152RAC UV_VIS_1WWL 254 nm
' maL
8754
750
G254 11 -5.890
F| Jz - 7045
500 || |||
3754 | | ‘ |
| |
' |
250 \ |
| i
\ |
125 | | | ".
|
[ [
| t | b
JL — 14 — —
0 =T ! min
-50- r T T T T T T 1
0.0 20 .0 6.0 8.0 10,0 12.0 13.0
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amount
i mALL"min mAlU % % n.a.
1 5.680 137.681 612.848 50.87 5273 n.a.
2 7.048 134.058 548306 48.33 47.27 n.a.
Total: 271.749 1162 154 10000 100.00
[Chromatogram |
1300 3 Project HWVY 1#53 | ] HWY-4-153 UY_VIS_1WVL 254 nm
T ) maw
1,200+
1,000
200+ fli - 5.545
500-| | |
1 I
|
1 i
2004 |I
- | |
j \
1
] i-sear |
J S S L™ Ls o
T 1 T
-5U_I 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 1
0.0 2.0 4.0 5.0 a.0 10,0 12.0 13.0
Integration Results
No. Feak Mame Retention Time Area Height Relative Area Relative Height Amoumnt
min mAL*min mAL % % n.a.
1 5.887 68.538 31.482 337 383 n.a.
2 5.845 187.738 770.261 96.53 268.07 n.a.
Total: 194278 BD1.744 100.00 100.00
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Compound 3am

i,
S Ph
5
N
[Chromatogram
50 3 WYL 1 #18 | WY L-1-121RAC UV _VIS_2 WWL-254 nim
300
250
r||1 -BE22%
- \ 5. 5830
2 200 A
E {11
g | |
(=
2 150 | | | |
: !
< B
1004 | | | |
I
| I
504 [ |
| |
i | -
od—— _ o '\T-f M o
e — ——
n.bo 155 250 a7s sha” B.55 750 a5 1000 100
[ 6] [miin]
Integration Results
Ma. Peak MName Retention Time Area Height Relative Area Relative Height Amount
min mA L min mALl % % n.a.
1 5223 53.014 220000 40,89 51.98 n.a.
2 5.830 53.238 203281 50.11 48.02 n.a.
Total: 106.251 423.262 100.00 100.00
[Chromatogram |
550 & HWY-1 8208 | ] HWY-3-198 UV _VIS_2 WWL-254 nm
1| mALl
500+
400 (2-5705
] |
s | ||
=
E. 30+
g ‘ |
(=
™ J
H
5 J
w
= 200 ‘ |
|
i h
] | |
1 1 [k 2ab_
n —— — I T
_20_ T 1
0.00 155 250 375 500 B.25 7ka 875 000 1100
i [ [min]
Integration Results
No. Feak Hame Retention Time Area Height Relative Area Relative Height Amount
min mALU"min mAL % % n.a.
1 5.300 0.211 1.428 0.35 0.38 n.a.
2 5.703 58.461 384 214 08.54 258.54 n.a.
Total: 5B.672 395.642 100.00 100.00
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Compound 4

SeoaY
A\
S

[Chromatogram
250 o FWY-1 #2650 | ] HWY-4-70RAC UW_VIS_2 WVL254 nm
maLl
300
250 j1-4810 12- 5810
n I|
!
— I f|
= 200 y I
. I
8 | |
(<
& 150 | | |
o
: R
< N
1004 | |
e
-
50 |
a0 | |I [\
!
[ N B
. \
o] r_,. _J""\__R_ I.’I L!)' '.\_ : N o
min
_20_ T 1
.00 155 250 375 5.00 5.55 750 875 1051
i [i1] [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Arsa Relative Height Amount
min mAL " min mAL % % n.a.
1 4810 58.823 23r7.218 4088 48.74 n.a.
2 5810 58 868 238718 50.02 50.268 n.a.
Total: 117.681 476.932 100.00 100.00
[Chromatogram |
500 o WY1 #264 | ] HWY-4-09 UV_VIS_2 WVL 254 nm
1] mal)
700
500-]
] 12 - 5870
5004 1
5 ]
3 ] |
2 o] |
400 ‘
g ]
m -
i ] |
@ 200
CI ‘ |
200 |
] !
1 |
1004 |
4 | |
] |
1 1-a.897 )\
10 -— L e _
50 1 min
obo” T 7 ks zho 7 Tars T Tsbe’ T ks T 7 Trhot 7T als nbo T 1m
[ [61) [rmin]
Integration Results
No. FPeak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL " min mAL % % n.a.
1 4887 0.550 4.034 0.68 0.86 n.a.
2 5.870 80.757 511.735 98.32 20.04 n.a.
Total: 81.307 516.670 10000 100.00

S101



Compound 6a

E

Vi
o Ph
L
N
[Chromatogram
200 W WY1 #8318 [1h 8] HY-4-18Brac UV_IS_2 WYL 254 nm
maLl
3504
3004
250
I <
E, '|1'1'J3‘-5§.?uo
% 200 H
] |
m
& || |
7 1504
< || |
100 | ||
50 ‘ N
N
|‘I \
] f— -
o kT_ i
ol S ————,, —,,,
0.ba 125 250 375 sho” B.25 7ha 8.5 b T 1100
B [i1] fmin]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
mim mALU*min mAL % % n.a.
1 5.383 27.442 215883 40.34 50.89 n.a.
2 5.700 28.178 208458 50.86 48.11 n.a.
Total: 55620 424.440 100.00 100.00
[Chromatogram
1 500 . FAYT #8318 [T a0 B HWY-4-186 UV_VIS_Z WVL 254 nm
' mALl
1,400
1,200
2 -5.84%
1,000 ﬁ :
5
E
== 200
; ‘I
<
m
H
5 5004
4001 ‘|
200 | |
|
[
1 - _Jﬂf‘fﬁ{r -
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Integration Results
Ma. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maAL % % n.a.
1 5383 D0.288 3141 021 031 n.a.
2 56893 138.825 1012.845 28.728 2862 n.a.
Total: 140214 1015.986 100.00 100.00
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Compound 6b
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Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAL % % n.a.
1 5.380 53.531 414604 40.45 50.78 n.a.
2 5.753 54.711 401.802 50.55 48.22 n.a.
Total: 108242 B16.507 100.00 100.00
[Chromatogram
1 500 . 8 HWY-1 #316 [ ] HWT-4-185 UV_VIS_2 WYL 254 nm
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Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL " min maAlLl % % n.a.
1 5383 0582 5.428 0.48 058 n.a.
2 5753 128 620 935780 2. 54 o 42 n.a.
Total: 129283 944217 100.00 100.00
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