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1. General and Materials

General: All reactions were carried out under an atmosphere of nitrogen using the standard
Schlenk techniques, unless otherwise noted. Solvents were treated prior to use according to the
standard methods. *H NMR, **C NMR and *°F NMR spectra were recorded at room temperature
in CDCl; on 400 MHz and 700 MHz instrument with TMS as internal standard. Enantiomeric
excess was determined by HPLC analysis, using chiral column described below in detail. Optical
rotations were measured by polarimeter. Flash column chromatography was performed on silica
gel (200-300 mesh). The heat source for all heating reactions is the oil bath. High-resolution mass
spectrometry (HRMS) was measured on an electrospray ionization (ESI) apparatus using the
time-of-flight (TOF) mass spectrometry. All reactions were monitored by TLC analysis.

Materials: Commercially available reagents and solvents were used throughout without further
purification.

2. Synthesis of Substrates
2.1. The Synthesis of Thiochromanone Derivatives

The thiochromanone derivatives 1a-c and le-1p were synthesized from (substituted) 2-mercap-
tobenzaldehydes and «,-unsaturated ester through two steps according to the known procedure,’
all of which are the new compounds. Firstly, the known 2-mercaptobenzaldehydes S1 underwent
the organocatalytic domino sulfa-Michael-aldol reactions with «,-unsaturated ester S2 to provide
the intermediate alcohols. Then, the desired thiochromanone derivatives 1 could be synthesized
through the oxidation with PCC.

Besides, thiochromanone derivative with amide group 1d was synthesized through exchange
from the thiochromanone 1c and piperidine according to the known procedure.?

CF3

CHO
ol
H FiC NJLN/\/NMez
s H H OH O
1 (Cat., X = O or S) PCC, Celite
+ X “oMe
DCM, RT DCM, RT
s7OR

R/\/C02Me
S2

1a-c, 1e-1p

General Procedure: To a solution of (substituted) 2-mercaptobenzaldehydes S1 (7.0 mmol) in
dichloromethane (60 mL) was added organocatalyst (1.4 mmol, 20 mol%) and «,S-unsaturated
esters S2 (9.1 mmol) sequentially under nitrogen atmosphere. The reaction mixture was stirred at
room temperature for about 48-120 h. The reaction was complete as monitored by TLC. Then the
reaction mixture was concentrated under the reduced pressure to obtain the crude residue. The
residue was purified by flash chromatography on silica gel using hexanes/ethyl acetate (20/1-10/1)
as eluent to give the intermediate alcohol compounds.

To a solution of pyridinium chlorochromate (PCC, 2.5 equiv.) in dichloromethane (0.1 M) was
added celite (equal in quality to PCC) and the obtained alcohol compounds at ambient temperature.
TLC analysis indicated completion of the reactions after about 5-8 h. After filtration through celite,
the volatiles were removed under the reduced pressure. The residue was purified by flash chroma-
tography on silica gel using hexanes/ethyl acetate (50/1) as eluent to give the desirable thiochro-
manone derivatives 1.
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3-Nitro-2-phenylthiochroman-4-one (1a):

0.243 g, 30% yield (two steps), orange solid, mp 173-174 °C, new compound, R; = 0.05 (hexanes/
o) ethyl acetate 3/1), keto. '"H NMR (400 MHz, CDCl3) & 8.18 (d, J = 7.6 Hz,

NO, 1H), 7.56-7.45 (m, 3H), 7.42-7.34 (m, 3H), 7.34-7.26 (m, 2H), 6.13 (d, J =
13.1 Hz, 1H), 5.27 (d, J = 13.1 Hz, 1H). *C NMR (100 MHz, CDCls) & 184.0,
140.6, 135.2, 133.0, 130.7, 129.9, 129.4, 128.9, 128.0, 126.9, 126.2, 95.1, 48.3.

HRMS Calculated for C15H:,NO5S [M+H]" 286.0532, found: 286.0533.

(¢)]

1-(4-Hydroxy-2-phenyl-2H-thiochromen-3-yl)ethan-1-one (1b):

0.324 g, 41% yield (two steps), yellow viscous liquid, new compound, Rs = 0.79 (hexanes/ethyl
OH O acetate 3/1), enol. 'H NMR (400 MHz, CDCls) & 8.05 (dd, J = 7.8, 1.5 Hz,
N “Me  1H), 7.29-7.25 (m, 1H), 7.25-7.15 (m, 6H), 7.15-7.08 (m, 1H), 4.99 (s, 1H),
2.18 (s, 3H). *C NMR (100 MHz, CDCl3) § 198.2, 173.9, 142.0, 134.5, 132.3,
129.3, 128.7, 128.0, 127.7, 127.5, 126.8, 125.9, 106.0, 42.0, 25.2. HRMS Cal-
culated for C1;H150,S [M+H]" 283.0787, found: 283.0788.

S

Methyl 4-hydroxy-2-phenyl-2H-thiochromene-3-carboxylate (1c):

1.126 g, 39% yield (two steps), pale yellow viscous liquid, new compound, Rs = 0.47 (hexanes/
OH O ethyl acetate 20/1), enol/keto = 14.3/1. The enol isomer: *H NMR (400 MHz,
X" ~ome CDCIg) 6 13.04 (s, 1H), 8.01-7.92 (m, 1H), 7.25-7.12 (m, 8H), 5.12 (s, 1H),
3.77 (s, 3H). *C NMR (100 MHz, CDCl3) & 171.8, 166.1, 142.7, 134.2,
131.4, 1285, 127.8, 127.4, 126.6, 126.5, 125.6, 96.9, 52.3, 39.6. HRMS
Calculated for C17H1505S [M+H]" 299.0736, found: 299.0742.

S

Methyl 4-hydroxy-2-(o-tolyl)-2H-thiochromene-3-carboxylate (1e):

0.701 g, 32% vyield (two steps), pale yellow solid, mp 115-116 °C, new compound, R; = 0.62
OH O (hexanes/ethyl acetate 20/1), enol/keto = 12.5/1. The enol isomer: *H NMR
Ny” "oMe (400 MHz, CDCls) 6 13.08 (s, 1H), 8.06-7.95 (m, 1H), 7.24-7.19 (m, 2H),
S O 7.17-7.14 (m, 1H), 7.12-7.04 (m, 2H), 6.98-6.89 (m, 2H), 5.32 (s, 1H), 3.71
Me (s, 3H), 2.49 (s, 3H). *C NMR (100 MHz, CDCl3) & 171.8, 166.6, 139.8,
134.3, 133.9, 131.4, 130.8, 128.6, 128.1, 127.4, 126.5, 126.2, 126.1, 125.7, 96.5, 52.4, 35.7, 19.7.
HRMS Calculated for CygH;,05S [M+H]" 313.0893, found: 313.0890.

Methyl 4-hydroxy-2-(m-tolyl)-2H-thiochromene-3-carboxylate (1f):
0.575 g, 26% yield (two steps), pale yellow viscous liquid, new compound, R = 0.62 (hexanes/
OH O ethyl acetate 20/1), enol/keto = 14.3/1. The enol isomer: *H NMR (400
Ny “OMe MHz, CDCls) & 13.05 (s, 1H), 8.03-7.87 (m, 1H), 7.25-7.14 (m, 3H), 7.11-
s Me 6.94 (m, 4H), 5.09 (s, 1H), 3.75 (s, 3H), 2.24 (s, 3H). *C NMR (100 MHz,
O CDCl3) & 171.9, 166.1, 142.6, 138.1, 134.2, 131.4, 128.5, 128.3, 128.3,
127.8, 127.4, 126.5, 125.6, 123.7, 96.8, 52.3, 39.6, 21.5. HRMS Calculated for C;gH;703S
[M+H]" 313.0893, found: 313.0889.
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Methyl 4-hydroxy-2-(p-tolyl)-2H-thiochromene-3-carboxylate (1g):
0.362 g, 17% yield (two steps), pale yellow viscous liquid, new compound, R = 0.62 (hexanes/
OH O ethyl acetate 20/1), enol/keto = 14.3/1. The enol isomer: *H NMR (400
N7 “OMe MHz, CDCl3) 8 13.03 (s, 1H), 8.01-7.92 (m, 1H), 7.24-7.14 (m, 3H), 7.08
s O (d, 3 =8.1 Hz, 2H), 6.99 (d, J = 8.0 Hz, 2H), 5.10 (s, 1H), 3.76 (s, 3H),
Me 2.24 (s, 3H). *C NMR (100 MHz, CDCl;) & 171.9, 166.0, 139.8, 137.2,
134.2, 131.4, 129.2, 128.5, 127.8, 126.5, 126.5, 125.6, 97.0, 52.3, 39.4, 21.1. HRMS Calculated
for C1gH1705S [M+H]" 313.0893, found: 313.0891.

Methyl 2-(4-fluorophenyl)-4-hydroxy-2H-thiochromene-3-carboxylate (1h):
0.582 g, 26% yield (two steps), pale yellow viscous liquid, new compound, R = 0.50 (hexanes/
OH O ethyl acetate 20/1), enol/keto = 20.0/1. The enol isomer: *"H NMR (400
Nr” "OMe  MHz, CDCl3) & 13.02 (s, 1H), 8.00-7.93 (m, 1H), 7.30-7.14 (m, 5H), 6.90-
s O 6.83 (m, 2H), 5.10 (s, 1H), 3.77 (s, 3H). *C NMR (100 MHz, CDCls) &
F 1717, 166.1, 162.1 (d, "Jr.c = 246.0 Hz), 138.5 (d, “J-.c = 3.0 Hz), 133.9,
131.5, 128.4, 128.2 (d, *Jr.c = 8.3 Hz), 127.9, 126.5, 125.8, 115.3 (d, *Jr.c = 21.7 Hz), 97.0, 52.4,
39.0. ®F NMR (376 MHz, CDCl3) & -115.11. HRMS Calculated for Ci7Hi,FO3S [M+H]
317.0642, found: 317.0643.

Methyl 2-(4-chlorophenyl)-4-hydroxy-2H-thiochromene-3-carboxylate (1i):
0.895 g, 38% yield (two steps), pale yellow viscous liquid, new compound, R = 0.50 (hexanes/
OH O ethyl acetate 20/1), enol/keto = 14.3/1. The enol isomer: 'H NMR (400
N7 "OMe MHz, CDCly) & 13.02 (s, 1H), 7.98-7.93 (m, 1H), 7.29-7.20 (m, 2H), 7.18-
s O 7.09 (m, 5H), 5.08 (s, 1H), 3.77 (s, 3H). *C NMR (100 MHz, CDCl5) &
c 171.6,166.2, 141.2, 133.7, 133.2, 131.6, 128.6, 128.3, 128.0, 127.9, 126.6,
125.8, 96.7, 52.4, 39.0. HRMS Calculated for C17H1,Cl05S [M+H]" 333.0347 (**CI) and 335.0321
¢’ClI), found: 333.0350 (*°Cl) and 335.0324 (*’CI).

Methyl 2-(4-bromophenyl)-4-hydroxy-2H-thiochromene-3-carboxylate (1j):
1.272 g, 48% vyield (two steps), pale yellow viscous liquid, new compound, Rs = 0.50 (hexanes/
OH O ethyl acetate 20/1), enol/keto = 25.0/1. The enol isomer: ‘"H NMR (400
Ny CoMe  MHz, CDCls) 8 13.02 (s, 1H), 8.02-7.87 (m, 1H), 7.32-7.14 (m, 5H), 7.12-
s O 6.99 (m, 2H), 5.06 (s, 1H), 3.77 (s, 3H). **C NMR (100 MHz, CDCl5) &
gr 171.6,166.2, 141.7, 133.7, 131.6, 131.6, 128.4, 128.3, 127.9, 126.6, 125.9,
121.4, 96.6, 52.4, 39.1. HRMS Calculated for C;7Hy,BrO;S [M+H]" 376.9842 ("Br) and
378.9822 (*'Br), found: 376.9844 ("°Br) and 378.9832 (*'Br).

Methyl 4-hydroxy-2-(4-methoxyphenyl)-2H-thiochromene-3-carboxylate (1k):

0.555 g, 34% yield (two steps, 1.0 equivalent amount of organocatalyst was OH O
used), light yellow liquid, new compound, R¢ = 0.42 (hexanes/ethyl acetate X OMe
20/1), enol/keto = 11.1/1. The enol isomer: *H NMR (400 MHz, CDCl5) & s” > pPMP

13.01 (s, 1H), 7.96 (dd, J = 7.7, 1.5 Hz, 1H), 7.26-7.16 (m, 3H), 7.14-7.07 (m, 2H), 6.76-6.68 (m,
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2H), 5.09 (s, 1H), 3.77 (s, 3H), 3.71 (s, 3H). *C NMR (100 MHz, CDCls) & 171.9, 165.9, 158.9,
134.9, 134.2, 131.4, 128.5, 127.9, 127.7, 126.4, 125.6, 113.8, 97.2, 55.2, 52.3, 39.1. HRMS
Calculated for C1gH16Na0,S [M+Na]* 351.0662, found: 351.0665.

Methyl 4-hydroxy-2-methyl-2H-thiochromene-3-carboxylate (11):

0.488 g, 42% yield (two steps), pale yellow viscous liquid, new compound, R = 0.67 (hexanes/
OH O ethyl acetate 20/1), enol/keto = 11.1/1. The enol isomer: *H NMR (400 MHz,

©\)§\/N\OM6 CDCl3) 6 12.67 (s, 1H), 7.95-7.81 (m, 1H), 7.34-7.26 (m, 2H), 7.24-7.19 (m,
s7 "Me 1H), 4.02 (q, J = 6.9 Hz, 1H), 3.86 (s, 3H), 1.35 (d, J = 6.9 Hz, 3H). *C

NMR (100 MHz, CDCl3) 6 171.6, 164.5, 134.6, 131.1, 128.2, 128.0, 126.5, 125.4, 100.0, 52.1,

31.9, 23.1. HRMS Calculated for C1,H15NO5S [M+NH,]" 254.0845, found: 254.0846.

Methyl 4-hydroxy-6-nitro-2-phenyl-2H-thiochromene-3-carboxylate (1m):
0.296 g, 12% vyield (two steps), pale yellow solid, mp 182-183 °C, new compound, R; = 0.34
OH © (hexanes/ethyl acetate 20/1), enol. *H NMR (400 MHz, CDCls) & 13.04

O2N O X Some (s, 1H), 8.82 (d, J = 2.5 Hz, 1H), 8.08 (dd, J = 8.7, 2.5 Hz, 1H), 7.30 (d,
s O J = 8.7 Hz, 1H), 7.25-7.08 (m, 5H), 5.25 (s, 1H), 3.80 (s, 3H). *C NMR
(100 MHz, CDCl3) & 171.3, 163.8, 145.7, 143.3, 141.8, 128.8, 128.7,

128.2, 128.0, 126.5, 125.4, 121.7, 97.6, 52.7, 40.1. HRMS Calculated for C;7;H14sNOsS [M+H]"
344.0587, found: 344.0589.

Methyl 4-hydroxy-6-methoxy-2-phenyl-2H-thiochromene-3-carboxylate (1n):
0.092 g, 9% vyield (two steps), pale yellow viscous liquid, new compound, R = 0.54 (hexanes/
OH O ethyl acetate 20/1), enol/keto = 12.5/1. The enol isomer: *H NMR (400

MeO O X “oMme MHz, CDCly)  13.07 (s, 1H), 7.51 (d, J = 2.8 Hz, 1H), 7.23-7.10 (m,
s O 5H), 7.06 (d, J = 8.6 Hz, 1H), 6.84 (dd, J = 8.6, 2.8 Hz, 1H), 5.09 (s,
1H), 3.82 (s, 3H), 3.76 (s, 3H). **C NMR (100 MHz, CDCls) & 171.9,

166.1, 157.9, 142.6, 129.5, 128.9, 128.4, 127.4, 126.7, 124.8, 118.7, 110.9, 97.5, 55.5, 52.3, 39.6.
HRMS Calculated for C1gH:6Na0,S [M+Na]* 351.0662, found: 351.0657.

Methyl 4-hydroxy-6-methyl-2-phenyl-2H-thiochromene-3-carboxylate (10):
0.994 g, 40% yield (two steps), pale yellow solid, mp 143-144 °C, new compound, R¢ = 0.59 (he-
OH O xanes/ethyl acetate 20/1), enol/keto = 11.1/1. The enol isomer: *H NMR

Me O Ny “oMe (400 MHz, CDClg) § 13.05 (s, 1H), 7.78 (s, 1H), 7.23-7.10 (m, 5H),
s O 7.10-7.01 (m, 2H), 5.10 (s, 1H), 3.76 (s, 3H), 2.34 (s, 3H). *C NMR
(100 MHz, CDCl;) § 171.9, 166.3, 142.8, 135.5, 132.4, 130.6, 128.4,

128.3, 127.7, 127.4, 126.9, 126.6, 97.0, 52.3, 39.6, 21.1. HRMS Calculated for C;gH;703S
[M+H]" 313.0893, found: 313.0892.

tert-Butyl 4-hydroxy-2-phenyl-2H-thiochromene-3-carboxylate (1p):

0.250 g, 8% yield (two steps), pale yellow viscous liquid, new compound, R = 0.62 (hexanes/
ethyl acetate 20/1), enol/keto = 2.5/1. The enol and keto mixture: 'H NMR (400 MHz, CDCls) &
13.24 (s, 1H, enol), 8.15 (dd, J = 8.0, 1.2 Hz, 1H, keto), 7.95 (dd, J = 7.7, 1.5 Hz, 1H, enol),

S4



7.45-7.16 (m, 16H, enol and keto), 5.05 (s, 1H, enol), 4.93 (d, J = 12.6 Hz, 1H, keto), 4.19 (d, J =
12.6 Hz, 1H, keto), 1.42 (s, 9H, enol), 1.23 (s, 9H, keto). *C NMR (100
MHz, CDCI3) 6 190.9, 171.3, 166.9, 165.3, 143.5, 141.5, 136.5, 134.0,
133.9, 131.1, 129.9, 129.7, 128.8, 128.8, 128.7, 128.4, 128.3, 127.6, 127.3,
126.9, 126.4, 126.3, 125.5, 125.4, 98.6, 82.6, 82.2, 62.6, 47.6, 40.2, 28.1,
27.6. HRMS Calculated for C,oH»03S [M+H]" 341.1206, found: 341.1203.

Methyl 2-(benzofuran-2-yl)-4-hydroxy-2H-thiochromene-3-carboxylate (1q):

0.732 g, 23% yield (two steps), yellow solid, mp 146-147 °C, new compound, R; = 0.51 (hexanes/
ethyl acetate 20/1), enol. '"H NMR (400 MHz, CDCls) & 13.03 (s, 1H),
7.98 (dd, J = 7.3, 1.8 Hz, 1H), 7.38 (dd, J = 18.4, 8.0 Hz, 2H), 7.27-7.17
(m, 4H), 7.14-7.09 (m, 1H), 6.30 (s, 1H), 5.31 (s, 1H), 3.80 (s, 3H). °C
NMR (100 MHz, CDCls) § 171.5, 166.5, 156.5, 155.1, 133.9, 131.6, 128.2,
128.1, 128.0, 126.8, 125.9, 124.3, 122.7, 120.8, 111.3, 104.8, 94.8, 52.4,
34.4. HRMS Calculated for C1oH14Na0,S [M+Na]* 361.0505, found: 361.0499.

O O
Piperidine, DMAP
Toluene, Reflux
S Ph S Ph
1d

To a solution of thiochromanone derivative 1¢ (2.5 mmol, 0.746 g) in toluene (25 mL) was
added the piperidine (5.0 mmol, 0.426 g) and 4-dimethylaminopyridine (DMAP) (1.0 mmol, 0.122
g) sequentially. The mixture was refluxed for 24 hours. After cooling to room temperature, the
reaction mixture was concentrated under reduced pressure to afford the crude residue. The residue
was purified by flash chromatography on silica gel using hexanes/ethyl acetate/dichloromethane
(20/1/1-3/1/1) as eluent to give the desirable thiochromanone derivative with amide 1d.

2-Phenyl-3-(piperidine-1-carbonyl)thiochroman-4-one (1d):

0.335 g, 38% yield, white solid, mp 202-203 °C, new compound, R; = 0.43 (hexanes/ethyl acetate
3/1), keto. *H NMR (400 MHz, CDCl3) & 8.12 (dd, J = 8.0, 1.3 Hz, 1H), 7.51-7.40 (m, 3H), 7.38-
7.26 (m, 4H), 7.25-7.18 (m, 1H), 5.27 (d, J = 12.5 Hz, 1H), 4.54 (d, J = 12.5 Hz, 1H), 3.71-3.55
(m, 1H), 3.53-3.41 (m, 1H), 3.39-3.30 (m, 1H), 3.29-3.11 (m, 1H), 1.65-1.37 (m, 4H), 1.27-1.04
(m, 2H). *C NMR (100 MHz, CDCls) & 192.0, 166.0, 141.5, 137.3, 133.9, 130.5, 129.9, 128.8,
128.5, 128.1, 127.2, 1255, 58.5, 48.5, 47.5, 43.1, 26.3, 25.5, 24.5. HRMS Calculated for
CxH2»NO,S [M+H]" 352.1366, found: 352.1367.

S5



2.2. Synthesis of Allenylic Carbonates

The allenylic carbonates 2a-2m could be conveniently synthesized from the commercially
available propargyl alcohol and aldehydes through two steps according to the known procedure,>*
all of which are new compounds. Firstly, the propargyl alcohol underwent copper-catalyzed
reactions with aldehydes to provide the intermediate allenylic alcohols.® Then, the allenylic
carbonates 2 were prepared from the above allenylic alcohol intermediates according to the known
literature procedure with slight modification.* In addition, allenylic carbonate 2n, a new
compound, could be synthesized through two steps according to the known procedure.** Firstly,
the propargylic dioxolanone S1 underwent copper-catalyzed Sy2’ substitution with Grignard
reagent to provide the intermediate a-hydroxyallene.” Then, the allenylic carbonate 2n was
prepared from the above a-hydroxyallene intermediate according to the known literature
procedure with slight modification.*

o
RCHO, CuBr,, 1,4-Dioxane CICO,R N
\\\/OH R '\V\OJJ\OR
Diphenyl(2-pyrrolidinyl)methanol DCM, Pyridine

130 °C (R = Alkyl); 70 °C (R = Aryl) 0°Cto RT

2

General Procedure: To a dried Schlenk flask were sequentially added copper dibromide (1.787
g, 8.0 mmol), diphenyl(2-pyrrolidinyl)methanol (5.067 g, 20 mmol), 1,4-dioxane (40 mL), alde-
hydes (30 mmol), and propargy! alcohol (1.682 g, 30 mmol) under the nitrogen atmosphere. The
mixture was stirred in an oil bath preheated at 70 °C or 130 °C for 12-20 h. After cooling to room
temperature, the resulting mixture was diluted with diethyl ether (60 mL), which was washed with
an aqueous solution of hydrochloric acid (3.0 M, 60 mL). After separation, the aqueous layer was
extracted with diethyl ether (60 mL>3). The combined organic layer was dried over anhydrous
sodium sulfate, filtered and concentrated under the reduced pressure. The residue was purified by
flash chromatography on silica gel using hexanes/ethyl acetate (20/1-5/1) as eluent to afford the
intermediate allenylic alcohols.

A solution of the above allenylic alcohols (9.7 mmol) and pyridine (2.34 mL, 29.1 mmol) in
dichloromethane (25 mL) was cooled to 0 <C. The ethyl chloroformate (1.85 mL, 19.4 mmol) (or
isopropyl chloroformate) was added dropwise over a period of 5 minutes. The reaction mixture
was allowed to warm to room temperature. When the reaction was completed as monitored by
TLC, the reaction mixture was acidified with the hydrogen chloride aqueous solution (3.0 M) to
pH 5-6 and extracted three times with dichloromethane. The combined organic layer was dried
over anhydrous sodium sulfate, filtered and concentrated under the reduced pressure. The residue
was purified by flash chroma- tography on silica gel using hexanes/ethyl acetate (50/1) as eluent
to give the desirable allenylic carbonates 2.

Ethyl (4-phenylbuta-2,3-dien-1-yl) carbonate (2a):
0.184 g, 24% yield (two steps), yellow liquid, new compound, Rs= 0.49 (hexanes/ethyl acetate
o 10/1). *H NMR (400 MHz, CDCl3)  7.33-7.28 (m, 4H), 7.25-7.14 (m,
Q/\V\Okoa 1H), 6.37-6.28 (m, 1H), 5.84-5.68 (m, 1H), 4.78-4.67 (m, 2H), 4.20 (g, J
= 7.1 Hz, 2H), 1.29 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz, CDCl,) &
206.7, 155.0, 133.2, 128.7, 127.4, 127.1, 96.7, 90.8, 65.1, 64.2, 14.3. HRMS Calculated for
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C13H1gNO3 [M+NH,]" 236.1281, found: 236.1280.

Isopropyl (4-phenylbuta-2,3-dien-1-yl) carbonate (2a'"):
1.120 g, 45% yield (two steps), yellow liquid, new compound, Rs= 0.56 (hexanes/ethyl acetate
o 20/1). *H NMR (400 MHz, CDCl3) & 7.33-7.27 (m, 4H), 7.25-7.19 (m,
Q/%\/\o)ko/j\ 1H), 6.37-6.26 (m, 1H), 5.83-5.64 (m, 1H), 4.92-4.83 (m, 1H),
4.76-4.66 (m, 2H), 1.30 (d, J = 6.3 Hz, 3H), 1.26 (d, J = 6.3 Hz, 3H).
3C NMR (100 MHz, CDCl3) 5 206.6, 154.5, 133.2, 128.7, 127.4, 127.1, 96.7, 90.9, 72.2, 64.9,
21.8, 21.7. HRMS Calculated for C14H;sNaO; [M+Na]* 255.0992, found: 255.0993.

Ethyl (4-(o-tolyl)buta-2,3-dien-1-yl) carbonate (2b):
0.191 g, 4% yield (two steps), yellow liquid, new compound, R; = 0.53 (hexanes/ethyl acetate
Me o 20/1). *H NMR (400 MHz, CDCl3) 6 7.39-7.32 (m 1H), 7.18-7.10 (m,
©/%.MO AOEt 3H), 6.58-6.43 (m, 1H), 5.72 (q, J = 6.7 Hz, 1H), 4.77-4.69 (m, 2H),
4.21 (q, J = 7.1 Hz, 2H), 2.36 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H). *C NMR
(100 MHz, CDCls) 6 207.4, 155.0, 135.3, 131.4, 130.5, 127.6, 127.4, 126.2, 94.0, 89.8, 65.4, 64.2,
19.9, 14.3. HRMS Calculated for C14H:,05 [M+H]" 233.1172, found: 233.1174.

Ethyl (4-(m-tolyl)buta-2,3-dien-1-yl) carbonate (2c):
1.212 g, 26% vyield (two steps), yellow liquid, new compound, R¢ = 0.53 (hexanes/ethyl acetate
o 20/1). "H NMR (400 MHz, CDCl5) 6 7.20 (t, J = 7.5 Hz, 1H), 7.13-7.07
\-V\OJLOB (m, 2H), 7.04 (d, J = 7.5 Hz, 1H), 6.33-6.25 (m, 1H), 5.80-5.69 (m, 1H),
©/\ 4.77-4.68 (m, 2H), 4.20 (g9, J = 7.1 Hz, 2H), 2.33 (s, 3H), 1.30 (t, J = 7.1
Me Hz, 3H). *C NMR (100 MHz, CDCl;) & 206.7, 155.0, 138.3, 133.0,
128.6, 128.3, 127.7, 124.2, 96.7, 90.6, 65.3, 64.2, 21.4, 14.3. HRMS Calculated for C,4H;¢NaO;

[M+Na]" 255.0992, found: 255.0994.

Ethyl (4-(p-tolyl)buta-2,3-dien-1-yl) carbonate (2d):
1.571 g, 34% yield (two steps), yellow liquid, new compound, Rf = 0.53 (hexanes/ethyl acetate
o 20/1). 'H NMR (400 MHz, CDCl3) 6 7.19 (d, J = 8.0 Hz, 2H), 7.12
/O/%\/\OJ&OH (d, J = 8.0 Hz, 2H), 6.35-6.21 (m, 1H), 5.84-5.63 (m, 1H), 4.77-
Me 4.67 (m, 2H), 4.20 (9, J = 7.1 Hz, 2H), 2.33 (s, 3H), 1.30 (t, J = 7.1
Hz, 3H). BC NMR (100 MHz, CDCl3) 8 206.5, 155.0, 137.3, 130.1, 129.4, 127.0, 96.5, 90.6, 65.3,
64.2, 21.3, 14.3. HRMS Calculated for C1,H16KO3 [M+K]" 271.0731, found: 271.0732.

Ethyl (4-(3-fluorophenyl)buta-2,3-dien-1-yl) carbonate (2e):
1.775 g, 38% vyield (two steps), yellow liquid, new compound, Rs = 0.44 (hexanes/ethyl acetate
o 20/1). *H NMR (400 MHz, CDCls) & 7.29-7.26 (m, 1H), 7.06 (d, J =
FU\\/\O)LOB 7.7 Hz, 1H), 7.00 (d, J = 9.9 Hz, 1H), 6.96-6.86 (m, 1H), 6.36-6.22
(m, 1H), 5.90-5.64 (m, 1H), 4.78-4.68 (m, 2H), 4.20 (g, J = 7.1 Hz,
2H), 1.30 (t, J = 7.1 Hz, 3H). **C NMR (100 MHz, CDCls) & 206.8, 163.1 (d, “Je.c = 243.9 Hz),
154.9, 135.7 (d, *Jr.c = 7.9 Hz), 130.1 (d, *Jr.c = 8.3 Hz), 122.8 (d, “Jr.c = 2.7 Hz), 114.3 (d, “Jrc
= 21.4 Hz), 113.6 (d, Yr.c = 22.12 Hz), 96.1 (d, “J-.c = 2.6 Hz), 91.2, 64.8, 64.3, 14.3. °F NMR
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(376 MHz, CDCls5) & -113.32. The HRMS Calculated for C13H:4FO; [M+H]" 237.0921, found:
237.0922.

4-(3-Chlorophenyl)buta-2,3-dien-1-yl ethyl carbonate (2f):
2.096 g, 42% vyield (two steps), yellow liquid, new compound, Ry = 0.39 (hexanes/ethyl acetate
o 20/1). *H NMR (400 MHz, CDCl3) & 7.28 (s, 1H), 7.26-7.14 (m,
CI\©/\°\/\OJ\OB 3H), 6.31-6.23 (m, 1H), 5.87-5.73 (m, 1H), 4.77-4.69 (m, 2H), 4.21
(9, J = 7.1 Hz, 2H), 1.30 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz,
CDCl3) 6 206.8, 154.9, 135.3, 134.6, 129.9, 127.4, 126.9, 125.2, 95.9, 91.3, 64.7, 64.3, 14.3.
HRMS Calculated for Cy3Hi;CINO; [M+NH,]" 270.0891 (35CI) and 272.0866 (37CI), found:
270.0889 (**Cl) and 272.0856 (*’Cl).

4-(3-Bromophenyl)buta-2,3-dien-1-yl ethyl carbonate (29g):
2.252 g, 38% vyield (two steps), yellow liquid, new compound, Ry = 0.38 (hexanes/ethyl acetate
o 20/1). "H NMR (400 MHz, CDCls) & 7.43 (s, 1H), 7.38-7.30 (m, 1H),
Q/\V\OJLOB 7.23-7.13 (m, 2H), 6.37-6.15 (m, 1H), 5.88-5.69 (m, 1H), 4.77-4.68 (m,
2H), 4.21 (q, J = 7.1 Hz, 2H), 1.30 (t, J = 7.1 Hz, 3H). *C NMR (100
Br MHz, CDCls) & 206.7, 154.9, 135.5, 130.3, 130.1, 129.8, 125.7, 122.8,
95.8, 91.4, 64.7, 64.3, 14.3. HRMS Calculated for C,3H;;BrNO; [M+NH,]* 314.0386 ("°Br) and

316.0367 (3'Br), found: 314.0392 ("Br) and 316.0374 (*'Br).

Ethyl (4-(3-methoxyphenyl)buta-2,3-dien-1-yl) carbonate (2h):
1.390 g, 28% vyield (two steps), yellow liquid, new compound, Rs = 0.34 (hexanes/ethyl acetate
Moo - )CJ)\ 20/1). 'H NMR (400 MHz, CDCl3) & 7.22 (t, J = 7.9 Hz, 1H),
\©/\\/\o oet 6.92-6.825 (m, 2H), 6.78 (dd, J = 8.2, 2.3 Hz, 1H), 6.33-6.22 (m,
1H), 5.83-5.65 (m, 1H), 4.77-4.68 (m, 2H), 4.19 (q, J = 7.1 Hz,
2H), 3.81 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz, CDCl5) & 206.7, 159.9, 154.9,
134.6, 129.6, 119.7, 113.3, 112.2, 96.7, 90.9, 65.1, 64.2, 55.2, 14.3. HRMS Calculated for
C14H1704 [M+H]" 249.1121, found: 249.1119.

4-(3,5-Dimethylphenyl)buta-2,3-dien-1-yl ethyl carbonate (2i):
2.200 g, 45% vyield (two steps), pale yellow liquid, new compound, Rs = 0.45 (hexanes/ethyl
o acetate 20/1). "H NMR (400 MHz, CDCls) 5 6.91 (s, 2H), 6.86 (s,
""e\@/\\/\OJLOEt 1H), 6.27-6.20 (m, 1H), 5.83-5.62 (m, 1H), 4.75-4.68 (m, 2H),
4.24-4.16 (m, 2H), 2.29 (s, 6H), 1.30 (t, J = 7.1 Hz, 3H). °C NMR
Me (100 MHz, CDCl3) 6 206.7, 155.0, 138.2, 132.9, 129.2, 124.9, 96.7,
90.5, 65.3, 64.2, 21.2, 14.3. HRMS Calculated for Cy5H1003 [M+H]" 247.1329, found: 247.1328.

4-([1,1'-Biphenyl]-4-yl)buta-2,3-dien-1-yI ethyl carbonate (2j):
o 2.123 g, 36% yield (two steps), yellow liquid, new compound,

O \°%/\0J\05t Rf = 0.32 (hexanes/ethyl acetate 20/1). '*H NMR (400 MHz,
O CDCl5) & 7.60-7.53 (m, 4H), 7.45-7.41 (m, 2H), 7.38-7.31 (m,
3H), 6.38-6.33 (m, 1H), 5.86-5.69 (m, 1H), 4.79-4.69 (m, 2H),
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4.24-4.17 (m, 2H), 1.30 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz, CDCl3) & 206.9, 155.0, 140.7,
140.3, 132.2, 128.8, 127.5, 127.4, 127.4, 127.0, 96.4, 90.9, 65.1, 64.2, 14.3. HRMS Calculated for
C19H1405 [M+H]" 295.1329, found: 295.1327.

Ethyl (4-(naphthalen-2-yl)buta-2,3-dien-1-yl) carbonate (2k):
1.834 ¢, 34% vyield (two steps), pale yellow liquid, new compound, R; = 0.57 (hexanes/ethyl
0 acetate 20/1). "H NMR (400 MHz, CDCls) & 7.82-7.73 (m, 3H), 7.65
O \'%/\oJ\oa (s, 1H), 7.48-7.38 (m, 3H), 6.57-6.42 (m, 1H), 5.94-5.67 (m, 1H),
O 4.81-4.71 (m, 2H), 4.25-4.14 (m, 2H), 1.28 (t, J = 7.1 Hz, 3H). *C
NMR (100 MHz, CDCls) 6 207.2, 155.0, 133.6, 132.9, 130.7, 128.4,

127.8, 127.8, 126.4, 126.1, 125.9, 124.7, 97.1, 91.1, 65.2, 64.2, 14.3. HRMS Calculated for
Ci17H2NO3 [M+NH,]" 286.1438, found: 286.1437.

Ethyl (4-(thiophen-3-yl)buta-2,3-dien-1-yl) carbonate (21):
1.726 g, 38% yield (two steps), yellow liquid, new compound, R¢ = 0.62 (hexanes/ethyl acetate
o 20/1). *H NMR (400 MHz, CDCl3) § 7.27-7.25 (m, 1H), 7.11 (d, J = 2.8
a \\/\OJKOB Hz, 1H), 7.09-7.02 (m, 1H), 6.45-6.33 (m, 1H), 5.77-5.59 (m, 1H),
S 4.74-4.65 (m, 2H), 4.19 (q, J = 7.1 Hz, 2H), 1.29 (t, J = 7.1 Hz, 3H).
B3C NMR (100 MHz, CDCl3) 5 207.0, 154.9, 134.3, 126.4, 126.1, 121.7, 91.3, 90.0, 65.1, 64.2,
14.3. HRMS Calculated for C1;H1,NaO3S [M+Na]* 247.0399, found: 247.0401.

Ethyl penta-2,3-dien-1-yl carbonate (2m):
0.408 g, 13% yield (two steps), colorless liquid, new compound, Rs = 0.58 (hexanes/ethyl acetate
o 20/1). *H NMR (400 MHz, CDCl;) & 5.41-5.10 (m, 2H), 4.63-4.56 (m,
Me/\-MO)LOEt 2H), 4.20 (q, J=7.1 Hz, 2H), 1.68 (dd, J = 5.7, 4.5 Hz, 3H), 1.31 (t, J =
7.1 Hz, 3H). *C NMR (100 MHz, CDCls) 5 206.5, 155.0, 87.7, 85.9,
66.0, 64.0, 14.3, 13.8. HRMS Calculated for CgHy303 [M+H]" 157.0859, found: 157.0859.

o (BUO)4P
o//< Cu(MeCN),BF, CICO,Et Me o
° . L
G MeMgBr, DCM, -10 °C DCM, Pyridine X0 DOEt
0,
P g 0°C to RT 2n

To a dried Schlenk flask were sequentially added catalyst Cu(MeCN),BF, (0.189 g, 0.6 mmol),
(n-BuO)sP (0.32 mL, 1.2 mmol) and dichloromethane (10 mL) under the nitrogen atmosphere.
The mixture was stirred at room temperature for 1 h. After cooling to -10 °C, the methylma-
gnesium bromide (12 mL, 1.0 M in tetrahydrofuran, 12 mmol) was added and the reaction was
stirred for 30 min at -10 °C. Then, a solution of the dioxolanone S1 (1.129 g, 6 mmol) in
dichloromethane (5.0 mL) was added and the reaction mixture was stirred at -10 °C for 22 h.
Afterwards, the reaction mixture was quenched with ammonium chloride saturated solution. After
separation, the aqueous layer was extracted with diethyl ether (20 mL>3). The combined organic
layer was dried over anhydrous sodium sulfate, filtered and concentrated under the reduced
pressure. The residue was purified by flash chromatography on silica gel using hexanes/ethyl
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acetate (20/1-10/1) as eluent to afford the intermediate a-hydroxyallene.

A solution of the above a-hydroxyallene (0.343 g, 2.1 mmol) and pyridine (0.51 mL, 6.3 mmol)
in dichloromethane (10 mL) was cooled to 0 <C. The ethyl chloroformate (0.40 mL, 4.2 mmol)
was added dropwise over a period of 5 minutes. The reaction mixture was allowed to warm to
room temperature. When the reaction was completed as monitored by TLC, the reaction mixture
was acidified with the hydrogen chloride aqueous solution (3.0 M) to pH 5-6 and extracted three
times with dichloromethane. The combined organic layer was dried over anhydrous sodium
sulfate, filtered and concentrated under the reduced pressure. The residue was purified by flash
chromatography on silica gel using hexanes/ethyl acetate (50/1) as eluent to give the desirable
allenylic carbonate 2n.

Ethyl (4-phenylpenta-2,3-dien-1-yl) carbonate (2n):

0.451 g, 33% vyield (two steps), pale yellow liquid, new compound, Rs= 0.67 (hexanes/ethyl
acetate 20/1). "H NMR (400 MHz, CDCl,) § 7.42-7.37 (m, 2H), 7.35-7.29 (m, 2H), 7.25-7.19 (m,
1H), 5.73-5.57 (m, 1H), 4.70 (d, J = 6.8 Hz, 2H), 4.20 (g, J = 7.1 Hz, 2H), 2.12 (d, J = 2.8 Hz, 3H),
1.30 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz, CDCls)  205.8, 155.0, 136.0, 128.4, 127.1, 125.9,
102.9, 88.7, 65.7, 64.1, 16.8, 14.3. HRMS Calculated for C14H,0NO3 [M+NH,]" 250.1438, found:
250.1443.
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3. Palladium-Catalyzed Asymmetric Allenylic Alkylation

O
N )
OH R %/\O)LOE’( (@] EWG MeO PAr,
G~ CLL e | O™
s R Pd(dba),/L4 S R —’—\H

THF, DBU, 5A MS
1 -20°C, 72-168 h 3

L4
Ar = 3,5-(t—BU)2C6H3

The metal precursor Pd(dba), (0.02 mmol, 11.5 mg, 10 mol%), ligand (R)-DTB-BIPHEP (L4)
(0.022 mmol, 22.7 mg, 11 mol%) and tetrahydrofuran (1.5 mL) were placed in a dried Schlenk
tube under nitrogen atmosphere. The mixture was stirred at 30 °C for 30 min. Then the mixture
was cooled to -20 °C. Thereafter, the thiochromanone derivatives 1 (0.2 mmol), 5A MS (50.0 mg)
and 1,8-diazabicyclo[5,4,0]undec-7-ene (DBU) (35.9 L, 0.24 mmol) were added and the reaction
was stirred at -20 °C for 10 minutes. Sequentially, the allenylic carbonates 2 (0.3 mmol) and tetra-
hydrofuran (0.5 mL) were added slowly. The mixture was stirred at -20 °C for 72-168 h. After the
completion of the reaction, the volatiles were directly removed under the reduced pressure. The
residue was quickly purified by column chromatography on silica gel (hexanes/ethyl acetate/dich-
loromethane 100/1/2-100/3/6) to give the desirable allenylic alkylation products 3.

The racemates were prepared by running reactions with an achiral 1,3-bis(diphenylphosphino)-
propane ligand at 30 °C. It was worth noting that the products 3 were sensitive to water or alcohol,
which would lead to partial decrease of dr value.

(-)-Methyl 4-oxo0-2-phenyl-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxylate (3ca):
The reaction was conducted at -20 °C for 72 h. 78.5 mg, 92% yield, pale yellow viscous liquid,
new compound, Rs = 0.28 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major diastereoisomer),
[0]®5 = -209.67 (c 0.63, CHCI5). The major diastereoisomer: *"H NMR (400 MHz, CDCl3) & 8.17
(d, J=7.9 Hz, 1H), 7.43-7.31 (m, 6H), 7.27-7.22 (m, 4H), 7.20-7.10
(m, 3H), 6.22-5.96 (M, 1H), 5.66-5.43 (m, 1H), 4.98 (s, 1H), 3.65 (s,
3H), 3.22-3.02 (m, 1H), 2.73-2.51 (m, 1H). *C NMR (100 MHz,
CDCl3) & 207.4, 192.4, 169.7, 1415, 135.6, 133.9, 133.2, 130.8,
130.5, 129.2, 128.9, 128.6, 128.5, 127.3, 127.1, 126.8, 125.5, 95.5, 89.9, 62.7, 52.4, 51.1, 32.5.
HPLC: Chiralpak IC column, 254 nm, 30 °C, n-Hexane/i-PrOH = 95/5, flow = 1.0 mL/min, reten-
tion time 15.0 min (minor) and 16.0 min (major). HRMS Calculated for the Cy7H2303S [M+H]"
427.1362, found: 427.1372.
The mixtrue with low 2.3:1 dr: *"H NMR (400 MHz, CDCl3) & 8.17 (d, J = 7.9 Hz, 1H, major),
7.88 (d, J = 7.9 Hz, 1H, minor),

le’zMe @ i COZMe 7.40-7.12 (m, 26H, major + minor),
\— 6.16-6.01 (m, 2H, major + minor),
b 5.62-5.45 (m, 2H, major + minor),

major minor 5.09 (s, 1H, minor), 4.98 (s, 1H,

major), 3.65 (s, 6H, major + minor), 3.18-3.04 (m, 2H, major + minor), 2.67-2.53 (m, 2H, major +
minor). BC NMR (100 MHz, CDCls) 6 207.4, 207.2, 192.4, 192.2, 169.7, 169.7, 141.5, 141.0,
135.7, 135.6, 133.9, 133.8, 133.2, 133.0, 130.8, 130.8, 130.5, 130.4, 129.2, 129.0, 128.9, 128.8,
128.6, 128.5, 128.5, 128.4, 127.3, 127.2, 127.1, 127.0, 126.9, 126.8, 125.5, 125.4, 95.9, 95.5, 90.0,
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89.9, 62.9, 62.7,52.4,52.3,51.1, 50.9, 32.5, 32.3.

(-)-Methyl 4-oxo0-3-(4-phenylbuta-2,3-dien-1-yl)-2-(o-tolyl)thiochromane-3-carboxylate (3ea):
The reaction was conducted at -20 °C for 120 h. 71.9 mg, 82% vyield, pale yellow viscous liquid,
new compound, R¢ = 0.36 (hexanes/ethyl acetate 20/1), 24.0:1 dr, 98% ee (major diastereoisomer),
[a]® = -25.30 (c 0.83, CHCIls). The major diastereoisomer: *H
NMR (400 MHz, CDCls) 6 8.20 (dd, J = 8.0, 1.3 Hz, 1H), 7.52 (d, J
= 7.7 Hz, 1H), 7.42-7.34 (m, 1H), 7.29-7.09 (m, 10H), 6.00-5.85 (m,
1H), 5.65-5.43 (m, 1H), 5.04 (s, 1H), 3.62 (s, 3H), 3.15-3.00 (m,
1H), 2.84-2.69 (m, 1H), 2.41 (s, 3H). **C NMR (100 MHz, CDCl,) &
207.0, 192.1, 170.1, 141.3, 136.4, 134.9, 134.1, 133.2, 130.9, 130.8, 130.5, 128.5, 128.5, 128.1,
127.1, 127.0, 126.9, 126.4, 125.4, 94.9, 89.9, 62.0, 52.5, 47.0, 32.8, 20.3. HPLC: Chiralpak ID
column, 254 nm, 30 °C, n-Hexane/i-PrOH = 97/3, flow = 1.0 mL/min, retention time 13.9 min
(major) and 16.6 min. HRMS Calculated for CpsH24NaO3S [M+Na]" 463.1338, found: 463.1341.

(-)-Methyl 4-oxo0-3-(4-phenylbuta-2,3-dien-1-yl)-2-(m-tolyl)thiochromane-3-carboxylate(3fa):
The reaction was conducted at -20 °C for 120 h. 78.1 mg, 89% yield, pale yellow viscous liquid,
new compound, Rs = 0.36 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major diastereoisomer),
[0]®, = -241.32 (c 0.90, CHCI3). The major diastereoisomer: *H
NMR (400 MHz, CDCl;) & 8.24-8.10 (m, 1H), 7.42-7.37 (m, 1H),
7.27-7.13 (m, 10H), 6.19-6.00 (m, 1H), 5.60-5.41 (m, 1H), 4.97 (s,
1H), 3.65 (s, 3H), 3.22-3.03 (m, 1H), 2.69-2.52 (m, 1H), 2.33 (s, 3H).
3¢ NMR (100 MHz, CDCly) & 207.5, 1925, 169.7, 141.7, 138.1,
135.3, 134.0, 133.2, 130.8, 130.5, 130.1, 129.7, 128.6, 128.4, 127.3, 127.1, 126.8, 126.1, 125.5,
95.5, 90.0, 62.7, 52.3, 51.1, 32.4, 21.5. HPLC: Chiralcel OD-3 column, 254 nm, 30 °C, n-Hexane/
i-PrOH = 95/5, flow = 0.8 mL/min, retention time 10.2 min and 23.6 min (major). HRMS Calcu-
lated for CpgH24sNaO3S [M+Na]" 463.1338, found: 463.1342.

(-)-Methyl 4-oxo0-3-(4-phenylbuta-2,3-dien-1-yl)-2-(p-tolyl)thiochromane-3-carboxylate(3ga):
The reaction was conducted at -20 °C for 120 h. 79.3 mg, 90% vyield, pale yellow viscous liquid,
new compound, R¢ = 0.36 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major diastereoisomer),

O oo [a]*°> = -226.76 (c 0.93, CHCI3). The major diastereoisomer: H
,,,,, , @ NMR (400 MHz, CDCls) & 8.31-8.04 (m, 1H), 7.43-7.37 (m, 1H),
\=-='\°H 7.27-7.22 (m, 6H), 7.20-7.11 (m, 5H), 6.21-6.00 (m, 1H), 5.61-5.41

(m, 1H), 4.96 (s, 1H), 3.65 (s, 3H), 3.16-3.03 (M, 1H), 2.64-2.55 (m,

Me 1H), 2.34 (s, 3H). *C NMR (100 MHz, CDCl;) & 207.4, 192.6,

169.8, 141.7, 138.8, 134.0, 133.2, 132.4, 130.9, 130.5, 129.2, 129.0, 128.6, 127.3, 127.0, 126.9,
125.5, 95.5, 89.9, 62.8, 52.4, 50.9, 32.4, 21.2. HPLC: Chiralpak IA, 254 nm, 30 °C, n-Hexane/i-
PrOH = 95/5, flow = 1.0 mL/ min, retention time 13.6 min and 17.4 min (major). HRMS Calcu-
lated for CpgH24sNaO3S [M+Na]" 463.1338, found: 463.1340.

(-)-Methyl 2-(4-fluorophenyl)-4-oxo-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxy-
late (3ha): The reaction was conducted at -20 °C for 120 hours. 83.4 mg, 94% yield, pale yellow
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viscous liquid, new compound, R = 0.40 (hexanes/ethyl acetate 20/1), 49.0:1 dr, 99% ee (major
diastereoisomer), [0]*°p = -215.33 (c 0.73, CHCI;). The major diastereoisomer: *H NMR (400
MHz, CDCl3) & 8.17 (dd, J = 8.0, 1.2 Hz, 1H), 7.44-7.34 (m, 3H),
7.27-7.22 (m, 4H), 7.20-7.12 (m, 3H), 7.07-6.96 (m, 2H), 6.18-5.97
(m, 1H), 5.63-5.41 (m, 1H), 4.95 (s, 1H), 3.65 (s, 3H), 3.17- 3.04 (m,
1H), 2.63-2.50 (m, 1H). **C NMR (100 MHz, CDCl5) & 207.4, 192.1,
169.7, 162.8 (d, “Jrc = 248.6 Hz), 141.2, 133.8, 133.3, 131.4 (d,
*Jr.c = 3.4 Hz), 131.0, 131.0, 130.8, 130.5, 128.6, 127.2 (d, *Jr.c = 8.9 Hz), 126.8, 125.7, 115.5 (d,
2Jr.c = 21.6 Hz), 95.6, 89.8, 62.6, 52.4, 50.3, 32.4. *’F NMR (376 MHz, CDCl5) & -112.38. HPLC:
Chiralcel OD-H column, 254 nm, 30 °C, n-Hexane/i-PrOH = 95/5, flow = 1.0 mL/min, retention
time 9.6 min and 15.7 min (major). HRMS Calculated for C,;H»FNaOs;S [M+Na]* 467.1088,
found: 467.1087.

(-)-Methyl 2-(4-chlorophenyl)-4-oxo-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxy-
late (3ia): The reaction was conducted at -20 °C for 120 hours. 88.3 mg, 96% yield, pale yellow
viscous liquid, new compound, Rs = 0.40 (hexanes/ethyl acetate 20/1), 49.0:1 dr, 99% ee (major
diastereoisomer), [a]*°p = -200.57 (¢ 1.03, CHCIs). The major dias-
tereoisomer: *H NMR (400 MHz, CDCl3) § 8.17 (d, J = 7.9 Hz, 1H),
7.44-7.38 (m, 1H), 7.35-7.28 (m, 4H), 7.27-7.21 (m, 4H), 7.19-7.13
(m, 3H), 6.19-5.99 (m, 1H), 5.60-5.40 (m, 1H), 4.93 (s, 1H), 3.64 (s,

cl 3H), 3.17-3.04 (m, 1H), 2.64-2.53 (m, 1H). *C NMR (100 MHz,
CDCl3) 6 207.4, 192.0, 169.6, 141.0, 134.8, 134.1, 133.8, 133.4, 130.8, 130.6, 130.5, 128.7, 128.6,
127.3,127.2, 126.9, 125.7, 95.6, 89.8, 62.5, 52.5, 50.5, 32.5. HPLC: Chiralcel OD-H column, 254
nm, 30 °C, n-Hexane/i-PrOH = 95/5, flow = 1.0 mL/min, retention time 10.2 min and 16.5 min
(major). HRMS Calculated for C,;H,;,CINaO3S [M+Na]* 483.0792 (*°Cl) and 485.0773 (*'Cl),
found: 483.0793 (**Cl) and 485.0792 (*'ClI).

(-)-Methyl 2-(4-bromophenyl)-4-oxo-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxy-
late (3ja): The reaction was conducted at -20 °C for 120 hours. 94.5 mg, 93% yield, pale yellow
viscous liquid, new compound, Rs = 0.40 (hexanes/ethyl acetate 20/1), 49.0:1 dr, 99% ee (major
9 coe diastereoisomer), [¢]?p = -186.71 (c 1.10, CHCI5). The major dias-
tereoisomer: 'H NMR (400 MHz, CDCl3) 6 8.17 (dd, J = 8.0, 1.2 Hz,
1H), 7.51-7.35 (m, 3H), 7.28-7.21 (m, 6H), 7.19-7.13 (m, 3H), 6.14-
6.00 (m, 1H), 5.57-5.44 (m, 1H), 4.91 (s, 1H), 3.64 (s, 3H), 3.17-
Br 3.04 (m, 1H), 2.62-2.52 (m, 1H). *C NMR (100 MHz, CDCls) &
207.4, 192.0, 169.6, 141.0, 134.6, 133.8, 133.4, 131.7, 130.9, 130.7, 130.5, 128.6, 127.3, 127.2,
126.9, 125.7, 123.0, 95.6, 89.8, 62.5, 52.5, 50.5, 32.5. HPLC: Chiralcel OD-H column, 254 nm, 30
°C, n-Hexane/i-PrOH = 95/5, flow = 1.0 mL/min, retention time 11.1 min (minor) and 17.2 min
(major). HRMS Calculated for Cy;H2;BrNaOsS [M+Na]* 527.0287 (Br) and 529.0270 (*'Br),
found: 527.0292 ("Br) and 529.0275 (*'Br).

(-)-Methyl 2-(4-methoxyphenyl)-4-oxo-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carbo-
xylate (3ka): The reaction was conducted at -20 °C for 72 h. 76.9 mg, 84% vyield, pale yellow
viscous liquid, new compound, R = 0.23 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major
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diastereoisomer), [a]*% = -208.12 (c 1.07, CHCI3). The major diastereoisomer: '"H NMR (400
MHz, CDCl3) & 8.21-8.09 (m, 1H), 7.43-7.34 (m, 1H), 7.33-7.27 (m, 2H), 7.26-7.20 (m, 4H),
7.19-7.13 (m, 3H), 6.89-6.81 (m, 2H), 6.15-6.00 (m, 1H), 5.59-5.43
(m, 1H), 4.93 (s, 1H), 3.79 (s, 3H), 3.65 (s, 3H), 3.15-3.01 (m, 1H),
2.65-2.52 (m, 1H). *C NMR (100 MHz, CDCls) § 207.4, 192.6,
169.8, 159.8, 141.8, 134.0, 133.2, 130.8, 130.5, 130.4, 128.6, 127.4,
127.2, 127.0, 126.9, 125.5, 113.8, 95.4, 89.9, 62.8, 55.3, 52.4, 50.5,
32.4. HPLC: Chiralcel OD-H column, 254 nm, 30 °C, n-Hexane/i-PrOH = 94/6, flow = 1.0 mL/
min, retention time 13.3 min (minor) and 26.0 min (major). HRMS Calculated for C,gH,4sNaO4S
[M+Na]" 479.1288, found: 479.1291.

(-)-Methyl 2-methyl-4-oxo-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxylate (3la):
The reaction was conducted at -20 °C for 72 h. 68.2 mg, 94% yield, pale yellow viscous liquid,
new compound, Rs = 0.45 (hexanes/ethyl acetate 20/1), 9.0:1 dr, 99% ee (major diastereoisomer),
[0]® = -87.47 (c 0.95, CHCI;). The major diastereoisomer: *H
IIIII . @ NMR (400 MHz, CDCls) & 8.16 (d, J = 7.6 Hz, 1H), 7.41-7.34 (m,
\==\ 1H), 7.30-7.14 (m, 7H), 6.29-5.97 (m, 1H), 5.65-5.35 (m, 1H), 3.84
(9, J = 6.9 Hz, 1H), 3.63 (s, 3H), 3.39-3.24 (m, 1H), 2.92-2.77 (m,
1H), 1.61 (d, J = 7.0 Hz, 3H). *C NMR (100 MHz, CDCl5) & 207.1, 191.7, 170.2, 141.3, 134.0,
133.0, 130.7, 130.4, 128.6, 127.2, 127.1, 126.9, 125.3, 95.0, 89.3, 61.7, 52.4, 41.8, 31.1, 15.6.
HPLC: Chiralpak IC column, 254 nm, 30 °C, n-Hexane/i-PrOH = 99/1, flow = 1.0 mL/min,
retention time 19.7 min (major) and 22.0 min. HRMS Calculated for C,,H»,03S [M+H]" 365.1206,
found: 365.1209.

(-)-Methyl 6-nitro-4-oxo-2-phenyl-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxyla-
te (3ma): The reaction was conducted at -20 °C for 120 h. 86.1 mg, 91% yield, pale yellow
viscous liquid, new compound, Rs = 0.18 (hexanes/ethyl acetate 20/1), 49.0:1 dr, 99% ee (major

O coMe diastereoisomer), [a]?5 = -207.17 (c 1.10, CHCI3). The major
---- AN diastereoisomer: *H NMR (400 MHz, CDCl3) & 8.94 (d, J = 2.5
T Hz, 1H), 8.16 (dd, J = 8.7, 2.6 Hz, 1H), 7.40-7.32 (m, 6H),

7.24-7.19 (m, 2H), 7.18-7.08 (m, 3H), 6.15-5.99 (m, 1H), 5.62-
5.48 (m, 1H), 5.07 (s, 1H), 3.66 (s, 3H), 3.22-3.07 (m, 1H), 2.63-2.52 (m, 1H). **C NMR (100
MHz, CDCl3) 6 207.5, 190.5, 168.9, 149.7, 145.6, 134.2, 133.6, 130.9, 129.4, 129.2, 128.8, 128.6,
128.1, 127.2, 126.7, 126.7, 125.7, 96.2, 89.3, 62.1, 52.6, 51.0, 32.0. HPLC: Chiralpak 1B column,
254 nm, 30 °C, n-Hexane/i-PrOH = 85/15, flow = 1.0 mL/min, retention time 11.4 min and 18.6
min (major). HRMS Calculated for C;H2,NOsS [M+H]" 472.1213, found: 472.1218.

(-)-Methyl 6-methoxy-4-oxo-2-phenyl-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carbo-
xylate (3na): The reaction was conducted at -20 °C for 120 h. 78.8 mg, 86% yield, yellow viscous
liguid, new compound, R = 0.21 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major
diastereoisomer), [0]*°p = -234.07 (c 0.93, CHCIs). The major diastereoisomer: 'H NMR (400
MHz, CDCls) 8 7.65 (d, J = 2.9 Hz, 1H), 7.39-7.29 (m, 5H), 7.25- 7.21 (m, 2H), 7.19-7.09 (m,
4H), 7.05-6.98 (m, 1H), 6.15-6.04 (m, 1H), 5.59-5.43 (m, 1H), 4.96 (s, 1H), 3.84 (s, 3H), 3.65 (5,
3H), 3.19-3.06 (m, 1H), 2.66-2.54 (m, 1H)."*C NMR (100 MHz, CDCls) & 207.4, 192.5, 169.8,

S14



157.8, 135.7, 133.9, 133.0, 131.6, 129.1, 128.8, 128.6, 128.6,
128.5, 127.1, 126.9, 122.3, 112.6, 95.5, 89.9, 62.8, 55.6, 52.4,
51.5, 32.5. HPLC: Chiral- pak AD-3, 254 nm, 30 °C,
n-Hexane/i-PrOH = 90/10, flow = 0.8 mL/min, retention time
18.2 min and 19.4 min (major). HRMS Calculated for
CasH2504S [M+ H]" 457.1468, found: 457.1466.

(-)-Methyl 6-methyl-4-oxo-2-phenyl-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxy-
late (30a): The reaction was conducted at -20 °C for 120 hours. 82.9 mg, 94% yield, pale yellow
viscous liquid, new compound, R = 0.31 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major

o diastereoisomer), [a]?p = -225.21 (c 0.88, CHCls). The major
Me yooMe diastereoisomer: 'H NMR (400 MHz, CDCls) & 8.00-7.94 (m,
e 1H), 7.39-7.30 (m, 5H), 7.26-7.21 (m, 3H), 7.20-7.11 (m, 4H),

6.15-6.02 (m, 1H), 5.59-5.45 (m, 1H), 4.96 (s, 1H), 3.64 (s, 3H),
3.17-3.06 (m, 1H), 2.64-2.55 (m, 1H), 2.36 (s, 3H). *C NMR
(100 MHz, CDCls) 6 207.4, 192.7, 169.8, 138.2, 135.7, 135.5, 134.4, 134.0, 130.6, 129.1, 128.8,
128.5, 128.5, 127.2, 127.0, 126.9, 95.4 89.9, 62.8, 52.3, 51.3, 32.5, 21.0. HPLC: Chiralpak AD-H
column, 254 nm, 30 °C, n-Hexane/i-PrOH = 96/4, flow = 1.0 mL/min, retention time 22.0 min and
25.0 min (major). HRMS Calculated for C,gH2505S [M+H]" 441.1519, found: 441.1516.

(-)-t-Butyl 4-oxo-2-phenyl-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxylate (3pa):
The reaction was conducted at -20 °C for 120 h. 88.7 mg, 95% yield, pale yellow viscous liquid,
new compound, R¢ = 0.40 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major diastereoisomer),
o >L [@]®> = -182.51 (¢ 1.03, CHCIs). The major diastereoisomer: *H
o NMR (400 MHz, CDCl3) & 8.18 (dd, J = 8.2, 1.5 Hz, 1H), 7.50-7.43
""" AN (m, 2H), 7.40-7.31 (m, 4H), 7.26-7.13 (m, 7H), 6.17-6.01 (m, 1H),
N 5.56-5.41 (m, 1H), 4.92 (s, 1H), 3.19-3.03 (m, 1H), 2.62-2.41 (m,
1H), 1.32 (s, 9H). *C NMR (100 MHz, CDCly) & 207.4, 192.4,
168.1, 141.7, 135.5, 134.2, 132.8, 131.2, 130.3, 129.6, 128.8, 128.5, 128.4, 126.9, 126.9, 126.8,
125.2, 95.2, 90.1, 83.2, 62.2, 51.3, 32.0, 27.7. HPLC: Chiralpak AD-3 column, 254 nm, 30 °C,
n-Hexane/i-PrOH = 96/4, flow = 0.8 mL/min, the retention time 11.2 min and 13.5 min (major).
HRMS Calculated for C3HsNaO3S [M+Na]* 491.1651, found: 491.1656.

(+)-Methyl 2-(benzofuran-2-yl)-4-oxo-3-(-4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carbo-
xylate (3ga): The reaction was conducted at -20 °C for 72 h. 79.1 mg, 85% vyield, pale yellow
viscous liquid, new compound, Rs = 0.32 (hexanes/ethyl acetate 20/1), 5.7:1 dr, 97% ee (major
O Come diastereoisomer), [a]*% = +33.29 (c 0.82, CHCI5). The major dias-
tereoisomer: *H NMR (400 MHz, CDCl5) 6 8.21 (dd, J = 8.0, 1.1 Hz,

1H), 7.53-7.47 (m, 1H), 7.43-7.37 (m, 2H), 7.28-7.16 (m, 9H), 6.75
(s, 1H), 6.14-6.01 (m, 1H), 5.65-5.52 (m, 1H), 5.14 (s, 1H), 3.65 (s,
3H), 3.28-3.16 (m, 1H), 2.97-2.85 (m, 1H). *C NMR (100 MHz,
CDCl3) 6 207.7,190.9, 169.5, 154.3, 152.6, 139.9, 133.8, 133.5, 130.5, 130.4, 128.6, 128.0, 127.3,
127.1, 126.9, 125.8, 124.7, 123.0, 121.3, 111.2, 106.1, 95.3, 89.2, 61.3, 52.7, 44.6, 32.9. HPLC:
Chiralpak AD-H column, 254 nm, 30 °C, n-Hexane/i-PrOH = 93/7, flow = 1.0 mL/min, the
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retention time 19.8 min and 22.3 min (major). HRMS Calculated for C,gH»30,S [M+H]" 467.1312,
found: 467.1320.

(+)-3-Acetyl-2-phenyl-3-(4-phenylbuta-2,3-dien-1-yl)thiochroman-4-one (3ba):

The reaction was conducted at 30 °C for 48 hours with commercially available (1R,1'R,2S,2'S)-
DuanPhos as the chiral ligand. 49.8 mg, 61% vyield, pale yellow viscous liquid, new compound, R¢
= 0.35 (hexanes/ethyl acetate 20/1), 24.0:1 dr, 74% ee (major iso-
mer), [0]*°p = +0.69 (c 0.58, CHCI5). The major diastereoisomer: 'H
NMR (400 MHz, CDCl5) 6 8.18 (dd, J = 8.0, 1.2 Hz, 1H), 7.46- 7.41
(m, 1H), 7.30-7.23 (m, 9H), 7.21-7.14 (m, 3H), 6.18-6.03 (m, 1H),
5.48-5.37 (m, 1H), 4.86 (s, 1H), 3.24-3.13 (m, 1H), 2.80-2.70 (m,
1H), 2.11 (s, 3H). *C NMR (100 MHz, CDCls)  207.4, 205.2, 194.4, 140.8, 137.1, 133.9, 133.8,
130.9, 130.2, 128.8, 128.7, 128.6, 128.5, 127.4, 127.1, 126.8, 125.7, 95.5, 89.6, 67.1, 51.2, 33.7,
31.5. HPLC: Chiralcel OD-H column, 254 nm, 30 °C, n-Hexane/i-PrOH = 95/5, flow = 1.0 mL/
min, retention time 9.4 min and 11.5 min (major). HRMS Calculated for C,;H»30,S [M+ H]”
411.1413, found: 411.1415. Notably, the absolute and relative configurations of this allenylic
alkylation product were not further assigned.

2-Phenyl-3-(4-phenylbuta-2,3-dien-1-yl)-3-(piperidine-1-carbonyl)thiochroman-4-one (3da):
The reaction was conducted at -20 °C for 168 h and the rac-3da was prepared with rac-BINAP at
-20 °C. 32.3 mg, 34% yield, pale yellow viscous liquid, new compound, R = 0.52 (hexanes/ethyl
acetate 5/1), 24.0:1 dr, >99% ee (major diastereoisomer), [a]*p =
N/\:> @ -49.90 (c 1.08, CHCI3). The major diastereoisomer: *H NMR (400
) \==\ MHz, CDCls) & 8.09 (dd, J = 7.9, 1.2 Hz, 1H), 7.51-7.43 (m, 1H),
O H 7.37-7.33 (m, 1H), 7.33-7.28 (m, 3H), 7.27-7.21 (m, 7H), 7.19-7.14
(m, 1H), 6.22-6.02 (m, 1H), 5.71-5.55 (m, 1H), 4.87 (s, 1H), 4.04-
3.14 (m, 2H), 3.14-2.13 (m, 4H), 1.50-1.37 (m, 4H), 1.37-1.10 (m, 2H). *C NMR (100 MHz,
CDCl3) 8 207.7,192.6, 167.3, 140.5, 137.9, 134.3, 133.7, 131.8, 130.1, 129.1, 128.6, 128.5, 128.3,
127.8, 126.9, 126.9, 126.1, 94.6, 91.0, 63.0, 52.1, 38.5, 24.9, 24.3. HPLC: Chiralpak IB column,
254 nm, 30 °C, n-Hexane/i-PrOH = 94/6, flow = 1.0 mL/min, retention time 13.1 min and 20.6
min (major). HRMS Calculated for C5;H3oNO,S [M+H]" 480.1992, found: 480.2000.

(-)-Methyl (2R,3S)-3-((R)-4-(naphthalen-2-yl)buta-2,3-dien-1-yl)-6-nitro-4-oxo-2-phenylthio-
chromane-3-carboxylate (3mk): The reaction was conducted at -20 °C for 168 h. 91.3 mg, 88%
yield, pale yellow solid, mp 197-198 °C, new compound, R; = 0.12 (hexanes/ethyl acetate 20/1),
32.3:1 dr, >99% ee (major diastereoisomer), [o]*’p =
-223.76 (¢ 1.14, CHCI,). The major diaste- reoisomer: *H
NMR (400 MHz, CDCls) & 8.92 (d, J = 2.5 Hz, 1H), 8.03
(dd, J = 8.7, 2.5 Hz, 1H), 7.75-7.65 (m, 3H), 7.47 (s, 1H),
7.45-7.35 (m, 7H), 7.31 (dd, J = 8.5, 1.4 Hz, 1H), 7.24-7.21
(m, 1H), 6.33-6.18 (m, 1H), 5.70-5.55 (m, 1H), 5.11 (s, 1H), 3.65 (s, 3H), 3.28-3.11 (m, 1H),
2.66-2.50 (m, 1H). **C NMR (100 MHz, CDCls) & 208.1, 190.5, 168.9, 149.6, 145.5, 134.2, 133.5,
132.6, 131.1, 130.8, 129.5, 129.2, 128.8, 128.3, 128.1, 127.7, 127.7, 126.5, 126.4, 125.9, 125.7,
125.6, 124.5, 96.6, 89.6, 62.2, 52.7, 51.0, 32.0. HPLC: Chiralpak IB column, 254 nm, 30 °C,
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n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 12.7 min (minor) and 22.5 min
(major). HRMS Calculated for C3,H,sNOsS [M+H]" 522.1370, found: 522.1377.

Methyl 4-oxo-2-phenyl-3-(4-(o-tolyl)buta-2,3-dien-1-yl)thiochromane-3-carboxylate (3cb):
The reaction was conducted at -20 °C for 72 h. 81.7 mg, 93% yield, pale yellow viscous liquid,
new compound, R¢ = 0.43 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major diastereoisomer),
[0]® = -193.32 (c 0.96, CHCI). The major diastereoisomer: *H
. NMR (400 MHz, CDCl3) 8 8.17 (dd, J = 8.2, 1.4 Hz, 1H), 7.48-7.21

H Me (M, 9H), 7.20-7.03 (m, 3H), 6.47-6.18 (m, 1H), 5.61-5.38 (m, 1H),
4.99 (s, 1H), 3.64 (s, 3H), 3.23-3.01 (m, 1H), 2.68-2.53 (m, 1H),
2.24 (s, 3H). **C NMR (100 MHz, CDCl5) & 208.0, 192.4, 169.7, 141.6, 135.6, 135.0, 133.3, 132.2,
130.8, 130.5, 130.4, 129.2, 128.9, 128.5, 127.5, 127.3, 127.0, 126.1, 125.6, 92.8, 88.9, 62.7, 52.4,
51.2, 32.5, 19.8. HPLC: Chiralcel OD-H column, 254 nm, 30 °C, n-Hexane/i-PrOH = 95/5, flow =
1.0 mL/min, retention time 10.1 min and 25.1 min (major). HRMS Calculated for C,gH,4sNaO3S
[M+Na]" 463.1338, found: 463.1342.

(-)-Methyl -oxo-2-phenyl-3-(4-(m-tolyl)buta-2,3-dien-1-yl)thiochromane-3-carboxylate(3cc):
The reaction was conducted at -20 °C for 72 h. 86.1 mg, 98% yield, pale yellow viscous liquid,
new compound, Rs = 0.43 (hexanes/ethyl acetate 20/1), 49.0:1 dr, 99% ee (major diastereoisomer),
Me [0]%°p = -213.13 (¢ 0.70, CHCIs). The major diastereoisomer: *H
Q' coMe NMR (400 MHz, CDCls) & 8.23-8.11 (m, 1H), 7.44-7.31 (m, 6H),
' L 7.26-7.22 (m, 2H), 7.16-7.10 (m, 1H), 7.01-6.95 (m, 3H), 6.16-5.97
Y (m, 1H), 5.59-5.42 (m, 1H), 4.99 (s, 1H), 3.65 (s, 3H), 3.19-3.07 (m,
1H), 2.65-2.55 (m, 1H), 2.28 (s, 3H). *C NMR (100 MHz, CDCl;) &
207.4, 192.4, 169.7, 141.5, 138.1, 135.6, 133.8, 133.2, 130.9, 130.5, 129.1, 128.9, 128.5, 128.5,
127.9, 1275, 127.3, 125.5, 124.0, 95.6, 89.7, 62.7, 52.3, 51.1, 32.5, 21.3. HPLC: Chiralcel OD-H
column, 254 nm, 30 °C, n-Hexane/i-PrOH = 95/5, flow = 1.0 mL/min, retention time 9.7 min and
21.8 min (major). HRMS Calculated for C,gH,4NaOsS [M+Na]" 463.1338, found: 463.1341.

(-)-Methyl 4-oxo-2-phenyl-3-(4-(p-tolyl)buta-2,3-dien-1-yl)thiochromane-3-carboxylate (3cd):
The reaction was conducted at -20 °C for 72 h. 84.5 mg, 96% yield, pale yellow viscous liquid,
new compound, R¢ = 0.43 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major diastereoisomer),
ve [@]°p =-193.85 (c 0.57, CHCls). The major diastereoisomer: ‘H
NMR (400 MHz, CDCl3) 8 8.22-8.11 (m, 1H), 7.43-7.31 (m, 6H),
7.26-7.22 (m, 2H), 7.12-7.01 (m, 4H), 6.19-5.94 (m, 1H), 5.59-
5.40 (m, 1H), 4.99 (s, 1H), 3.65 (s, 3H), 3.19-3.04 (m, 1H), 2.66-
2.54 (m, 1H), 2.30 (s, 3H). *C NMR (100 MHz, CDCls) § 207.2,
192.5, 169.7, 141.5, 136.8, 135.6, 133.2, 130.9, 130.9, 130.5, 129.3, 129.1, 128.9, 128.5, 127.3,
126.7, 125.5, 95.4, 89.7, 62.7, 52.3, 51.1, 32.6, 21.2. HPLC: Chiralcel OD-H column, 254 nm, 30
°C, n-Hexane/i-PrOH = 95/5, flow = 1.0 mL/min, retention time 9.6 min and 18.8 min (major).
HRMS Calculated for C,gH,4NaO5S [M+Na]* 463.1338, found: 463.1342.
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(-)-Methyl 3-(4-(3-fluorophenyl)buta-2,3-dien-1-yl)-4-oxo-2-phenylthiochromane-3-carboxy-
late (3ce): The reaction was conducted at -20 °C for 120 hours. 83.7 mg, 94% yield, pale yellow
viscous liquid, new compound, Rs = 0.38 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major
O coMe diastereoisomer), [o]*’p = -179.28 (c 0.85, CHCls). The major
TN . diastereoisomer: '"H NMR (400 MHz, CDCl5) & 8.20-8.13 (m,
_'_\H 1H), 7.43-7.32 (m, 6H), 7.27-7.17 (m, 3H), 6.98-6.92 (m, 1H),
6.91-6.80 (m, 2H), 6.16-5.95 (m, 1H), 5.69-5.48 (m, 1H), 4.94 (s,
1H), 3.65 (s, 3H), 3.20-3.02 (m, 1H), 2.69-2.47 (m, 1H). *C NMR (100 MHz, CDCl;) & 207.6,
192.3, 169.6, 163.1 (d, "Jr.c = 245.2 Hz), 141.5, 136.5 (d, *Jr.c = 7.7 Hz), 135.5, 133.3, 130.8,
130.5, 129.9 (d, *J-.c = 8.3 Hz), 129.2, 128.9, 128.5, 127.2, 125.6, 122.6 (d, “Je.c = 2.7 Hz), 113.9
(d, e = 21.3 Hz), 113.4 (d, Yp.c = 22.4 Hz), 94.8 (d, “Jr.c = 2.5 Hz), 90.4, 62.6, 52.4, 51.3, 32.4.
F NMR (376 MHz, CDCl3) & -113.49. HPLC: Chiralcel OD-3 column, 254 nm, 30 °C,
n-Hexane/i-PrOH = 95/5, flow = 0.8 mL/min, retention time 12.3 min and 35.0 min (major).
HRMS Calculated for C,;H» FNaO3S [M+Na]" 467.1088, found: 467.1084.

(-)-Methyl 3-(4-(3-chlorophenyl)buta-2,3-dien-1-yl)-4-oxo-2-phenylthiochromane-3-carboxy-
late (3cf): The reaction was conducted at -20 °C for 120 hours. 83.1 mg, 90% yield, pale yellow
viscous liquid, new compound, R = 0.38 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major
diastereoisomer), [a]?> = -188.92 (c 0.84, CHCIs). The major
diastereoisomer: '"H NMR (400 MHz, CDCls) & 8.21-8.14 (m,
Cl 1H), 7.44- 7.32 (m, 6H), 7.27-7.23 (m, 2H), 7.20-7.10 (m, 3H),
7.08-7.01 (m, 1H), 6.16-5.92 (m, 1H), 5.67-5.51 (m, 1H), 4.93 (s,
1H), 3.65 (s, 3H), 3.17-3.06 (m, 1H), 2.65-2.55 (m, 1H). *C
NMR (100 MHz, CDCls) 6 207.6, 192.3, 169.6, 141.5, 136.1, 135.5, 134.5, 133.3, 130.8, 130.5,
129.7, 129.2, 129.0, 128.5, 127.2, 127.0, 126.7, 125.6, 125.0, 94.6, 90.4, 62.6, 52.4, 51.3, 32.4.
HPLC: Chiralcel OD-3 column, 254 nm, 30 °C, n-Hexane/i-PrOH = 95/5, flow = 0.8 mL/min,
retention time 12.7 min (minor) and 37.3 min (major). HRMS Calculated for Cy;H»CIO3S
[M+H]" 461.0973 (**Cl) and 463.0953 (*'Cl), found: 461.0969 (**Cl) and 463.0938 (*Cl).

(-)-Methyl 3-(4-(3-bromophenyl)buta-2,3-dien-1-yl)-4-oxo-2-phenylthiochromane-3-carboxy-
late (3cg): The reaction was conducted at -20 °C for 120 hours. 94.4 mg, 93% vyield, pale yellow
viscous liquid, new compound, Rs = 0.38 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 98% ee (major
diastereoisomer), [o]*°p = -173.55 (c 0.87, CHCI;). The major
diastereoisomer: *H NMR (400 MHz, CDCl5) & 8.18 (dd, J = 7.8,
1.0 Hz, 1H), 7.43-7.23 (m, 10H), 7.15-7.05 (m, 2H), 6.15-5.93
(m, 1H), 5.73-5.50 (m, 1H), 4.93 (s, 1H), 3.65 (s, 3H), 3.23-3.01
(m, 1H), 2.72-2.48 (m, 1H). *C NMR (100 MHz, CDCls) & 207.6, 192.3, 169.6, 141.5, 136.3,
135.5, 133.3, 130.8, 130.5, 130.0, 129.9, 129.6, 129.2, 129.0, 128.6, 127.3, 125.6, 125.4, 122.8,
94.5, 90.5, 62.6, 52.4, 51.3, 32.4. HPLC: Chiralcel OD-3 column, 254 nm, 30 °C, n-Hexane/i-Pr-
OH = 95/5, flow = 0.8 mL/min, retention time 13.1 min and 39.9 min (major). HRMS Calculated
for CyH,BrOsS [M+H]" 505.0468 (“°Br) and 507.0450 ('Br), found: 505.0471 (“°Br) and
507.0454 (*'Br).
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(-)-Methy! 3-(4-(3-methoxyphenyl)buta-2,3-dien-1-yl)-4-oxo-2-phenylthiochromane-3-carbo-
xylate (3ch): The reaction was conducted at -20 °C for 72 hours. 84.6 mg, 93% vyield, pale yellow
viscous liquid, new compound, R = 0.20 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 99% ee (major
diastereoisomer), [0]®p = -192.34 (¢ 1.02, CHCI;). The major
COzMe diastereoisomer: 'H NMR (400 MHz, CDCl3) & 8.27-8.04 (m,
""" \_=\ OMe 1H), 7.42-7.29 (m, 6H), 7.25-7.21 (m, 2H), 7.17-7.12 (m, 1H),
H 6.80-6.67 (m, 3H), 6.11-5.99 (m, 1H), 5.61-5.42 (m, 1H), 4.98
(s, 1H), 3.76 (s, 3H), 3.64 (s, 3H), 3.17- 3.05 (m, 1H),
2.65-2.54 (m, 1H). *C NMR (100 MHz, CDCls) & 207.4, 192.4, 169.7, 159.9, 141.5, 135.6, 135.4,
133.2,130.8, 130.5, 129.5, 129.2, 128.9, 128.5, 127.3, 125.5, 119.5, 113.1, 111.9, 95.6, 90.0, 62.7,
55.2, 52.3, 51.2, 32.4. HPLC: Chiralcel OD-3 column, 254 nm, 30 °C, n-Hexane/i-PrOH = 94/6,
flow = 0.8 mL/ min, retention time 14.7 min and 32.0 min (major). HRMS Calculated for
CasH250,4S [M+H]" 457.1468, found: 457.1473.

(-)-Methyl 3-(4-(3,5-dimethylphenyl)buta-2,3-dien-1-yl)-4-oxo-2-phenylthiochromane-3-car-
boxylate (3ci): The reaction was conducted at -20 °C for 120 h. 89.1 mg, 98% yield, pale yellow
viscous liquid, new compound, Rs = 0.33 (hexanes/ethyl acetate 20/1), 49.0:1 dr, 99% ee (major
diastereoisomer), [0]*° = -195.93 (¢ 0.74, CHCIs). The major
diastereoisomer: 'H NMR (400 MHz, CDCl,) & 8.25-8.08 (m,
1H), 7.43-7.29 (m, 6H), 7.26-7.22 (m, 2H), 6.87-6.72 (m, 3H),
6.13-5.92 (m, 1H), 5.57-5.39 (m, 1H), 5.00 (s, 1H), 3.65 (s, 3H),
3.25-3.06 (m, 1H), 2.66-2.53 (m, 1H), 2.24 (s, 6H). *C NMR
(100 MHz, CDCl3) 6 207.5, 192.4, 169.8, 141.5, 138.0, 135.6, 133.7, 133.2, 130.9, 130.5, 129.1,
128.8, 128.5, 127.3, 125.5, 124.7, 95.7, 89.5, 62.7, 52.3, 51.0, 32.5, 21.2. HPLC: Chiralcel OD-H
column, 254 nm, 30 °C, n-Hexane/i-PrOH = 96/4, flow = 1.0 mL/min, retention time 9.3 min and
20.1 min (major). HRMS Calculated for CpgH»,05S [M+H]" 455.1675, found: 455.1682.

(-)-Methyl 3-(4-([1,1'-biphenyl]-4-yl)buta-2,3-dien-1-yl)-4-oxo0-2-phenylthiochromane-3-car-
boxylate (3cj): The reaction was conducted at -20 °C for 120 h. 96.2 mg, 96% yield, pale yellow
viscous liquid, new compound, Rs = 0.31 (hexanes/ethyl acetate 20/1), 49.0:1 dr, 99% ee (major
o o, diastereoisomer) [a]*° = -186.99 (c 1.10, CHCIs). The major
~O.Me diastereoisomer: '"H NMR (400 MHz, CDCl,) & 8.22-8.12 (m,
""" \—=\ 1H), 7.58-7.53 (m, 2H), 7.50-7.45 (m, 2H), 7.43-7.30 (m, 9H),
H 7.26-7.22 (m, 4H), 6.22-6.04 (m, 1H), 5.66-5.48 (m, 1H), 5.00 (s,
1H), 3.65 (s, 3H), 3.21-3.03 (m, 1H), 2.69-2.56 (m, 1H). **C
NMR (100 MHz, CDCls) & 207.6, 192.4, 169.7, 141.5, 140.8, 139.9, 135.6, 133.3, 133.0, 130.8,
130.5, 129.2, 128.9, 128.8, 128.5, 127.3, 126.9, 125.6, 95.2, 90.0, 62.7, 52.4, 51.2, 32.5. HPLC:
Chiralpak 1D + IC column, 254 nm, 30 °C, n-Hexane/i-PrOH = 94/6, flow = 1.0 mL/min, retention
time 43.1 min (major) and 47.4 min (minor). HRMS Calculated for Cs3H,;03S [M+H]" 503.1675,
found: 503.1673.
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(-)-Methyl 3-(4-(naphthalen-2-yl)buta-2,3-dien-1-yl)-4-oxo-2-phenylthiochromane-3-carbox-
ylate (3ck): The reaction was conducted at -20 °C for 120 h. 90.4 mg, 95% vyield, pale yellow
viscous liquid, new compound, R = 0.30 (hexanes/ethyl acetate 20/1), 24.0:1 dr, 99% ee (major
diastereoisomer), [a]*’ = -160.81 (c 1.10, CHCls). The major
yooMe diastereoisomer: *H NMR (400 MHz, CDC) & 8.18 (dd, J =
=\ 7.9, 1.1 Hz, 1H), 7.76-7.67 (m, 3H), 7.55-7.52 (m, 1H), 7.45-
7.31 (m, 9H), 7.24-7.19 (m, 2H), 6.35-6.16 (m, 1H), 5.69-5.50
(m, 1H), 5.01 (s, 1H), 3.64 (s, 3H), 3.23-3.07 (m, 1H), 2.70-
2.59 (m, 1H). *C NMR (100 MHz, CDCl;) 5 208.0, 192.4, 169.7, 141.5, 135.6, 133.6, 133.2,
132.7, 131.5, 130.8, 130.5, 129.2, 128.9, 128.5, 128.2, 127.7, 127.7, 127.3, 126.2, 125.7, 125.6,
124.8, 95.9, 90.2, 62.8, 52.4, 51.2, 32.6. HPLC: Chiralpak IC column, 254 nm, 30 °C, n-Hexane/
i-PrOH = 94/6, flow = 1.0 mL/min, retention time 20.5 min (minor) and 22.8 min (major). HRMS
Calculated for C3;HsNO3S [M+NH,]" 494.1784, found: 494.1777.

H

(-)-Methyl 4-oxo-2-phenyl-3-(4-(thiophen-3-yl)buta-2,3-dien-1-yl)thiochromane-3-carboxyla-
te (3cl): The reaction was conducted at -20 °C for 120 h. 78.2 mg, 90% yield, pale yellow viscous
liquid, new compound, R = 0.32 (hexanes/ethyl acetate 20/1), 32.3:1 dr, 98% ee (major diaste-
reoisomer), [a]*’ = -187.60 (c 0.92, CHCI;). The major diastereo-
isomer: "H NMR (400 MHz, CDCl;) & 8.22-8.13 (m, 1H), 7.42-7.32
(m, 6H), 7.25-7.18 (m, 3H), 6.99-6.91 (m, 2H), 6.31-5.97 (m, 1H),
5.52-5.41 (m, 1H), 4.97 (s, 1H), 3.64 (s, 3H), 3.15-3.05 (m, 1H),
2.63-2.54 (m, 1H). *C NMR (100 MHz, CDCl3) & 207.6, 192.4,
169.7, 1415, 135.6, 135.1, 133.2, 130.8, 130.5, 129.2, 128.9, 128.5, 127.3, 126.3, 125.9, 125.5,
121.0,90.1, 89.1, 62.7, 52.3, 51.1, 32.6. HPLC: Chiralcel OD-3 column, 254 nm, 30 °C, n-Hexane
/i-PrOH = 93/7, flow = 0.8 mL/min, retention time 11.9 min (minor) and 25.4 min (major). HRMS
Calculated for C,5H4NO3S, [M+NH,4]* 450.1192, found: 450.1182.

(-)-Methyl 4-ox0-3-(penta-2,3-dien-1-yl)-2-phenylthiochromane-3-carboxylate (3cm):

The reaction was conducted at -20 °C for 120 h. 39.3 mg, 54% vyield, pale yellow viscous liquid,
new compound, Rs = 0.39 (hexanes/ethyl acetate 20/1), 7.3:1 dr, 97% ee (major diastereoisomer),
[a]*°o = -173.75 (c 0.85, CHCI5). The major diastereoisomer: 'H NMR
(400 MHz, CDClj) 6 8.29-8.02 (m, 1H), 7.44-7.31 (m, 6H), 7.28-7.22
(m, 2H), 5.08-4.92 (m, 3H), 3.66 (s, 3H), 3.06-2.95 (m, 1H), 2.52-2.40
(m, 1H), 1.55-1.48 (m, 3H). *C NMR (100 MHz, CDCls) & 207.0,
192.6, 169.8, 141.4, 135.7, 133.1, 131.0, 130.4, 129.1, 128.8, 128.4,
127.3, 125.5, 86.8, 85.2, 63.0, 52.3, 50.7, 32.6, 14.1. HPLC: Chiralpak AD-3 column, 254 nm, 30
°C, n-Hexane/i-PrOH = 97/3, flow = 0.8 mL/min, retention time 18.8 min and 19.8 min (major).
HRMS Calculated for C,,H»03S [M+H]" 365.1206, found: 365.1208.

(-)-Methyl 4-oxo0-2-phenyl-3-(4-phenylpenta-2,3-dien-1-yl)thiochromane-3-carboxylate (3cn):
The reaction was conducted at 30 °C for 120 h. 63.7 mg, 72% vyield, pale yellow viscous liquid,
new compound, Rs = 0.41 (hexanes/ethyl acetate 20/1), 6.7:1 dr, 90% ee (major diastereoisomer),
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[¢]?5 = -109.42 (c 0.88, CHCI5). The major diastereoisomer: *H NMR (400 MHz, CDCl3) & 8.17
(dd, J = 7.9, 1.1 Hz, 1H), 7.41-7.37 (m, 1H), 7.36-7.29 (m, 5H), 7.28-7.12 (m, 7H), 5.45-5.32 (m,
1H), 5.01 (s, 1H), 3.62 (s, 3H), 3.22-3.10 (m, 1H), 2.65-2.50 (m,
y oM 1H), 1.99 (d, J = 2.9 Hz, 3H). *C NMR (100 MHz, CDCls) § 206.8,
\—='\ 192.3, 169.8, 141.4, 136.7, 135.9, 133.2, 130.7, 130.4, 128.9, 128.8,
Me 128.5, 128.3, 127.3, 126.9, 125.8, 125.4, 101.9, 87.7, 62.7, 52.3,
50.4, 32.7, 16.9. HPLC: Chiralpak AD-H column, 254 nm, 30 °C,
n-Hexane/i-Pr- OH = 96/4, flow = 1.0 mL/min, retention time 14.0 min and 17.1 min (major).
HRMS Calculated for C,gH,4NaO5S [M+Na]* 463.1338, found: 463.1346.

The Chemo- or Regioselective Isomers with the Different EWG

2-Benzylidene-1-(2-((1-phenylbuta-1,3-dien-2-yl)thio)phenyl)-3-(piperidin-1-yl)propane-1,3-
dione (4'da): 46.1 mg, 48% yield, yellow viscous liquid, new compound, R¢ = 0.18 (hexanes/ethyl
acetate 5/1), 16.7/1 (Z/E or E/Z). The major diastereoisomer: *H NMR (400 MHz, CDCl; & 7.56-
o o 7.42 (m, 4H), 7.41-7.26 (m, 10H), 7.09 (s, 1H), 7.00 (s, 1H), 6.83 (dd, J =

| I\O 16.8, 10.5 Hz, 1H), 5.74 (d, J = 16.8 Hz, 1H), 5.28 (d, J = 10.6 Hz, 1H),

s “Ph 3.89-3.62 (m, 2H), 3.57-3.26 (m, 2H), 1.77-1.45 (m, 5H), 1.20-0.96 (m, 1H).

S P 3C NMR (100 MHz, CDCly) & 194.7, 165.5, 143.8, 139.2, 137.2, 136.1,
134.4, 1334, 133.2, 131.7, 131.2, 130.8, 130.6, 130.0, 129.4, 129.0, 128.9, 128.4, 127.9, 126.3,
120.1, 47.8, 42.4, 26.1, 25.3, 24.6. HRMS Calculated for C3;H3,NO,S [M+H]" 480.1992, found:

480.2001. (The Z/E configuration of carbon-carbon double bond is not further assigned)

(-)-2-Nitro-3-phenyl-1-(2-((4-phenylbuta-2,3-dien-1-yl)thio)phenyl) prop-2-en-1-one (4aa):
The reaction was conducted at 30 °C for 24 h with L1. 59.3 mg, 72% yield, pale yellow viscous
o liquid, new compound, R = 0.26 (hexanes/ethyl acetate 20/1), 84% ee, single
©f‘\[Noz isomer, [0]®p = -178.56 (c 0.63, CHCl5). '"H NMR (400 MHz, CDCl3) §
S “Ph 8.67-8.48 (m, 1H), 7.61-7.50 (m, 3H), 7.48-7.18 (m, 10H), 7.18-7.12 (m, 1H),
/L;. Ph 6.15-6.01 (m, 1H), 5.90-5.75 (m, 1H), 3.47-3.32 (m, 2H). *C NMR (100 MHz,
H H CDCl3) 6 205.8, 179.7, 149.9, 137.5, 136.3, 134.6, 132.8, 131.3, 130.5, 129.5,
129.2, 128.7, 128.6, 128.5, 127.4, 126.8, 126.7, 125.6, 95.6, 93.5, 28.6. HPLC: Chiralpak IA
column, 254 nm, 30 °C, n-Hexane/i-PrOH = 94/6, flow = 1.0 mL/min, retention time 15.2 min and
16.2 min (major). HRMS Calculated for CsH1gKNO5S [M+K]" 452.0717, found: 452.0731. (The
absolute configuration of allene moiety is not further assigned)
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4. Scale-up Synthesis

OH

- C02Me ~ /Cl)J\ Pd(dba),/L4
S + Ph .MO OEt

THF, DBU, 5A MS
-20°C, 168 h

2a
(3.9 mmol, 0.851 g)

1c 3ca
(2.6 mmol, 0.776 g) O 0.987 g, 89% yield
0, .
MeO PAr, 99% ee, 24.0:1 dr
MeO ] PAr,
L4

Ar = 3,5-(t-BU)206H3

The metal precursor Pd(dba), (0.26 mmol, 0.150 g), the chiral ligand (R)-DTB-BIPHEP (L4)
(0.286 mmol, 0.295 g) and tetrahydrofuran (23 mL) were placed in a dried Schlenk tube under
nitrogen atmosphere. The mixture was stirred at 30 °C for 30 min. Then, the mixture was cooled to
-20 °C. Then, the substrate thiochromanone 1c (2.6 mmol, 0.776 g), 5A MS (0.650 g) and 1,8-dia-
zabicyclo[5,4,0]undec-7-ene (DBU, 3.12 mmol, 0.47 mL) were added, and the reaction was stirred
at -20 °C for 10 minutes. Sequentially, allenylic carbonate 2a (3.9 mmol, 0.851 g) and tetrahydro-
furan (3.0 mL) were added slowly. The mixture was stirred at -20 °C for 168 hours. After the
completion of the reaction, the volatiles were directly removed under the reduced pressure. The
crude residue was quickly purified by column chromatography on silica gel (hexanes/ethyl acetate
/dichloromethane 100/1/2-100/3/6) to give the chiral allenylic alkylation product 3ca 0.987 g, 89%
isolated yield, 24.0:1 dr and 99% ee for the major diasterecisomer.

The racemate was prepared by running reaction with an achiral 1,3-bis(diphenylphosphino)-
propane ligand at 30 °C. Notably, the product 3ca was a little sensitive to water or alcohol, which
would lead to slight decrease of dr value.
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5. Product Elaborations
5.1. The Oxidation of Sulfide

m-CPBA
DCM, -78 °C
71.7 mg, 81% yield
] 99% ee, 19.0:1 dr
6
60.9 mg, 66% yield
3ca 99% ee, 11.5:1 dr
99% ee, 24.0:1 dr o CO,Me
m-CPBA [ [ ™ "\
DCM, RT ‘H

At -78°C, to a solution of (-)-3ca (85.3 mg, 0.2 mmol, 99% ee) in dichloromethane (3.0 mL)
was added 3-chloroperoxybenzoic acid (m-CPBA) (60.9 mg, 0.3 mmol, 85%) in dichloromethane
(2.0 mL). The mixture was stirred at -78 °C for 48 hours. Then, to the reaction mixture was added
a solution of m-CPBA (60.9 mg, 0.3 mmol, 85%) in dichloromethane (10 mL). The mixture was
stirred at -78 °C for another 48 hours. After that, it was quenched with aqueous sodium bicarbo-
nate and warmed to room temperature. The aqueous layer was extracted with dichloromethane.
The combined organic layer was dried over anhydrous sodium sulfate, filtered and concentrated
under the reduced pressure. The residue was purified by flash chromatography on silica gel using
hexanes/ethyl acetate (5/1-3/1) as eluent to give the oxidative product sulfoxide 5.

Methyl 4-oxo-2-phenyl-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxylate 1-oxide
(5): 71.7 mg, 81% vyield, colorless viscous liquid, new compound, Rs = 0.23 (hexanes/ethyl acetate
3/1), 19.0:1 dr, 99% ee (major diastereoisomer), [0]*’p = -357.57 (¢ 1.00, CHCI5). The major dia-
stereoisomer: *H NMR (400 MHz, CDCl3) 6 8.10 (d, J = 7.6 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H),
7.81 (t, J=7.3Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.45-7.34 (m, 5H), 7.25-7.06 (m, 5H), 6.17-6.01
(m, 1H), 5.38-5.26 (m, 1H), 4.82 (s, 1H), 3.76 (s, 3H), 3.44-3.29 (m, 1H), 2.51-2.37 (m, 1H). °C
NMR (100 MHz, CDCl3) 6 207.5, 190.8, 169.0, 147.6, 135.0, 133.3, 131.2, 129.9, 129.6, 129.6,
129.4, 129.1, 128.6, 127.3, 126.9, 96.1, 88.4, 70.5, 63.6, 53.1, 32.5. HPLC: Chiralpak AD-3
column, 254 nm, 30 °C, n-Hexane/i-PrOH = 70/30, flow = 0.7 mL/min, retention time 27.6 min
(major) and 32.7 min. HRMS Calculated for C»;H,Na0,S [M+Na]" 465.1131, found: 465.1139.

At room temperature, to a solution of (-)-3ca (85.3 mg, 0.2 mmol, 99% ee) in dichloromethane
(3.0 mL) was added m-CPBA (121.8 mg, 0.6 mmol, 85%) in dichloromethane (2.0 mL). The
mixture was stirred for 24 hours. Then, the reaction mixture was quenched with saturated sodium
bicarbonate aqueous solution, and the aqueous layer was extracted three times with dichlorome-
thane. The combined organic layer was dried over anhydrous sodium sulfate, filtered and concen-
trated under the reduced pressure. The residue was purified by flash chromatography on silica gel
using hexanes/ethyl acetate (5/1) as eluent to give the oxidative product sulfone 6.
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(-)-Methyl 4-oxo-2-phenyl-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxylate 1,1-di-
oxide (6): 60.9 mg, 66% vyield, colorless viscous liquid, new compound, R¢ = 0.51 (hexanes/ ethyl
acetate 3/1), 11.5:1 dr, 99% ee (major diastereoisomer), [0]*p = -135.23 (c 1.05, CHCI3). The
major diastereoisomer: '"H NMR (400 MHz, CDCl,) & 8.33-8.20 (m, 1H), 8.03-7.96 (m, 1H),
7.84-7.72 (m, 2H), 7.64-7.53 (m, 2H), 7.49-7.38 (m, 3H), 7.25-7.10 (m, 3H), 7.12-7.05 (m, 2H),
6.08-5.93 (m, 1H), 5.49-5.38 (m, 1H), 5.11 (s, 1H), 3.69 (s, 3H), 3.31-3.17 (m, 1H), 2.64-2.50 (m,
1H). ®C NMR (100 MHz, CDCl3) & 207.4, 189.6, 169.0, 141.6, 134.7, 133.4, 133.2, 131.8, 130.7,
130.2, 129.4, 128.7, 128.7, 127.4, 126.8, 125.7, 123.9, 96.5, 88.8, 68.3, 63.1, 53.3, 33.9. HPLC:
Chiralpak IC column, 254 nm, 30 °C, n-Hexane/i-PrOH = 65/35, flow = 0.8 mL/min, retention
time 22.8 min and 40.9 min (major). HRMS Calculated for C,;H,,NaOsS [M+Na]" 481.1080,
found: 481.1078.

5.2. The Hydrogenation of Allenyl Functional Group

CO,Me
o
AN Pd/C, H, (Balloon)
-\
H EtOAc, 25 °C
3ca 7
99% ee, 24.0:1 dr 40.8 mg, 95% yield

97% ee

To a solution of the chiral allenylic alkylation product (-)-3ca (42.7 mg, 0.1 mmol, 99% ee)
in ethyl acetate (1.0 mL) was added 10% Pd/C (5.3 mg, 0.005 mmol). The resulting mixture was
degassed and stirred under hydrogen gas balloon pressure for about 13 hours at 25°C. After the
completion of hydrogenation, the volatiles were removed under the reduced pressure. The crude
residue was purified by flash column chromatography on silica gel using hexanes/ethyl acetate
(30/1-20/1) as eluent to give the desirable allene hydrogenation product (2R,3S)-(+)-7.

(2R,3S)-(+)-Methyl 4-oxo-2-phenyl-3-(4-phenylbutyl)thiochromane-3-carboxylate (7):

40.8 mg, 95% yield, colorless liquid, new compound, Rs = 0.28 (hexanes/ethyl acetate 20/1), 97%
ee, [a]®p = +14.31 (c 1.02, CHCl5). *H NMR (400 MHz, CDCl3) & 8.16 (dd, J = 8.2, 1.3 Hz, 1H),
7.43-7.37 (m, 1H), 7.33-7.22 (m, 9H), 7.18-7.09 (m, 3H), 4.68 (s, 1H), 3.61 (s, 3H), 2.62-2.44 (m,
2H), 2.17-2.05 (m, 1H), 1.93-1.80 (m, 1H), 1.63-1.48 (m, 3H), 1.27-1.17 (m, 1H). **C NMR (100
MHz, CDCl3) 6 192.7, 170.4, 142.4, 141.3, 136.1, 133.1, 130.9, 130.4, 129.0, 128.7, 128.5, 128.4,
128.3, 127.2, 125.7, 1255, 62.6, 52.2, 51.9, 35.5, 32.8, 31.8, 24.2. HPLC: Chiralpak AD-H
column, 254 nm, 30 °C, n-Hexane/i-PrOH = 95/5, flow = 1.0 mL/min, retention time 11.7 min and
14.4 min (major). HRMS Calculated for C,;H,6NaOsS [M+Na]* 453.1495, found: 453.1503.
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5.3. The Reduction of Carbonyl Functional Group

LiAIH,
Et,O, -78 °C
3ca 8 .
99% ee, 24.0:1 dr 58.8 mg, 69% yield
99% ee, 13.3:1dr

To a solution of lithium aluminium tetrahydride (15.2 mg, 0.4 mmol) in diethyl ether (7.0 mL)
at -78°C, the chiral compound (-)-3ca (85.3 mg, 0.2 mmol, 99% ee) and diethyl ether (1.0 mL)
were added. The mixture was stirred at -78 °C for 5 hours. The reaction was quenched with 0.5 M
potassium sodium tartrate aqueous solution (1.0 mL) and warmed to room temperature. After
filtration through the celite, the combined organic layer was dried over sodium sulfate, filtered and
concentrated under the reduced pressure. The residue was purified by column chromatography on
silica gel using hexanes/ethyl acetate (20/1-10/1) as eluent to afford the desirable ketone carbonyl
reductive product (-)-8.

The relative configuration of the hydroxyl group of the reductive product 8 was assigned as S
by NOE.

(-)-Methyl 4-hydroxy-2-phenyl-3-(4-phenylbuta-2,3-dien-1-yl)thiochromane-3-carboxylate 8:
58.8 mg, 69% yield, colorless liquid, new compound, R¢ = 0.48 (hexanes/ethyl acetate 5/1), 13.3:1
dr, 99% ee (major diastereoisomer), [a]®p = -33.73 (¢ 0.83, CHCl). The major diastereoisomer:
'H NMR (700 MHz, CDCl3) § 7.52 (d, J = 7.5 Hz, 1H), 7.49-7.42 (m, 2H), 7.29-7.17 (m, 11H),
6.15-6.08 (m, 1H), 5.56-5.53 (m, 1H), 5.17 (d, J = 6.3 Hz, 1H), 4.58 (s, 1H), 3.55 (s, 3H), 3.43 (d,
J = 6.4 Hz, 1H), 2.87-2.82 (m, 1H), 2.52-2.48 (m, 1H). *C NMR (175 MHz, CDCl,) 5 207.0,
173.6, 138.6, 133.9, 133.9, 132.7, 130.4, 130.2, 128.6, 128.3, 127.9, 127.7, 127.1, 126.9, 125.8,
125.2,94.8, 89.4, 72.3, 55.4, 52.0, 50.1, 36.4. HPLC: Chiralpak IA + AS-H column, 254 nm, 30
°C, n-Hexane/i-PrOH = 95/5, flow = 0.8 mL/min, retention time 62.0 min and 72.2 min (major).
HRMS Calculated for C,;H,4 NaO3S [M+Na]* 451.1338, found: 451.1335.
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The NOE Result of Carbonyl Reduction (-)-8
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Figure S1. NOE spectrum of (-)-8
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6. Determination of Absolute Configuration

To determine the absolute configuration of (-)-methyl 3-(4-(naphthalen-2-yl)buta-2,3 -dien-1-yl)
-6-nitro-4-oxo-2-phenylthiochromane-3-carboxylate (3mk, 32.3:1 dr, >99% ee): (-)-3mk was
completely dissolved in dichloromethane (2.0 mL), and n-hexane (2.0 mL) was added slowly at
room temperature. The solvent diffused slowly, and the single crystal was obtained after about 36
hours. The structure in Figure S2 showed the absolute configuration is (2R,3S,R,). The CCDC
number is 2214958. These details can be obtained free of charge via www.ccdc.com.ac.uk/
data_request/cif from the Cambridge Crystallographic Data Centre.

Figure S2. X-Ray Structure of (-)-(2R,3S,R,)-3mk
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Crystal Data and Structure Refinement for mo_d8v22443 0m for (-)-(2R,3S,R,)-3mk

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

mo_d8v22443 0m
CaHsNOsS
521.56

213(2) K

0.71073 A
Orthorhombic
P212121
a=6.8379(3) A

b = 16.3952(5) A
c=22.7541(8) A
2550.93(16) A°

4

1.358 Mg/m®
0.170 mm™*

1088

0.200 x 0.150 x 0.120 mm?
2.641 t0 25.997<
-8<=h<=8, -20<=k<=18, -28<=I<=28
22409

5005 [R(int) = 0.0593]
99.4 %

a=90°
B=90°
y=90°

Semi-empirical from equivalents
0.7456 and 0.5174

Full-matrix least-squares on F?
5005/0/ 344

1.025

R1=0.0366, wR2 = 0.0887

R1 =0.0415, wR2 = 0.0925
0.02(4)

n/a

0.187 and -0.168 e. A
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19F NMR LL-10-21A in CDCI3
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Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZN0Z1306.D

SGample Mams LL-9-36 +/-
Aco. Operator H
Acg. Instrument Instrument 1 Location -
Injection Date 543172022 10:04:59 PH
Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M

573172022 10:03:56 FPM
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
6/2/2022 9:05:02 AM
(modified after loading)

Last changed H

Analysis Method :
Last changed

Jamnle Info

IC, Hexane/i-FrOH = 9575, 1.0 mLs/min, 30 oC, 254 nm

AT

Elengih=:

i (ZHT

T TE0E )

400+

300

200 4

100

15054

a

Area Percent Report

Sorted By Signal
Maltiplier: H 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal l: VWDl A, Wavelength=254 mm

Peak RetTime Type Width Area Height Area
# Twind Mwinl wAU  *z Twdl 1 %
e R [ | | |
1 13.703 BV 0.2796 1181.40186 B5. 72604 9.5469
2 14.266 WV 0.2934 1184.59435 B2.63682 9.8735
3 15.054 WV 0.3161 4809.14453 237.66280 40.0840
4 16,008 ¥B 0.3413 4822,53174 220.28629 40,1956
Totals : 1.19977e4 586.35195

#%% End of Report #%%

Instrument 1 6/2/2022 9:05:10 AM

(+/-)-3ca

Page 1 of 1

S172

Data File C:%CHEM32%1\DATa\ZHOU-22\YEN0Z1305.1

Sample Neame: LL-9-96
Acg, Operator :
Acq, Instrument : Instrument 1 Location -
Injection Date : 5/31/2022 9:44:48 PN
Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M

543172022 9:30:21 PO
(modified after loading)
C:\CHEM3Z2Y 1\METHOD 3\DEF_LC. M
6/2/2022 9:05:56 AM
(modified afrer loadineg)

Last changed

inalysis Method
Last changed

Sample Info : IC, Hexane/i-Pr0OH = 9575, 1.0 ulL/win, 30 oC, 254 mm
AT rwlen gih=254 fim [ ZHCI-2 27 ZHI T30 1)
Marm. ]
600 -
400 -
400 g
300
200 |
100
©o oo
g7 g
. 2 =
0 I 4 I g 10 12 4 18 15 min
Area Percent Report
Gorted By Simmal
Multiplier: H 1.0000
Dilution: 1.0000

Use Mulriplier & Dilution Factor with ISTDs

signal l: VWDl A, Uavelength=254 mm

Peak RerTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 %
el l-===l----=-- | | |
1 13.633 BV 0.2830 G4. 60534 4. 63237 1.0251
2 14.251 VW 0.2991 264.45209 13.81320 3.2040
3 l5.046 VW 0.2959 37.25450 1.90967 0.4514
4 16.003 VB 0.3487 7867.43896 351.24875 95,3196
Totals 5253.75089 371.60400

##% End of Report ##%

Instrument 1 6/2/2022 3:07:21 AM

(-)-3ca

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INDZ1397.D
Sample Name: LL-10-10A +/-

Acg. Operator H

Acg. Instrument @ Instrument 1

Injection Date 6/16/2022 S:58:20 PH

Acg. Method ACHEM32Y INMETHODSYDEF_LC.M
Last changed 6/16/2022 9:50:17 PH
(modified after loading)
C:ACHEM32) I\METHODSYWDEF_LC.M
671772022 8:57:36 AM
imodified after loadineg)

Analvsiz Method :
Last changed

Sample Info

Location :

1D, Hexane/i-FrOH = 97/3, 1.0 ml/min, 30 of, 254 nuw

T &, Wavelen gth=154 nm [ZH0 U220 ZN0T 1787 07
Harm. ]
E
300
250 2
2
E
i
150
a
s
1001 =
ERpd
50 T 5
o
T T T T T T T
i 25 5 18 10 125 15 1745 min
Area Percent Report
dorred By Fimal
Malriplier: H 1.0000
Dilution: 1.0000

Uze Multiplier & Dilution Factor with ISTD=s

Sigmal 1: VWD1 A, Wawvelengrth=254 nm

Peak RetTime Type Width Area Height Area
#  luinl fwinl whU  #s  [wAU 1 5
il et [l Rt | | | |

1 14.04% ¥¥  0.3526 4865.26904 211.67204 42,5194

2 15,409 ¥¥  0.3884 746.58508  29.21757  6.5400

3 16.013 ¥¥  0.4594 821.14044  26.80166  7.1931

4 17.120 VBA  0.7535 4932.61914  96.54684 43.6474
Totals i 1.19156e4  354.23812

*%% End of Report **%

Instrument. 1 6/17/2022 9:57:44 AM

(+/-)-3ea

Page 1 of 1

S173

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ1396.D
Sample Name: LL-10-104

Acyg. Operator

Acyg. Instrument @ Instrument 1 Location @ -
Injection Date i 6/16/2022 9:28:37 PH
Acqg. Method i C:ZCHEM32Y INMETHOD 5ZDEF_LC.M
Last changed : 6/16/2022 9:13:30 P
(modified after loading)
Analwsis Method : C:ZCHEM3ZWIVMETHODSZ\DEF_LC.M
Last changed D B/17F2022 9:56:51 AN
(modified after loadineg)
gauple Info : 1D, Hexane/i-PrOH = 97/3, 1.0 wl/min, 30 of, 254 nm
T &, Warwelen gt 254 fim [ ZHO-T 207 ZN0Z 17306 1)
Harm
600
400 |
400 -| -
300+
200 -
100 4
g
. =
T T T T T T
0 25 5 75 10 126 15 175 min]
Area Percent Report
Gorted Bv Himal
Multiplier: H 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with I3TDs

Sigmal 1: WDl &, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
fminl fwin] mAT *= fwdl 1 *
el R | 1 1 1 |
1 13.873 wW 0.3377 7385.88330 332.060446 94,6470
2 ls.zle VW 0.4480 263, 34531 8.87867 3.3747
3 15.761 VW 0.3517 69. 32541 2.54078 0.5854
4 16.558 VV 0.7494 85.05629 1.57459 1.0900
Totals : 7603.60831  345.89890

#*% End of Reporc %%

Instrument 1 6/17/2022 9:57:00 AM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥ZNDZ1399.D
SGample Mams LL-10-10B +/-

Aco. Operator H
Acg. Instrument
Injection Date 6/16/2022 11:12:53 PH

Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M

Last changed i B7l6/2022 11:11:23 PM

imodified after loading)

C:%CHEM32), 1\METHOD 84 DEF_LC.M

6/17/2022 10:03:43 AM

imodified after loading)

0D-3, Hexane/i-PrOH = 9545, 0.6 wL/min,

Instrument 1

Analysis Method :
Last changed

Jamnle Info

Location : -

30 oC, 254 nn

AT velen guh=2 59 fim (ZHI0 (-2 20 ZHO TH00 173
Marm. ]
00+
4t -|
3
300+ =
it
a
=
5
100 4 e a
k4 2
s
o
o ] ) 18 0 5
Area Percent Report
Sorted By Signal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wawelength=254 nm
Peak RetTime Type Width Area Height Area
# Twind Mwinl wAU  *z Twdl 1 %
B R | === | mmmmmm - I I I |
1 9.457 WV 0.1777 £18.70934 53.87775 6.9623
2 10.z244 ¥V 0.2054 3865.45975 289.33228 43.4930
3 14.783 VB 0.3386 589.61310 26.90870 6.7474
4 24.92% BB 0.5717 3802,77173 103.42006 42,7323 Me
Totals : 6385.55441  473.53879 (+/-)-3fa

#%% End of Report #%%

Instrument 1 &/17/Z02Z 10:03: 47 AN

Page 1 of 1

S174

Data File C:%\CHEM32%1\DATa\ZHOU-22\YENOZ1395.1
Sample Name: LL-10-10B

Acg, Operator

Acq, Instrument : Instrument 1 Location -
Injection Date : 6/16/2022 10:37:23 PN
Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M
Last changed f 6/l6/2022 10:20:50 PH
(modified after loading)
Analysis Method : C:)\CHEM3ZY1\METHOD3\DEF_LC.M
Last changed : 6/17/2022 10:03:08 AN
(modified after loadineg)
Sample Info : 0D-3, Hexane/i-PrOH = 85/5, 0.8 ml/min, 30 oC, 254 nm
AT rwelen gih=£54 fim [ ZHCI-2 27 ZHIE T30 7
Harm, ]
600
400
T
4010 ;
00
00
100
= @ 8
[ i :
i
0 g 10 15 P #
Area Percent Report
Gorted By Simmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Mulriplier & Dilution Factor with ISTDs
Signal l: ViD1 A, Wavelength=254 nm ™
Peak RerTime Type Width Area Height Area N
# fminl fwin] mAT *= [malr 1 % H
— e | ===l mmmmme | | | I
1 9.369 VB 0.1970 126.27138 9.42724 1.0969
2 10.153 EB n0.z2laz &0. 53767 5.57237 0.7000
3 1l4.466 VB 0.3299 141.23883 6.48234 1.2269
4 23.614 VV 0.4786 l.llc40ed J62.64539 96,9763
Totals : 1.1512led 384. 12733

##% End of Report ##%

Instrument 1 6/17 /2022 10:03:14 AN

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INOZ1401.D Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ1407.D
Sample Name: LL-10-10C +/- Sawple Name: LL-10-10C

Acg. Operator H Acyg. Operator
Acg. Instrument @ Instrument 1 Location @ - Acig. Instrument
Injection Date 6/17/2022 l2:22:05 AM Injection Date
Acg. Method ACHEM32Y INMETHODSYDEF_LC.M Acqg. Method

Instrument 1 Location : -
641772022 8:25:19 PI
C:ZCHEM3Z2N INMETHOD 5ADEF_LC. M

Last changed 6/17/2022 12:20:56 AM Last changed 6/17/2022 §:01:10 PM
(modified after loading) (modified after loading)
Analvsis Method : C:W\CHEM32)\1A\METHODSWDEF_LC.M Analwsis Method : C:WCHEM3ZWIZMETHODSZ\DEF_LC.M
Last changed : B6/1lB/2022 1:56:11 AM Last changed D 6/1872022 1:55:37 AN
imodified after loadineg) (modified after loadineg)
3ample Infa : TA, Hexane/i-Pr0H = 95/5, 1.0 ml/min, 30 of, 254 mm gauple Info : 1A, Hexane/i-PrOH = 95/5, 1.0 wl/min, 30 of, 254 nm
T &, Wavelength=154 im [ZHO 022 ZN0Z T80T 07 T &, Warwelen gt 254 fim [ ZHO-T 207 ZNOZ 1407 0]
Harm. 7] tiarm. |
250 -
400 4
200
z -
; w0 E
150 n
- 200 -|
1004
50 . 100 4
i g _
El 8 -] 2
- = K =
o S 0 I — =
T T T T T T T T
o 5 10 15 20 min o i 10 15 20
Area Percent Report Area Percent Report
dorred By H Fimal Gorted Bv H Himal
Malriplier: H 1.0000 Multiplier: H 1.0000
Dilution: H 1.0000 Dilution: H 1.0000

Uze Multiplier & Dilution Factor with ISTD=s Use Multiplier & Dilution Factor with I3TDs

Gignal 1: VWD1 A, Wavelengrh=254 nm Fignal l: VWDl A, Wavelength=254 nm
Peak RetTime Type TWidth Area Height Area
fminl fwin] mAT *= fwdl 1 *

el R |l R 1 1 1
1l 1z2.178 VB 0.2671 63,09805 3.25846 0.2013
2 13.587 VB o.3102 46, 35885 2.30663 0.6622
3 17.434 BB 0.3974 6776.02734 262.32910 96.7G&E9
4 21.169 EB 0.4919 115.34654 3.64128 1.6476

Peak RetTime Type Width Area Height Area
#  luinl fwinl whU  #s  [wAU 1 5
|

1 12.493 ¥B 0.2410 379,17752 24,40358 6.2095
2 14,004 ¥B D.2654 2677,81982 155.15761 43.8525
3 15.212 BE 0.3598 2676.45337 114.61832 43.8301
4 Z1.126 BE 0.4633 372.97498 12.33067 £.1079

Totals & 61l06.4256%  306.57018 Totals : 7000.83078  271.53548
*%% End of Report **% #*% End of Reporc %%
Instrument. 1 6/18/2022 1:56:15 AM Page 1 of 1 Instrument 1 6/18/2022 1:55:43 AM Fage 1 of 1

S175



Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZNDZ1461.D

Sample Nan

LL-10-254 +/-

Aco. Operator H
Acg. Instrument
Injection Date
Acg. Method

Last changed H

Analysis Method :
Last changed

Jamnle Info

Instrument 1

6/30/2022 9:14:24 PH

4 CHEM32V INMETHODSYDEF_LC.M
673072022 9:11:25 P
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
7/1/2022 4:41:13 AM
imodified after loading)
0D-H, Hexane/i-PrOH = 9545, 1.0 wL/min,

Location : -

30 oC, 254 nn

AT velen gi=2 59 fim (ZH0 (-2 20 ZHOZ 1961 177
Harm,
350
i
250
200
K]
150
T
=
101 o
50 2 o+
] z
o =
/\ o
o
o H H g 5 10 1 [ 18 15
Area Percent Report
Sorted By Signal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wawelength=254 nm
Peak RetTime Type Width Area Height Area
# Twind Mwinl wAU  *z Twdl 1 %
B B | === mmm e - I I I |
1 §.304 BV 0.2043 332.16351 24.95156 5.5432
2 9.726 VW 0.2535 2674.45972 16Z.17827 44.6315
3 13.714 BB 0.3957  333.42480 12.85673 5.5642
4 15.462 BB 0.4010 2652,26976 102.46486 44,2612
(+/-)-3ha
Totals : 5992.317381 302.45142

Instrument 1 7/1/2022

#%% End of Report #%%

4:41:54 MM

Page 1 of 1

S176

Data File C:%CHEM32%1\DAT4\ZHOU-22\YEN0Z1460.T

Sample Neame: LL-10-Z54
Acg, Operator :
Acq, Instrument : Instrument 1 Location -
Injection Date : 6/30/2022 §:49:54 PN
Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M

Last changed

inalysis Method
Last changed

Fample Info H

643072022 7:50:37 PO

(modified after loading)

C:\CHEM3Z2Y 1\METHOD 3\DEF_LC. M

TAL/EZ022 4:41:15 AM

(modified after loadineg)

0D-H, Hexane/i-PrOH = 85/5, 1.0 mlL/min,

30 oC, 254 nu

T

360+

300

250

00

150 o

100 4

50

TEET

iy (ZHOT -2 27 ZFE 1460 17

13654

15882

¢
8 306
9628

IS
E3

Area Percent Report

Sorted By
Multiplier:
Dilution:

Hignal
H 1.0000
1.0000

Use Mulriplier & Dilution Factor with ISTDs

signal l: ViDl A,

Peak RetTime Type
# fminl

1 &.206 BB
2 9.628 BV
3 13.654 BV
4 15.682 VB

Totals :

Vavelength=254 mm

Width Area Height Area
fwin] mAT *= [malr 1 %

| | |
0.2224 74.65000 5. 03600 0.5z207
0.2763 42.77714 2.35195 0.4703
0.4673 52.19173 1.65324 0.5738
0.7245 §926.16309 153.59103 98.1352

9095.78195  192.63221

Instrument 1 7/1/2022

##% End of Report ##%

d:d1:2zd AM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\Y¥INDZ1463.D

Sample Name: LL-10-25B +/-
Acg. Operator H
Acg. Instrument @ Instrument 1 Location @ -
Injection Date 6/30/2022 10:00:41 FPH
Acg. Method ACHEM32Y INMETHODSYDEF_LC.M

Last changed

Analvsiz Method :
Last changed

Sample Info

5/30/2022 9:58:43 PH
{modified after loading)
C:%CHEM32) 1Y\ METHOD S\ DEF_LC. M
7/1/2022 4:46:27 Al
{modified after loading)

0D-H, Hexane/i-PrOH = 35/5, 1.0 wL/min,

30 of, 254 nm

T &, Wavelen gth=154 nm [ZH0 022 ZN0T 1963 07
Harm. ]
E
300
250
g
i 2
150 g
1001
3
0y 2 g
T
o
T T T T T T T T T
o i 4 6 # 10 12 14 16 15 min]
Area Percent Report
dorred By Fimal
Malriplier: H 1.0000
Dilution: H 1.0000
Uze Multiplier & Dilution Factor with ISTD=s (o)
Sigmal 1: VWD1 A, Wawvelengrth=254 nm
Peak RetTime Type Width Area Height Area
# Twin] Mwin]  whO *z [wk1t 1 k3 H
e [l Rt | | |
1 §.364 BY 0.2l52 482,12040 34.56851 5.9241
2 10,1z ¥V 0.2885 3604,76440 192,395658 44,2875
3 14.002 BE 0.4153 434.23416 17.99613 5.9492
4 1A.360 BE 0.4444 3568.27002 123.64312 43.8392
Totals : 5139.45899 368,60345 (+/-)-3ia

*%% End of Report **%

Instrument 1 7/1/2022 4:46:30 AW

Page 1 of 1

S177

Data File C:\CHEM3241
Sample Name: LL-10-25

WDATALZHOU-22\VENDZ 1462.1
E

Acyg. Operator
Acig. Instrument
Injection Date
Aci. Method
Last changed

Analvsis Method :
Last changed H

Gample Info :

Instrument 1

643072022 9:38:03 PO
C:ZCHEM3Z2N INMETHOD 5ADEF_LC. M
6/30/2022 9:33:45 PN
(modified after loading)
C:WCHEM3ZN INMETHOD 3ZDEF_LC. M
TALIZ0ZE 4:46:02 AM
(modified after loadineg)

0D-H, Hexane/i-Pr0H = 95/5, 1.0 ml/min,

Location : -

30 of, 254 nm

DT &, Warwelen gt 254 fim [ ZHO-T 20 ZN0Z 1462 10)
Harm
800 4
500 |
400 |
g
200 |
200
100
5 = &
S s 2
o SR - —
T T T T T T T T T
0 z 4 ] 8 10 1z 14 16 18 min
Area Percent Report
Gorted Bv Himal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with I3TDs
Sigmal 1: WDl &, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 *
el |l S 1 1 |
1 §.357 BV 0.2143 91,02782 6. 55875 0.7722
2 10.171 VW 0.3167 58,77496 2.77823 0.4985
3 13.977 BB 0.4041 86. 74761 3.28612 0.7359 Cl
4 16.450 BB 0.5535 1.155138e4 340.12857 97.9934
Totals : l.17664ed 352.75168 (-)-3Ia

#*% End of Reporc %%

Instrument 1 7/1/2022 4:46:06 AM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZNDZ1465.D
SGample Mams LL-10-25C +/-

Aco. Operator H
Acg. Instrument
Injection Date 6/30/2022 10:53:03 PH

Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M
Last changed i B6730/2022 10:51:05 PM
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
7/1/2022 4:50:40 AM
imodified after loading)

Instrument 1

Analysis Method :
Last changed

Jamnle Info

Location : -

0D-H, Hexane/i-PrOH = 9545, 1.0 wh/min, 30 oC, 254 nm

AT A, WWavelen gth=1 54 fim (ZHT 2 2V ZN0Z 1465 1)
Marm. ]
250
it -|
3
150 py
=
1001 o
q
50 = -
S
o
o Y s 75 0 125 15 175 min|
Area Percent Report
Sorted By Signal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 A, Wawelength=254 nm
Peak RetTime Type Width Area Height Area
# Twind Mwinl wAU  *z Twdl 1 %
B R | === | mmmmmm - I I I |
1 §.745 WV 0.2287 625.18262 42. 06327 7.5051
2 11.077 VB 0.35851 3562.41309 142.35739 42.7654
3 14.543 VB 0.4303 623.19031 22.33843 7.4812
4 17.275 BB 0.5038 3519.34717 108,4483% 42,2484
Totals : 8330.13318 315.20749

#%% End of Report #%%

Instrument 1 7/1/2022 4:51:05 AM

Page 1 of 1

S178

Data File C:%\CHEM32%1\DATa\ZHOU-22\YEN0Z1464.T
Sample Neame: LL-10-25C

Acg, Operator

Acq, Instrument : Instrument 1 Location -
Injection Date : 6/30/2022 10:29:22 PN
Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M
Last changed : 643072022 10:23:14 PH
(modified after loading)
Analysis Method : C:)\CHEM3ZY1\METHOD3\DEF_LC.M
Last changed : 7/1/2022 4:50:40 AM
(modified after loadineg)
Sample Info : 0D-H, Hexane/i-PrOH = 85/5, 1.0 mlL/min, 30 oC, 254 nm
AT %, Viirwelen gih= 264 fim {ZHCI-2 27 ZHIE 16 1)
Marm, ]
350
00 -
a
&
150 4 ~
100 4
50
= 2 g
| g E i
. = = 3
i 75 3 75 1 128 13 175 min]

Area Percent Report

Gorted By Simmal
Multiplier: H 1.0000
Dilution: 1.0000

Use Mulriplier & Dilution Factor with ISTDs

signal l: VWDl A, Uavelength=254 mm

Peak RerTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 %

— o | ===l mmmmme | | | I
1 §.700 BB 0.2285 32.55314 2.19361 0.7245
2 11.096 EB 0.3843 27. 47681 1.09014 0.6115
3 14.480 BB 0.4159 289.13183 1.04390 0.6483

4 17.230 BB 0.46268 4404, 18799 141.3925% 98,0157

Totals : 4493. 34983 145, 72023

##% End of Report ##%

Instrument 1 7/1/2022 4:30:46 AM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INOZ1503.D
Sample Name: LL-10-41A +/-

Acg. Operator H

Acg. Instrument @ Instrument 1

Injection Date 741272022 9:34:30 PH

Acg. Method ACHEM32Y INMETHODSYDEF_LC.M
Last changed 7/12/2022 9:33:12 PH
(modified after loading)
C:WCHEM32) I\METHODSYWDEF_LC.M
741372022 8:54:45 AM
imodified after loadineg)

Analvsiz Method :
Last changed

Sample Info

Location : -

OD-H, Hexane/i-PrOH = 94/6, 1.0 wl/win, 30 of, 254 nn

T &, Wavelen gth=154 im [ZH0 0220 ZN0Z 1508 1)
Harm. ]
175 4
150
125 2
5]
o
101
75 2
50 -]
@
g
o ek
T T T T T
i 5 10 15 i} 5 min|
Area Percent Report
dorred By Fimal
Malriplier: H 1.0000
Dilution: H 1.0000
Uze Multiplier & Dilution Factor with ISTD=s
Sigmal 1: VWD1 A, Wawvelengrth=254 nm
Peak RetTime Type Width Area Height Area
# Twin] Mwin]  whO *z [wk1t 1 k3
e e [l Rt | | 1
1 11.408 EB 0.3305 528.32330 24,47416 7.0115
2 13.230 BB 0.4760 3226.41968 103.85638 42.8184
3 16.371 BE 0.6728 510.24002 11.64561 6.7715
4 25.959 BE 0.8072 3270.14917 £3.07744  43.3987
(+1-)-3ka
Totals & 7535.13217 203.0535%

*%% End of Report **%

Instrument. 1 7/13/2022 9:54:47 AM

Page 1 of 1

S179

Data File C:\CHEM32%1\DATA\ZHOU-22\YINOZ1507.D
Sample Name: LL-10-414

Acyg. Operator

Acyg. Instrument @ Instrument 1 Location @ -
Injection Date i 7/l2/2022 9:00:46 PH
Acqg. Method i C:ZCHEM32Y INMETHOD 5ZDEF_LC.M
Last changed : 7/12/2022 5:45:05 P
(modified after loading)
Analwsis Method : C:WCHEM3ZWIVMETHODSZ\DEF_LC.M
Last changed : 741272022 10:01:46 PN
(modified after loadineg)
gauple Info : OD-H, Hexane/i-Pr0H = 94/6, 1.0 ul/min, 30 of, 254 nm
DT &, Warwelen gt 254 fim [ ZHO-T 20 ZNOZ 1507 0]
Harm. 7]
175 4
150
125 4 *
100
75
50
25 -
s @ =
= & 8
. B =
T T T T T
0 8 10 15 0 5 min|
Area Percent Report
Gorted Bv Himal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with I3TDs
Sigmal 1: WDl &, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
fminl fwin] mAT *= fwdl 1 *
el R |l R 1 1
1l 11.3%9 BB 0.3295 71.07248 3.38412 l.z782
2 13.329 BB 0.4364 16, 56297 5.3364le-1 0.2979
3 16.382 BB 0.6242 31.66577 6.64726e-1 0.5695
4 25.954 BB 0.3004 5441.19580 105.13624 97.5545
(-)-3ka
Totals : 5560,49702 109, 71872

#*% End of Reporc %%

Instrument 1 7/12/2022 10:01:49 PN

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥ZN0Z1550.D
SGample Mams LL-10-53D +/-

Aco. Operator H
Acg. Instrument

Instrument 1 Location : -
Injection Date 7/27/2022 8:40:40 AM
Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M
Last changed §7/27/2022 8:37:30 AN
imodified after loading)
Analysis Method : C:%\CHEM32)\1\METHODS'DEF_LC.M

Last changed i T/27/2022 9:14:13 AM
(modified after loading)
Sample Info : IC, Hexane/i-FrOH = 9871, 1.0 mLs/min, 30 oC, 254 nm
AT A, WWavelen gth=1 54 fim (ZHT L2 2V ZN0Z 1580 10}
Ham. ]
3004
250
200 -] = z
=
160 4
1001
g 5
50 = <+
: AN
o 4 10 15 ) P i

Area Percent Report

Sorted By H Signal
Maltiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
CO,Me
Signal 1: VWDl A, Wavelength=254 mm 1
Peak RetTime Type Width Area Height Area \7
4 5

Twind Mwinl wAU  *z (AL 1 % S Me H
| | |

1 19.109 BV 0.4115 4856.06585 183.02740 40.6036 +-)-31

2 20,037 ¥V 0.4314 1103.95667 39.261389 9.2318 ( -)- a

3 2l.074 VB 0.4557 4815.48437 166.89432  41.1054

4 24,315 BV 0.5321 1082.72046 31.48474 9.0542

Totals : 1.19532e4 420.67536

#%% End of Report #%%

Instrument 1 7/27 /2022 9:14: 56 AN Page 1 of 1

S180

Data File C:%\CHEM32Y1\DATA\ZHOU-22\YENOZ1576.1
Sample Name: LL-10-53D

Acg, Operator
Acqg, Instrument
Injection Date
Aciqg. Merthod
Last changed

742672022 9:00:16 PIU
C:yCHEM3Z2Y INMETHOD 3\DEF_LC. M
7426/2022 8:19:57 PO
(modified after loading)
C:\CHEM3Z2Y 1\METHOD 3\DEF_LC. M
T/27/2022 9:09:45 AM
(modified afrer loadineg)

inalysis Method
Last changed

Instrument 1 Location :

Sample Info : IC, Hexane/i-Pr0OH = 9971, 1.0 ulL/win, 30 oC, Z54 mm
AT %, Viirwelen gih= 264 fim {ZHCI-2 27 ZHIE 1876 1)
Marm. ]
350 4
300
50 -
200 4 N
150
1004
50
% 3 &
iz 5
) a
i 3 10 15 P 25 min|
Area Percent Report
Gorted By H Simmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Mulriplier & Dilution Factor with ISTDs
CO,Me

signal l: VWDl A, Uavelength=254 mm

Peak RerTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 %
e l====l------- | | |
1 19.738 BV 0.4350 5717.60791 202.95280 93.9247
2 20.835 VvV 0.4792 92.30535 2.80027 1.5163
3 22.032 VB 0.4716 28.17776 §.37778e-1 0.4793
4 25.536 BV 0.5708  248,34492 6.65473 4.0796

Totals : 6057, 43595 213, 24558

S

##% End of Report ##%

Instrument 1 7/27/2022 9:09:53 AM

()-3la

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\Y¥INDZ1627.D
Sample Name: LL-10-63E +/-

Acg. Operator H

Acg. Instrument @ Instrument 1

Injection Date Gfa25/2022 9:23:11 PH

Acg. Method ACHEM32Y INMETHODSYDEF_LC.M
Last changed 8/25/2022 9:21:55 PM
(modified after loading)
C:nCHEM32) I\METHODSWDEF_LC.M
G726/2022 3:08:17 P
imodified after loadineg)

Analvsiz Method :
Last changed

Sample Info

Location : -

IE, Hexane/i-PrOH = 85/15, 1.0 ml/min, 30 of, 254 nm

T &, Wavelen gth=154 nm [ZH0 U220 ZN0T 1627 07
Harm. ]
175 4
150
1254
100 g
75
@
50 -]
1 -
25 o &
PO Y N N
T T T T T T T
i 25 5 75 10 115 15 175 i min
Area Percent Report
dorred By Fimal
Malriplier: H 1.0000
Dilution: H 1.0000
Uze Multiplier & Dilution Factor with ISTD=s
O,N
Sigmal 1: VWD1 A, Wawvelengrth=254 nm
Peak RetTime Type Width Area Height Area
# Twin] Mwin]  whO *z [wk1t 1 k3
e B [l Rt | | 1
1 8.808 vV 0.1801 232,57033 19.67810 7. 5886
2 11.143 B¥ 0.227% 1303.60742 86.15347 42,5356
3 12.271 VB 0.2674 Z212.96240 12.21545 £.9435 (+I_)_3ma
4 15.111 VB 0.3530 1315.58972 52.06441 42.9268

Totals & 3064, 72987 172.11444

*%% End of Report **%

Instrument. 1 &/26/2022 9:08:21 PM

Page 1 of 1

S181

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ1625.D
Sample Name: LL-10-63B

Acyg. Operator

Acyg. Instrument @ Instrument 1 Location @
Injection Date i 872572022 9:48:11 PH
Acqg. Method i C:ZCHEM32Y INMETHOD 5ZDEF_LC.M
Last changed : 8/25/2022 9:46:45 PH
(modified after loading)
Analwsis Method : C:WCHEM3ZWIVMETHODSZ\DEF_LC.M
Last changed : 8/26/2022 §:57:54 PN
(modified after loadineg)
gauple Info : 1B, Hexane/i-PrOH = 85/15, 1.0 nl/min, 30 of, 254 nm
DT &, Warwelen gt 254 fim { ZHO-T 207 ZN0Z 1622 1)
Harm
600
400 |
400 -|
@
#
=
300+
200 -
100 4
= = 4
2 ] =
= - d
o] =
T T T T T T T
0 25 1 75 10 125 15 176 i) min]
Area Percent Report
Gorted Bv Himal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with I3TDs
O,N
Sigmal 1: WDl &, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 *
el |l Rt 1 1 |
1 §.5991 BV 0.1937 93,60033 6.93372 1.1347
2 11.3%5 VB 0.3694 24, 92332 9.25774e-1 0.3021
3 12.708 EB 0.2929 83.310638 4.24515 1.0100
4 18.623 BB 0.3821 5047.06543 324.92776 97.5532
Totals : 8248.89981  337.10141

#*% End of Reporc %%

Instrument 1 3/26 /2022 §:58:03 PM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZNDZ1616.D
SGample Mams LL-10-63C +/-

Aco. Operator H
Acg. Instrument
Injection Date §/23/2022 2:03:55 AM

Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M
Last changed i B/23/2022 1:49:44 AN
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
G/26/2022 9:41:43 PH
fmodified after loading)

: AD-3, Hexane/i-PrOH = 90410,

Instrument 1

Analysis Method :
Last changed

Jamnle Info

Location : -

0.8 nLfnin, 30 o, 254 nm

AT velen ih=254 nm (ZAO-E W ZRIZ 1618 03

100+

a0 |

G0+

404

20

17791

18.082

21201

Area Percent Report

3orted By
Maltiplier: 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal

MeO
Signal 1: VWD1 A, Wawelength=254 nm
Peak RetTime Type Width Area Height Area
# Twind Mwinl wAU  *z Twdl 1 %
—mmm e | === | mmm e m I I |
1 13.466 BE 0.2546 Z218.44931 13.07639 7.2224
Z 17.791 BV 0.3474 1303.31104 57.82098 43.0903
3 18.9B8Z VB 0.3782 1296.80643 52.01914  42.8785 (+I-)'3na
4 2l.201 EB 0.4330 205,93846 7.19370 6.6088
Totals : 3024.60530 130.11022

#%% End of Report #%%

Instrument 1 §/26 /2022 9:41:47 P

Page 1 of 1

5182

Data File C:%CHEM32%1\DATa\ZHOU-22\YENOZ1631.1
Sample Neame: LL-10-63C

Acg, Operator
Acqg, Instrument
Injection Date
Aciqg. Merthod
Last changed

Instrument 1

842572022 11:33:14 PN
C:yCHEM3Z2Y INMETHOD 3\DEF_LC. M
B8/25/2022 1l:26:21 PN
(modified after loading)
C:\CHEM3Z2Y 1\METHOD 3\DEF_LC. M
8/26/2022 9:35:25 PN
(modified after loadineg)

inalysis Method
Last changed

Location

Sample Info : AD-3, Hexane/i-PrOH = 50/10, 0.8 wlLi/min, 30 o, 254 nm
AT rwelen gih= 254 fim [ ZHCI- 2 27 ZHI T 1)
Harm,
1000 o
800
LR E
400~
00
g £ 2
& = £
“ = =
i
i 75 g 75 10 125 15 175 m 375 min
Area Percent Report
Gorted By Simmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Mulriplier & Dilution Factor with ISTDs
g MeO
Signal l: ViD1 A, Wavelength=254 nm
Peak RerTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 %
——————————————— J=mmmmm-] | I
1 13.6382 VB 0.2632 175.35739 9.63931 1.5972
2 18.166 VV 0.2730 39.70545 2.24793 0.3616
3 198.4zZ6 VB 0.3034 1.06550ed 545.97540 97,0484 (')'3na
4 2l.766 VB 0.3436 108.99452 4., 90750 0.9928
Totals 1.09790ed 562.77014

##% End of Report ##%

Instrument 1 §/26/2022 9:39:43 FH

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INOZ1731.D

Sample Name: LL-10-74C +/-
Acg. Operator H
Acg. Instrument @ Instrument 1 Location @ -
Injection Date 9/29/2022 10:31:50 PH
Acg. Method ACHEM32Y INMETHODSYDEF_LC.M

9/29/2022 10:28:25 BH
(modified after loading)
C:4CHEM32) 1Y\ METHOD S \DEF_LC. M

9/29/2022 11:26:15 BM

{modified after loading)

: AD-H, Hewane/i-PrOH = 96/4, 1.0 ul/min,

Last changed

Analvsiz Method :
Last changed

Sample Info

30 of, 254 nm

PO A, Wavelen fih=153 nm (A0 ZTWZR0TT7E 7
Harm. 7]
350
3004
150 o
2
3
plil -~ 2
g
150
100+
50 E z
o
T T T ; . T
o ] o 15 m i 30 min|
Area Percent Report
Sorted By Giomal
Malriplier: H 1.0000
Dilution: : 1.0000 o} COM
Use Multiplier & Dilution Factor with I3TDs Me ovie
Sigmal 1: VWD1 A, Wawvelengrth=254 nm
Peak RetTime Type Width Area Height Area H
#  luind win] wAU *5  [wdl 1 B
B P R B \ \ \ I
1 15,780 ¥¥  0,3096 589.07922  29,38743  4.5452
2 22,000 ¥B  0,4587 5877.89072 200,36493 45,3529
3 25.039 ¥¥  0.5261 5875.54785 174.82314 45.3341 (+/-)-30a
4 26.864 B 0.5741 617.93982  16.59704  4.7678
Totals : 1.2960684  421,17253

*%% End of Report **%

Instrument 1 9/29 /2022 11:26: 17 PN

Page 1 of 1

5183

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ1730.D
Sample Name: LL-10-74C

Acyg. Operator
Acig. Instrument
Injection Date
Aci. Method
Last changed

Instrument 1

9/29/2022 9:50:45 PI
C:ZCHEM3Z2N INMETHOD 5ADEF_LC. M
9/29/2022 9:29:536 PN
(modified after loading)
C:WCHEM3ZN INMETHOD 53 DEF_LC. M
942372022 11:26:47 PN
(modified after loadineg)
AD-H, Hexane/i-ProH = 9644, 1.0 nl/min,

Analvsis Method :
Last changed H

Gample Info :

Location : -

30 of, 254 nm

P 2, TWawelen gihe 25 nm ZHO0- 220 2RO TP 07
Harm
400
400
2
300 4 B4
200 4
100+
4 8 fd
J\ - = =
= o ]
& 8
o
1] 5 10 15 0 i 30 min|

Area Percent Report

Gorted Bv Himal
Multiplier: H 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with I3TDs

Sigmal 1: WDl &, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
fminl fwinl wBT %z [mwiUT ] =
el R |l R 1 1 1
1l 15.7%6 VB 0.3152 15%.12651 7.64813 l.6381
2 22.0Z6 BB 0.4457 26, 53791 9.16074e-1 0.z2732
3 25.040 BV 0.5227 94038.33594 280.25143 96.5517
4 26.873 VB 0.5841 120.17010 3.15510 1.2371
Totals : 9714, 17046  292.17074

(-)-30a

#*% End of Reporc %%

Instrument 1 9/29/2022 11:25: 52 PN

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZNDZ1737.D Data File C:%\CHEM32%1\DATa\ZHOU-22\YENOZ1738.D
SGample Mams LL-10-74D +/- Sample Neame: LL-10-74D
Aco. Operator H Acg, Operator H
Acg. Instrument Instrument 1 Location - Acq, Instrument : Instrument 1 Location
Injection Date 9/30/2022 4:08:33 AM Injection Date : 9/30/2022 4:36:43 AN
Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M
Last changed i9/30/2022 3:22:41 AN Last changed i 943072022 4:35:06 AM
imodified after loading) (modified after loading)
Analysis Method : C:%\CHEM32\1\METHODS'DEF_LC.M Analysis Method : C:)\CHEM3ZY1\METHOD3\DEF_LC.M
Last changed 9/30/2022 10:30:07 AM Last changed : 9/30/2022 10:31:538 aM
(modified after loading) (modified after loadineg)
Sample Info : AD-3, Hexane/i-PrOH = 9644, 0.8 wh/min, 30 of, 254 nm Sample Info : AD-3, Hexane/i-PrOH = 96/4, 0.8 ml/min, 30 oC, 254 nm
AT velen gih=2 59 fim (ZH0 (-2 W ZHOZ 1737 107 AT rwelen gih=£54 fim [ ZHCI- 2 27 ZHI T738 1)
Harm, Harm,
500 -| 500
w0 ] 500
z 00 S
300 = ¥
= o o
k3
hd 300
200 |
00 -
100
100
2 g 5
= - I & g
i " - :
= = z
o 0
o 7 H I g 10 12 [ 1 e 0 H g 5 10 12 14 15 i
Area Percent Report Area Percent Report
Sorted By Signal Gorted By Simmal
Maltiplier: H 1.0000 O Multiplier: H 1.0000
Dilution: H 1.0000 (0] Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs O Use Multiplier & Dilution Factor with ISTDs
i
Signal 1: VWDl A, Wavelength=254 mm \7.4\\‘ Signal l: VWDl &, Uavelength=254 mm
Peak RetTime Type Width Area Height Area S H Peak RerTime Type Width Area Height Area
# Twind Mwinl wAU  *z (AL 1 % # fminl fwin] mAT *= [malr 1 %
B B | === | mmmmmmm I I I | — o mmmees | ===l mmmmme | | I
1 9.549 BV 0.1524 313.24661 31.90422 4. 5283 1 9.873 BB 0.1520 64.97693 6. 64180 1.3830
2 11.204 VB 0.1747 3124.62256 278.28778 45.1701 2 11.22Z6 EB 0.17z24 23.62246 2.14162 0.5028
3 13.453 BV 0.2107 3161.88281 233.03334 45.7102 (+I-)-3pa 3 13.479 BV 0.2086 4488.53320 335.38087 95,5353 (-)-3pa
4 14,061 ¥¥ 0.2le7 317.61075 22.55185 4,5914 4 14.086 VB 0.2211 12l.1e512 8.52858 2.5789
Totals : 6917.46283 565.77719 Totals : 4698.29771  352. 70287
#%% End of Report #%% *#% End of Report ##%
Instrument 1 9/30/Z022 10:30: 10 AN Pags 1 of 1 Instrument 1 9730 /2022 10:32:01 AN Page 1 of 1

S184




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INDZ2544.D
Sample Name: LL-12-24 +/-

Acg. Operator :
Acqg. Instrument
Injection Date
Acg. Method
Last changed

Instrument 1

47772023 7:29:20 AM

A CHEM32) IZMETHODSYWDEF_LC.M
47742023 7:13:23 AN
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
4/7/2025 8:39:19 AM
(modified after loading)

: AD-H, Hexane/i-Pr0H = 9377, 1.0 wl/win,

Analysis Method :
Last changed

Hample Info

Location :

30 of, 254 nn

AT Elengih=254 nm (ZHU U 2 TW ZN0Z 2548 O}
Narm.
il B
150+
2
]
2 5
2
a
100
a0 -
= 2
I 2
o
; T T y T
4 10 15 m 25 min|

Area Percent Report

dorred By Fimal
Malriplier: H 1.0000
Dilution: H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Sigmal 1: VD1 &4, Wawvelength=254 nm

Peak RetTime Type Width Area Height Area
# Tmin] min] wAD 3 [maT 1 %
e R [ | |
1 16.353 ¥V 0.3672 524.67554 21.54059 7.0287
2 19.854 EEB 0.4169 3234.56738 120.34997 43.3188
3 22.387 BB 0.4219 3219,40454 101.22676 43.1157
4 26.6B81 BB 0.6375 488.24710 11.668464 6.5388
Totals : T466.35456  254.801895

(+/-)-3qa

**% End of Report **%

Instrument 1 4/7/2023 §:39:24 AW

Page 1 of 1

S185

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ2Z345.D
Sample Name: LL-12-24

Acg. Operator

Acq. Tnstrument : Instrument 1 Location : -
Injection Date : 4/7/2023 6:07:17 AN
Acyg. Method @ C:ZCHEM3Z4 IA\METHOD 5ZDEF_LC.M
Last changed s 44772023 Bi05:23 AM
(modified after loading)
Analysis Method : C:)\CHEM3ZY1\METHOD3\DEF_LC.M
Last changed : 4/7/2023 §:41:35 AM
(modified after loadineg)
Sample Info : AD-H, Hexane/i-PrOH = 83/7, 1.0 ml/min, 30 of, 254 nm
DT relen gth= 254 nim (20225 2O a5 0
Ham, ]
800 4
00 |
600
500 - o
b3l
400
00 -
200 .
100 4 N a =
2 @
E] &
0
T T T T T
8 10 15 0 5 min|
Area Percent Report
Gorted Bv Himal
Multiplier: H 1.0000
Dilution: H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: WDl &, Wavelength=254 rm

Peak RetTime Type Width Area Height Area
# [min] min] AT k] [piEALY 1 %
----------- l-===1-------] | |
1l 18.317 VB 0.3393 2153.46094 100.13637 12.4953
2 15.300 EB 0.4179 235.59353 8.73028 1.3455
3 Zz.z82 W 0.4926 1l.46637ed 460, 16486 83,7479
4 26.605 BB 0.6436  421.57547 8.73131 2.4077
Totals 1.75094ed 578.92541

**%* End of Report =%%

Instrument 1 4/7/2023 3:41:43 AM

Page 1 of 1




Data File D:\USERS\CHEM3TATIONY 1\DATA\FHOUZ022,¥23005246 20-34-05.D
Sample Name: LL-10-70 D +/-

Acg. Operator 1 SYSTEM
Sample Operator : SYSTEMN
Acrg. Instrument 126011 Location : -
Injection Date @ 9/29/2022 8:34:08 PM Inj : 1

Ingy Volume : No inj
Acg. Method :ZUseray PublichDocunents) ChemStationy 1\Nethoda\def _LC.H
Last changed : 072072022 6:41:47 PM by SYSTEM

imodified after loading)
Analysis Method @ Ci\Users‘\Public\Documents\Chemitation’l\Methods\def LC.M
Last changed 942972022 10:3Z:32 PM by SYSTEM

(modified after loading)

Sample Info : OD-H, n-Hexane/i-PrOH = 95/5, 1.0 ml/min, 30 of, 254 nn
AT 2, Wavdength=254 nm (DS ERSCHEMST AT IOH AT AZHO L2022\ V23005 240 2034 05.0)
mAl
2504
200 4 5
1504 H
100
0 = H
3 Z
- El
0
T T T T T T
b 4 5 10 1z i}
Area Percent Report
Sorted By Signal
Maltiplier 1.0000
Dilution H 1.g000
Do not use Mulriplier & Dilution Factor with ISTDs O
o
Me
Sigmal 1: VWD1 A4, Wavelength=254 nm
Peak RetTime Type Width Area Height Area —"
# [min] [min] [m&lr+s] [mAIT] k3 S H
-==-1 I----1 1 - l-= - 1
1 7.968 BB 0.3140 85.62604 4.22667 1.6386
2 9.417 BB 0.2554 2837.,81357 171.22769 48,6328
3 10.586 BB 0.2802 42.20078 2.32035 0.7232 (+I_)_3ba
4 11.610 BE 0.351% 2859.64502 115.07433 49.0052
Totals : 5835.36739  252.64903
*#% End of Report #*%
126011 942972022 10:32:34 PM SYSTEM Page 1 of 1

5186

Data File D:\USERS\CHEMSTATIONY 1\DATA\ZHOUZ02ZYVZ3005247 20-49-55.D

Sample Neme: LL-10-70 D

Aci. Operator : SYSTEM

Sample Operator : SYSTEM

Acg. Instrument : 1260IT Location : -
Injection Date : 9/29/2022 §:49:55 PM Inj : 1

Inj Wolume : No inj
C:\UsersiPublic\Docunents\Chenitation 1 Methodatdef LC. M
9/29/2022 6:41:47 PM by SVSTEN
(modified after loading)
C:yUsers\Public\DocunentsiChenitationt l\Methodsydef LC.I
9/29/2022 10:34:30 PM by SYSTEM
(modified after loading)

Sample Info : 0D-H, n-Hexane/i-Pr0H = 95/5, 1.0 mk/min, 30 oC, Z54 rm

Acig. Method
Last changed

Analysis Method
Last changed

Additional Info : Peak(s) manually integrated

SANDT A Wavdength=254 nm (OIS ERPCHBWETATIONTOAT AZHO UZ0ZE V005247 20-40-55.0)
mul
400
3460
300 EY
2501 2
200
150
100 =
- o
50 2 3 =
"~ =2
o
T T T T T T
i 4 8 i 10 12 mir]
Area Percent Report
sorted By Signal
Multiplier H 1.0000
Dilurion H 1.0000 fe)
Do not use Multiplier & Dilution Factor with ISTDs O M
e
Signal l: ¥UD1 &, Wavelength=Z54 mm * *
* .
Peak RetTime Type Width Area Height Area S H
#  [min] [min]  [m&U*3] [1mAU] 5
| 1-==-1 I I- == mmmmmm I
1 7.955 BB 0.2151 128.63974 9.09024 1.9534
2 9.419 BB 0.2575 820.85Z36 49. 23763 12.4649 (+) 3ba
3 10.575 BV 0.2909  110.45456 5.53479 1.6773
4 11.549 WEB 0.3510 5525.35205 222.30194 53.9043
Totals : ©6585.296871 286, 46461
##% End of Report *#%
1260I1 9/28/2022 10:34:32 FM SYSTEM Fage 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\YINDZZ2246.D
Sample Name: LL-11-55 +/-

Acg. Operator H

Acg. Instrument @ Instrument 1

Injection Date lz/28/2022 3:07:07 AM

Acg. Method ACHEM32Y INMETHODSYDEF_LC.M
Last changed 12/25/2022 2:35:29 AM
(modified after loading)
C:nCHEM32) I\METHODSYWDEF_LC.M
12/28/2022 7:07:06 AM
imodified after loadineg)

Analvsiz Method :
Last changed

Sample Info

Location :

1B, Hexane/i-FrOH = 94/6, 1.0 ml/min, 30 of, 254 mu

T &, Wavelen gth=154 nim [ZH0 0220 ZN0Z 2295 07
Harm,
00 -
1745 4
150
125 4 2
00
75 P4
g
o
o+ =
a0 S a
s Ed
254
P N N
T T T T
i 5 10 15 20 min|
Area Percent Report
dorred By Fimal
Malriplier: H 1.0000
Dilution: H 1.0000
Uze Multiplier & Dilution Factor with ISTD=s
Sigmal 1: VWD1 A, Wawvelengrth=254 nm
Peak RetTime Type Width Area Height Area
# Twin] Mwin]  whO *z [wk1t 1 k3
e B [l Rt | | 1
1 9.355 WV 0.2485 1026,85571 B6l.56678 15,6667
2 13.080 BV 0.3230 2235,13110 105,44186 34,1014
3 14.094 VE 0.4324 1035.45242 35.31476 15.7983 (+I_)_3da
4 19.514 VE 0.8030 2256.90283 39.87349  34.4335
Totals & 6554,37207  242.196590

*%% End of Report **%

Instrument. 1 12/28/2022 7:07:16 aM

Page 1 of 1

5187

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ2ZZ247.D
Sample Name: LL-11-55

Acyg. Operator

Acyg. Instrument @ Instrument 1 Location @ -
Injection Date i l2/26/2022 3:40:27 AM
Acqg. Method i C:ZCHEM32Y INMETHOD 5ZDEF_LC.M
Last changed : 12/28/2022 3:38:28 AN
(modified after loading)
Analwsis Method : C:VCHEM3ZWIZMETHODS\DEF_LC.M
Last changed : 1272642022 7:11:08 AM
(modified after loadineg)
gauple Info : 1B, Hexane/i-PrOH = 9476, 1.0 wl/min, 30 of, 254 nm
T &, Warwelen gt 254 fim [ ZHO-T 20 ZNO 22287 1)
Harm
00 |
350
200 -
=
£
o
150 4
100
50
o =
a g
P A =
T T T T
0 5 10 15 20 min|

Area Percent Report

Gorted Bv Himal
Multiplier: H 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with I3TDs

Sigmal 1: WDl &, Wavelength=254 nm

Peak RetTime Type Width Area Height

Area
%

# [minl fwin] mAT *32 Al 1
—mm e e R I I
1 9.322 BB 0.2406  133.84752 8.42971
2 13.060 BB 0.3217 3467.33984 162, 54306
3 20.576 BB 0.5043 4.13658 9.73773e-2

3605.32394  171.07074

|
3.7125

26,1728
0.1147

*** End of Report ***

Instrument 1 12/28/2022 7:11:14 AM

(-)-3da

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INOZ1507.D
Sample Name: LL-10-91 +/-

Acg. Operator H

Acg. Instrument @ Instrument 1

Injection Date 10/19/2022 9:35:00 FH

Acg. Method ACHEM32Y INMETHODSYDEF_LC.M
Last changed 10/19/2022 9:33:18 PM
(modified after loading)
C:nCHEM32) I\METHODSYDEF_LC.M
10/20/2022 9:17:15 AM
imodified after loadineg)

Analvsiz Method :
Last changed

Sample Info

Location :

IE, Hexane/i-PrOH = 80/20, 1.0 ml/min, 30 of, 254 nm

PO &, Wavelen gih=1 53 nm (ZHO -2 W ZN0 T07 10
350
00

2504

12.760

200

150

100

1868

S04

23.147

Area Percent Report

dorred By
Malriplier: 1.0000
Dilution: H 1.0000
Uze Multiplier & Dilution Factor with ISTD=s

Fimal

Sigmal 1: VWD1 A, Wawvelengrth=254 nm

Peak RetTime Type Width Area Height Area
#  luinl fwinl whU  #s  [wAU 1 5
il Rt [l Rt | |
1 11,968 ¥¥  0.2969 599.592419 31.03337  7.3543
2 12,760 ¥¥  0.2895 3516.40283 184,44260 43,1311
3 15.773 BB 0.3779 G568.60596 23.06100  6.9704
4 23.147 BB 0.5233 3470.52051 101.58165 42.5442
Totals i §157,45349  340,11861

(+1-)-3mk

*%% End of Report **%

Instrument. 1 10/20/2022 9:17: 21 aM

Page 1 of 1

5188

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ1306.D
Sample Name: LL-10-91

Acyg. Operator

Acyg. Instrument @ Instrument 1 Location @ -
Injection Date i 1071972022 8:20:31 PN
Acqg. Method i C:ZCHEM32Y INMETHOD 5ZDEF_LC.M
Last changed : 10/19/2022 7:51:35 PN
(modified after loading)
Analvwsis Method : C:VCHEM3ZWIZMETHODS\DEF_LC.M
Last changed : 1072042022 9:18:44 AN
(modified after loadineg)
gauple Info : 1B, Hexane/i-PrOH = 80420, 1.0 nl/min, 30 of, 254 nm
DT &, VWarwelen gif= 254 fim [ ZHO-T 207 202 1906 1)
Harm
1200 o
1000 o
200 -|
2
=
LR
400 -
00 -
T . o+
R &
[ N S i
T T T T T
0 8 10 15 0 5 min|

Area Percent Report

Gorted Bv Himal
Multiplier: H 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with I3TDs

Sigmal 1: WDl &, Wavelength=254 nm

O,N

Peak RetTime Type Width Area Height Area
fminl fwinl wBT %z [mwiUT ] =
il R |l R 1 1
1 11.814 VW 0.3045 288.85047 15,81055 1.3195
2 12.736 VB 0.3716  34.89754 1.56533  0.1594 (-)-3mk
3 15.574 VB 0.4055 486.77145 20.00565 2.2233
4 22.534 BB 0.5537 Z2.10831ed 634.59415 96.2977
Totals : 2.18936e4 671,97571

#*% End of Reporc %%

Instrument 1 10/20/2022 9:19:49 AM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZN0Z1511.D
SGample Mams LL-10-41B +/-

Aco. Operator H
Acg. Instrument
Injection Date 741272022 11:43:50 PH

Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M
Last changed io7/l2/2022 11:42:35 PH
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
7/13/2022 9:48:22 AM
imodified after loading)

Instrument 1

Analysis Method :
Last changed

Jamnle Info

Location : -

0D-H, Hexane/i-PrOH = 9545, 1.0 wh/min, 30 oC, 254 nm

AT A, WWavelen gth=1 54 fim (ZH 02 W ZNOZ T8 1T 10}
Ham. ]
600
500
2
it - El
i
it - 2
10011 — -
& 3
@ o
o
o i 10 15 ) P i
Area Percent Report
Sorted By Signal
Maltiplier: H 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with ISTDs

o}
Signal 1: VWD1 A, Wawelength=254 nm
Peak RetTime Type Width Area Height Area
# Twind Mwinl wAU  *z Twdl 1 %

B B | === | mmmmmm o I I |

1 &.851 BV 0.2473 6£09.97455 37.34377 3.8930

2 10.053 VB 0.3069 7261.25586 361.86163 46,3432

3 12.056 EB 0.3781 604.73486 24.14730 3.68596

4 25.110 BB 0.7700 7182,47559 144.86612 45,9042

(+1)-3cb

Totals : 1.56684e4 566.21682

#%% End of Report #%%

Instrument 1 7/13/202Z 9:51:00 AN

Page 1 of 1

5189

Data File C:%CHEM32%1\DATa\ZHOU-22\YENOZ1510.1
Sample Neame: LL-10-41B

Acg, Operator

Location : -

30 oC, 254 nu

25116

Acq, Instrument : Instrument 1
Injection Date : 7/12/2022 11:11:43 PN
Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M
Last changed : 7/l2/2022 10:52:16 PH
(modified after loading)
Analysis Method : C:)\CHEM3ZY1\METHOD3\DEF_LC.M
Last changed : 7/13/2022 9:52:38 AM
(modified after loadineg)
Sample Info : OD-H, Hexane/i-PrOH = 85/5, 1.0 mlL/min,
AT %, Viirwelen gih= 264 fim {ZHI-2 207 M T8 10 1)
Marm, ]
350
00 -
150 4
100 4
50
L gz =
= 5o
. = o
0 g 10 15

Area Percent Report

Gorted By Simmal
Multiplier: H 1.0000
Dilution: 1.0000

Use Mulriplier & Dilution Factor with ISTDs

signal l: VWDl A, Uavelength=254 mm

Peak RerTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 %
e l-===l----=-- | |
1 §.856 BB 0.2353 131.87021 8. 54310 1.7209
2 10.108 BV 0.3297 36. 70646 1.70549 0.4790
3 12.075 BB 0.3454 43.80853 2.15486 0.6500
4 25.12Z6 BB 0.7652 7444, 52246 150.0569% 97,1501
Totals : TEEZ. 90771 16Z. 46044

##% End of Report ##%

Instrument 1 771372022 9:52:40 AM

Page 1 of 1




Data File C:\CHEM3Z

Y 1VDATAYZHOU-224FZN0Z1513.D

Sample Name: LL-10-41C +/-
Acg. Operator H
Acg. Instrument @ Instrument 1 Location @ -
Injection Date 741372022 2:40:13 AM
Acg. Method ACHEM32Y INMETHODSYDEF_LC.M

Last changed

Analvsiz Method :

Last changed

Sample Info

7/13/2082 2:36:21 &M
{modified after loading)
C:%CHEM32) 1Y METHOD S\ DEF_LC.M

7/13/2022 3:57:16 &M

{modified after loading)

0D-H, Hexane/i-PrOE = 85/5, 1.0 ul/min,

30 of, 254 nm

T &, Wavelength=154 nm [ZHO U230 ZN0Z 1513 07
Harm,
400 -
350
300+
250 -] F
2
=
00 -
150 -
100 8
50 8 T
I g
= E
o
T T T T T
i L] 10 15 1] 25 min|
Area Percent Report
dorred By Fimal
Malriplier: H 1.0000
Dilution: H 1.0000
Uze Multiplier & Dilution Factor with ISTD=s
Sigmal 1: VWD1 A, Wawvelengrth=254 nm
Peak RetTime Type Width Area Height Area
# Twin] Mwin]  whO *z [wk1t 1 k3
e B [l Rt | | 1
1 8§.755 BB 0.2370 355,48536 23.01476 4. 1674
2 9.695 BB 0.2763 3939,74927 219.56552  46.1862
3 14.654 BE 0.5372 319.35623 8.91707 3.7439
4 22.289 BE 0.8076 3915.56177 75.65646 45,9026 (+I')'3cc
Totals & §530.15265 327.15382

Instrument 1 7/13/2

#*%% End of

022 9:57:19 AM

Report #*%%

Page 1 of 1

S190

Data File C:\CHEM3241Y
Sample Name: LL-10-41C

DATANZHOU-2Z\TZNOZ1512.D

Acyg. Operator
Acig. Instrument
Injection Date
Aci. Method
Last changed

Analvsis Method
Last changed

Gample Info :

Instrument 1

741372022 2:03:52 AN
C:ZCHEM3Z2N INMETHOD 5ADEF_LC. M
TA13/2022 1:15:45 AM
(modified after loading)
CoWCHEM3ZN INMETHOD 53ADEF_LC. M
TALIFZ0EZ 9:59:51 AN
(modified after loadineg)
0D-H, Hexane/i-PrOH = 95/5, 1.0 nl/min,

Location : -

30 of, 254 nm

T &, Warwelen gt 254 fim [ ZHOU-T 20 ZNOZ T3 TZ.0)
Harm
00 |
350
200 -
150 4
100
50
E— o
=2 E
= 5 *
o
T T T T T
0 & i 15 0 25 min]
Area Percent Report
Gorted Bv Himal
Multiplier: H 1.0000
Dilution: : 1.0000 Me
Use Multiplier & Dilution Factor with I3TDs o)
Sigmal 1: WDl &, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 * S
el |l R 1 1 |
1 §.703 BB 0.2401 75.96688 4. 87366 0.7375
2 2.663 BB 0.2606 48, 24833 2.63208 0.4684
3 14.573 BB 0.5498 41. 64367 1.1210& 0.4043
4 21.768 BB 1.0323 1.0134led 155.85570  98.3897 ()3Cc
Totals : l.03000e4 a4, 48252

#** End of

Instrument 1 7/13/2022 9:53:54 AM

Report ##*+%

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥ZN0Z1515.D

SGample Mams LL-10-41D +/-
Aco. Operator H
Acg. Instrument Instrument 1 Location -
Injection Date 741372022 3:44:458 A
Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M

741372022 3:43:33 AM

imodified after loading)

C:%CHEM32), 1\METHOD 84 DEF_LC.M

7/13/2022 10:04:33 AM

imodified after loading)

0D-H, Hexane/i-PrOH = 9545, 1.0 wL/min,

Last changed H

Analysis Method :
Last changed

Jamnle Info

30 oC, 254 nn

i Elen giF= 754 i (ZAT I E T 20T T5TE OY
Narm.
400+
300 o
+
@
=
il
2
100
3 =
E 8
m =
o
o 1'5 é 7'.5 \b 125 \Iﬁ |7‘5 Zb 22‘6 min|
Area Percent Report
Sorted By Simmal
Multiplier: : 1.0000 o) CO-Me Me
Dilution: 1.0000 2

Use Multiplier & Dilution Factor with ISTDs

Signal l: VWDl A, Wavelength=254 mm

Peak RetTime Type Width Area Height Area
# Twind Mwinl wAU  *z Twdl 1 %
e R [ | | | |
1 8.694 WV 0.2425 427.73480 26.45411 4. 5443
2 9.524 WV 0.2510 4403.81104 235.46743 46,7362
3 15.766 BB 0.5838 353.51485 §.599354 3.7557
4 18.873 BB 0.5337 4227.57227 122.4R112 44,9138
Totals : 9412.65306 396.40625

#%% End of Report #%%

Instrument 1 7/13/Z02Z 10:04: 37 AN

(+1-)-3cd

Page 1 of 1

S191

Data File C:%\CHEM32%1\DATa\ZHOU-22\YEN021514.1

Sample Name: LL-10-41D
Acg, Operator :
Acq, Instrument : Instrument 1 Location -
Injection Date : 7/13/2022 3:15:37 AN
Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M

T4LIF2022 3:07:26 AN

(modified after loading)

C:\CHEM3Z2Y 1\METHOD 3\DEF_LC. M

T/13/2022 10:06:41 AM

(modified after loadineg)

0D-H, Hexane/i-PrOH = 85/5, 1.0 mlL/min,

Last changed

inalysis Method
Last changed

Sample Info H 30 oC, 254 nu

AT roelen =54 nm (ZHO- 27 2RI 16T 1)

350 4

300

350 o

18540

004

150 4

1004

50 -

8.700
9.561
16210

Area Percent Report

Sorted By
Multiplier: 1.0000
Dilution: H 1.0000
Use Mulriplier & Dilution Factor with ISTDs

Hignal

signal l: VWDl A, Uavelength=254 mm

Peak RerTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 %
e l====l----—-- | | |
1 8.700 VV 0.2391 76. 16090 4.53464 1.0714 (_)_3cd
2 9.562 VB 0.2840 31.32374 1.66183 0. 4406
3 15.810 BB 0.4785 22.21332 5.9200%9e-1 0.3125
4 15.840 BB 0.5308 6978.90723 205.18338 98,1755
Totals : 7108.60519 Z212.27186

##% End of Report ##%

Instrument 1 7/13/2022 10:06: 43 AN

Page 1 of 1

Me




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INDZ1544.D
Sample Name: LL-10-48A +/-

Acg. Operator H

Acg. Instrument @ Instrument 1

Injection Date 7/2l/2022 B:23:56 PH

Acg. Method ACHEM32Y INMETHODSYDEF_LC.M
Last changed 7/21/2022 9:23:44 PH
(modified after loading)
C:WCHEM32) 1\METHODSYDEF_LC.M
772172022 11:39:52 M
imodified after loadineg)

Analvsiz Method :
Last changed

Sample Info

Location :

0D-3, Hexane/i-PrOH = 35/5, 0.8 wlL/min,

30 of, 254 nm

T &, Wavelen gth=154 im [ZHO 022 ZN0T 1545 )
Harm,
500
400 -
T
300 &
200 -|
&
1001 i
-
g &
0 AN
T T T T T T T
i 5 10 15 i 5 a0 6 min
Area Percent Report
dorred By Fimal
Malriplier: H 1.0000 F
Dilution: 1.0000

Uze Multiplier & Dilution Factor with ISTD=s

Sigmal 1: VWD1 A, Wawvelengrth=254 nm

Peak RetTime Type Width Area Height Area
#  luinl fwinl whU  #s  [wAU 1 5
el Rt [l Rttt | |
1 1l.667 ¥¥  0.2227 487.36809 33.36966  5.1570
2 12,247 ¥¥  0.2406 4294.65479 272,57999 45,4412
3 15.823 VB 0.3153 437.54269 21.18040 4.6295
4 35.200 BB 0.7463 4231.42529  88.31273 44.7722
Totals i 9451.01086 415,45278

*%% End of Report **%

Instrument 1 7/21/2022 11:41:35 PN

(+/-)-3ce

Page 1 of 1

S192

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ1543.D
Sample Name: LL-10-484

Acyg. Operator

Acyg. Instrument @ Instrument 1 Location @ -
Injection Date i 772172022 8:43:11 PH
Acqg. Method i C:ZCHEM32Y INMETHOD 5ZDEF_LC.M
Last changed : 7/2172022 7:55:42 PM
(modified after loading)
Analwsis Method : C:WCHEM3ZWIZMETHODS\DEF_LC.M
Last changed D 7/Z172022 11:38:52 PN
(modified after loadineg)
gauple Info : 0D-3, Hexane/i-Pr0H = 95/5, 0.8 ul/min, 30 of, 254 nm
DT &, Warwelen gt 254 fim [ ZHO-T 20 ZN0Z 1542 10)
Harm
400
400
300 - -
Z
200 -|
100
B= 2
2= =
o =
T T T T T T T
0 8 0 18 i) 5 30 S min]

Area Percent Report

Gorted Bv Himal
Multiplier: H 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with I3TDs

Sigmal 1: WDl &, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
fminl fwinl wBT %z [mwiUT ] =
el R |l S 1 1 |
1l 1ll.e6l BV 0.2154 163.26605 11.68452 1.3286
2 lz2.3le VB 0.2666 64, 76287 3.67800 0.5270
3 15.830 BB 0.3145 155.72932 7.60719 1.2673
4 35.042 BB 0.7535 1.19044e4 241.516591 96.5770
Totals : l.2z86led 264, 48662

#*% End of Reporc %%

Instrument 1 7/21/2022 11:39:56 PN

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZNDZ1546.1
SGample Mams LL-10-438 +/-

Aco. Operator H
Acg. Instrument
Injection Date 742172022 10:45:39 PH

Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M
Last changed io7/21/2022 10:48:12 PM
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
7/22/2022 10:06:38 AM
imodified after loading)

Instrument 1

Analysis Method :
Last changed

Jamnle Info

Location : -

0D-3, Hexane/i-PrOH = 9545, 0.8 wh/min, 30 oC, 254 nm

AT &, Wavelen gih=3 54 m (ZHO -2 W ZN03 1546 T
400
350

300

250

12.807

200

150

100

12.112

18700

50

38 080

Area Percent Report

3orted By
Maltiplier: 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal

Signal l: VWDl A, Wavelength=254 mm

Cl

Peak RetTime Type Width Area Height Area

# Muind minl wAD *z Twal 1 %
—mmm e | === | mmmmmm - I I I |

1 12.112 ¥¥  0.2295 1082.02344  72.47380 11.4343

2 12.807 VB 0.2594 3699.03784 217.60196 39.0898

3 18.700 BB 0.3912 1055.66799  41.12384 11.1560

4 38,050 BE  0.7947 3626.15237  70,56030 38.3199 (+/-)-3cf
Tatals : 9462.93164 401.85050

#%% End of Report #%%

Instrument 1 7/22/Z02Z 10:07:05 AN

Page 1 of 1

S193

Data File C:%\CHEM32%1\DATa\ZHOU-22\YENOZ21545.1
Sample Neame: LL-10-48B

Acg, Operator

Acq, Instrument : Instrument 1 Location
Injection Date : 7/21/2022 10:05:32 PN
Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M
Last changed : 742172022 10:04:30 PH
(modified after loading)
Analysis Method : C:)\CHEM3ZY1\METHOD3\DEF_LC.M
Last changed : 7/227/2022 10:04:30 AN
(modified after loadineg)
Sample Info : 0D-3, Hexane/i-PrOH = 85/5, 0.8 ml/min, 30 oC, 254 nm
AT %, Viirwelen gih= 264 fim {ZHCI- 2207 ZHIZ 1548 1)
Harm,
300
350
200~ =
3
b
150 4
100 5
40 -
Sl S
i
0 i ) 15 20 a5 ) 35 i
Area Percent Report
Gorted By Simmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Mulriplier & Dilution Factor with ISTDs
Signal l: ViD1 A, Wavelength=254 nm
Peak RerTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 %
——————————————— J==mmmm-] |
1 1z.006 EB 0.2z52 85.89397 5. 79628 0.9573
2 12.739 BV 0.z2121 43. 43043 3.11931 0. 4546
3 18.376 BB 0.3601 16Z.03986 6.58871 1.8060
4 37.341 BE  0.8133 5680.69629 166.17635 96,7520 (-)-3cf
Totals §972.11060 151.63064

##% End of Report ##%

Instrument 1 7/22/2022 10:04: 39 AN

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INDZ15458.D
Sample Name: LL-10-48C +/-

Acg. Operator H
Acg. Instrument @ Instrument 1 Location @ -
Injection Date 7/22/2022 12:16:30 AM
Acg. Method ACHEM32Y INMETHODSYDEF_LC.M
Last changed 7/22/2022 12:15:50 AM
(modified after loading)
Analvsis Method : C:W\CHEM32)\1A\METHODSWDEF_LC.M
Last changed 742272022 10:14:56 AM
imodified after loadineg)
3ample Infa : OD-3, Hexane/i-PrOH = 05/5, 0.8 nl/min, 30 of, 254 nn

PO &, Wavelengih=253 nm (ZHO -2 W 2N T34 1T

160

140 o

120

100

13233

20 -

60 -

40 -

387

12.410

20 -

20.226

Area Percent Report

dorred By H Fimal
Malriplier: H 1.0000
Dilution: H 1.0000

Uze Multiplier & Dilution Factor with ISTD=s

Sigmal 1: VWD1 A, Wawvelengrth=254 nm

Peak RetTime Type Width Area Height Area
#  luinl fwinl whU  #s  [wAU 1 5
|

1 12.410 BY  0.2453 260.25967  16.14247  7.2047
2 13.233 VB 0.2767 1595.99915  88.23945 44,2091
3 20.226 BE  0.4272 237.74484  B.64189  6.5314
4 39.217 BE  0.G056 1517.37439  29.34702 42.0049 (+/-)-3cg

Totals & Jela.37els  142.37085

*%% End of Report **%

Instrument. 1 7/22/202Z 10:15: 03 aM Page 1 of 1

S194

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ1547.D
Sample Name: LL-10-48C
Acyg. Operator
Acig. Instrument
Injection Date
Aci. Method
Last changed

Instrument 1 Location : -
742172022 11:31:27 PN

C:ZCHEM3Z2N INMETHOD 5ADEF_LC. M

742142022 11:31:04 PN

(modified after loading)

Analwsis Method : C:ZCHEM3ZWIVMETHODS\DEF_LC.M

Last changed D 7/2Zf2022 10:13:11 AM
(modified after loadineg)
gauple Info : 0D-3, Hexane/i-Pr0H = 95/5, 0.8 ul/min, 30 of, 254 nm
DT &, Warwelen gt 254 fim [ ZHOU-T 20 ZNOZ 1547 1)
tiarm. |
00 4
150 4
@
100
50
_L,_ :
K]
o4
T T T T T T T T
0 ] 10 15 a0 6 0 35 4in min]
Area Percent Report
Gorted Bv H Himal
Multiplier: H 1.0000 BI’
Dilution: H 1.0000
Use Multiplier & Dilution Factor with I3TDs (@]
CO,Me
Sigmal 1: WDl &, Wavelength=254 nm EULLLEN \!
Peak RetTime Type Width Area Height Area — TN\
H

Tuin] fwin] wAU %3 [mAU 1 % S
el e l-===1----=- | | |

1 12.617 BY  0.2411 66.40042  4,23675  1.0209

2 13.145 Y 0.1952 So.2l764  4.57029  0.8951

3 20,645 BB 0.4385 12615016  4.50699  1.0402

1 39,936 BY  0.8360 6253.27637 11593504 06,1438

Totals : 6504, 08458 129, 24908

#*% End of Reporc %%

Instrument 1 7/22/2022 10:13:15 AN

(4-3cg

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZNDZ1529.D
SGample Mams LL-10-438D +/-

Aco. Operator H
Acg. Instrument
Injection Date 741972022 9:39:10 PH

Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M

Last changed i 771972022 9:37:20 FH

imodified after loading)

C:%CHEM32), 1\METHOD 84 DEF_LC.M

7/20/2022 3:16:36 AM

imodified after loading)

0D-3, Hexane/i-PrOH = 9446, 0.8 wh/min, 30 of, 254 nm

Instrument 1 Location : -

Analysis Method :
Last changed

Jamnle Info

T A, Wavelen ih=254 nm (ZHOU- F 70RO 520 T7
Harm. 7]
500
400
g
s
3004
il o
100 &
8 -
b 5
=
. i
o i 1 15 20 P 0 35 min
Area Percent Report
Sorted By Siemal
Multiplier: : 1.0000 OMe
Dilution: 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal l: VWDl A, Wavelength=254 mm

Peak RetTime Type Width Area Height Area
# Twind Mwinl wAU  *z Twdl 1 %
e R [ | | | |
1 13.387 BE 0.2705 932.42444 55.91043 7.0429
2 14.746 BE 0.2928 5998.19287 313.98233 43.0003
3 18.273 VB 0.4124 8930.43689 33.74031 7.1003 (+I')'3ch
4 32.16% BB 0.6657 5878,12354 138.77162 42.8565
Totals : 1.39492e4 542.40474

#%% End of Report #%%

Instrument 1 7/20 /2022 3:16:46 AN Page 1 of 1

S195

Data File C:%\CHEM32%1\DATA\ZHOU-22\YENOZ1528.1
Sample Name: LL-10-48D

Acg, Operator

Acq, Instrument : Instrument 1 Location -
Injection Date : 7/18/2022 §:54:08 PN
Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M
Last changed i 741972022 §:07:12 PH
(modified after loading)
Analysis Method : C:)\CHEM3ZY1\METHOD3\DEF_LC.M
Last changed : 7/20/2022 3:17:36 AM
(modified after loadineg)
Sample Info : 0D-3, Hexane/i-PrOH = 94/6, 0.8 ml/min, 30 oC, 254 nm
AT %, Viirwelen gih= 264 fim {ZHCI- 2 27 ZHIE T2 1)
Narm. |
200
T
150 4 £
100 4
50
g g g
2« =
0 LN =
0 i 10 15 20 P 5 35 ol
Area Percent Report
Gorted By Simmal
Multiplier: : 1.0000 OMe
Dilution: 1.0000

Use Mulriplier & Dilution Factor with ISTDs

signal l: VWDl A, Uavelength=254 mm

Area
5

Peak RerTime Type Width Area Height
# fminl fwin] mAT *= [malr 1
e l====l----—-- | |
1 13.330 BB 0.2765 56.67506 3.20063
2 14.732 BB 0.2897 20. 42396 1.08425
3 18.460 VB 0.4683 104, 38224 3.24607
4 31.954 BB 0.6648 5761.681055 133.98936
Totals 5943.29180 141.52031

0.9536
0.3436
1.7563
26,9465

(-)-3ch

##% End of Report ##%

Instrument 1 7/20/2022 3:17:46 MM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INDZ1725.D
Sample Name: LL-10-74A +/-

Acg. Operator H

Acg. Instrument @ Instrument 1

Injection Date 9/29/2022 9:03:32 PH

Acg. Method ACHEM32Y INMETHODSYDEF_LC.M
Last changed 9/29/2022 8:58:52 PM
(modified after loading)
C:nCHEM32) I\METHODSYDEF_LC.M
972972022 11:14:30 FM
imodified after loadineg)
OD-H, Hexane/i-Pr0H = 9674, 1.0 mL/min,

Analvsiz Method :
Last changed

Sample Info

Location :

30 of, 254 nm

T &, Wavelength=154 nm [ZH0 U230 ZN0Z 1729 07
Harm. 7]
250 -
200
=
150 @
1004 2
50|
z =
S 2
o
T T T T
i 5 10 15 20 min|
Area Percent Report
Me
dorred By Fimal
Malriplier: H 1.0000
Dilution: : 1.0000 CO,Me
Uze Multiplier & Dilution Factor with ISTD=s
Me
Sigmal 1: VWD1 A, Wawvelengrth=254 nm \H

Peak RetTime Type Width Area Height Area
#  luinl fwinl whU  #s  [wAU 1 5
il Rt [l Rttt | | | |

1 8,354 ¥¥  0.2272 277.44485 18.67989  4.9168

2 9,277 ¥B  0.2654 2550.08911 147,77696 45,1521

3 15.452 BB 0.5470 275.74170 7.57428  4.8866

4 20,080 BB  0.5712 2539.49609  £8.20557 45.0044
Totals i 5642,77176  242.23669

*%% End of Report **%

Instrument 1 9/29 /2022 11:14: 34 PN

Page 1 of 1

S196

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ1728.D
Sample Name: LL-10-744

Acyg. Operator

Acyg. Instrument @ Instrument 1 Location @
Injection Date i 9/28/2022 8:33:03 PH
Acqg. Method i C:ZCHEM32Y INMETHOD 5ZDEF_LC.M
Last changed : 9/29/2022 7:49:40 PM
(modified after loading)
Analwsis Method : C:3ZCHEM3ZWIVMETHODSZ\DEF_LC.M
Last changed : 872972022 11:15:41 PN
(modified after loadineg)
gauple Info : OD-H, Hexane/i-Pr0H = 98/4, 1.0 ul/min, 30 of, 254 nm
DT &, Warwelen gt 254 rim ([ ZHOU-T 20 ZNOZ 1722 0]
Harm. 7]
40
300
250
200 - =
150
100
50
T oo 2
5 8 P4
S o =
o e
T T T T
0 5 10 15 20 min|
Area Percent Report
Gorted Bv Himal
Multiplier: H 1.0000
Dilution: 1.0000

Use Multiplier & Dilution Factor with I3TDs

Sigmal 1: WDl &, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 *
el R |l R 1 1 1
1 §.374 VB 0.2196 46, 53564 3.28737 0.6383
2 2.309 BB 0.2758 27.89707 1.53160 0.3802
3 15.539 BB 0.4939 47.86770 1.43521 0.6524
4 20.120 BB 0.5762 7214.99951 194.17969 95.3291
Totals : 7337.60013 200, 50386

#*% End of Reporc %%

Instrument 1 9/29/2022 11:15:45 P

Me

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZNDZ1715.D
SGample Mams LL-10-74B +/-

Aco. Operator H
Acg. Instrument
Injection Date 9/25/2022 9:40:16 PH

Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M
Last changed i 972872022 8:27:29 M
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
9/30/2022 10:27:10 AM
imodified after loading

Instrument 1

Analysis Method :
Last changed

Jamnle Info

Location : -

1
ID+IC, Hexane/i-FrOH = 94/6, 1.0 nL/win, 30 oC, 254 om

T A, Wavelenih=254 nm (ZHOU- FT0WZH0Z 175 17
Marm. ]
160
140
120
- =
100 - 2 =
3 g
204
60
40
Boog
P I3 E
i JoA MM,
0 1 20 30 @ 50 min
Area Percent Report
Sorted By Siemal o
Multiplier: : 1.0000 Ph
Dilution: 1.0000 CO,Me

Use Multiplier & Dilution Factor with ISTDs

Signal l: VWDl A, Wavelength=254 mm

Peak RetTime Type Width Area Height Area
# Muind minl wAD *z Twal 1 %

R [ I I I
1 35.527 BE 0.6267 544.41461  13.44718  4.5149 .
2 38.502 BB 0.7234 538.08063  11.44043  4.7589 (+/-)-3cj
3 42.83L VB 0.8775 5104.59961  88.40113 45,1458
4 46,831 BY  D0.8599 5l10.8l3a8  91.58820 45,2804

Tatals : 1.13069e4  204.87693

#%% End of Report #%%

Instrument 1 9/30/Z022 10:27: 12 AN

Page 1 of 1

S197

Data File C:%\CHEM32%1\DATa\ZHOU-22\YEN0Z21734.1
Sample Neame: LL-10-74B

Acg, Operator
Acqg, Instrument
Injection Date
Aciqg. Merthod
Last changed

Instrument 1

9/30/2022 12:25:01 AM
C:yCHEM3Z2Y INMETHOD 3\DEF_LC. M
9/28/2022 11:54:09 FN
(modified after loading)
C:\CHEM3Z2Y 1\METHOD 3\DEF_LC. M
9/30/2022 10:23:42 AM
(modified afrer loadineg

inalysis Method
Last changed

Fample Info

Location : -

1
ID+IC, Hexane/i-PrOH = 9476, 1.0 wlhi/min, 30 o, 254 nm

AT %, Viirwelen gih= 264 fim {ZHCI- 2207 ZH0 T73 17
Marm, ]
120 4
100
20 - -
@
60 -
40 -
204
a
s i 5
o] . 8 ¥
0 10 20 50 © B
Area Percent Report
Gorted By Simmal
Multiplier: : 1.0000 Ph
Dilution: 1.0000

Use Mulriplier & Dilution Factor with ISTDs

signal l: VWDl A, Uavelength=254 mm

Peak RerTime Type Width Area Height
#

fminl fwin] mAT *= [malr 1
| | |

1 35.755 BB 0.6426 43.35707 9.66871e-1
2 38.749 BB 0.7249 145.61395 3.07175
3 43.114 VB 0.8617 361Z.06421 66, 17366
4 47.407 BB 0.5337 10, 54632 Z.52585e-1
Totals 4011. 58155 70. 46507

1.0803
3.6298
95,0265
0.2629

(-)-3cj

##% End of Report ##%

Instrument 1 9/30/2022 10:Z3: 55 AN

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INDZ1557.D

Sample Name:

LL-10-53E

+/-

Acg. Operator H
Acg. Instrument @
Injection Date
Acg. Method
Last changed

Analvsiz Method :
Last changed

Sample Info

Inatrument 1

772972022 2:53:24 AM
ACHEM32Y INMETHODSYDEF_LC.M
7/29/2022 2:52:48 AM
(modified after loading)
C:WCHEM32) 1\METHODSYWDEF_LC.M
772972022 4:35:49 AM
imodified after loadineg)

Location : -

IC, Hexane/i-FrOH = 94/6, 1.0 ml/min, 30 of, 254 mu

T A,

00

400

300 4

200

100+

ralen GR=T54 i (ZA-

TZHIT 1587 Iy

19.838

> 17877

22.160

ES 7 15023

Area Percent Report

dorred By
Malriplier:
Dilution:

Fimal
H 1.0000
1.0000

Uze Multiplier & Dilution Factor with ISTD=s

Sigmal 1: VWD1 A, Wawvelengrth=254 nm

Peak RetTime Type
#  Twin]

1 15.023 BB
2 17.877 BV
3 19.638 ¥V
4 22.160 VE

Totals :

Width Area Height Area
fwinl m&U  #s (w0 7 £l
|
0.5436 1811,80005 49,99577 8.0487
0.4428 1806,43420 63.45760 8.0248
0.5112 9447.49902 287.71786 41.9691
0.5446 9444.86135 270.23135 41.9574
2.25106ed 671.40258

*%% End of Report **%

Instrument. 1 7/29 /2022 4:35:55 AM

(+1-)-3ck

Page 1 of 1

5198

Data File C:\CHEM3241
Sample Name: LL-10-53

WDATALZHOU-22\VENDZ1585.D
E

Acyg. Operator
Acig. Instrument
Injection Date
Aci. Method
Last changed

Analvsis Method
Last changed

Gample Info :

Instrument 1

742972022 3128115 AN
C:ZCHEM3Z2N INMETHOD 5ADEF_LC. M
T/29/2022 3:26: 16 AM
(modified after loading)
C:WCHEM3ZN INMETHOD A DEF_LC. M
TA2BFZ02Z 4:34:04 AN
(modified after loadineg)

IC, Hexsne/i-PrOH = 94/6, 1.0

Location : -

wl/min, 30 of, 254 mm

WO A,

600

500

400

300

00

100 4

Flen =154 rim (ZHT-

e AR

32785

16708
13.471
20426

Area Percent Report

Gorted Bv
Multiplier:
Dilution:

Himal
H 1.0000
1.0000

Use Multiplier & Dilution Factor with I3TDs

Sigmal 1: WDl &, Wavelength=254 nm

Peak RetTime Type
fminl

1l 15.798 VB
2 18.471 BB
3 20.486 BB
4 22.735 BB

Totals :

TWidth Area Height Area
fwin] miUT *s  [wiU ] =
|

0.6727 173.94283 3.61031 1.3408
0.4384 339.25488 1z.0z2127 2.6150
0.5023 89.74254 2.76555 0.6917 (-)-SCK
0.5372 1.23705e4 357.86490 95,3525

1.29734ed 376.26203

#*% End of Reporc %%

Instrument 1 7/29/2022 4:34:038 AM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥ZNDZ1555.D
SGample Mams LL-10-53C +/-

Aco. Operator H
Acg. Instrument
Injection Date 7/28/2022 11:13:46 PH

Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M
Last changed io7/2B8/2022 11:11:35 PM
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
7/29/2022 4:48:25 aM
imodified after loading)

Instrument 1

Analysis Method :
Last changed

Jamnle Info

Location : -

0D-3, Hexane/i-PrOH = 9347, 0.6 wh/min, 30 oC, 254 nm

AT &, Wavelen gih=3 54 nm (ZHO -2 37 ZN03 1585 T

00 A

600

500 -

11635

400

300

200

100 -

10883

24908

Area Percent Report

3orted By
Maltiplier: 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal

Signal l: VWDl A, Wavelength=254 mm

Peak RetTime Type Width Area Height Area
# Twind Mwinl wAU  *z Twdl 1 %

e R [ | | |

1 10.983 ¥v 0.1991 £58.74353 50.87207 5.3293

2 11.635 VB 0.2163 5523.64544 393.20840 44,6365

3 15.134 WV 0.2871 649.02606 34.62311 5.2507

4 24,908 VB 0.4777 5529,368184 180.06413 44,7332

(+1-)-3cl

Totals : 1.2360Ge4 6558.76772

#%% End of Report #%%

Instrument 1 7/29 /2022 4:45:20 AN

Page 1 of 1

S199

Data File C:%\CHEM32%1\DATa\ZHOU-22\YEN0Z1584.1
Sample Neame: LL-10-53C

Acg, Operator
Acqg, Instrument

i Instrument 1
Injection Date =

/28/202z 10:38:21 PN
Y CHEM32Y INMETHOD 3\DEF_LC. M

I
7
Aciqg. Merthod C
7428/2022 10:37:54 PN
[
C
7
[¢

Last changed
wodified after loading)

Y CHEM3Z2Y 1\METHOD 3\ DEF_LC. M
/2972022 4:46:30 AM
modified afrer loading)

inalysis Method
Last changed

Fample Info

Location : -

: 0D-3, Hexane/i-PrOH = 83/7, 0.8 ml/min,

30 oC, 254 nu

T A, Tiavelengih= 54 nm ZHOT- 2207 2RI 1684 10

400

300

00

1004

11172
11864

16376

25.200

Area Percent Report

Sorted By
Multiplier: 1.0000
Dilution: H 1.0000
Use Mulriplier & Dilution Factor with ISTDs

Hignal

signal l: VWDl A, Uavelength=254 mm

Peak RerTime Type Width Area Height Area
# fminl fwin] mAT *= fwdl 1 %
e l-===l----=-- | |
1 11.173 BV 0.2393 129.538018 8.21898 1.6320
2 11.864 VB 0.2325 64, 47473 4.24672 0.&8120
3 15.376 BV 0.3116 113.67928 5.55368 1.4317
4 25.390 VW 0.46668 7632.28809 244,31071 96.1243
Totals T7940. 02232 26Z.33011

##% End of Report ##%

Instrument 1 7/29/2022 4:46:33 MM

(-)-3¢l

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\¥INOZ1630.D
Sample Name: LL-10-63A +/-

Acg. Operator H

Acg. Instrument @ Instrument 1

Injection Date G/25/2022 11:00:22 M

Acg. Method ACHEM32Y INMETHODSYDEF_LC.M

Last changed 8/25/2022 10:59:11 BH
{modified after loading)
C:4CHEM32) 1Y METHOD S\ DEF_LC. 1
§/26/2022 3:11:16 FH

(modified after loadineg)

Analvsiz Method :
Last changed

Sample Info

Location : -

: AD-5, Hexane/i-Pr0OH = 97/3, 0.5 nl/min,

30 of, 254 nm

O A, Wavelen gth=258 nm (ZH0 0-2 2 ZH0Z 630 07
Harm.
250
200
&
150 = 8
100 4 Z -
= B
504
o
T T T T T T T T T
o 25 & 75 10 128 15 176 mn 326 min|
Area Percent Report
Sorted By Giomal
Malriplier: H 1.0000
Dilution: : 1.0000
Use Multiplier ¢ Dilution Factor with ISTDs
Sigmal 1: VWD1 A, Wawvelengrth=254 nm
Peak RetTime Type Width irea Height Area
#  Tuin] fmin] wAU  *3  [wAlU %
e R I I |
1 18,041 ¥¥ 0.2632 1408.25598  82.500%2 18,0563
2 18.828 ¥V 0.2746 2500,16602 140,51218 32,0565
3 19,828 ¥V 0.2947 2508.90479 131.92908 32,1685
4 20.873 VB 0.3121 1381.92310  €9.06464 17.7187 (+/-)-3cm
Tatals i 7799.24988  424.00681

*%% End of Report **%

Instrument. 1 &/26/2022 9:11:27 PM

Page 1 of 1

S200

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZ1629.D
Sample Name: LL-10-634

Acyg. Operator

Acyg. Instrument @ Instrument 1 Location @ -
Injection Date i 8/25/2022 10:31:46 P
Acqg. Method i C:ZCHEM32Y INMETHOD 5ZDEF_LC.M
Last changed : 8/25/2022 10:13:46 PN
(modified after loading)
Analwsis Method : C:ZCHEM3ZWIVMETHODS\DEF_LC.M
Last changed D 8/26/2022 9:29:54 PN
(modified after loadineg)
gauple Info : AD-3, Hexane/i-Pr0H = 97/3, 0.8 ul/min, 30 of, 254 nm
DT &, Warwelen gt 254 fim [ ZHO-T 207 ZN0Z 1623 1)
Harm
00 -
150 4
8
100 §
50
g £
ER] &
2 H
o ]
T T T T T T T T
0 25 8 75 10 125 15 175 i) 335 min
Area Percent Report
Gorted Bv Himal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with I3TDs
CO,Me
Sigunal 1: VWDl &, Uavelength=254 mm L
\ Me
Peak RetTime Type Width Area Height Area —-—\
Tmini fwinl mAU  *3  [mhU 1 % S H
el R |l R 1 1 1 |
1 1g.029 VW 0.2715 188.61549 10.68129 7.2438
2 18.824 VW 0.2767 30.36503 1.68906 1.1662
3 19.820 VW 0.2953 2274.955874 117.72143 §7.5704
4 20.874 VB 0.3135 109.&7061 5.39045 4.2196 (_)_3cm
Totals : 2603, 80988 13548223

#*% End of Reporc %%

Instrument 1 3/26/2022 9:31:10 FM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-22\YINOZZ2504.D

Sample Name: LL-12-Z1B

+/-

Acg. Operator :
Acqg. Instrument
Injection Date
Acg. Method
Last changed

Analysis Method :
Last changed

Hample Info

Instrument 1

47272023 4:16:47 AN

A CHEM32) IZMETHODSYWDEF_LC.M
47272023 3:58:060 AM
imodified after loading)
C:%\CHEM32), 1\METHOD 84 DEF_LC.M
4/7/2025 8:20:59 AM
(modified after loading)

: AD-H, Hexane/i-PrOH = 964, 1.0 ul/min,

Location :

30 of, 254 nn

SANDT

350 4

00+

250 -

200+

150

100 o

50

welengih=

2 m (ZAU T 2T ZHIZ 20 )

12207

Area Percent Report

dorred By
Malriplier:
Dilution:

Fimal
H 1.0000
H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Sigmal 1: VD1 &4, Wawvelength=254 nm

Peak RetTime Type Width Area Height Area
# Tmin] min] wAD 3 [maT 1 %
e R [ | | |
1 1l.782 ¥V 0.2461 334.03217 £5.33675 10.0786
2 13.897 EEB 0.2779 3541.40186 197.28014 40.3747
3 15.213 EB 0.2954 885,45581 45.20324 10,0949
4 17.045 BB 0.3474 3460.45874 154.38235 39.4518
Totals : 8771.34557 452.20243

**% End of Report **%

Instrument 1 4/7/2023 §:21:08 AW

(+19-3cn

Page 1 of 1

Data File C:\CHEM32%1\DATA\ZHOU-22\VINOZZ335.D

Sample Name:

LL-12-Z1B

Acg. Operator
Acqg. Tnstrument
Injection Date
Acig. Merhod
Last changed

inalysis Method
Last changed

Fample Info

Instrument 1

4/7/2023 2:06:13 AN
C:yCHEM3ZY INMETHOD 3ZDEF_LC. M
4/7/2023 1:43:00 AN
(modified after loading)
C:\CHEM3Z2Y 1\METHOD 3\DEF_LC. M
4/7/2023 8:22:14 AN
(modified after loadineg)
AD-H, Hexane/i-PrOH = 96/4, 1.0 ml/min,

Location :

30 oC, 254 nu

S201

DT rvelen gt 259 nim (ZH - 225 200 1)}
Marm. 7]
00
600
400 -
k]
IS
400 =
300
00 4
=
100 4 - o ]
8 = ks
= ]
0
T T T T T T
4 B ] 10 12 14 16 min|
Area Percent Report
Gorted Bv Himal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs COzMe
Signal 1: WDl &, Wavelength=254 rm
Peak RetTime Type Width Area Height Area s 'M
#  lmin] fwin] ma %5 [wAU 1 % e
— oo | ===l mmmmme | | | I
1l 11.821 BV 0.2516 252.20267 16.90334 2.6509
2 13.872 BB 0.2823 473.63223 26.01080 4.4492
3 15.289 BB 0.3257 954,33020 44, 54163 §.9647 (.).3cn
4 17.136 BB 0.3544 §935.21973  392.48340 G§3.9352
Totals 1.06454ed 479, 93596

**%* End of Report =%%

Instrument 1 4/7/2023 3:23:10 AM

Page 1 of 1




Data File C:\CHEM32)1\DATA\ZHOU-Z22\¥ZN0Z1015.D
SGample Mams LL-9-57C +/-

Aco. Operator H
Acg. Instrument
Injection Date 472172022 9:12:55 MM

Acg. Method 4 CHEM32V INMETHODSYDEF_LC.M
Last changed i 472172022 3:06:36 AN
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
1/6/2025 8:34:42 PM
(modified after loading)

Instrument 1

Analysis Method :
Last changed

Jamnle Info

Location : -

IA, Hexane/i-FrOH = 946, 1.0 nL/min, 30

ol, 254 nu

AT velen gii=2 59 fim (ZHI0 (-2 28 ZHOZ 1078 103
Harm. |
0 -
60 -
&
= ]
b 3
E
40 -
20 4
o
o 7 H I g 10 12 [ 18 i
Area Percent Report
Sorted By Signal
Maltiplier: H 1.0000 fo)
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs EWG
Signal 1: VWD1 A, Wawelength=254 nm ‘
Ph
Peak RetTime Type Width Area Height Area S
#  Tuin] fminl wal 7z [wkD 1 % Ph
—mmm e | === | mmmmmm - I I I | <
1 15.326 BV 0.3032 973.04175 45.52695  49.85425 *
2 1A.336 VE 0.3318 979.19135 45.12582  50.1575 H H
Totals : 1952,23308  93.65277 (+/-)-4aa

*%% End of Report **%

Instrument 1 1/6/2023 6:34:47 P

Page 1 of 1

5202

Data File C:%CHEM32%1\DATA\ZHOU-22\YENOZ1016.T
Sample Neame: LL-9-57C

Acg, Operator

Acq, Instrument : Instrument 1 Location -
Injection Date : 4/21/2022 9:32:34 AN
Acyg. Method : C:ZCHEM32Y 1\METHOD 3\DEF_LC.M
Last changed i 442172022 9:31:05 AM
(modified after loading)
Analysis Method : C:)\CHEM3ZY1\METHOD3\DEF_LC.M
Last changed : 1/6/2023 §:35:12 PH
(modified after loadineg)
Sample Info : IA, Hexane/i-Pr0OH = 94/6, 1.0 ul/win, 30 oC, Z54 mm
AT rwelen gih=£54 fim [ ZHCI-2 27 2N TOT6 1)
Marm. ]
600 -
400 -
400 4 E
@
300
200 |
100 T
b
i
0 z H g 5 10 12 13 15 i
Area Percent Report
Gorted By Simmal
Multiplier: H 1.0000 o
Dilution: H 1.0000
Use Mulriplier & Dilution Factor with ISTDs EWG
Signal l: ViD1 A, Wavelength=254 nm ‘
Peak RerTime Type Width Area Height Area S Ph
# minl fwinl wAT *s  [wdU 1 % Ph
— e | ===l mmmmme | | I *
1 15.244 BV 0.3005 &57.08240 33.45493 §.0540 o:<
2 16.247 VB 0.3304 7501.424580 347.53792 91.9460 H H
Totals : 8158, 50720 381.04285 (-)-4aa

#*% End of Reporc %%

Instrument 1 1/6/2023 8:35:13 M

Page 1 of 1




Data File C:\CHEM32)1\DATA\IHOU-Z2\TINOZ1G72.D

Gample Name: LL-11-4 +/-
Aca. Operator
Acg. Instrument : Instrument 1 Location & -
Injection Date 10/24/2022 10:30:45 PI
Acrg. Method 4 CHEM32\ 1Z\METHOD S84 DEF_LC.M

10/24/2022 10:29:24 P
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
l0/24/2022 11:53:01 PO
fmodified after loading)

Last changed H

Analysis Method :
Last changed H

Sample Info i AD-3, Hexane/i-PrOH = 70/30, 0.7 nL/win, 30 oC, 254 om
AT elen G759 nim (ZAO -2 W 2RO TE7T 107
Harm. ]
1601
1401
1204
$q
100 4 =& s
§ z
&
20 2
@
&
60 -
40
04
P Wy U N N
T T T T T T
i 5 10 15 0 5 30 35 min
Area Percent Report
Sorted By Sicmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
CO,Me
Higmal 1: VWDl A, Wavelength=254 nm 1 Ph
Peak RetTime Type Width Area Height Area \:-3
# [min nin] whO *3 [Tl 1 % S Ph H
B [ S | | | I
1 19.443 ¥V 0.3459 2128.38426 94.98555 21.3251 (o]
2 20,32z Vv 0.3698 2130,66040 86.91367 21,3479 +/
3 27.918 VB 0.5186 2875.06445 84.64687 28.85064 ( ~
4 32.965 VE 0.6695 2846.55029 £5.57654 28.5207
Totals & 9980.65942  334.12463

**% End of Report **%

Instrument 1 10/2472022 11:53:05 PM

Page 1 of 1

5203

Data File C:\CHEM32%1WDATANZHOU-ZZ\TZINOZ1371.D
Sample Name: LL-11-4

Acg. Operator

Acig, Instrument : Instrument 1
Injection Date : 10/24/2022 9:50:34 PM
Acg. Method : C:\CHEM3Z2Y 1\METHOD 3\DEF_LC.M

1042472022 9:29:28 PN
(modified after loading)
C:3CHEM3Z2Y 1\METHOD 3\DEF_LC. M
10/24/2022 11:54:40 PH
(modified after loadineg)
AD-3, Hexane/i-PrOH = 70/30,

Last changed

Analysis Method
Last changed

Hample Info :

Location : -

0.7 whi/min, 30 oC, 254 nm

T rulen gif= 254 fim [ ZHO-Z 20 ZHOZ 1871 10
tiarm. |
400 -|
300 4 g
00
100 4
=
5z T
a5 2
ERN Bl
o
T T T T T T T
0 5 10 15 0 5 30 35 min]
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Mulriplier & Dilution Factor with ISTDs O
Signal l: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [minl fwin] malT *s [mAIT 1 % S
el |l 1 1 | N
1 19.247 BV 0.3477 64.40138 3.78293 0.9343 (o)
2 20.119 VB 0.3672 331.54840 14,11645 J.6701
3 27.606 BB 0.5067 S566.81055 264.04214 94.5519 (')'5
4 3zZ.694 BB 0.7352 50.92006 1.03840 0.5637
Totals : 9033.68038  282,97992

**%* End of Report =%%

Instrument 1 10/24/2022 11:56:26 PN

Page 1 of 1




Data File C:\CHEM3ZY1\DATAYZHOU-Z2\¥YZNOZ1841.D
Sample Name: LL-11-5 +/-

Aco. Operator H
Acg. Instrument :
Injection Date
Acg. Method
Last chancged

Instrument 1
10/22/2022 3:08:51 &M
\CHEM32',14\METHOD $YDEF_LC.M
10/22/2022 3:04:06 &M
{modified after loading)
C:%CHEM32) 1Y\ METHOD S \DEF_LC. 1
10/22/2022 10:51:46 P
{modified after loading)

Analvsiz Method :
Last changed

Sample Info

Location :

IC, Hexane/i-PrOH = 65/35, 0.8 ml/min, 30 of, 254 nm

T A F nim (ZHO 0T ZNOT T84T )
Harm. ]
160
140
120
100 g
=
0 -
50 -1
g
40 =
5
= 5
T @
20 A &
N IV A
o : ) 15 0 = n a5 @ i
Area Percent Report
Jorted By H Siemal
Malriplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
CO,Me
Sigmal 1: VWDl A4, Wavelength=254 nm W
Peak RetTime Type Width irea Height hrea —
#  ruin] fwinl wAll  *z  [uwdU ] % ,S. Ph
—mmm e | === | mmmmmm - I I | o o
1 17.274 BE 0.4320 715.35370 25.74029 8.9740
2 22.862 BE 0.5539 3294.61182 86.98576  41.3303 (+/')-G
3 Z6.627 BB 0.6896 700.55835 15.74153 §.7884
4 40,905 BB 1.0814 3260.80473 46.85238  40.9074
Totals : 7971.42565 175.31795

**%* End of Report **%

Instrument 1 1072272022 10:51:52 PM

Page 1 of 1

S204

Data File C:%CHEM3ZY\1\DATA\ZHOU-ZZ\TZN0Z1840.D
Sample Neame: LL-11-5

Acg. Operator

Acq. Tnstrument : Instrument 1 Location : -
Injection Date : 10/Z2/2022 2:15:24 AM
Acyg. Method @ C:VCHEM3ZW IVMETHOD SZDEF_LC.M
Last changed : 10/22/2022 1:41:04 aM
(modified after loading)
Analvwsis Method : C:VCHEM3ZWIVMETHODS\DEF_LC.M
Last changed : 10/22/2022 10:53:50 PM
(modified after loadineg)
Gample Info : IC, Hexane/i-PrOH = 65/35, 0.8 nL/min, 30 of, 254 nm
VWO A, A ( ZHOU- 7207 202 1540 10
Harm,
300~
50 -
200
g
T
150 4
100
40 =]
o 2
2 E g
= i
i
i g 10 1 20 2 B 35 P 45 min
Area Percent Report
Sorted By H Simmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTD=
CO,Me
Sigmal 1: WDl &, Wavelength=254 nm o Ph
AN
Peak RetTine Type Width irea Height irea i.j\
& [win] fwin] m&U  *s  [mAU ] % ,S_ "Ph H
— e | ===l mmmmme | | I N
1 17.192 EB 0.4332 159.04973 5.70z20 1.3105 o) (0]
2 22.781 BB 0.6010 60. 96554 1.57159 0.5023 6
3 26.550 BB 0.7082 G0§.95935 17.68644 6.6653 ()
4 40.849 BB 1.1047 1.11078%e4 157.05879 91,5218
Totals 1.21369e4 182.21943

*** End of Report ***

Instrument 1 1072272022 10:55:27 P

Page 1 of 1




Data File C:\CHEM32)1\DATA\IHOU-Z2\TINOZ1917.D

dample Name: LL-11-16 +4-
Aca. Operator
Acg. Instrument : Instrument 1 Location & -
Injection Date 10/30/2022 3:52:27 AM
Acrg. Method 4 CHEM32\ 1Z\METHOD S84 DEF_LC.M

Last changed

Analysis Method :

Last changed

i 103072022 3:50:56 AM
imodified after loading)
C:%CHEM32), 1\METHOD 84 DEF_LC.M
: 10/30/2022 4:16:07 AM
(modified after loading)

Sample Info i AD-H, Hexane/i-PrOH = 95/5, 1.0 wh/min, 30 of, 254 nm
AT elen gif=759 nim (ZAO -2 W ZHOZ TaT7 107
Harm,
250
it -
150 =
T
*
100 4
40
o
T T T T T T
i 25 5 75 10 125 15 175 min
Area Percent Report
Sorted By Sicmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
M
Signal 1: VWD1 A, Wavelength=254 nm CO,Me
dIan Ph
Peak RetTime Type Width Area Height Area \_/>
# [min nin] whO *3 [Tl 1 %
el e [l Rt | | | 1 S Ph
1 11.701 VB 0.2371 2156.65771L 1389.52283  50.6865
2 14,423 ¥¥ 0.3026 2081,51245 105.66568 49,1135
(+-)-7
Totals : 4238.17017 245.18861

*%% End of Report **%

Instrument 1 10/3072022 4:16: 15 AN

Page 1 of 1

Data File C:\CHEM32\1WDATA\ZHOU-ZZ\TINOZ13816.D
Sauple Name: LL-11-16
Acg. Operator H
Acig, Instrument : Instrument 1 Location : -
Injection Date : 10/30/2022 3:28:32 AM
Acg. Method : C:\CHEM3Z2Y 1\METHOD 3\DEF_LC.M
Last changed s 1073042022 3:04:05 AM
(modified after loading)
Analysis Method : C:)\CHEM3ZY1\METHOD3\DEF_LC.M
Last changed : 10/30/2022 4:17:32 an
(modified after loadineg)
Sample Info i AD-H, Hexane/i-PrOH = 95/5, 1.0 ml/min, 30 oC, 254 nm
T rwlen gif= 254 fim [ ZHO-2 207 20 1916 17
Harmn. 7]
100
80+
g
il
60 -
40
20+
@
. =
T T T T T T
o 15 i 75 10 125 15 175 min]
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Mulriplier & Dilution Factor with ISTDs
. OH
Signal 1: WWD1 &, Uavelength=254 nm CO,Me
Peak RetTine Type Width Area Height Area o Ph
# [minl fwin] malT *s [mAIT 1 % \_/>
el R |l R 1 1
1 11.703 VB 0.2459 19.75402  1.21869  1.63l1 S Ph
2 14.428 BB 0.3005 1191.35352 61.03853 98,3689
Totals : 121110754 £2.25722 (+)-7
#*% End of Reporc %%
Instrument 1 10/30/2022 4:17:48 AN Fage 1 of 1

S205




Data File C:\CHEM3ZY1\DATAYZHOU-Z2\¥YZNOZZ147.D
Sample MName: LL-11-44 +/-

Aco. Operator H
Acg. Instrument :
Injection Date
Acg. Method
Last chancged

Instrument 1 Location : -
11/30/2022 11:30:47 BN

\CHEM32',14\METHOD $YDEF_LC.H

1143042022 11:29:14 P

{modified after loading)

C:\CHEM323 1Y METHOD S\ DEF_LC. M

12/1/2022 2:31:03 &M

{modified after loading)

TAtAS-H, Hexane/i-Pr0E = 95/5, 0.8 ul/uin, 30 of, 254 n
s

Analvsiz Method :
Last changed

Sample Info

DT A, Uavelength=3 54 nm (ZHOU-2 2WZND2 2147 D)
Hom
00
400
prd
200 3 «
o 2
&
00
&
=+ o
100 Tz =
z
o
T ; ; T y T T T
10 0 30 40 a0 60 70 80 min|
Area Percent Report
Sorted By H Sigmal
Multiplier: H 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWD1 4, Wavelength=254 nm CO,Me
Pealr RetTime Type Width Area Height Area N
#  [uin] [win] mAl *s  [wkD ] %
R R QS | | |
1 46.478 BE  0.8766 4460.64746  77.35817  8.8316 S Ph
2 62.054 BV  1.1644 2.06926e4  272.83978  40.9695
3 64.322 VB 1.1556 4356.79199  50.02239  6.6260
4 72.605 BB 1.3270 2.09975e4  244.75700 4l.5729 (+/-)-8
Tatals 5.05077e4  652.97735

*%% End of Report **%

Instrument 1 127172022 Z:31:11 AN

Page 1 of 1

S206

Data File C:%CHEM3ZY1\DATANZHOU-ZZ\TEZNOZ2146.D
Sample Neame: L1-11-44

Acg. Operator
Acqg. Tnstrument
Injection Date
Aci. Merthod
Last changed

Instrument 1
11/30/2022 9:53:50 PN
C:\CHEM32Y L\METHOD $3DEF_LC.H
11/30/2022 9:51:30 P
tmodified after loading)
C:\CHEM32Y L\METHOD $\DEF_LC.H
12/1/2022 2:28:53 AN
tmodified after loadineg)
T4th$-H, Hexane/i-PrOH = 95/5,
m

Analvsis Method :
Last changed H

Gample Info :

Location : -

0.8 ml/min, 30 of, 254 n

SANTIT f, iawelen gih= 254 nm (ZH 02 20 2HOZ 2146 1)
Parmn
300 4
50 |
200 | 2
=
150 4
100 4
50
. @@
% 28
0 22
T T T T T T T
1 m 30 a0 50 an 70 20 min)
Area Percent Report
Sorted By H Figmal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTD=
OH
Signal l: ViD1 A, Wavelength=254 nm CO,Me
Peak RetTime Type Uidth Area Height Lrea AN Ph
[min] [min] mAT *3 [malT 1 £ —
"""""""" ! ! s~ Ph >
1 46.367 BB 62. 76163 1.09z244 0.4z08 H
2 6z.018 BV 68.22823 3.22701le-1 0.4573
3 63.878 VB 235.30170 3.15277 1.5770
4 7zZ.164 BB 1.2935 1.45549e4 172.420585 97.5451 (-)'8
Totals 1.49zZ1z2ed 177.535876

#*% End of Report %%

Instrument 1 12/1/2022 2:28:56 AM
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