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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. Commercially available reagents were used without
further purification. Solvents were treated prior to use according to the standard methods. 'H
NMR, "“C NMR spectra were recorded at room temperature in CDCl; or DMSO-dg on 400 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 Pyrazin-2-ol Derivatives

The pyrazin-2-ol derivatives 1 could be synthesized in two methods. One is from commercially
available dichloropyrazine through 2,3-diarylpyrazines intermediate S1 according to the literature
procedure.' Subsequently, pyrazin-2-ol derivatives could be prepared from the intermediate S1
through oxidation and rearrangement according to the literature procedure with slight modifica-
tion.” The pyrazin-2-ol derivatives 1a,** 1¢,*® 1e,** 1j,>* 1n* and 10* are the known compounds.
The other is from readily available 1,2-diketone and glycinamide hydrochloride according to the

literature procedure,’ b 5,6-di-m-tolylpyrazin-2-ol 1b could be conveniently prepared.

NaOH Me O AN

o
+ .
HZN)K/NHz HOl ——————= | /]\

MeOH, reflux Me O N” “OH

1b

Typical procedure: Under the nitrogen atmosphere, 1,2-di-m-tolylethane-1,2-dione (1.195 g,
5.0 mmol), glycinamide hydrochloride (0.663 g, 6.0 mmol), sodium hydroxide (0.480 g, 12.0
mmol) and methanol (10 mL) were added to a dry flask. This mixture was heated under reflux for
3 hours. Then, the temperature of the flask was cooled to room temperature, concentrated
hydrochloric acid (1.0 mL) was added to this mixture, and stirring was performed for 30 minutes.
Subsequently, the mixture pH was adjusted to 7 with the saturated potassium bicarbonate solution.
Filtration was performed to give a solid, and washed with water and cool methanol. The crude
product was recrystallized with toluene to give pale yellow solid.

5,6-Di-m-tolylpyrazin-2-ol (1b): 0.845 g, 68% vyield, pale yellow solid, new compound, mp:
178-179 °C, R¢ = 0.49 (ethyl acetate). '"H NMR (400 MHz, DMSO-dg) 6 12.17 (s, 1H), 8.12 (s, 1H),
O 7.24-7.16 (m, 4H), 7.09-7.02 (m, 3H), 6.91 (d, J = 7.2 Hz, 1H), 2.26 (s,
Me /Nl 3H), 2.21 (s, 3H). *C NMR (100 MHz, DMSO-d¢) & 157.3, 138.3, 137.9,
Me SN on 137.4, 1306, 130.2, 130.0, 128.5, 128.3, 128.0, 127.2, 126.8, 21.5, 21.4.
O HRMS Calcu- lated for C;gH;7;N,O [M+H]+ 277.1335, found 277.1332.
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ArB(OH),

[N\j:c' Pd(PPhy),, KF+2H,0 [NIAF 1) m-CPBA, CHCl, J:/NIN
N ¢l Toluene/H;0, 95 °C N">ar 2 (CF3C0),0, DMF HO™ SN Ar
s1 1

General procedure: Under nitrogen atmosphere, aryl boronic acid (22.0 mmol) was added to a
mixture of 2,3-dichloropyrazine (1.490 g, 10.0 mmol), Pd(PPh3)4 (116 mg, 0.10 mmol, 1.0%),
toluene (20 mL) and water (20 mL). The resulting solution was heated at 95 °C for 10 min. Then,
the mixture was cooled down to room temperature. Next, potassium fluoride dihydrate (2.071 g,
22.0 mmol) was added in one portion. The mixture was stirred and heated at 95 °C until the
starting material was consumed. After cooling to room temperature, organic phase was separated.
The aqueous phase was extracted with ethyl acetate. The combined organic layer was washed with
brine, dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel using hexanes/ethyl acetate as eluent to
give the S1.

Subsequently, m-CPBA (1.908 g, 9.4 mmol, 85% wt) was added to a solution of S1 (7.2 mmol)
in chloroform (15 mL) at 0 °C. After stirring for 1 h, TLC indicated that the reaction finished.
Sodium thiosulfate solution (8.0 mL) was added to the reaction mixture. The organic phases were
separated. The aqueous phase was extracted with dichloromethane. The combined organic layer
was washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated. This crude
product was immediately used for the next step without further purification.

Next, trifluoroacetic anhydride (6.049 g, 28.8 mmol) was added to the solution of the above
crude product in anhydrous DMF (3.0 mL) at 0 °C. The reaction mixture was stirred at 25 °C for
12 h. Then the mixture pH adjusted to 7 with saturated sodium bicarbonate solution and stirred for
2 h. Filtration was performed to give a solid. The solid was dissolved in dichloromethane and the
solution was dried over anhydrous sodium sulfate, filtered and concentrated under the reduced
pressure. The residue was purified by flash column chromatography using hexanes/ethyl acetate as
eluent to give the desired products 1.

5,6-Bis(3-methoxyphenyl)pyrazin-2-ol (1d):
0.978 g, 32% yield (three steps), pale yellow solid, new compound, mp: 197-198 °C, Ry = 0.72

(ethyl acetate). "H NMR (400 MHz, DMSO-dg) & 12.20 (s, 1H), 8.10 (s,
e ]\ 1H), 7.22 (t, J = 8.4 Hz, 1H), 7.12 (t, J = 7.8 Hz, 1H), 6.92-6.91 (m, 2H),
MeO o 684(d J=17.6 Hz, 1H), 6.78 (d, J = 6.4 Hz, 3H), 3.64 (s, 3H), 3.57 (s,

). ®C NMR (100 MHz, DMSO-dq) & 158.9, 158.7, 156.8, 142.4, 139.2,
136.4, 129.3, 128.8, 121.8, l2l.5, 114.9, 114.8, 114.5, 113.1, 55.0, 54.8. HRMS Calculated for
C1sH,7N,05 [M+H]" 309.1234, found 309.1231.

5,6-Bis(4-ethylphenyl)pyrazin-2-ol (1f): Et
1.055 g, 44% yield (three steps), pale yellow solid, new compound, mp: O N
185-186 °C, R; = 0. 62 (ethyl acetate). 'H NMR (400 MHz, DMSO-dg) 6 : l

12.09 (s, 1H), 8.07 (s, 1H), 7.22 (d, J = 7.7 Hz, 2H), 7.15-7.11 (m, 4H), O N” ~OH
7.03 (d, J = 7.8 Hz, 2H), 2.61-2.55 (m, 2H), 2.54-2.50 (m, 2H), 1.15 (d,J |Et
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= 7.8 Hz, 3H), 1.11 (d, J = 7.8 Hz, 3H). BC NMR (100 MHz, DMSO-de) & 156.7, 144.6, 142.6,
141.8, 139.2, 136.6, 135.5, 132.7, 129.5, 129.1, 127.5, 127.2, 27.8, 27.7, 15.1, 15.0. HRMS
Calculated for C,oH,N,O [M+H]+ 305.1648, found 305.1649.

5,6-Bis(4-propylphenyl)pyrazin-2-ol (1g):
0.983 g, 30% yield (three steps), pale yellow solid, new compound, mp: 178-179 °C, R¢ = 0.65
(ethyl acetate). 'H NMR (400 MHz, DMSO-dg) & 8.05 (s, 1H), 7.20 (d,
O N J = 8.0 Hz, 2H), 7.12-7.09 (m, 4H), 6.99 (d, J = 8.0 Hz, 2H), 2.52 (t, J
_ ]\ = 7.6 Hz, 2H), 2.47 (d, J = 7.4 Hz, 2H), 1.60-1.54 (m, 2H), 1.54-1.48
O N" OH (m, 2H), 0.86-0.84 (m, 3H), 0.83-0.80 (m, 3H). °*C NMR (100 MHz,
DMSO-dg) & 156.9, 142.9, 142.1, 141.0, 138.9, 136.8, 135.6, 132.9,
129.4, 129.0, 128.0, 127.7, 36.9, 36.8, 23.7, 23.6, 13.4, 13.3. HRMS Calculated for C,;H»5N,0O

[M+H]" 333.1961, found 333.1966.

5,6-Bis(4-(trifluoromethyl)phenyl)pyrazin-2-ol (1h):
1.441 g, 37% yield (three steps), pale yellow solid, new compound, mp: 219-220 °C, R = 0.60
FsC (ethyl acetate). 'H NMR (400 MHz, DMSO-d¢) & 12.38 (s, 1H), 8.21 (s,
1H), 7.70 (d, J=7.8 Hz, 2H), 7.58 (dd, J = 12.6, 8.4 Hz, 4H), 7.44 (d, J =
j\ 7.8 Hz, 2H). >C NMR (100 MHz, DMSO-de) 5157.5, 143.2, 142.1, 141.8,
139.6, 130.6, 130.4, 129.3 (q, J=31.5 Hz), 127.9 (q, J = 31.5 Hz), 125.2,
124.9, 124.1 (g, J = 271.8 Hz), 123.9 (q, J = 271.8 Hz), 123.0. ’F NMR

(376 MHz, DMSO-dg) 6 -60.99, -61.15. HRMS Calculated for C;gH;;N,O;Fs [MJrH]+ 385.0770,
found 385.0771.

5,6-Bis(4-fluorophenyl)pyrazin-2-ol (1i):
1.216 g, 43% yield (three steps), pale yellow solid, new compound, mp: 207-208 °C, R = 0.68
(ethyl acetate). 'H NMR (400 MHz, DMSO-de) & 12.22 (s, 1H), 8.10 (s, 1H),
7.35(dd, J=8.4, 5.8 Hz, 2H), 7.23 (dd, J = 8.2, 5.8 Hz, 2H), 7.15 (t,J = 8.8
]\ Hz, 2H), 7.05 (t, J = 8.8 Hz, 2H). >C NMR (100 MHz, DMSO-dg) & 163.1
(d, J = 245 Hz), 160.6 (d, J = 243 Hz), 157.0, 141.8, 138.8, 136.5, 134.3,
131.9 (d,J=8.5Hz), 131.2 (d, J = 8.0 Hz), 115.3 (d, J=21.8 Hz), 114.8 (d,

= 21.5 Hz). ”F NMR (376 MHz, DMSO-dg) & -112.16, -114.69. HRMS Calculated for
C16H11N20F2 [M+H]" 285.0834, found 285.0832.

5,6-Bis(4-bromophenyl)pyrazin-2-ol (1k):
0.567 g, 28% vyield (three steps), pale yellow solid, new compound, mp: 245-246 °C, R¢ = 0.50
Br (ethyl acetate). 'H NMR (400 MHz, DMSO-d¢) 0 12.27 (s, 1H), 8.14 (s,
‘ N 1H), 7.55 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz,
: ]\ 2H), 7.17 (d, J = 8.4 Hz, 2H). *C NMR (100 MHz, DMSO-dq) & 157.2,
O N" OH 137.1,134.6, 132.1, 131.7, 131.4, 131.4, 131.3, 131.1, 131.0, 122.6, 120.9.

HRMS Calculated for Ci¢H;;N,OBr, [M+H]" 404.9233 (Br and "Br),
found 404.9230 ("Br and "’Br), 406.9211 ("Br and *'Br), 408.9202 (*'Br and *'Br)
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5,6-Di(naphthalen-2-yl)pyrazin-2-ol (1I):
1.117 g, 32%, yield (three steps), pale yellow solid, new compound, mp: 224-225 °C, R¢ = 0.59
(ethyl acetate). 'H NMR (400 MHz, DMSO-de) & 12.21 (s, 1H), 8.23 (s,
O‘ N 1H), 8.05 (s, 1H), 7.91 (s, 1H), 7.84-7.78 (m, 2H), 7.77-7.72 (m, 2H),
“ ]\ 7.69-7.62 (m, 2H), 7.51-7.46 (m, 2H), 7.44-7.37 (m, 2H), 7.35-7.28 (m,
OO N© OH 2H). *C NMR (100 MHz, DMSO-dg) & 157.0, 142.5, 139.6, 139.3, 137.3,
135.5, 132.9, 132.7, 132.7, 132.6, 132.5, 132.0, 129.4, 128.3, 128.2, 127.9,
127.5, 127.4, 127.2, 127.1, 127.0, 126.9, 126.5, 126.2. HRMS Calculated for C,4H;;N,0 [M+H]"
349.1335, found 349.1338.

5-(4-Methoxyphenyl)-6-phenylpyrazin-2-ol (1m):
0.545 g, 14% yield (four steps), yellow solid, new compound, mp: 255-256 °C, R; = 0.20
MeO (hexanes/ethyl acetate). "H NMR (400 MHz, CDCl;) 6 11.99 (s, 1H), 8.21
O N (s, 1H), 7.47-7.30 (m, 5H), 7.19 (d, J = 8.6 Hz, 2H), 6.76 (d, J = 8.6 Hz,
: l 2H), 3.78 (s, 3H). *C NMR (100 MHz, CDCls) & 159.1, 157.0, 146.2,
O N©OOR 1354, 1337, 1327, 1306, 1300, 1293, 129.2, 129.0, 1137, 55.2.
HRMS Calculated for C;7H;5N,0, [M+H]+ 279.1128, found 279.1124.
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3. Palladium-Catalyzed Asymmetric Hydrogenation of Pyrazin-2-ols 1

O P(Tol),
oo™

(R)-TolBINAP

H, (1000 psi), 80 °C, 24 h

H
R1:[N\ PA(OCOCF3),/(R)-TOBINAP ~ Rqs, N
L (A
Ry N/ OH TsOH+H,0, DCM/Benzene R H o
1 then basic work-up 2

General procedure: Palladium trifluoroacetate (3.0 mg, 0.009 mmol, 3.0 mol%) and ligand
(R)-Tol-BINAP (6.6 mg, 0.0099 mmol, 3.3 mol%) were placed in a dried Schlenk tube under
nitrogen atmosphere. Then degassed anhydrous acetone (1.0 mL) was added to the mixture. The
mixture was stirred at room temperature for 30 min, then the solvent was removed under vacuum
to give the catalyst. In a glovebox, pyrazin-2-ol 1 (0.2 mmol or 0.3 mmol) and TsOH-H,O (1
equiv.) were stirred in benzene (1.5 mL) at room temperature for 5 min. Subsequently, a solution
of the above palladium catalyst in dichloromethane (1.5 mL) was added to the reaction mixture.
The hydrogenation was performed at 80 °C under hydrogen gas (1000 psi) in a stainless steel
autoclave for 24-48 h. The mixture was cooled to room temperature. After carefully releasing the
hydrogen gas, saturated aqueous sodium bicarbonate (3.0 mL) was added into the mixture and
stirred for 10-15 min. The mixture was extracted with dichloromethane three times and the
combined organic extract was dried over anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under the reduced pressure, and further purification was performed by a silica gel
column eluted with ethyl acetate/methanol to give the desired hydrogenation products 2. The
enantiomeric excesses were determined by chiral HPLC for the corresponding protected products
with p-toluenesulfonyl chloride.

(5S,6R)-5,6-Diphenylpiperazin-2-one (2a):
46 mg, 92% yield, yellow oil, the known compound,4 90% ee, >20:1 d.r., [a]ZOD =+283.20 (€ 0.90,
CHCl3), Rs = 0.40 (ethyl acetate/methanol = 80/1). "H NMR (400 MHz, CDCl5)
@ N 8 7.18 (t, J = 4.6 Hz, 1H), 7.18-7.09 (m, SH), 6.90-6.78 (m, 5H), 4.64 (s, 1H),
[ L 4.51 (s, 1H), 3.90-3.78 (m, 2H), 2.00 (s, 1H). >C NMR (100 MHz, CDCl3) &
©\\‘ N O 170.0, 138.5, 137.0, 128.3, 128.1, 127.8, 127.7, 127.5, 127.0, 61.4, 61.1, 50.4.
Enantiomeric excess was determined by HPLC analysis for the corresponding
4-tosyl piperazin-2-one (Chiralcel AD-H column, Hexanes/i-PrOH = 80/20, detector: 230 nm,
flow rate: 0.80 mL/min, 30 °C), t; = 14.6 min, t, = 22.0 min (major).

(5S,6R)-5,6-Di-m-tolylpiperazin-2-one (2b):
80 mg, 95% yield, yellow oil, new compound, 84% ee, >20:1 d.r., [a]ZOD = +251.20 (c 0.90,
CHCl3), Rs = 0.30 (ethyl acetate/methanol = 80/1). 'H NMR (400 MHz,
Q/,, N CDCl;3) o6 7.05-6.97 (m, 4H), 6.87 (s, 1H), 6.63 (d, J = 7.5 Hz, 1H),
mz 6.58-6.55 (m, 3H), 4.58 (t, J=3.8 Hz, 1H), 4.42 (d, J = 3.8 Hz, 1H), 3.81 (q,
\©“ N O J=17.8 Hz 2H), 2.18 (s, 3H), 2.17 (s, 3H), 1.95 (s, 1H). >C NMR (100
MHz, CDCL) 6 170.1, 138.4, 137.6, 137.1, 136.9, 129.0, 128.5, 128.3,
127.8, 127.3, 125.4, 124.1, 61.3, 61.1, 50.4, 21.3, 21.2. Enantiomeric excess was determined by
HPLC analysis for the corresponding 4-tosyl piperazin-2-one (Chiralcel AD-H column, Hexanes/i-
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PrOH = 80/20, detector: 254 nm, flow rate: 0.80 mL/min, 30 °C), t; = 11.0 min, t, = 13.5 min
(major). HRMS Calculated for C sH;N,O [M+H]" 281.1648, found 281.1646.

(5S,6R)-5,6-Di-p-tolylpiperazin-2-one (2c):
79 mg, 94% yield, pale oil, new compound, 90% ee, >20:1 d.r., [a]*’p = +313.88 (c 1.0, CHCl;),
Me R; = 0.29 (ethyl acetate/methanol = 80/1). '"H NMR (400 MHz, CDCl3) &
\©,,, N 7.07 (s, 1H), 6.93 (dd, J=11.4, 8.0 Hz, 4H), 6.68 (dd, J = 15.0, 7.8 Hz, 4H),

[ l[\ 4.56 (t,J=3.4 Hz, 1H), 4.39 (d,J = 3.6 Hz, 1H), 3.77 (g, J = 17.8 Hz, 2H),

/@W N O 226 (s, 3H), 2.25 (s, 3H), 1.95 (s, 1H). °C NMR (100 MHz, CDCl;) &
Me 170.2, 137.3, 137.1, 135.6, 134.1, 128.7, 128.2, 128.2, 126.9, 61.0, 60.8,
50.4, 21.1, 21.1. Enantiomeric excess was determined by HPLC analysis for the corresponding
4-tosyl piperazin-2-one (Chiralcel AD-H column, Hexanes/i-PrOH = 80/20, detector: 254 nm,
flow rate: 0.80 mL/min, 30 °C), t; = 15.8 min, t, = 22.6 min (major). HRMS Calculated for
C1gH2N,O, [M+H]" 281.1648, found 281.1649.

(5S,6R)-5,6-Bis(3-methoxyphenyl)piperazin-2-one (2d):
90 mg, 96% yield, yellow oil, new compound, 85% ee, >20:1 d.r., [a]ZOD = +250.40 (c 0.24,
CHCIl;), Rf = 0.62 (ethyl acetate/methanol = 80/1). 'H NMR (400 MHz,
@ H CDCl3) & 7.12-7.05 (m, 2H), 6.88-6.84 (m, 1H), 6.74-6.71 (m, 2H), 6.55 (d,
ng [ :\[\ J=17.6 Hz, 1H), 6.48 (d, J = 7.6 Hz, 1H), 6.33 (d, J = 1.8 Hz, 1H), 6.31-
O“ N O 6.26 (m, 1H), 4.61 (t, J = 3.8 Hz, 1H), 4.46 (t, J = 3.8 Hz, 1H), 3.89-3.76
(m, 2H), 3.59 (s, 3H), 3.57 (s, 3H), 1.94 (s, 1H). *C NMR (100 MHz,
CDCl;) 6 169.9, 159.4, 158.9, 140.1, 138.7, 129.1, 128.6, 120.6, 119.5, 113.8, 113.7, 112.2, 61.3,
61.0, 55.1, 55.1, 50.4. Enantiomeric excess was determined by chiral HPLC analysis for the cor-
responding 4-tosyl piperazin-2-one (Chiralcel AD-H column, Hexanes/i-PrOH = 70/30, detector:

230 nm, flow rate: 0.70 mL/min, 30 °C), t; = 14.8 min, t, = 18.3 min (major). HRMS Calculated
for C,gH,N,O5 [M+H]" 313.1547, found 313.1555.

(5S,6R)-5,6-Bis(4-methoxyphenyl)piperazin-2-one (2e) :
89 mg, 95% yield, yellow oil, new compound, 90% ee, >20:1 d.r., [a]*’p = +330.24 (c 0.76,
MeO CHCl3), Rs = 0.60 (ethyl acetate/methanol = 80/1). 'H NMR (400 MHz,
\©,U N CDCl;) 6 6.75 (d, J = 8.8 Hz, 4H), 6.71-6.67 (m, 4H), 6.35 (d, J = 2.2 Hz,
[ L 1H), 4.56 (t,J=3.8 Hz, 1H), 4.43 (d, J=3.8 Hz, 1H), 3.86 (q, J=17.6 Hz,
/©\‘\ N O 2H),3.75 (s, 3H), 3.75 (s, 3H), 1.72 (s, 1H). >C NMR (100 MHz, CDCl;)
MeO 8 169.7, 159.2, 159.0, 130.7, 129.4, 129.1, 128.2, 113.4, 113.0, 61.1, 60.9,
55.2, 55.2, 50.7. Enantiomeric excess was determined by HPLC analysis for the corresponding
4-tosyl piperazin-2-one (Chiralcel AD-H column, Hexanes/i-PrOH = 70/30, detector: 230 nm,
flow rate: 0.70 mL/min, 30 °C), t; = 18.5 min, t, = 35.4 min (major). HRMS Calculated for
C1gH2N,O3 [M+H]" 313.1547, found 313.1553.

(5S,6R)-5,6-Bis(4-ethylphenyl)piperazin-2-one (2f):
87 mg, 94% yield, pale yellow solid, mp: 167-168 °C, new compound, 84% ee, >20:1 d.r., [a]zOD =
+292.89 (¢ 0.86, CHCl3), R; = 0.60 (ethyl acetate/methanol = 80/1). "H NMR (400 MHz, CDCls) &
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6.96 (t, J = 8.6 Hz, 4H), 6.86 (s, 1H), 6.73-6.68 (m, 4H), 4.60 (t, J = 3.8 Hz, 1H), 443 (d, J =3.8

Et Hz, 1H), 3.81 (q, J = 17.6 Hz, 2H), 2.59-2.57 (m, 2H), 2.54-2.53 (m, 2H),

\©/,, H 1.91 (s, 1H), 1.19-1.17 (m, 3H), 1.16-1.14 (m, 3H). BC NMR (100 MHz,

[ l[\ CDCl3) 6 170.1, 143.8, 143.7, 135.8, 134.3, 128.2, 127.5, 127.1, 127.0, 61.2,

/@ H o 61.0, 50.5, 28.5, 28.4, 15.6, 15.6. Enantiomeric excess was determined by
Et

HPLC analysis for the corresponding 4-tosyl piperazin-2-one (Chiralcel
AD-H column, Hexanes/i-PrOH = 70/30, detector: 230 nm, flow rate: 0.70 mL/ min, 30 °C), t; =
10.0 min (minor), t, = 14.2 min (major). HRMS Calculated for CyyH,sN,O; [M+H]" 309.1961,
found 309.1960.

(5S,6R)-5,6-Bis(4-propylphenyl)piperazin-2-one (29):
90 mg, 89% yield, pale yellow solid, mp: 115-116 °C, new compound, 87% ee, >20:1 d.r., [a]
+299.18 (¢ 1.12, CHCl3), Rs = 0.50 (ethyl acetate/methanol = 80/1). 'H
\/\© H NMR (400 MHz, CDCl;) & 7.08-7.02 (m, 1H), 6.93-6.89 (m, 4H),
[ L 6.71-6.65 (m, 4H), 4.57 (t, J=3.8 Hz, 1H), 4.41 (d, J = 38 Hz, 1H), 3.78
/\/©\\ N © (q, J=17.6 Hz, 2H), 2.51-2.47 (m, 4H), 2.12 (s, 1H), 1.61-1.50 (m, 4H),
0.86 (t, J = 7.4Hz, 6H). °C NMR (100 MHz, CDCls) & 170.2, 142.1,
141.9, 135.8, 134.3, 128.1, 127.6, 126.8, 61.1, 60.8, 50.4, 37.5, 37.5, 24.4, 13.6, 13.5. Enantiome-
ric excess was determined by HPLC analysis for the corresponding 4-tosyl piperazin-2-one (AD-H
column, Hexanes/i-PrOH = 70/30, detector: 230 nm, flow rate: 0.70 mL/min, 30 °C), t; = 8.0 min,

t; = 10.5 min (major). HRMS Calculated for C;;H,9N,0, [M+H]+ 337.2274, found 337.2271.

20
D

(5S,6R)-5,6-Bis(4-(trifluoromethyl)phenyl)piperazin-2-one (2h):
105 mg, 91% vyield, yellowi oil, new compound, 85% ee, >20:1 d.r., [a]ZOD = +210.34 (c 0.56,
FsC CHCIl;), Rf = 0.55 (ethyl acetate/methanol = 80/1). 'H NMR (400 MHz,
\©~, N CDCl3) 6 7.41 (dd, J = 12.4, 8.2 Hz, 4H), 7.07 (s, 1H), 6.98 (dd, J = 16.0,

:[ l 8.2 Hz, 4H), 4.70 (t, J = 3.8 Hz, 1H), 4.62 (d, J = 3.8 Hz, 1H), 3.96-3.83 (m,

/O N° "0 2H), 1.76 (s, 1H). °C NMR (100 MHz, CDCl;) & 169.5, 142.1, 140.8,
FsC 130.4 (q, J =32.0 Hz), 130.3 (q, J = 32.0 Hz), 128.8, 127.4, 126.48 (q, J =
270.0 Hz), 126.59 (q, J = 270.0 Hz), 125.25 (q, J = 3.8 Hz), 124.52 (q, J = 3.8 Hz), 61.0, 60.9,
50.4. F NMR (376 MHz, CDCl;) 8 -62.6, -62.7. Enantiomeric excess was determined by HPLC
analysis for the corresponding 4-tosyl piperazin-2-one (Chiralcel AD-H column, Hexanes/i-PrOH
= 70/30, detector: 230 nm, flow rate: 0.70 mL/min, 30 °C), t; = 7.9 min, t, = 11.6 min (major).
HRMS Calculated for CigH;sFsN,O; [M+H]" 389.1083, found 389.1084.

(5S,6R)-5,6-Bis(4-fluorophenyl)piperazin-2-one (2i):

78 mg, 91% yield, yellow oil, new compound, 89% ee, >20:1 d.r., [a]*’p = +223.27 (¢ 0.64,
F CHCl;), R; = 0.65 (ethyl acetate/methanol = 80/1). '"H NMR (400 MHz,
\©~, 0 CDCl;) 6 6.91 (s, 1H), 6.88-6.78 (m, 8H), 4.56 (d, J = 3.6 Hz, 1H), 4.47 (d, J
[ l = 3.8 Hz, 1H), 3.85 (q, J = 17.4 Hz, 2H), 1.83 (s, 1H). C NMR (100 MHz,

/@v N © CDCl3) 6 169.1, 162.0 (d, J = 247.0 Hz), 161.7 (d, J = 247.0 Hz), 133.8,

F 132.3, 129.5 (d, J = 8.0 Hz), 128.1 (d, J = 8.0 Hz), 114.6 (d, J = 21.6 Hz),
114.0 (d, J = 21.6 Hz), 60.3, 60.2, 50.1. '’F NMR (376 MHz, CDCl;) & -113.9, -114.2. Enantio-
meric excess was determined by HPLC for the corresponding 4-tosyl piperazin-2-one (Chiralcel
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AD-H column, Hexanes/i-PrOH = 70/30, detector: 230 nm, flow rate: 0.70 mL/min, 30 °C), t; =
11.4 min (minor), t, = 15.1 min (major). HRMS Calculated for C,¢H;sF,N,0O, [M+H]+ 289.1147,
found 289.1152.

(5S,6R)-5,6-Bis(4-chlorophenyl)piperazin-2-one (2j):
83 mg, 86% yield, pale yellow solid, mp: 239-240 °C, new compound, 88% ee, >20:1 d.r., [a]*’p =
cl +388.81 (¢ 0.86, CHCl;), Ry = 0.55 (ethyl acetate/methanol = 80/1). 'H
\©,/ ¥ NMR (400 MHz, CDCl3) 6 7.15-7.10 (m, 4H), 7.04 (s, 1H), 6.78 (dd, J =
[ l 12.2, 8.4 Hz, 4H), 4.55 (t, J = 3.8 Hz, 1H), 4.46 (d, J = 4.0 Hz, 1H), 3.83 (q,
J@ N° O J=17.4Hz, 2H), 1.81 (s, 1H). "C NMR (100 MHz, CDCl3) & 169.6, 136.8,
cl 135.4, 133.9, 133.7, 129.7, 128.5, 128.3, 127.8, 60.7, 60.7, 50.5. Enantiome-
ExactMass: 320.0483 ¢ excess was determined by HPLC analysis for the corresponding 4-tosyl
piperazin-2-one (Chiralcel AD-H column, Hexanes/i-PrOH = 70/30, detector: 230 nm, flow rate:
0.70 mL/ min, 30 °C), t; = 13.4 min (minor), t, = 17.5 min (major). HRMS Calculated for C;sH;s
CLN,O [M+H]" 321.0556 (**Cl and *’Cl), found 321.0562 (**Cl and *CI), 323.0532 (*°Cl and
371, 325.0503 (*'Cl and *’Cl).

(5S,6R)-5,6-Bis(4-bromophenyl)piperazin-2-one (2Kk):
113 mg, 92% yield, pale oil, new compound, 87% ee, >20:1 d.r., [a]ZOD =+332.81 (c 1.06, CHCl;),
Br Rs = 0.45 (ethyl acetate/methanol = 80/1). 'H NMR (400 MHz, CDCls) o
\© H 7.31-7.27 (m, 4H), 6.90 (d, J = 2.6 Hz, 1H), 6.73 (dd, J = 12.6, 8.4 Hz, 4H),
[ l 4.54 (t, J = 3.8 Hz, 1H), 4.45 (d, J = 3.8 Hz, 1H), 3.84 (q, J = 17.4 Hz, 2H),
@ N" 70 175 (s, 1H). *C NMR (100 MHz, CDCl;) & 169.5, 137.3, 135.9, 1314,
Br 130.8, 130.1, 128.7, 122.2, 121.9, 60.7, 60.7, 50.5. Enantiomeric excess was
determined by HPLC analysis for the corresponding 4-tosyl piperazin-2-one (Chiralcel AD-H,
Hexanes/i-PrOH = 70/30, detector: 230 nm, flow rate: 0.70 mL/min, 30 °C), t; = 15.5 min, t, =
21.1 min (major); HRMS Calculated for C,¢H;sBr,N,O [M+H]" 408.9546 (79Br and 79Br), found
408.9546 (Br and ’Br), 410.9522 (”Br and *'Br), 412.9513 (*'Br and *'Br).

(5S,6R)-5,6-Di(naphthalen-2-yl)piperazin-2-one (2I):

101 mg, 95% vyield, yellow oil, new compound, 88% ee, >20:1 d.r., [0]*’p = +440.87 (c 1.44,
CHCl;), Rs = 0.56 (ethyl acetate/methanol = 80/1). '"H NMR (400 MHz,
,,, § CDCly) 6 7.71 (d, J = 7.8 Hz, 1H), 7.67-7.63 (m, 2H), 7.57-7.52 (m, 2H),
[ l 7.44-7.35 (m, 6H), 7.31 (s, 1H), 6.97 (s, 1H), 6.92 (dd, J = 8.4, 1.6 Hz, 1H),
\‘ N © 664 (dd, J=8.4, 1.6 Hz, 1H), 4.88 (t, J = 3.8 Hz, 1H), 4.70 (d, J = 3.8 Hz,
1H), 4.02-3.86 (m, 2H), 1.97 (s, 1H). >C NMR (100 MHz, CDCl;) & 170.2,
135.8, 134.7, 132.9, 132.8, 132.8, 132.6, 128.0, 127.9, 127.8, 127.6, 127.5, 127.2, 127.0, 126.4,
126.1, 126.1, 126.0, 124.9, 61.4, 61.3, 50.6. Enantiomeric excess was determined by HPLC
analysis for the corresponding 4-tosyl piperazin-2-one (Chiralcel AD-H column, Hexanes/i-PrOH
= 70/30, detector: 230 nm, flow rate: 0.70 mL/min, 30 °C), t; = 21.8 min, t, = 23.1 min (major).

HRMS Calculated for Co4H,N,O [M+H]" 353.1648, found 353.1648.
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(5S,6R)-5-(4-Methoxyphenyl)-6-phenylpiperazin-2-one (2m):

52 mg, 92% yield, yellow solid, new compound, 85% ee, >20:1 d.r, [a]*’p = +259.56 (c 0.94,

MeO CHCl;), R; = 0.25 (ethyl acetate/methanol = 50/1). '"H NMR (400 MHz,

\© H CDCly) 6 7.23-7.11 (m, 3H), 6.82 (d, J = 7.1 Hz, 2H), 6.77-6.63 (m, SH),

[ j\L 4.59 (t, J = 3.7 Hz, 1H), 4.45 (d, J = 3.9 Hz, 1H), 3.96-3.78 (m, 2H), 3.73

© N" "0 (s, 3H), 1.90 (s, 1H). C NMR (100 MHz, CDCl3)8 169.9, 159.0, 137.1,

130.6, 128.4, 128.1, 127.8, 127.6, 1134, 61.5, 60.7, 552, 50.6.

Enantiomeric excess was determined by HPLC analysis for the corresponding 4-tosyl piperazin-

2-one (Chiralcel AD-H column, Hexanes/i-PrOH = 80/20, detector: 220 nm, flow rate: 0.80

mL/min, 30 °C), t; = 21.8 min, t, = 28.4 min (major). HRMS Calculated for C;7H;oN,O, [MJrH]+
283.1441, found 283.1435.

(5S,6R)-6-Methyl-5-phenylpiperazin-2-one (2n):

30 mg, 79% yield, yellow solid, new compound, 71% ee, 9.5:1 d.r., [a]ZOD = +155.95 (c 0.52,
CHCIs), Rf = 0.45 (ethyl acetate/methanol = 20/1). 'H NMR (400 MHz, CDCls)
©,,,_ N d 7.38-7.28 (m, 5H), 7.16 (s, 1H), 4.27 (d, J = 3.8 Hz, 1H), 3.75-3.63 (m, 3H),
\[ l 2.43 (s, 1H), 0.95 (d, J = 6.5 Hz, 3H). °*C NMR (100 MHz, CDCl3)$ 170.10,
MR 9 139.36, 128.60, 127.67, 126.60, 59.51, 52.13, 50.09, 16.67. Enantiomeric excess
was determined by HPLC for the corresponding 4-tosyl piperazin-2-one (Chiralcel AD-H column,
Hexanes/ i-PrOH = 90/10, detector: 220 nm, flow rate: 0.80 mL/min, 30 °C), t; = 31.0 min (major),

t, = 33.8 min. HRMS Calculated for C,;H;5sN,O [M+H]+ 191.1179, found 191.1179.

(4aS,8aR)-4-Tosyloctahydroquinoxalin-2(1H)-one (20):
44 mg, 71% yield, white solid, new compound, 8% ee, >20:1 d.r., [a]*’p = +15.50 (¢ 0.20, CHCl;),
Ts R¢ = 0.35 (dichloromethane/ethyl acetate = 10/1). 'H NMR (400 MHz, CDCl;) 6
", N 7.68 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.1 Hz, 2H), 7.02 (s, 1H), 4.12 (d, J = 17.7
i\“'[Nlo Hz, 1H), 4.05-3.97 (m, 1H), 3.70-3.65 (m, 1H), 3.60 (d, J = 17.7 Hz, 1H), 2.41 (s,
H 3H), 1.86-1.66 (m, 3H), 1.64-1.56 (m, 1H), 1.49-1.41 (m, 2H), 1.31-1.22 (m, 2H).
C NMR (100 MHz, CDCl3) 8 167.7, 144.0, 136.4, 130.0, 127.1, 52.4, 50.8, 44.0, 30.3, 24.3, 23.0,
21.6, 18.4. Enantiomeric excess was determined by HPLC for the corresponding 4-tosyl piperazin-
2-one (Chiralcel AD-H column, Hexanes/i-PrOH = 80/20, detector: 220 nm, flow rate: 0.80 mL/
min, 30 °C), t; = 14.1 min, t, = 17.5 min (major). HRMS Calculated for C;5H,;N,O3S [M+H]+
309.1267, found 309.1268.
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4. Asymmetric Hydrogenation at Gram Scale

(R)-ToIBINAP (3.3 mol%) oh, N

PhINj\ ;s H Pd(OCOCF3), ( 3.0 mol%) [ L
1000 psi
Pho N7 Son  (O00PS Ph

TsOH+H,0 (100 mol%) N“T0

DCM/Benzene, 80 °C
1a (1.018 g) 2a (0.962 g)

93% yield and 90% ee
I | P(Tol),
™

Palladium trifluoroacetate (40.9 mg, 0.123 mmol, 3.0 mol%) and (R)-Tol-BINAP (90.8 mg,

0.135 mmol, 3.3 mol%) were placed in a dried Schlenk tube under nitrogen atmosphere, and

degassed anhydrous acetone was added. The mixture was stirred at room temperature for 30 min.
Then, the solvent was removed under vacuum to give the catalyst. In a glovebox, the substrate 1a
(1.018 g, 4.1 mmol) and TsOH-H,0 (780 mg, 4.1 mmol, 100 mol%) were stirred in benzene (8.0
mL) at room temperature for 5 min. Subsequently, the aboved catalyst in dichloromethane (8.0 mL)
was added to the reaction mixture. The hydrogenation reaction was performed at 80 °C under
hydrogen (1000 psi) in a stainless steel autoclave for 36 h. The mixture was cooled to room
temperature. After carefully releasing the hydrogen gas, saturated aqueous sodium bicarbonate (10
mL) was added to the mixture and stirred for 10-15 min. The mixture was extracted with dichloro-
methane three times, and the combined organic extracts dried over anhydrous sodium sulfate.
After filtration, the filtrate was concentrated under the reduce pressure, and further purification
was performed by flash chromatography on silica gel eluted with ethyl acetate/methanol to give
the hydrogenation product 2a (0.962 g in 93% yield and 90% ee).
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5. Mechanistic Investigation

Asymmetric Hydrogenation of 5,6-Diphenylpyrazin-2-ol (1a) with Deuteric L-CSA:
5,6-Diphenylpyrazin-2-ol 1a was hydrogenated with the Pd(OCOCFj3),/(R)-Tol-BINAP/Deuteric

L-CSA/DCM:Benzene (1:1) condition.

Ph_ H H 55%
Ph:[N j\ . H, Pd(OCOCF3),/(R)-TOIBINAP 540, 1) INID\
1000 psi .
P N o 0P peutericLcsa soec 0% DS NS0
DCM/Benzene (1:1) H
1a then basic work-up [D]-2a
94% yield

Deuteric L-CSA was obtained in situ by stirring CD;0D (0.5 mL) and L-CSA (46 mg, 0.20
mmol) at room temperature in glove box for 0.5 h and then the solvent was removed in vacuum.
Repeat this procedure twice for sufficient Hydrogen/Deuterium exchange. Subsequently, the
prepared catalyst (3.0 mol %) and 1a (50 mg, 0.20 mmol) were transferred to the above preformed
deuteric L-CSA by dichloromethane/benzene (1.5 mL/1.5 mL) and the hydrogenation was carried
out under the optimal conditions for 24 h. '"H NMR analysis of the crude hydrogenated product
showed that deuterium atoms were incorporated to the 3,5,6-position (with 55%, 21%, 30%
incorporation) of hydrogenation product 5,6-diphenylpiperazin-2-one [D]-2a (Figure S1).

45296
45203
38268
38827

b
/3
X

38480
38043

58400
68213
68020

46628

1H NMR GF-9-48A in CDC3

100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0
fl (ppm)

Figure S1. '"H NMR of [D]-2a

Asymmetric Hydrogenation with D;: 5,6-Diphenylpyrazin-2-ol 1la was hydrogenated in D,
(400 psi) with the PA(OCOCF3;),/(R)-Tol-BINAP/L-CSA/DCM:Benzene (1:1) condition.
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Ph, B H\ 75%
Ph :[N\j\ . o, PA(OCOCF3),/(R)-ToIBINAP 51, :[N ID\
400 psi 0
Ph” >N~ “OH (400 ps) L-CSA, DCM/Benzene, 80 °C 42% |2h° N0
then basic work-up H ,
1a [D]-2a
92% yield

'"H NMR analysis of the crude hydrogenation product showed that deuterium atoms were
incorporated to the 3,5,6-position (with 75%, 51%, 42% incorporation) of product 5,6-diphenyl-
piperazin-2-one [D]-2a" (Figure S2).

DO = T O NWO —DOowWw o
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N2t CEEmes Chn omoo-o @
Pon bl B bl B B 1 45 4D 6540 (O vdw mmoon -
e | SV e |
(
1H NMR GF-9-47A in CDCI3 |
| [
[
|
i
| | s '/ f
/ Sk J /

125
1.33

: .
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0
1 (ppm)

Figure S2. "H NMR of [D]-2a’
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6. The Determination of Structure of (+)-2a and 1m

6.1. The Determination of Absolute Configuration of Hydrogenation Product (+)-2a

The hydrogenation product (+)-2a was not directly suitable for X-ray diffraction experiment. In

order to determine the absolute configuration, (+)-2a was protected with tosyl chloride.

H T
[Nl TsCl, Pyridine [Nl
WS DCM, RT YN0

H H

(+)-2a ()-2a"
A solution of (+)-2a (81 mg, 0.32 mmol) and pyridine (25 mg, 0.32 mmol) in dichloromethane,

tosyl chloride (61 mg, 0.32 mmol) was added. The mixture was stirred at room temperature. When
TLC indicated that the reaction was finished, water (10 mL) was added. The mixture was
extracted with ethyl acetate and the combined organic layer was washed with HCI and brine. After
dried over anhydrous sodium sulfate, the mixture was concentrated and further purification was
performed by a silica gel column to achieve the product (-)-2a’ (0.114 g, 88% yield).

(5S,6R)-(-)-5,6-Diphenyl-4-tosylpiperazin-2-one (2a’):

0.114 g, 88% yield, white solid, new compound, mp 228-229 °C, >99% ee, [a]ZOD =-108.44 (c
1.22, CHCIl;), Rf = 0.15 (hexanes/ethyl acetate = 4:1). "H NMR (400 MHz, CDCl3) 6 7.28 (d, J =
8.3 Hz, 2H), 7.22-7.09 (m, 4H), 7.02-6.95 (m, 4H), 6.88-6.86 (m, 2H), 6.65 (d, J = 7.6 Hz, 2H),
6.54 (s, 1H), 5.26 (d, J=4.4 Hz, 1H), 5.17 (d, J =4.2 Hz, 1H), 4.42 (d, J = 17.6 Hz, 1H), 3.93 (d,
J=17.6 Hz, 1H), 2.31 (s, 3H). *C NMR (100 MHz, CDCl;) & 167.6, 143.7, 135.4, 134.2, 134.1,
129.3, 128.8, 128.7, 128.6, 128.0, 128.0, 127.4, 127.0, 61.0, 60.2, 46.4, 21.4. Enantiomeric excess
was deter- mined by HPLC (AD-H column, Hexanes/i-PrOH = 80/20, detector: 230 nm, flow rate:
0.80 mL/min, 30 °C), t; = 14.3 min, t, = 21.4 min (major). HRMS Calculated for C,3H,3N,03S
[M+H]" 407.1424, found 407.1424.

Lk
1
®

N° ~O
H

(-)-2a'

Figure S3. X-ray Crystallographic Analysis of Compound (-)-2a’
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After recrystallizing in dichloromethane and n-hexane, optically pure product could be obtained.
Then, a crystal of was grown from dichloromethane and n-hexane, which is suitable for X-ray
diffraction analysis. The structure in Figure S3 shows that the absolute configuration of (-)-2a" is
(5S,6R), CCDC number is 1846833. Hence, the absolute configuration of hydrogenation product
(+)-2a could be deduced from this structure. The absolute configuration of (+)-2a is (5S,6R).
These details can be obtained free of charge via www.ccdc. com.ac.uk/data_request/cif from the
Cambridge Crystallographic Data Centre.
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Crystal Data and Structure Refinement for mjr18056 for (-)-(5S,6R)-2a’

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

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 53.594°
Absorption correction

Max. and min. transmission
Refinement method

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

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

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

mjr18056

C23H22N203S

406.48

304.8 K

1.34139 A

Tetragonal

P4,

a=14.1925(3) A a=90°
b=14.19253) A B=90°
c=10.5312(2) A v =90°
2121.27(10) A’

4

1273 Mg/m’

1.016 mm_1

856

0.15x 0.03 x 0.01 mm’

3.832 to 54.904°.

-17<=h<=17, -17<=k<=17, -9<=I<=12
23362

3691 [R(int) = 0.0693]

99.9 %

Semi-empirical from equivalents
0.7508 and 0.6158

Full-matrix least-squares on F2
3691/1/264

1.044

R1=0.0372, wR2 =0.0739
R1=0.0605, wR2 = 0.0842

0.014(12)

0.0027(4)

0.145 and 0.151 e A~
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6.2. The Determination of Structure of Substrate 1m

The substrstate 1m was recrystallized twice in dichloromethane and n-hexane. Then, a crystal of
was grown from dichloromethane, methanol and n-hexane, which is suitable for X-ray diffraction
analysis. The chemical structure was showed in Figure S4, CCDC number is 2023354. These
aboved data can be obtained free of charge from the Cambridge Crystallographic Data Centre via

www.ccde. com.ac.uk/data_request/cif.

Figure S4. X-ray Crystallographic Analysis of Substrate 1m
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Crystal Data and Structure Refinement for mo_d8v20299 0Om for 1m

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

Unit cell dimensions

Volume

V4

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

Extinction coefficient

Largest diff. peak and hole

mo_d8v20299 Om

C17H14N202

278.30

293(2) K

0.71073 A

Triclinic

P-1

a=6.19232) A o= 106.2360(10)°
b=9.0465(3) A B =98.2550(10)°
c=13.1134(4) A v = 94.1460(10)°
693.09(4) A’

2

1334 Mg/m’

0.089 mm '

292

0.200 x 0.120 x 0.060 mm’

2.361 to 25.994°.

-7<=h<=7, -11<=k<=11, -16<=I<=16
17265

2704 [R(int) = 0.0518]

99.5%

Semi-empirical from equivalents

0.7456 and 0.6086

Full-matrix least-squares on F2

2704 /0/196

1.073

R1=0.0444, wR2 =0.1191

R1=0.0556, wR2=10.1310

0.088(17)

0.187 and -0.158 e.A”




7. Product Elaboration

S ¥
H |
”"r[NL 1) HCHO, NaBH3CN, AcOH ”'u[Nj
w N 0 2) LIA|H4, THF w N
H H
60% (2 steps)
(5S,6R)-2a, 90% ee (2S,3R)-3, 90% ee

The product (5S,6R)-2a could be conveniently converted into piperazine derivative according to
the known literature procedure.5

A mixture of (55,6R)-2a (101 mg, 0.40 mmol, 90% ee), acetic acid (0.1 mL), formaldehyde
(HCHO, 37-40% in water) (486 mg, 11.2 mmol), NaBH;CN (113 mg, 1.80 mmol) and acetonitrile
(4.0 mL) in a 25 mL round-bottomed flask was stirred at room temperature overnight. The mixture
was diluted with 15 mL of ethyl acetate and washed with 10 mL of saturated aqueous solution of
sodium chloride. The organic layer was dried over anhydrous sodium sulfate and filtered. The
solvent was evaporated under reduced pressure to give the crude product. This crude product was
used for the next step without further purification.

The aboved crude product was dissolved in tetrahydrofuran (5.0 mL). The lithium aluminum
hydride (91 mg, 2.4 mmol) was added to the mixture at 0 °C. The reaction mixture was reflux for
12 h, and then cooled to room temperature. The reaction was quenched with water, and 20%
aqueous sodium hydroxide (5 mL) was added. After being stirred for 15 minutes, the mixture was
diluted with ethyl acetate, filtered through Celite, and concentrated under the reduced presssure to
give the crude product. The residue was purified by silica gel chromatography using dichlorome-
thane/methanol (20:1) as eluent to give the desirable product (2S,3R)-3 as pale oil.

(2S,3R)-1-Methyl-2,3-diphenylpiperazine (3):

61 mg, 60% yield (two steps), 90% ee, pale oil, known compound, [a]*’p = -99.99 (¢ 0.12, CHCl;),
[Lit:"* [a]*p = +92.4 (¢ 1.0, CHCl5) for 94 % ee], R = 0.15 (dichloromethane/methanol = 20/1).
"H NMR (400 MHz, CDCls) & 7.48-7.40 (m, 2H), 7.26-7.23 (m, 2H), 7.14-7.04 (m, 6H), 4.44 (d, J
= 3.8 Hz, 1H), 3.87 (d, J = 3.8 Hz, 1H), 3.43-3.38 (m, 1H), 3.27-3.21 (m, 1H), 3.10-3.04 (m, 1H),
2.64-2.60 (m, 2H), 2.17 (s, 3H). *C NMR (100 MHz, CDCl3)  141.0, 136.0, 131.2, 127.8 127.3,
127.1, 126.8, 70.2, 64.2, 49.7, 45.3, 43.5. Enantiomeric excess was determined by HPLC for the
corresponding benzamide (IA, elute: Hexanes/i-PrOH = 70/30, detector: 220 nm, flow rate: 0.8
mL/min, 30 °C), t; = 7.0 min, t, = 10.6 min (major).
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Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOSE04.D
Sample Name: GF-0-494(+-)

Acg. Operator

Acg. Instrument @ Instrument 1

Injection Date : 6/3/2018 6:57:02 FPH

Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H
Last changed 8/3/2015 6:39:35 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
G6/3/2018 8:18:30 PM
(modified after loadineg)

dnalvsis Method :
Last changed

Sample Info

Location : -

: AD-H, Hewane/i-PrOH = 80/20, 0.8 ul/min, 30 of, 230 m

VDT &, Wavelen gih=220 fim (200 T8 ZHO0 9604 0]
Narm. 7]
400
a0
=
"
T
200 3
&
a
100 4
o
T T T T T
4 10 15 i) 25 rmin|
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs TS
U
) , N
Hignal 1: VWDl A, Wavelength=2Z30 mm ‘
Peak RetTime Type Width Area Height Area o
#  fwinl fminl wAU *s  [wiD 1 5 W N O
R A | === | mmmmmm - I | | I H
1 14.777 EEB 0.3265 5153.16699 242.53030 50.0744
2 22.344 EEB 0.5071 5137.85547 156.33524 49.9256
+-)-2a'
Totals : 1.02910e4 398, 91554 ( /) za

**% End of Report ***

Instrument 1 87372018 8:18:35 M

Page 1 of 1

S76

Data File C:4CHEM32)1YDATAYZHOU-18\¥YZNOOS979.D
Sample Nam GF-0-494

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1

6/16/2018 12:02:09 FM
$\CHEM32Y LNMETHOD SYDEF_LC.M
6/16/2015 11:33:33 AM
(nodified after loading)
C:WCHEMS2) LNMETHODSYWDEF_LC.M
B8/1l/2018 12:12:45 FPH
imodified after loadineg)

Analvsis Method
Last changed

Gample Info

Location @ Vial 1

: AD-H, Hexane/i-Pr0OH =30/20, 0.5 nl/min,

30 of, 230 nm

WO &, Wawelen th=230 rim (ZHOU-ToWZNO0 #0739 07
Harm,
400 |
350
3004
250+ g
=
o
200
150+
100
50 b
g
T
o
T T T T T
5 10 15 0 25 i)
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs TS
U
n, N
Signal 1: VD1 A, Wavelength=230 nm [
Peak RetTime Type Width Area Height Area '
# fwinl fwinl wAO %= [waT 1 % H O
| ! I |
1 14.553 EBE 0.3259 359.52924 16.96055 4.7562
2 22.006 EBE 0.5078 7152.20752 215.66374 05,2138
-2
Totals : 7511.73676 232.6242% ( )2a

*%*% End of Report **%

Instrument 1 /172018 l2:l2:54 PH

Page 1 of L




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOSOZL.D
Sample Name: GF-9-55A(+-)

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

Inatrument 1

672072016 9:089:48 PM
CiVCHEM32Y IZNMETHOD 5VDEF_LC. M
6/20/2015 8:34:07 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
G6/1/2018 12:15:42 PM
(modified after loadineg)

: AD-H, Hexane/i-PrOH =0,20, 0

dnalvsis Method :
Last changed

Sample Info

.8 ul/min,

Location : Wial 1

30 of, 254 nm

VT &, Wavelengir=T54 nm (2T THW ZHUTH0TT 107

120 o

100

4

11.006

12.008

Area Percent Report

Sorted By H Signal

Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs

Hignal 1: VWDl A, Wavelength=254 mm Me
Peak RetTime Type Width Area Height Area Me
#  Twinl fminl wAD ¥z fwal 1 %
A | === | mmm e m I | | I
1 11.096 EE 0.2480 1051.00153 65.10173 49.3744
2 13.903 EE 0.3486 1056.29358 45. 40697 50,1256
Totals : 2107.29541 110, 50870

**% End of Report ***

Instrument 1 §/1/2018 12:15:50 P

Ts
v, N
W N

H
()20

Page 1 of 1

S77

Data File C:4CHEM32)1YDATAYZHOU-18\¥YZNOOS023.D
Sample Nam GF-0-554&

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1

6/20/2018 11:57:55 FM
$\CHEM32Y LNMETHOD SYDEF_LC.M
6/20/2015 11:42:28 PM
(nodified after loading)
C:AZCHEMS32) LNMETHODSYWDEF_LC.M
B8/1/2018 12:17:14 FPH
imodified after loadineg)

Analvsis Method
Last changed

Gample Info

Location @ Vial 1

: AD-H, Hexane/i-Pr0OH =30/20, 0.5 nl/min,

30 of, 254 nm

WOT &, Wawelen th=254 rim (ZHOU-T9WZN00 8023 07
Narmn. |
200 -|
1504 2
100+
50|
2
&
2
) A%
T T T T T T T T
3 4 & g 10 12 14 16 |
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs TS
|
m, N
Signal 1: VWDl A, Wavelength=254 nm Me [
Peak RetTime Type WUidth Area Height Area Me W
# fwinl fwinl wAO %= [waT 1 % H e}
| ! I |
1 10.953 EBE 0.2441 249.25523 15.644339 7.9567
2 13.453 EBE 0.3337 2383.37760  128.22861 902.0433
(+)-2b’
Totals : 3132.63292  143.87300

*%*% End of Report **%

Instrument 1 /172018 12:17:20 FPH

Page 1 of L




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOSO2Z.D
Sample Name: GF-9-55B(+-)

Acg. Operator

Acg. Instrument @ Instrument 1

Injection Date : 6/20/2016 9:45:14 PH

Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H

Last changed 6/20/2015 9:43:15 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
G671/2018 12:21:51 PM
(modified after loadineg)
: AD-H, Hexane/i-PrOH =80/20, 0.8 ml/min, 30 of, 254 nm

Location : Wial 1

dnalvsis Method :
Last changed

Sample Info

VDT 7, Wavelen gih=154 nim (200 TEW ZHO0 9022 ]
Narm.
200
1764
1604
125 g
b4
100 g
g
75
50
25
o
T T T T T
4 10 15 i) 25 rmin|
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilutiom: H 1.0000 Me
Use Multiplier & Dilution Factor with ISTDs Ts
U
v, N
Hignal 1: VWDl A, Wavelength=254 mm [
Peak RetTime Type Width Area Height Area o
# fwinl fminl wAD ¥z [mAlT 1 % H o
R A [ === | mmmmmm - I | | I
1 15.966 VB 0.3737 2677.59009 110.21766 49.9601
2 23.029 EE 0.5182 2631.871583 79.91486 50.0399 Me
'
Totals : 5359.46191 19013232 (+-)-2¢

**% End of Report ***

Instrument 1 §/1/2018 12:21l:56 P

Page 1 of 1

Data File C:4CHEM32)1YDATAYZHOU-18\¥YZNOOS024.D
Sample Nam GF-0-55E

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1

6/21/2018 12:22:55 AM
$\CHEM32Y LNMETHOD SYDEF_LC.M
6/21/2015 12:22:03 AM
(nodified after loading)
C:WCHEMS32Y LNMETHODSYWDEF_LC.M
B8/1l/2018 12:20:38 FPM
imodified after loadineg)

Analvsis Method
Last changed

Gample Info

Location @ Vial 1

: AD-H, Hexane/i-PrOH =80/20, 0.8 ul/min, 30 of, 254 nu

WOT &, Wawelen th=254 rim (ZH0U-T9WZNO0 8028 07
Harm,
130
100
30 -
50 -
40 -
0 -
=
&
g
0
T T T T T
5 10 15 0 25 i)
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: : 1.0000 Me.
Use Multiplier & Dilution Factor with ISTDs TS
U
u, N
Signal 1: VD1 A, Wavelength=254 nm "
Peak RetTime Type Width Area Height Area w
#  Ininl fminl wil %z (WAl 1 5 Y NT O
| ! I | H
1 15.306 VB 0.3735 109.31574 4572581 4.8518
2 22.59% EBE 0.5327 2129.95044 £2.08694 95.1182 Me
+H)-2¢'
Totals : 2239.26618 66.65975 ( )ZC

*%*% End of Report **%

Instrument 1 /172018 l2:20:42 PH

Page 1 of L
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Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOSL1SE.D
Sample Name: GF-9-63A(+-)

Acg. Operator

Acg. Instrument @ Instrument 1

Injection Date : 7/3/2018 1:24:04 FPH

Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H
Last changed 7/3/2015 1:02:32 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
67142018 12:25:15 PM
(modified after loadineg)

: AD-H, Hexane/i-PrOH =70/30, 0.7 ml/min, 30 of, 230 nm

Location : Wial 1

dnalvsis Method :
Last changed

Sample Info

DT len gih=2 20 fim (ZHO0- T8 ZHO0 9156 ]
Narm. 7]
1200 -
1000 -
e 2
T
600
1
g
=
400 =
200
o
T T T T
5 0 15 0 in|
Area Percent Report
Sorted By H Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs TS
w, N
Hignal 1: VWDl A, Wavelength=2Z30 mm MeO [ L
Peak RetTime Type Width Area Height Area Meo o N O
#  Twinl fminl wAD ¥z fwal 1 % H
R A | === | mmm e m I | | I
1 14.863 EEB 0.3244 1.48374e4 704, 44235 49,8423
2 18.023 EE 0.6630 1.49313e4 387.96564 50,1577 B
(+-)-2d
Totals : 2.97687e4  109Z,40802

**% End of Report ***

Instrument 1 §/1/2018 12:25:20 FH

Page 1 of 1

Data File C:4CHEM32)1YDATAY,ZHOU-18\¥YZNO0DS192.D
Sample Nam GF-0-634

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1 Location @ Vial 1
7/6/2018 9:30: 560 AM

$\CHEM32Y LNMETHOD SYDEF_LC.M

T/6/2018 9:14:09 AM

(nodified after loading)

C:WCHEMS2Y LVMETHODSYWDEF_LC.M

B8/1l/2018 12:23:50 P

imodified after loadineg)

: AD-H, Hexane/i-PrOH =70/30, 0.7 nl/min, 30 of, 230 nm

Analvsis Method
Last changed

Gample Info

*%*% End of Report **%

Instrument 1 /172018 12:23:54 P

PWOT &, Wawelen th=230 rim (ZHOU-ToWZNO0 192 07
Harmn.
800
700
600 |
5004 o
400
a0
2004
100 5
: A
T T T T
5 0 15 20 i
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs TS
v, N
Gignal 1: VD1 A, Wavelength=230 nn MeO [
Peak RetTime Type WUidth Area Height Area Meo W N
# fwinl fwinl wAO %= Twal 1 % H
| -l | |
1 14.772 BV 0.3246 1492.76865 70.79812 7.7369
2 18.332Z BB 0.7576 1.78013e4 415.41751  92.2631 '
(+)-2d
Totals : 1.925340e4 486.21563

Page 1 of L

S79




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOS147.D
Sample Name: GF-0-62A(+-)

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

Inatrument 1

T/2/2018 8:54:25 PM
CiVCHEM32Y IZNMETHOD 5VDEF_LC. M
77272018 &:32:01 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
867142018 12:28:02 PM
(modified after loadineg)

dnalvsis Method :
Last changed

Sample Info

Location : Wial 1

: AD-H, Hewane/i-Pr0E =70/30, 0.7ul/mwin, 30 oC, 230 m

VDT 7, Wavelen gih=230 fim (200 TEw ZHO0a 147 ]
Narm. 7]
1000
200
600 N
*
400 &
&
200
o
T T T T T T T
5 0 15 n P 0 a8 i
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs MeO
Ts
|
Signal 1: YWDl A, Wavelength=230 rm N
Peak RetTime Type Width Area Height Area [ l
# fminl minl wi0 7= [wall 1 % o
R A [ === mmm e - I | | I N 0]
1 18.732 VB 0.4467 1.788l6ed 615.44922 49,9695 H
2 36.034 EB 0.8613 1.79034e4 321.9943% 50.0305
MeO ,
Totals : 3.5754%24 937, 44360 (+-)-2¢€

**% End of Report ***

Instrument 1 §/1/2018 12:29:06 FH

Page 1 of 1

S80

Data File C:4CHEM32\1YDATAY,ZHOU-18\¥ZNO0S149.D
Sample Nam GF-0-6ZA&

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1

74272018 11:45:50 FPM
$\CHEM32Y LNMETHOD SYDEF_LC.M
7/2/2018 11:39:23 PH
(nodified after loading)
C:WCHEMS32) LVMETHODSYWDEF_LC.M
B8/Ll/2018 12:27:25 P
imodified after loadineg)

Analvsis Method
Last changed

Gample Info

Location @ Vial 1

: AD-H, Hexane/i-PrOH =70/30, 0.7ul/min, 30 of, 230 mu

PRI A, Wavwelen @th=2a0 i (ZHO - ToWZRIT 143 107
Narmn,
00
800+
500 -]
+
400 5
5
300
2004
100 2
z
o
T T T T T T T
5 10 15 20 5 20 3% i)
Area Percent Report
Sorted Bw Girmal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs MeO.
Ts
|
Signal 1: VODL A, Wavelength=230 rm n, N
Peak RetTime Type Width Area Height Area
# fwinl fwinl wAO %= Twal 1 % S
- - I | I Y 'N” "0
1 18.549 BE 0.44z1 1029.219385 35.59795 5.0900 H
2 35.414 BB 0.8503 1.91911ed 347.90341 94,9100
MeO
Totals : 2.02203e4  383.50136 (+)-2¢'

*%*% End of Report **%

Instrument 1 /172018 12:27:49 PN

Page 1 of L




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOSZ33.D
Sample Name: GF-9-67B(+-)

Acg. Operator

Acg. Instrument @ Instrument 1

Injection Date : 7/8/2018 2:268:29 FH

Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H
Last changed 7/8/2018 2:27:12 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
867142018 12:32:03 PM
(modified after loadineg)

: AD-H, Hexane/i-PrOH =70/30, 0.7 ml/min, 30 of, 230 nm

Location : Wial 1

dnalvsis Method :
Last changed

Sample Info

VDT 7, Wavelen gih=220 fim (200 T8 ZHO09 3T 07
Narm. 7]
350
200 2
50
g
ks
200
150
100
504
o
T T T T T T T T
z 4 [ g 1 12 14 15 rmin|
Area Percent Report
Sorted By H Signal
Multiplier: : 1.0000
Dilution: : 1.0000 Et
Use Multiplier & Dilution Factor with ISTDs TS
|
w, N
Hignal 1: VWDl A, Wavelength=2Z30 mm [
Peak RetTime Type Width Area Height Area S
# fwinl fminl wAD ¥z [mAlT 1 % H (0]
R A | === | mmmmmmm I | | I
1 10.079 EE 0.2261 4369.809058 296.00070 50.0354
2 14.341 EE 0.3288 4363.62158 203.436585 49.9646 Et .
(+/-)-2f
Totals : 86733.43066 499, 48755

**% End of Report ***

Instrument 1 §/1/2018 12:32:08 FH

Page 1 of 1

S81

Data File C:4CHEM32)1YDATAY,ZHOU-18\¥ZNO0S243.D
Sample Nam GF-0-67E

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1 Location @ Vial 1
7/6/2016 9:37:46 PN

$\CHEM32Y LNMETHOD SYDEF_LC.M

7/6/2018 9:36:51 PM

(nodified after loading)

C:WCHEMS32) LVMETHODSYWDEF_LC.M

B8/1/2018 12:30:51 PM

imodified after loadineg)

: AD-H, Hexane/i-PrOH =70/30, 0.7 nl/min, 30 of, 230 nm

Analvsis Method
Last changed

Gample Info

WOT &, Wawelen th=230 rim (ZHOU-ToWZNO0 0247 07
Harmn. ]
400
350
300 4
250 3
200 -]
150
100
0 5
0
T T T T T T T T
2z 4 [ g 10 12 14 16 min
Area Percent Report
Sorted By H Signal
Multiplier: H 1.0000
Di lurion: : 1.0000 Et
Use Multiplier & Dilution Factor with ISTDs TS
U
w, N
Signal 1: VD1 A, Wavelength=230 nm [
Peak RetTime Type Width Area Height Area W
# fwinl fwinl wAO %= [waT 1 % H (0]
| 1===-1 I | |
1 10.073 EBE 0.2582 433.899991 24.4s2038 8.1255
2 14.273 EBE 0.3288 4907.23975 225.33183 09l.8745 Et
(+)-2f
Totals : 5341.23965 253.36396

*%*% End of Report **%

Instrument 1 /172018 12:30:56 FPH

Page 1 of L




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOSZ232.D
Sample Name: GF-9-6T7&(+-)

Acg. Operator

Acg. Instrument @ Instrument 1

Injection Date : 7/8/2018 2:06:35 FPH

Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H
Last changed 7/8/2015 2:05:59 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
G6/1/2018 1Z:36:41 PM
(modified after loadineg)

: AD-H, Hexane/i-PrOH =70/30, 0.7 ml/min,

dnalvsis Method :
Last changed

Sample Info

Location : Wial 1

30 of, 230 nm

VDT 7, Wavelen gih=220 fim (200 T8 ZHO09 23 07
Narm. 7|
800
&0 |
=
400 2
200 o
o
T T T
3 4 & 10 12 i
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000 nPr
Use Multiplier & Dilution Factor with ISTDs Ts
U
v, N
Zignal 1: YWDl A, Wavelength=230 rm g
Peak RetTime Type Width Area Height Area \\\\
#  Imwin fwinl mAl %z [wdD 1 % Y N” O
A [ === mmmmmmm I | | I H
1 7.798 VB 0.1745 5703.43555 497.70593 50.0333
2 10.315 EE 0.2402 5685.72217 362.23497 49.9862 nPr
'
Totals : 1.13992e4 §359,95091 (+/-)-Zg

**% End of Report ***

Instrument 1 §/1/2018 12:36:45 P

Page 1 of 1

Data File C:4\CHEM32)\1YDATA\,ZHOU-18\¥YZNO0OS242.D
Sample Nam GF-0-674

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1

7/6/2016 9:22:34 PN

$\CHEM32Y LNMETHOD SYDEF_LC.M
7/8/2018 9:20:51 PM
(nodified after loading)
C:WCHEMS2Y LVMETHODSYWDEF_LC.M
B8/Ll72018 12:33:52 P
imodified after loadineg)

: AD-H, Hexane/i-PrOH =70/30, 0

Analvsis Method
Last changed

Gample Info

Location @ Vial 1

.7 wl/min, 30 of, 230 nm

*%*% End of Report **%

Instrument 1 /172018 12:34:00 FPH

PWOT &, Wawelen th=230 rim (ZH0U-ToWZNO0 9242 07
Harm,
700
a00
s00
=
b3
400 | =
300
W04
100 =
5
=
o YA
T T T T T T
2 4 [ g 1 12 i
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs nPr
'Il's
Signal 1: VD1 A, Wavelength=230 nm v, N
Peak RetTime Type Width Area Height Area [ L
# fwinl fwinl wAO %= Twal 1 % w
- f— | I v N” "0
1 8.010 ¥V 0.1752 417.72684 36.250238 £.3692 H
2 10.557 VB 0.2445 £140.86765 381.71692 93.6308 nPr
Tatals : 6556.59451  417.97620 (+)-2¢g'

Page 1 of L
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Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOSL1S7.D
Sample Name: GF-9-63B(+-)

Acg. Operator

Acg. Instrument @ Instrument 1

Injection Date : 7/3/2018 1:50:20 P

Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H

Last changed 7/3/2015 1:49:00 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
G6/1/2018 1Z:40:06 PM
(modified after loadineg)
: AD-H, Hexane/i-PrOH =70/30, 0.7 ml/min, 30 of, 230 nm

Location : Wial 1

dnalvsis Method :
Last changed

Sample Info

T A, Wavelengih=2 30 nm (2015w ZHO0a TS 17
Narm.
700+
500
600
400 =
300 -
&
200
1004
o
T T T T T T
2 4 L] ] 1o 12 min|
Area Percent Report
Sorted By Simal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs FsC
Ts
|
Signal 1: VWD1 A, Wavelength=230 nm n, N
Peak RetTime Type Width Area Height Area [ L
# fwinl winl wAD ] TwAD 1 % o
e e e bt | 1 1 | N 9]
1 7.913 ¥B  0.1849 4560.60254 377.51147 50.0427 H
z 11.628 BE  0.3178 4561.81055 218,50819 49,9573 E
3
Tatals : 9131.41308  596.01957 (+/-)-2n’

**% End of Report ***

Instrument 1 §/1/2018 12:40:09 FH

Page 1 of 1

Data File C:4CHEM32)1YDATAYZHOU-18\¥ZNOOS193.D
Sample Nam GF-0-63E
Acg. Operator H
Acyg. Instrument Instrument 1 Location @ Vial 1
Injection Date 7/6/2018 10:11:41 AM
Acqg. Method $\CHEM32Y LNMETHOD SYDEF_LC.M
Last changed T/6/2018 9:57:57 AM
(nodified after loading)
Analwsis Method C:WCHEMS2Y LVMETHODSYWDEF_LC.M
Last changed 8/172016 12:41:27 P
imodified after loadineg)
gauple Info : AD-H, Hexane/i-PrOH =70/30, 0.7 nl/min, 30 of, 230 nm
WOT &, Wawelen th=230 rim (ZHOU-T9WZN00 8193 07
Harmn. ]
500+
400
2
bl
300 -]
200 |
100 =
=
"
o
T T T T T T
2 4 [ 10 12 |
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs F3C
TS
Signal 1: VD1 A, Wavelength=230 nm 4, N
Peak RetTime Type Width Area Height Area [
# fwinl fwinl wAO %= [waT 1 % w
—--- | I I I Y 'N” SO
1 7.916 VE 0.1827 544.47845 45.22761 7.7061 H
2 11.559 EBE 0.3166 £521.10693 313.37807 92,2939
F3C
Totals : 7065.58539 35910365 (+)-2h’
*%*% End of Report **%
Instrument 1 /172018 12:41:30 FPH Page 1 of 1

S83




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOS145.D
Sample Name: GF-9-62B(+-)

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

Inatrument 1

77242018 11:12:48 PM
CiVCHEM32Y IZNMETHOD 5VDEF_LC. M
77272015 10:52:27 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
G6/1/2018 1Z:44:49 PM
(modified after loadineg)

dnalvsis Method :
Last changed

Sample Info

Location : Wial 1

: AD-H, Hewane/i-Pr0E =70/30, 0.7ul/mwin, 30 oC, 230 m

VDT 7, Wavelen gih=230 fim (200 T8 ZHO0a TS 0]
Narm. 7]
600 -
&0
400 g
+
300 =
200
100
o
T T T T T T T
25 5 75 0 125 15 175 in|
Area Percent Report
Sorted By H Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs F
Ts
Hignal 1: VWDl A, Wavelength=2Z30 mm ", N
Peak RetTime Type Width Area Height Area [ L
# fminl minl wi0 7= [wall 1 % KO
A | === | mmmmmmm I | | N~ ~O
1 11.396 EE 0.2608 5931.07715 346.55286 50.0lz21 H
2 15.104 EE 0.3531 5925.19629 256.05937 49.98739 E
o
Totals : 1.16593e4 602, 61262 (+l-)-2|

**% End of Report ***

Instrument 1 §/1/2018 12:44:52 P

Page 1 of 1

S84

Data File C:4CHEM32\1YDATAYZHOU-18\¥YZNOOS157.D
Sample Nam GF-0-62E

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1

7/5/2018 1:13:37 PN
$\CHEM32Y LNMETHOD SYDEF_LC.M
7/5/2018 12:29:11 PH
(nodified after loading)
C:WCHEMS2Y LVMETHODSWDEF_LC.M
B8/1l/2016 12:43:28 P
imodified after loadineg)

Analvsis Method
Last changed

Gample Info

Location @ Vial 1

: AD-H, Hexane/i-PrOH =70/30, 0.7 ul/uin,

30 of, 230 nm

WOT &, Wawelen th=230 rim (ZHOU-ToWZNO0aTE7 07
Narm. 7|
800
600 -| S
400~
200
@
¥
o
T T T T T T T
25 5 P8 0 125 15 175 |
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs F TS
U
Signal 1: VD1 A, Wavelength=230 nm n, N
Peak RetTime Type Width Area Height Area
# fwinl fwinl wAO %= [waT 1 % W N
| ! | I |
1 11.455 EBE 0.2647 714.33740 40.942239 5.6237 H
2 15.139 EBE 0.3559 1.19879e4 515.31512 94.3763 =
o
Totals : 1.27023e4 856.25741 (+)-2|

*%*% End of Report **%

Instrument 1 /172018 12:43:31 P

Page 1 of L




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOS314.D
Sample Name: GF-9-T70&(+-)

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

Inatrument 1

771372016 8:06:56 PM
CiVCHEM32Y IZNMETHOD 5VDEF_LC. M
7/13/2015 8:06:05 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
G6/1/2018 12:47:57 PM
(modified after loadineg)

dnalvsis Method :
Last changed

Sample Info

Location : Wial 1

: AD-H, Hexane/i-PrOH =70/30, 0.7 ul/min,

30 of, 230 nm

VDT &, Wavelen gih=230 fim (200 T8 ZHO0 9313 07
Narm. 7]
175 4
150
125
=
g
o
100+ n
2
=
i
50
2454
o
T T T T T T T
25 5 75 0 125 15 175 i
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs Cl
TI'S
Signal 1: YWDl A, Wavelength=230 rm w, _N
Peak RetTime Type Width Area Height Area [ l
# fwinl winl wAD ] TwAD 1 % W
R A [ === | mmmmmmm I | | I ! N (6]
1 13.556 VB 0.3165 2063.22576 99.94914 49,6625 H
2 17.759 EE 0.4290 2031.27441 74.93134  50.3375 CI
Totals : 4154, 50317 174, 53048 (+/-)-2)'

**% End of Report ***

Instrument 1 §/1/2018 12:48:00 FH

Page 1 of 1

S85

Data File C:4\CHEM32\1YDATA\ZHOU-18\¥YZNOOS275.D
Sample Nam GF-9-T704&

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1 Location @ Vial 1
741172018 11:08:16 AM

$\CHEM32Y LNMETHOD SYDEF_LC.M

7/11/2015 11:07:05 AM

(nodified after loading)

C:WCHEMS2Y LVMETHODSYWDEF_LC.M

B8/1l/2016 12:46:35 P

imodified after loadineg)

: AD-H, Hexane/i-PrOH =70/30, 0.7 nl/min,

Analvsis Method
Last changed

Gample Info 30 of, 230 nm

WOT &, Wawelen th=230 rim (ZHOU-ToWZNO0Z7% 07
Narm. 7]
400
300 - 5
@
s
W0+
100 4
K]
0
T T T T T T T
25 5 P8 0 125 15 175 |
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000 |
Use Multiplier & Dilution Factor with ISTDs C TS
U
Signal 1: VD1 A, Wavelength=230 nm 4, N
Peak RetTime Type Width Area Height Area [
# fwinl fwinl wAO %= [waT 1 % W
| ! I | | H o
1 13.443 EBE 0.3162 474.761599 23.03591 £.2539
2 17.547 EBE 0.4288 7116.74505 255.14993 93,7461 Cl
W
Totals : 7591.51004  276.18589 (+)_2J

*%*% End of Report **%

Instrument 1 87172018 12:46:39 FII Page 1 of 1




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOS397.D
Sample Name: GF-9-75A(+-)

Acg. Operator

Acg. Instrument @ Instrument 1

Injection Date : 7/20/2016 9:04:01 AM

Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H
Last changed 7/20/2015 9:02:30 AM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
G671/2018 12:51:27 PM
(modified after loadineg)

dnalvsis Method :
Last changed

Sample Info

: AD-H, Hexane/i-Pr0OH =70/30, 0.7 nl/min,

Location :

30 of, 230 nm

VDT &, Wavelen gih=230 fim (200 T8 ZHO09 37 ]
Narm. ]
300
250
200 2
@
150 4 B
El
1004
504
o o e
T T T T
5 0 15 0 i
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000 Br
Use Multiplier & Dilution Factor with ISTDs TS
|
Hignal 1: VWDl A, Wavelength=2Z30 mm 1, N
Peak RetTime Type Width Area Height Area N
# fwinl fminl wAD ¥z [mAlT 1 % W N (@]
A [ === mmmmmmm I | | I
1 15.451 VB 0.3549 4416.99365 175.77422 50.0641 H
2 20.965 EE 0.5378 4405.65750 125.4731% 49.9353 Br
(H-)-2K’
Totals : G822.68115 301.25240

**% End of Report ***

Instrument 1 §/1/2018 12:51:30 FH

Page 1 of 1

S86

Data File C:4CHEM32\1YDATAYZHOU-18\YZNOOS396.D
Sample Nam GF-0-T754

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1

7/20/2018 B:2l:i3l AM
$\CHEM32Y LNMETHOD SYDEF_LC.M
T/20/2015 7T:56:03 AM
(nodified after loading)
C:WCHEMS32) LNMETHODSYWDEF_LC.M
B8/1l/2018 12:53:41 P
imodified after loadineg)

Analvsis Method
Last changed

Gample Info

Location : -

: AD-H, Hexane/i-PrOH =70/30, 0.7 ul/min, 30 of, 230 nu

PWOT &, Wawelen th=230 rim (ZHOU-T9WZNO0 0398 07
Narm. 7]
160
140
120+
100+ E
30|
a0~
404
20 g
o 000~
T T T T
5 0 15 20 i
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000 B
Use Multiplier & Dilution Factor with ISTDs r TS
|
Signal 1: VD1 A, Wavelength=230 nm u, N
Peak RetTime Type Width Area Height Area [
# lwinl fwinl wal 5 [wd0 1 % '
| ! I | H 0
1 15.463 EBE 0.3787 207.0728%5 §.29150 £.2935
2 z1.l06 EBE 0.5408 3080.58862 §7.40034 93.701%5 Br
-2k
Totals : F267.86147 95.69185 ()

*%*% End of Report **%

Instrument 1 /172018 12:53:45 P

Page 1 of L




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOS325.D
Sample Name: GF-9-T71A(+-)

Acg. Operator

Acg. Instrument @ Instrument 1

Injection Date : 7/14/2018 4:00:34 PH

Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H
Last changed 7/14/2015 3:50:55 PM
(modified after loading)
C:ACHEM32Y I\METHOD SZDEF_LC. M
G6/1/2018 1Z:55:44 PM
(modified after loadineg)

: AD-H, Hexane/i-PrOH =70/30, 0.7 ml/min, 30 of, 230 nm

Location : Wial 1

dnalvsis Method :
Last changed

Sample Info

VDT &, Wavelen gih=220 fim (200 T8 ZHO09 325 ]
Narm. 7]
160
11 o
1204
=
100 IS
Toa
80
a0+
401
20
o
T T T T T
1 1 15 0 min|
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Ts
Hignal 1: VWDl A, Wavelength=2Z30 mm l{l
",
Peak RetTime Type Width Area Height Area
#  Twinl fminl wAD ¥z fwal 1 % \
R e el I | | I WSNTo
1 21.553 BV 0.5308 3057.47412 88.90435 49,7090 H
2 23.167 VB 0.5520 3093.26538 8l.3410z 50.2910
'
Totals : 6150,73950 170,24540 (+/')'2|

**% End of Report ***

Instrument 1 §/1/2018 12:55:47 FH

Page 1 of 1

S87

Data File C:4CHEM32\1YDATAY,ZHOU-18\¥YZNOOO326.D
Sample Nam GF-9-Tl4

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1

/1472018 4:28:19 FPM
$\CHEM32Y LNMETHOD SYDEF_LC.M
7/14/2015 4:25:57 PM
(nodified after loading)
C:WCHEMS32) LVMETHODSYWDEF_LC.M
B8/1/2018 12:57:30 FPM
imodified after loadineg)

Analvsis Method
Last changed

Gample Info

Location @ Vial 1

: AD-H, Hexane/i-PrOH =70/30, 0.7 ul/min, 30 of, 230 nu

PWOT &, Wawelen th=230 rim (ZHOU-T9WZNO0 28 07
Narm. 7]
500 -|
400~
=
200 -| =
W0+
1004
b
0
T T T T T
5 10 15 20 i
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Ts
|
Signal 1: VD1 A, Wavelength=230 nm , N
Peak RetTime Type Width Area Height Area
# minl ninl wAT 3 il 1 % B
| -l | I | WINN
1 21.823 BV 0.5204 735.73380 21.884338 6.1547 H
2 23.030 VB 0.5782 1.11603e4 296.99333  093.8153
Totals : 1.18960e4  318.87776 (+)-2|'

*%*% End of Report **%

Instrument 1 /172018 12:57:34 P

Page 1 of L




Data File C:3CHEM32\1\DATA\ZHOU-ZOWY¥ZNO15212.D
Sawple MName: zz-7-500(+-)

Acg. Operator

Acg. Instrument @ Instrument 1 Location @
Injection Date : 7/4/2020 6:13:31 AN
Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H
Last changed 7/4/2020 5:54:26 AM
(modified after loading)
dnalvsis Method : C:WCHEM32Y) IA\METHODSZDEF_LC.M
Last changed 941972020 9:02:59 AM
(modified after loadineg)
Sample Info : AD-H, Hexane/i-PrOH = 80/20, 0.8 ul/min, 30 of, 220 nm
VDT 7, Wavelen gih=2 20 fim (ZHO0-20W ZHOT5 212 07
Narm. 7|
a0+
a0
4 =
g
20
T T T T T i
5 0 15 0 25 20 min
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000 MeO.
Use Multiplier & Dilution Factor with ISTDs TS
U
. w, N
Hignal 1: VWDl A, Wavelength=220 rm "
Peak RetTime Type Width Area Height Area "
#  Iwin] fminl wdU ¥ [whD 1 5 v N (@]
A [ === | mmmmmm o I | |
1 2l.231 VB 0.5013 1197.82666 36.57651 50,5904 H
2 28.437 EEB 0.65382 1169.86731 27.56517 49.4096 .
(+-)-2m
Totals : 2367.69397 64, 44169

**% End of Report ***

Instrument 1 971972020 9:03:16 AN

Page 1 of 1

S88

Data File C:4\CHEM32\1YDATA,ZHOU-19VYZNO13744.D
Sample Nam zz-7-50

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1
10/26/2019 10;:11:39 PN

1042642019 9:59:12 BH
{modified after loading)
C:\CHEM32) 1Y METHOD S4DEF_LC.H
9/19/2020 9:05:28 &M
{modified after loading)

Analvsis Method
Last changed

Gample Info

: AD-H, Hexane/i-PrOH =80/20, 0.

Location : -

$\CHEM32Y 1NMETHOD SYDEF_LC11. M

& ml/uin, 30 of, 220 nm

WOT &, Wawelen th=210 rim (ZH0U-TOWZN0T 348 07
Narm. 7]
350
300
250
W04
i
150 &
100+
50 ©
E
A
I . B
T T T T T T
1 0 15 n 25 90 min
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000 MeO.
Use Multiplier & Dilution Factor with ISTDs TS
|
. u, N
Signal 1: VD1 A, Wavelength=220 nm "
Peak RetTime Type Width Area Height Area -
# fwinl fwinl wAO %= Twal 1 % W N (@]
| ! I |
1 21.776 VB 0.4957 496.30634 15.50773 7.6922 H
2 28.449 EBE 0.6606 5955.76700 140.49104 92,3078 ,
(+)-2m
Totals : 6452.07343 155.99682

*%*% End of Report **%

Instrument 1 91972020 9:05:46 AM

Page 1 of L




Data File C:3CHEM32\1\DATA\ZHOU-ZO0WY¥ZNO15979.D Data File C:4\CHEM32)1YDATA,ZHOU-Z0WYZNOLE5950.D
Sawple MName: zz-0-51(+-) Sample Nam zz-9-51
Acg. Operator Acg. Operator :
Acg. Instrument @ Instrument 1 Location @ Acyg. Instrument Instrument 1 Location @ -
Injection Date : 9/9/2020 6:18:51 AN Injection Date 9/9/2020 6:56:56 AN
Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H Acqg. Method $\CHEM32Y LNMETHOD SYDEF_LC.M
Last changed 9/9/2020 6:13:29 AM Last changed 9/9/2020 6:56:03 AM
(modified after loading) (nodified after loading)
dnalvsis Method : C:WCHEM32Y) IA\METHODSZDEF_LC.M Analwsis Method C:WCHEMS2) LNMETHODSWDEF_LC.M
Last changed 941972020 9:12:51 AM Last changed 9/19/2020 9:14:53 AN
(modified after loadineg) imodified after loadineg)
Sample Info : AD-H, Hexane/i-PrOH = 90/10, 0.8 nl/min, 30 of, 220 nm gauple Info : AD-H, Hexane/i-Pr0H = 90/10, 0.8 nk/min, 30 of, 220 nm
VDT &, Wavelen gih=2 20 fim (ZHO0-20% ZHO 5973 07 PWOT &, Wawelen th=220 rim (ZH0U-Z0WZN0T5080 07
Narm. 7] Narm. 7]
180 4
600 -
140
500 -
120 4
100 w007
p g8 8 H
&0 g & 300+ =
a0
200
401
20 & g 100+ é
2 g 8
T T T T T T T T T T T T T T
1 10 15 0 % a0 in| 5 i) 15 0 25 i1 35 min
Area Percent Report Area Percent Report
Sorted By Signal Sorted By Signal
Multiplier: : 1.0000 Multiplier: H 1.0000
Dilution: H 1.0000 Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs Use Multiplier & Dilution Factor with ISTDs
Ts Ts
U
Hignal 1: VWDl A, Wavelength=220 rm n, N Signal 1: VWDl A, Wavelength=220 nm m, N
Peak RetTime Type Width Area Height Area [ Peak RetTime Type Width Area Height Area [ l
# lwinl minl wAT Tz [prEALY 1 % o # minl ninl wAT 3 il 1 % W
Y it [ " | I | Me™ "N” TO —— — I | I I Me™ "N” TO
1 26.z201 BV 0.5912 2677.90918 70.11043 43,3592 H 1 31.045 ¥V 0.6818 1.18235e4 265.93173  B5.2533 H
2 27.755 VB 0.6347 2715.11230 65.93609 43,9920 2 33.324 VB 0.7504 2045.23425 41.66250  14.7467
3 31.097 BE 0.6877 394.36530 8.72116  6.3898 (+-)-2n' (+)-2n’
4 33.953 BB 0.7566 384.44772 7.82516 6.2291 Totals : 1.36691ed 307.59423
Totals @ 6171.83450 152.59283
*%*% End of Report **%
**% End of Report *#*+
Instrument 1 971972020 9:12:59 AN Page 1 of 1 Instrument 1 91972020 9:14:57 AM Page 1 of 1

S89




Data File C:3CHEM32\1\DATA\ZHOU-Z0WY¥ZNO15555.D

Sawple MName: zz-0-28(+-)
Acg. Operator
Acg. Instrument @ Instrument 1 Location @
Injection Date : 6/1/2020 8:12:14 AN
Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H
Last changed 8/1/2020 &:09:55 AM
(modified after loading)
dnalvsis Method : C:A\CHEM32Y) IA\METHODSZDEF_LC.M
Last changed 941972020 9:08:56 AM
(modified after loadineg)
Sample Info : AD-H, Hexane/i-PrOH = 80/20, 0.8 ul/min, 30 of, 220 nm
VDT &, Wavalen gih=2 20 fim (ZHO0-20W ZH0T 1]
Narm.
11 o
120
100
a0
-
g
s
&0 =
=
40
20
o
T T T T T T T T T
2 4 & g 10 12 14 18 18 i
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Ts
|
Hignal 1: VWDl A, Wavelength=220 rm , N
",
Peak RetTime Type Width Area Height Area
#  Twinl fminl wAD ¥z fwal 1 % W
R A | === mmmmmm - I | | I SN0
1 14.237 EEB 0.3185 1271.00542 61.08355 51.2672 H
2 17.581 VB 0.3922 1208.17456 47.13610 48,7328
Totals : 2479,18298 108.21965 (+/-)-20

**% End of Report ***

Instrument 1 971972020 9:09:00 AN

Page 1 of 1

Data File C:4CHEM32)1YDATAY,ZHOU-Z0WYZNOLESE0.D
Sample Nam zz-9-28

Acg. Operator H
Acyg. Instrument
Injection Date
Aci, Method
Last changed

Instrunent 1

B8/1/2020 9:41:07 AM
$\CHEM32Y LNMETHOD SYDEF_LC.M
8/1/2020 9:04:45 AM
(nodified after loading)
C:WZCHEMS32) LNMETHODSYWDEF_LC.M
9/19/2020 9:10:17 AM
imodified after loadineg)

: AD-H, Hexame/i-PrOH = 80/20,

Analvsis Method
Last changed

Gample Info

Location :

0.6 uk/min, 30 of, 220 nm

*%*% End of Report **%

Instrument 1 91972020 9:10:29 AM

Page 1 of L

PWOT &, Wawelen th=220 rim (ZHO0U-Z0WZN0T5560 07
Narm. 7]
250+
200
150 4 ¥ g
100 4
50|
o
T T T T T T T T T
3 4 [ g 0 12 14 16 18 i
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Ts
U
Signal 1: VD1 A, Wavelength=220 nm , N
Peak RetTime Type Width Area Height Area
# fwinl lninl wAU 7z [FE 1 % B
===l -==-1 | A\ N O
1 14.111 VB 0.3082 2790.82935 135.320589 45.7786 H
2 17.536 EBE 0.3941 3305.53140 128.16530 54,2214
Totals : 6096.36084 266.49753 (+)-20

S90




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOSE04.D

Sample Name: GF-0-494(+-)
Acg. Operator
Acg. Instrument @ Instrument 1 Location @ -
Injection Date : 6/3/2018 6:57:02 FPH
Acg. Method i CiAVCHEM32Y INMETHOD S\DEF_LC.H
Last changed 8/3/2015 6:39:35 PM
(modified after loading)
dnalvsis Method : C:WCHEM32) 1\METHODSZDEF_LC.M
Last changed 8/3/2018 §:168:30 PM
(modified after loadineg)
Sample Info : AD-H, Hexane/i-PrOH = 80/20, 0.8 ul/min, 30 of, 230 nm

VDT &, Wavelen gih=220 fim (200 T8 ZHO0 9604 0]
Narm. 7]
400
a0
=
"
T
200 3
&
a
100 4
o
T T T T T
4 10 15 i) 25 rmin|
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Ts
Hignal 1: VWDl A, Wavelength=2Z30 mm l{l
Peak RetTime Type Width Area Height Area
#  Twinl fminl wAD ¥z fwal 1 % |
R A | === | mmmmmm - I | | I WSNTRG
1 14.777 EEB 0.3265 5153.16699 242.53030 50.0744 H
2 22.344 EEB 0.5071 5137.85547 156.33524 49.9256
Totals : 1.02910e4 398, 91554
(+-)-2a

**% End of Report ***

Instrument 1 87372018 8:18:35 M

Page 1 of 1

S91

Data File C:4CHEM32%14DATAN\ZHOUZ018YSIGLO0L059.D
Sample Name: GF-9-454

Acy. Operator : w
5/zdf1B 16:58:25

FM-4-4_LC.J
:\CHEM32, 1\ METHODSADEF_LC11.1
7/27/18 1151159

{nodified after loading)

Injection Date
Aci, Method
Analysis Method
Last changed H

gample Info
0 nm

Additional Info : Peaki(s) manually integrated

: AD-H, n-hexane / i-Pr0H = 80/20

Location @ Vial 91

, 0.8 nl/min, 30 o

c, 23

AT, Viwelengthe=2 30 him (ZH 0 20 1816 1001060 0]
Harm. 7|
200
oo - H]
&
400 -|
200
P
g
T
0
T T T T T
H 1 15 0 25 mif
Area Percent Report
Sorted By H Signal
Multiplier: H 1.0000
Dilution: H 1.0000 Ts
Use Multiplier & Dilution Factor with ISTDs |
m N
Signal 1: VDl A, Wavelength=230 nm [
Y UN” o
Peak RetTime Type Width Area Height Area H
# [min] [min] [(mAT*s] [mAl] %
| 1===-1 | I- [=mmmmmmm | ,
1 14.2385 BE 0.3246 39.19082 1.83594 0.2232 (_)_Za
2 21.426 BE 0.5074 1.71340e4 515.94037 99.771&
Totals : 1.71732e4 517.77931
{i(8 1 7/27/18 l:52:05 Page L of 2




Data File C:3CHEM32\1\DATA\ZHOU-18\Y¥ZNOOS422.D
Sample Nam GF-9-54B (+-)

Acg. Operator H
Acg. Instrument
Injection Date
Azg., Method
Last changed

Inatrument 1

772172016 6:21:24 PM

$ZCHEM32Y IZNMETHOD 5VDEF_LC. M
7/21/2015 6:04:14 PM

(modified after loading)
C:WCHEM32) I\METHOD $ZDEF_LC11.M
743172016 12:4l:06 AN
(modified after loadineg)

TA, Hexane/iPr0H = 70/30, 0.8 wl/min, 30 of, 220 nm

Location : -

dnalvsis Method
Last changed

Sample Info

VDT 7, Wavelen gih=2 20 fim (200 T8 ZHO09422 ]
Narm. 7]
&0
700
600
500 Z
2
-
400
200 ] [
004
100
o
T T T T T T
2 4 3 g 10 12 in|
Area Percent Report
Sorted By Signal
Multiplier: : 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs Me
I
Hignal 1: VWDl A, Wavelength=220 rm -, N
Peak RetTime Type Width Area Height Area
# fwinl fminl wAD ¥z [mAlT 1 % " N
A b [ === | mmmmmm o I | | I
1 7.054 VB 0.1459 4243.03557 446.23368 50.2315 H
2 10.719 EE 0.2478 4203.52725 260.74030  49.7655
Totals : 8§446,96552 706, 97597 (+/_)_3

**% End of Report ***

Instrument 1 7/31/2018 12:4l: 24 AN

Page 1 of 1

S92

Data File C:4CHEM32\1YDATAYZHOU-18\YZNOOSET4.D
Sample Name: GF-2-54B

Acg. Operator

Acyg. Instrument : Instrument 1

Injection Date i 7/31/2018 12:25:43 AM

Acqg. Method i CiAVCHEM32Y LNMETHODSAZDEF_LCLL. M
Last changed T/31/2018 12:24:27 AM
(nodified after loading)
C:WCHEM32) 1\METHODSYWDEF_LC11. M
743172018 12:42:11 MM
imodified after loadineg)

Ti, Hexane/i-Pr0H = 70/30, 0.8 ml/min, 30 of, 220 nm

Location : -

Analvsis Method :
Last changed

Gample Info

WO &, Wawelen th=220 rim (ZHOU-ToWZN00 9672 07
Harm,
200 -|
2460+
W0+
%
@
El
150
100+
50 -
o
T T T T T T
2 4 ] g 10 12 |
Area Percent Report
Sorted By Signal
Multiplier: H 1.0000
Dilution: H 1.0000
Use Multiplier & Dilution Factor with ISTDs
l\llle
Signal 1: VD1 A, Wavelength=220 nm u, N
Peak RetTime Type Width Area Height Area [ j
# minl ninl wAT 3 il 1 % Y N
| ! I | |
1 7.01Z VE 0.1437 120.28876 13.866594 4.8098 H
2 10.646 EBE 0.2499 2558.755830 155.16457 95,1902
Totals : Z668,04706 172.03151 (-)-3

*%*% End of Report **%

Instrument 1 73172016 12:42: 37 AM

Page 1 of L




