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Figure S1 Methods to prepare chiral vicinal fluoro alcohols !23
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Figure S2 Catalytic activity and selectivity of the reused whole-cell system.
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Figure S3 Contents of 1j, 2j and rac-3j during the light off/on experiment for photo-

oxidation fluoridation.

Figure S4 Picture of photochemical reaction apparatus.

2. General Information

All commercially available reagents are of analytical grade, and were purchased from
Macklin, Aladdin. Unless otherwise noted, all the purchased reagents were used without
further purification. Spectra of 'H and '*C NMR were recorded on a BRUKER 400 MHZ
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spectrometer (400 MHz for 'H and 101 MHz for '*C) using TMS as an internal standard in
CDCl;. All known products were characterized by comparison of 'H and '*C NMR data with
those reported in the literature. High resolution mass spectral analysis (HRMS) was
performed on a Waters GCT PremierTM orthogonal acceleration time-of-flight (oa-TOF)
mass spectrometry with an EI source. Gas chromatography (GC) was performed on a
Shimadzu GC-2010 plus device (Shimadzu, Kyoto Japan) with a flame ionization detector
(FID) and an Agilent CP-chirasil-Dex CB column (dimensions 30 m x 0.25 mm x 0.25 pm),
carrier gas: Nitrogen, injection temperature 250 °C; detector temperature 310 °C. High
performance liquid chromatography (HPLC) was performed on a Thermo U3000 device,
equipped with a UV/Vis Detector (DAD-3000RS) and a Chiralpak OD-H column(250 mm X
4.6 mm, n-hexane/2-propanol as the mobile phase). The photosource was 100 W metal halide

lamp with effective photon flux of 90 Im/W.
3. Experiments
2.1 Preparation of ketoreductase RasADH and KtCR

Glycerol stock of E. coli BL21 (DE3) harboring RasADH or KtCR expression plasmids was
first incubated in 5 mL LB medium (1% tryptone, 0.5% yeast extract, 1% NaCl) with
Kanamycin (50 pg/mL), shaking at a 37°C incubator overnight. The precultures were used as
the inoculum for a 500 mL culture in fresh LB medium with 50 pg/mL Kanamycin. The
cultures were shaken at a 37°C incubator until OD600 at 0.6 and cooled at 4°C for 30 min,
isopropyl B-thiogalactopyranoside (IPTG) was added to a final concentration of 0.5 mM to

induce expression. Cultivation was continued at 25°C and 200 rpm for 12 h.

Cell were harvested by centrifugation at 4000 rpm for 10 min, and the pellet was resuspended
in 50 mL 100 mM PBS buffer at pH 6.5 for further whole cell reaction.

2.2 Reaction optimization for fluoridation and photo-oxidation

o)
X "F"source, photo-catalyst ©)J\/F
1a 2

0.2 mmol styrene (1a) was dissolved in 200 pL CH;CN, and added in 800 pL solution of "F"
source (0.22 mmol, Selectfluor or EtN;-3HF solved in water, or NFSI solved in CH;CN), and
photo catalyst (0.02 mmol, SAS, Ir(ppy);, Ru(bpy);Cl, or Riboflavin). The concentration of
la was 200 mM. With air blowing and magnetic stirring, the reaction was taken under the
irradiation at room temperature. After 12h, the reaction was quenched by removing the
irradiation. The solution was extracted with ethyl acetate for three times, and the yield was

then determined by GC.
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2.3 General procedure for the optimized fluoridation and photo-oxidation

1.0 mmol styrene (la) was dissolved in ImL CH;CN, and added in 4 mL solution of
Selectfluor (1.1 mmol) and SAS (0.1 mmol). The concentration of 1a was 200 mM. With air
blowing and magnetic stirring, the reaction was taken under the irradiation of at room
temperature. After 12 h, the reaction was quenched by removing the irradiation. The reaction

was monitored by TLC and GC. And the yield was then determined by GC.
2.4 Controlling experiments for the photo-oxidation fluoridation process

"F" source, photo catalyst and light irradiation were considered as the necessary factors for
the photo-oxidation fluoridation process. The corresponding control experiments were done to

prove it.
2.4.1 None light.

0.2 mmol styrene (1a) was dissolved in 200 pL CH3;CN, and added in 800 pL solution of
Selectfluor (0.22 mmol) and SAS (0.02 mmol). With air blowing and magnetic stirring, the
reaction was taken in dark at room temperature. After 12h, the solution was extracted with
ethyl acetate for three times, and the yield was then determined by GC. The result was listed
in Table 1, entry 7.

2.4.2 None photo catalyst

0.2 mmol styrene (1a) was dissolved in 200 pL CH;CN, and added in 800 pL solution of
Selectfluor (0.22 mmol). With air blowing and magnetic stirring, the reaction was taken under
the irradiation at room temperature. After 12h, the reaction was quenched by removing the
irradiation. The solution was extracted with ethyl acetate for three times, and the yield was

then determined by GC. The result was listed in Table 1, entry 8.
2.4.3 None “F” source

0.2 mmol styrene (1a) was dissolved in 200 uL CH;CN, and added in 800 pL solution of SAS
(0.02 mmol). With air blowing and magnetic stirring, the reaction was taken under the
irradiation at room temperature. After 12h, the reaction was quenched by removing the
irradiation. The solution was extracted with ethyl acetate for three times, and the yield was

then determined by GC. The result was listed in Table 1, entry 9.
2.5 Light off/on experiment for photo-oxidation fluoridation

2.0 mmol 1j was dissolved in 2mL CH;CN, and added in 8 mL solution of Selectfluor (2.2
mmol) and SAS (0.2 mmol). The concentration of 1j was 200 mM. With air blowing and

magnetic stirring, the reaction was first taken in dark for 1 h, then, a process of 1 h irradiation
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period preceded 0.5 h dark period was taken. After each period, the contents of 1j, 2j and rac-

3j was monitored (see figure S3).
2.6 Reaction optimization for the enzymatic reduction

Whole-cell reaction system was applied for the enzymatic reduction process. 2 mL whole cell
culture of ketoreductase (resuspended in 100 mM PBS buffer, pH 6.5) with glucose (100 mM)
was mixed with the reaction solution of 2a, and shaken at a 30°C incubator overnight.
Different volume of 2a reaction solution was screened to optimize the enzyme activity. The
resulting solution was extracted with ethyl acetate, and the yield and ee value were then
determined by chiral GC and listed in Table S1.

Table S1 optimization of material ratio for the enzymatic reduction

0 OH OH

©)1\/ = ketoreductase, glucose I F
©/\/ or ©/k/
2a (S)-3a (R)-3a
Entry ketoreductase Volume of 2a OC ield Conversion (%) ee %
reaction solution (%)
1 0.1 mL 73 99 99
2 RasADH 0.2mL 81 99 99
3 (2mL) 0.4 mL 95 99 98
4 0.8 mL 50 61 96
5 0.1 mL 71 99 99
6 KtCR 0.2 mL 82 99 99
7 (2mL) 0.4 mL 95 99 99
8 0.8 mL 40 53 94

2.7 General procedure for scale-up one-pot reaction

1.0 mmol substrate (styrenes, 1a-1n) was dissolved in ImL CH;CN, and added in 4 mL
solution of Selectfluor (1.1 mmol) and SAS (0.1 mmol). With air blowing and magnetic
stirring, the reaction was taken under the irradiation of at room temperature. After 8 h, 25 mL
whole cell culture of ketoreductase (resuspended in 100 mM PBS buffer, pH 6.5) with
glucose (100 mM) was added into the reaction solution, and stired overnight. The
concentration of 1a-1n was 33 mM. The resulting solution was extracted with ethyl acetate
for three times, then the organic phase was dried over anhydrous sodium sulfate and

concentrated in vacuum. The obtained crude product was further separated and purified by
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using flash column chromatography. Yields were determined by GC, external standard
method to get contents, and the recovery was 96%, ee values were determined by chiral GC
or HPLC.

The absolute configurations of 3a-3m were confirmed by comparison with literature values

2, and absolute configuration of 3n was confirmed based on Prelog’s rule “.

2.8 Preparation of styrene-derived (S)-Ibuprofen (1n)
_OH /©/\ _EDC DMAP
m : HoN overnlght rt

In a 50 mL round-bottom flask, (S)-Ibuprofen (412 mg, 2 mmol), DMAP (24 mg, 0.2 mmol),
CH,Cl, (20 mL), N,N'-diisopropylcarbodiimide (EDC, 766 mg, 4 mmol) and 4-vinylaniline
(262 mg, 2.2 mmol) were successively added. The mixture was stirred at rt overnight. The
reaction was quenched with H,O (10 mL) and extracted with EtOAc (3 x 30 mL). The
organics were combined, dried (Na,SO,4), and the volatiles were removed under reduced
pressure. After purification by flash column chromatography, 1n was obtained as a white
solid (402 mg, 65%). '"H NMR (400 MHz, CDCl;) § 7.34 (dd, J = 35.9, 8.1 Hz, 4H), 7.19 (dd, J =
43.4, 6.8 Hz, 4H), 6.63 (dd, J = 17.5, 10.9 Hz, 1H), 5.64 (d, J= 17.6 Hz, 1H), 5.16 (d, J = 10.8 Hz, 1H),
3.68 (q, J= 6.7 Hz, 1H), 2.46 (d, J= 7.0 Hz, 2H), 1.93 — 1.78 (m, 1H), 1.57 (d, J= 7.0 Hz, 3H), 0.90 (d,
J = 6.5 Hz, 6H). 3C NMR (100 MHz, CDCly) & 172.62, 141.08, 138.01, 137.50, 136.08, 133.57,
129.84, 127.40, 126.70, 119.60, 112.90, 77.36, 77.04, 76.73, 47.70, 45.01, 30.18, 22.39, 18.53; HRMS
(EI-TOF) m/z: [M]+ Calcd. for C21H25NO 307.1936, Found 307.1941.

2.9 Procedure of reuse experiments

The reuse experiments were performed in photo-KtCR-catalyzed cascade reaction of 0.2
mmol 1j (Entry 8, Table 3). After reaction, the resulting solution was extracted with ethyl
acetate (5 mL X 3), and cells were harvested by centrifugation of aqueous phase. Then the
pellet was resuspended in 5 mL 100 mM pH 6.5 PBS buffer, and added to another
fluorination solution as biocatalyst. In the meantime, 72 mg glucose (0.4 mmol, 2 equiv), 50
U GDH and a solution of NADP* (100 pL of 80 mM stock, 0.04 equiv) were added, in order
to eliminate the activity loss of NADPH regeneration system during the reaction, extraction
and centrifugation process. After 2 h at rt, the ketone 2j was transformed to (S)-3j completely,
so the reaction time of bioreduction in the reuse experiments was 2 h. The conversion and ee

value were determined by chiral GC.
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4. Characterization data

OH

2-fluoro-1-phenylethan-1-ol (3a)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 2:1) to get the target product as pale yellow oil. 'H NMR (400 MHz, CDCl;) &
7.46 — 7.30 (m, 5H), 5.03 (ddd, J= 9.3, 5.5, 2.4 Hz, 1H), 4.59 — 4.34 (m, 2H), 2.49 (s, 1H). 3C NMR
(100 MHz, CDCls) 6 138.18 (d, J = 8.2 Hz), 128.67, 128.45, 126.36, 87.20 (d, J = 174.3 Hz), 72.99 (d,
J=19.7 Hz). HRMS (EI-TOF) m/z: [M]" Calcd. for CgHoFO 140.0637, Found 140.0637.

Cl OH

1-(2-chlorophenyl)-2-fluoroethan-1-ol (3b)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 2:1) to get the target product as colorless oil. 'H NMR (400 MHz, CDCl;) § 7.63
(dd, J=17.6, 1.5 Hz, 1H), 7.45 — 7.18 (m, 3H), 5.54 — 5.35 (m, 1H), 4.48 (dddd, J = 48.5, 17.6, 9.6, 5.4
Hz, 2H), 2.73 (s, 1H). 3C NMR (100 MHz, CDCls) & 135.52 (d, J = 8.7 Hz), 132.05, 129.47, 129.44,
127.93, 127.28, 85.68 (d, J = 174.8 Hz), 69.85 (d, J = 20.5 Hz). HRMS (EI-TOF) m/z: [M]* Calcd.
for CgHgCIFO 174.0248, Found 174.0248.

OH
Cl F

1-(3-chlorophenyl)-2-fluoroethan-1-ol (3¢)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 2:1) to get the target product as colorless oil. 'H NMR (400 MHz, CDCl;) & 7.40
(s, 1H), 7.35 — 7.28 (m, 2H), 7.28 — 7.22 (m, 1H), 5.06 — 4.92 (m, 1H), 4.62 — 4.27 (m, 2H), 2.80 (s,
1H). 3C NMR (100 MHz, CDCl;) 8 140.20 (d, J = 8.1 Hz), 134.63, 129.95, 128.58, 126.57, 124.49,
86.90 (d, J = 174.8 Hz), 72.33 (d, J= 20.1 Hz). HRMS (EI-TOF) m/z: [M]* Calcd. for CsHsCIFO
174.0248, Found 174.0247.

OH

Cl 1-(4-chlorophenyl)-2-fluoroethan-1-ol (3d)
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The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 2:1) to get the target product as colorless oil. 'H NMR (400 MHz, CDCl;) § 7.43
~7.29 (m, 4H), 5.07 — 4.91 (m, 1H), 4.63 — 4.25 (m, 2H), 2.71 (s, 1H). *C NMR (100 MHz, CDCl;) §
136.60 (d, J = 8.2 Hz), 134.24, 128.85, 127.73, 86.94 (d, J= 174.8 Hz), 72.31 (d, J= 20.0 Hz). HRMS
(EI-TOF) m/z: [M]* Calcd. for CgHgCIFO 174.0248, Found 174.0249.

2-fluoro-1-(2-methoxyphenyl)ethan-1-ol (3e)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 2:1) to get the target product as brown oil. 'H NMR (400 MHz, CDCl;) & 7.43
(dd, J=17.5, 1.4 Hz, 1H), 7.34 — 7.23 (m, 1H), 6.99 (t, /= 7.5 Hz, 1H), 6.88 (d, /= 8.2 Hz, 1H), 5.38 —
5.17 (m, 1H), 4.49 (dddd, J = 48.8, 17.3, 9.3, 5.6 Hz, 2H), 3.84 (s, 3H), 2.93 (s, 1H). 3C NMR (100
MHz, CDCls) 6 156.38, 129.23, 127.45, 126.29 (d, J = 8.3 Hz), 120.92, 110.36, 86.15 (d, /= 173.1 Hz),
69.12 (d, J = 20.5 Hz), 55.33. HRMS (EI-TOF) m/z: [M]* Calcd. for CoH,,FO, 170.0743,
Found 170.0743.

OH

| 2-fluoro-1-(4-methoxyphenyl)ethan-1-ol (3g)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 2:1) to get the target product as colorless oil. 'H NMR (400 MHz, CDCl;) 8 7.30
(d, J = 8.6 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 5.01 — 4.90 (m, 1H), 4.55 — 4.29 (m, 2H), 3.80 (s, 3H),
2.66 (s, 1H). 3C NMR (100 MHz, CDCl;) 5 159.68, 130.28 (d, J = 8.4 Hz), 127.67, 114.07, 87.18 (d, J
= 174.5 Hz), 72.55 (d, J = 19.8 Hz), 55.32. HRMS (EI-TOF) m/z: [M]* Caled. For CoH;FO,
170.0743, Found 170.0742.

OH

2-fluoro-1-(p-tolyl)ethan-1-ol (3h)
The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 4:1) to get the target product as colorless oil. '"H NMR (400 MHz, CDCl;) § 7.22
(dd, J=34.3,8.0 Hz, 4H), 4.97 (ddd, /= 13.8, 8.3, 3.2 Hz, 1H), 4.44 (dddd, J=34.1, 17.8, 9.6, 5.8 Hz,
2H), 2.35 (s, 3H).1*C NMR (100 MHz, CDCl;) & 138.26, 135.20 (d, J = 8.5 Hz), 129.35, 126.30, 87.21
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(d, J= 1743 Hz), 72.84 (d, J = 19.8 Hz), 21.16. HRMS (EI-TOF) m/z: [M]* Caled. for CoH;,FO
154.0794, Found 154.0794.

OH

Br 1-(4-bromophenyl)-2-fluoroethan-1-ol (3i)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 3:1) to get the target product as colorless oil. 'H NMR (400 MHz, CDCl;) § 7.63
~7.10 (m, 4H), 5.09 — 4.85 (m, 1H), 4.60 — 4.23 (m, 2H), 2.72 (s, 1H). *C NMR (100 MHz, CDCl;) &
137.12 (d, J= 8.2 Hz), 131.80, 128.06, 122.37, 86.87 (d, J= 174.9 Hz), 72.35 (d, J= 20.1 Hz). HRMS
(EI-TOF) m/z: [M]* Calcd. for CsHgBrFO 217.9743, Found 217.9742.

OH

F 2-fluoro-1-(4-fluorophenyl)ethan-1-ol (3j)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 3:1) to get the target product as colorless oil. 'H NMR (400 MHz, CDCl;) § 7.24
(ddd, J = 120.2, 13.0, 7.0 Hz, 4H), 5.09 — 4.90 (m, 1H), 4.58 — 4.26 (m, 2H), 2.82 (s, 1H). 3C NMR
(100 MHz, CDCl;) & 162.70 (d, J = 246.8 Hz), 133.93 (dd, J = 8.2, 3.0 Hz), 128.11 (d, J = 8.2 Hz),
115.59 (d, J=21.7 Hz), 87.04 (d, J = 174.6 Hz), 72.30 (d, J = 19.9 Hz). HRMS (EI-TOF) m/z: [M]*
Calcd. for CgHgF,0 158.0543, Found 158.0542.

OH

F3C 2-fluoro-1-(4-(trifluoromethyl)phenyl)ethan-1-ol (3k)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 3:1) to get the target product as colorless oil. '"H NMR (400 MHz, CDCl;) § 7.58
(dd, J=47.7, 8.3 Hz, 4H), 5.08 (ddd, J = 14.3, 8.0, 3.2 Hz, 1H), 4.63 — 4.30 (m, 2H), 2.69 (s, 1H). 1*C
NMR (100 MHz, CDCly) § 142.07 (d, J = 8.0 Hz), 130.64 (q, J = 32.6 Hz), 126.67 (s), 125.60 (q, J =
3.7 Hz), 122.63 (s), 86.83 (d, J = 175.0 Hz), 72.39 (d, J = 20.2 Hz). HRMS (EI-TOF) m/z: [M]*
Calcd. for CoHgF,O 208.0511, Found 208.0509.

/
\ 2-fluoro-1-(thiophen-2-yl)ethan-1-ol (31)
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The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 3:1) to get the target product as light yellow oil. 'H NMR (400 MHz, CDCl;) §
7.33 (dd, J=5.0, 1.1 Hz, 1H), 7.05 (dt, J = 4.9, 3.5 Hz, 2H), 5.27 (ddd, J = 14.3, 7.5, 3.5 Hz, 1H), 4.57
(dddd, J = 25.6, 17.0, 9.5, 5.6 Hz, 2H), 2.80 (s, 1H). 13C NMR (100 MHz, CDCl;) & 141.31 (d, J = 8.5
Hz), 126.98 (s), 125.62 (s), 125.03 (s), 86.61 (d, J = 175.3 Hz), 69.10 (d, J = 21.6 Hz). HRMS (EI-
TOF) m/z: [M]*" Calcd. for CoHgF,O 146.0202, Found 146.0200.

OH
F
F

F
Br 1-(4-bromophenyl)-2,2,2-trifluoroethan-1-ol (3m)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =10:1 to 3:1) to get the target product as white solid. "H NMR (400 MHz, CDCls) § 7.54
(d,J=7.1 Hz, 2H), 7.35 (d, J = 7.7 Hz, 2H), 5.07 — 4.95 (m, 1H), 2.76 (s, 1H). 3C NMR (100 MHz,
CDCly) § 132.79, 131.78, 129.05, 128.12, 123.86 (t, J = 141.1 Hz), 72.17 (q, J = 32.1 Hz). HRMS
(EI-TOF) m/z: [M]* Calcd. for CgHgBrF;0 253.9554, Found 253.9547.

: H
N
ST
F
OH  (25)-N-(4-(2-fluoro-1-hydroxyethyl)phenyl)-2-(4-
isobutylphenyl)propanamide (3n)

The crude residue was purified by flash column chromatography (petroleum ether : ethyl
acetate =5:1 to 2:1) to get the target product as white solid. 'H NMR (400 MHz, CDCl;) § 7.70 (d,
J=11.2 Hz, 1H), 7.44 — 7.23 (m, 4H), 7.16 (d, J = 21.0 Hz, 4H), 4.86 (s, 1H), 4.34 (dd, J = 47.6, 15.4
Hz, 2H), 3.70 (s, 1H), 2.46 (d, J = 5.3 Hz, 2H), 1.85 (s, 1H), 1.54 (s, 3H), 0.90 (d, J = 4.7 Hz, 6H). 13C
NMR (100 MHz, CDCl;) 6 173.24, 140.98, 138.07, 137.85, 134.36, 129.74, 127.34, 126.88, 120.12,
86.91 (d, J = 175.1 Hz), 72.37 (d, J = 19.5 Hz), 47.41, 45.00, 30.17, 22.39, 18.55. 19F NMR (376 MHz,
cdely) § -219.39 (m, 1F). HRMS (EI-TOF) m/z: [M]" Calcd. for C,;H,sFNO, 343.1948, Found
343.1955.
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'H, 3C and F NMR spectra
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6. Chiral GC and HPLC data

3a, chiral GC (Agilent CP-chirasil-Dex CB, Ts= 19.3 min, Ty =20.1 min, Temperature
conditions: initial temperature 100°C, 2°C/min to 150°C, then 40°C /min to 180°C, holding 1

min).

Max Intensity : 144,666,435

uWix100,000
2 0 Chromatogram Time 21285 Inten. -34,043]
@
& ~
157 @ =
E g
T &
10] rac-3a
0.5
'3 '3
o T 3
T T T T T T T T T T
175 18.0 185 19.0 195 200 205 o 215 220 min
| = |

EHesults-Peak Table
Peak Table |Conpound | Group | Calibration Curve |

Peak? Bet.Time |  Area | Height Nark Conpound Hame Area¥
T 19,356 1360695 3 1190914.3 50, 0634
i 20117 1356161 5 113284 7 499168
uV/(x100,000) Max Intensity : 129,537 957
Chromatogram = Tme 21064 Inten ~T11 78]
20] E
g
&
. (R)-3a -
2
=
5 . v
L T ™
-1.0d
175 180 135 190 195 200 s 210 215 BN min
ki = Ei
E Results - Peak Table
Feals Table | Conpound | Growp | Calibration Curve |
Peak# Bet.Time |  Area | Height |  Mark Compound Hame Area%
T 19 531 24556 45020 0 9879
H 20,017 23003390 148560.5 S 99,0321
UV(x100,000) Max Intensity : 126,003 476
Chromatogram Time Inten;
3.0]
o
bl
2.0
(8)-3a <
1.0 &
S
=
i 4 v
T T T =2 =2 T T T
175 180 185 19.0 195 200 205 210 215 20 25 min
I = i
g Results - Peak Table
Pask Table | Conpound | Group | Colibration Curve |
Feakt Eet.Time |  hrea |  Height |  Wark Conpound Hame hreat
1 19,20 FHEE 456315 V 99 5215
z 20137 1678.5 131.2 5V 0.0784
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3b, chiral GC (Agilent CP-chirasil-Dex CB, Tg= 12.0 min, Tz = 12.6 min, Temperature
conditions: initial temperature 140°C, 2°C /min to 180°C holding 1 min).

uV(x100,000)

Max Intensity : 146,539,540

3.0-] Chromalogram Time Tnien
o
@ s
~ @
i ]
=it = g
rac-3b &
104
v ¥
A i il
T T T . T T T : . T : T
1075 11:00 1125 1150 175 1200 1225 12150 1275 1300 1325 1350 min
k] =l i
B Results - Peak Table
Pesk Table | Conpound | Group | Calibration Curve |
Feaks Bet.Time |  hrea | Height |  Mark Compound Hame hreat
T 11783 1912587, 2 1647405 50,1658
B 12,391 1899946, 2 166039, 2 43,8342
uVix10,000) Max Intensity : 147 460,336
Chromatogram Time 11.806 Inten 41
159
£
&
10 o
4 , g
(R)-3b :
0] =
0.04
1025 1050 1075 1100 125 1450 75 1200 1225 1280 1275 1300 1325 1350 1375 1400 1425  min
| _
Eﬁesults'Peak Table
Peak Table | Conpound | Group | Calibration Curve |
Peak# Eet.Time | e Height | Nark Chapoendiiane Areak
T 11 566 32059 4 AT 3 ENET]
H 12,571 63299.3 8503.2 56. 3941
UV(10,000) Max Intensty : 141,762,173
Chromalogram " Tie 14283 Tnlen EE
5 o
S )
= ]
054 - g_
(5)-3b Y
0]
¥ ¥
7 w
5]
1000 1025 1050 1075 1100 1125 1150 1175 1200 1225 1250 1275 1300 1325 1350 1375 1400 " min
| 1o |
mﬁesults'Paak Table
Fealk Table | Conpound | Group | Calibration Curve |
Peak# Eet.Time | e Height | Nark Chapoendiiane Areak
T 11 75 G G ERBE]
H 12.582 40455.0 5585.8 44,8787
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3¢, chiral GC (Agilent CP-chirasil-Dex CB, Ty = 13.3 min, Tz = 13.7 min, Temperature

conditions: initial temperature 140°C, 2°C/min to 180°C, holding 1 min).

£ QUV(x10,000)

Max Intensity : 165,753,770
15,

Chromalogram 5 = Tie TZ968 Tnlen -
5 B
407 S =
3.04
rac-3c¢
209
1.04
Ay,
4 7 T
1178 1200 1225 12'50 1275 13700 13125 13750 1375 14,00 14125 1450 1475 nin
k] El
B Results - Peak Table
Pesk Table | Conpound | Group | Calibration Curve |
Feaks Bet.Time |  hrea | Height |  Mark Compound Hame hreat
T 13. 220 Z74362.5 36280.4 43,8167
B 13.673 276359.5 35253.1| V 50,1813
uV(x1,000) Max Intensty : 126,779,006
o Chromatogram Time 13.417 Inten. 857
g r~
=
P
759 =
§
504
(R)-3¢
g
259 3
-
g
E = v
58 T 3
1200 1225 1250 1275 1300 1325 13'50 1375 14700 1425 14150 " min
| _l
Eﬁesults'Peak Table
Peak Table | Conpound | Group | Calibration Curve |
Feak# Bet.Time |  Area | Height |  Mark Compound Fame hreat
T 13 34 350 [ 0 TB11
H 13.717 48594.8 8085.5 09,2389
uVix1,000} Max Intensity : 144 535 034
Chromatogram Time 15.012 Inten. -1,532|
-
7.59 &
B
S
504 (5)-3c N
2
259 3
-
2
. v S
™ m
25
12'00 12725 1250 1275 13700 13'25 13'50 1375 14700 14725 14'50 1475 min
sl 1
Eﬁesults-Peak Table
Feak Teble | Conpound | Grewp | Celibration Curve |
Feak# Eet.Time |  hrea | Height |  Wark Conpound Hame hrea¥
T 13,254 4100.0 19554 99,6681
B 13 045 56 2 155 0 1319
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3d, chiral GC (Agilent CP-chirasil-Dex CB, Tg= 13.5 min, Tz = 14.2 min, Temperature

conditions: initial temperature 140°C, 2°C/min to 180°C, holding 1 min).

Max Intensity : 142,396 614

uV(x100,000)
2

0 Chromatogram [ = Time 13.455 Inten -9,667]
&
a g
157 = z
o
10 rac-3d
0.5+
0 '3
T T T T
12.50 1275 13.00 14.75 min
g B

E Results - Peak Table
Feak Table | Conpound | Group | Calibration Curve |

Max Intensity : 130,067 874

Time 13.952  Inten. 803

2014227

M3515

Peaks Ret. Time |  hrea |
i 13,327 14935536
A 14,036 1539842, 0
UV(x1,000)
Chromatogram
759
50
(R)-3d
25
0.0
12550 1275 13100
k|

1475 min

5

m Results - Peak Table

Feak Table | Conpound | Group | Calibration Curve |

Peaks Bet.Time |  hrea |
1 13.515 1708
z 14.221 18723.9

uV(x10,000)

3.0] Chromatogram

204

(5)-3d

Time 13773 Inten. -3

1IM3 486

Lm 4.254

Max Intensity : 129,771,894
713

1250 1275 13700

]

1475 min

E Results - Peak Table
Feak Table | Conpound | Group | Calibration Curve |

Peaks Bet.Time |  hrea |

3 13. 486 185434, 2
z 14,254 2615.7




3e, chiral GC (Agilent CP-chirasil-Dex CB, Ty = 11.7 min, Tz = 12.3 min, Temperature
conditions: initial temperature 140°C, 2°C/min to 180°C, holding 1 min).

uV(10,000)

Max Intensity : 166,514,045

Chromatogram - Time 12583 Inten -3,891
@ =
8
10 2 g
i =
s &
rac-3e
0.5
| v ¥
0.0 -
1075, 11700 1125 11'50 1175 1200 1225 12'50 1275 1300 1325 " min
K i
m Results - Peak Table
Paak Table |Conpound | Gromp | Calibration Curve |
Feakd Bet.Time |  hrea | Height |  Wark Conpound Fame hrea%
1 11,739 55856 4 61655 50, 2364
z 12.313 #5236.5 34518 49,7636

3f, chiral GC (Agilent CP-chirasil-Dex CB, Tg= 14.6 min, T = 14.7 min, Temperature
conditions: initial temperature 140°C, 2°C/min to 180°C, holding 1 min).

UV(x10,000)

Max Intensity - 130,180,844

10.0-] Chromatogram

7.5

5.0 rac-3f

11014 554

14739

Time Inten.

0.04 =
138 139 140 141 142 143 144 145 146 148 149 150 181 182 153 154 min
A i T |
m Results - Peak Table
Pealc Table | Conpound | Group | Calibration Curve |
Peakl Bet.Time |  Area | |Height |  Nark Conpound Hame hreak
1 12.55¢ 211420, 2 329956 ¥ 51,3568
B 14,739 200008 1 31662.85| ¥ 4 6132
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3g, chiral GC (Agilent CP-chirasil-Dex CB, Ts= 13.4 min, Tz = 13.9 min,

conditions: initial temperature 140°C, 2°C/min to 180°C, holding 1 min).

uV/(x10,000)

Temperature

Max Intensity : 167,125 47!

Chrematogram Time 13.563 Inten. -1,825]
3.0 @ b1
I @
@ S
2
2.0 = 5
rac-3g
1.0
¥
0.0 T 0
12'50 1275 13100 1325 1350 1375 14100 1425 1450 1475 min
l B
m Results - Peak Table
Pask Table | Conpound | Group | Calibration Curve |
Peaks Bet.Time |  Area | Height |  Mark Conpound Home hreak
i 13,419 1366947 168177 495769
H 13.634 136472.6 16987.5 | V 50,3231
UV(x10,000) Max Intensity : 190,062 485
Chromatogram Time 13.807 Inten. 4,601
o
2
104 2
=
(R)-3 g
0.5 g z
3
@
=
0.0] T ¥ &
12'50 1275 1300 1325 13’50 1375 14100 1425 14150 1475 " min
Et I
m Results - Peak Table
Pealc Table | Conpound | Group | Calibration Curve |
Peakl Bet.Time |  Area | Height |  MNark Conpound Hame hreak
1 13,608 11%5.5 i3 1 0300
z 13. 985 102130.0 8605.4| ¥ 4989100
uVix10,000) Max Intensity : 189,009,659
Chroematogram Time 14.076 Inten 7,241
1.5 a
bl
o
1.0 ( S)_3 =
g .
05 5
b
=
o = ¥ 5 v
1250 1275 13,00 13725 1350 1375 14700 1425 1450 1475 min
- 2l
E Results - Peak Table
Paak Table | Conpound | Group | Calibration Curve |
Peakl Bet.Time |  Area |  Height |  Wark Conpound Hame hreak
1 13,585 134238 4 5319.9 593053
B 14,414 941.9 9.5 0.6957
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3h, chiral GC (Agilent CP-chirasil-Dex CB, Tg= 8.3 min, Ty = 8.7 min, Temperature

conditions:

uV(x10,000)

initial temperature 140°C, 2°C/min to 180°C, holding 1 min).

Max Intensity : 142 045,645

Chromatogram o, e Time 8617 Inten 13,315
2] =
4.0 £ 2
304
204 rac-3h
1.0+
e N ke >
T T T T T T T T T T T T T T T T T T T T
76 T 73 79 30 a1 82 83 84 85 86 a7 88 89 90 91 92 93 94 20z min
16} Ll Bl
E Results - Peak Table
Feak Table | Conpound | Group | Calibration Curvs |
Peakl Bet.Time |  Area |  Height |  MWark Conpound Hame hreak
£l 8 318 2R4792 5 36516.0 49 5493
2 8.717 269609. 5 35220, 3 50, 4507
uV(x100) Max Intensity : 145,757,640
Chromatogram Time 8.596 Inten 18]
o
5.04 2
=
- o
(R)-3h &
25
@
2
5
g &
. 2l
oA w 0
T T T T T T T T T T T T T T T T T T T
T 78 79 80 81 82 83 34 85 86 a7 88 89 90 91 92 93 94 9.5min
k| B 0
E Results - Peak Table
Pealk Table |Conpeund | Group | Calibration Curve |
Feaki Bet.Time |  hrea | Height |  Wark Compound Hame hrea%
1 8 379 33.0 14.2 0. 9852
2 8. 750 3388.5 353.2 99. 0348
uVix100) Max Intensity : 133,259,769
Chromatogram o Time 9.558 Infen. 125
D
A
2.4 =

7

75

- = -
E Results - Peak Table
Feak Table | Conpound | Group | Calibration Curve |
Peak® Eet.Time | Ares | Meight Nark B Lo Area®
3 5. 366 G TEE 75 3720
B & 851 18 154 0 B2l
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3i, chiral GC (Agilent CP-chirasil-Dex CB, Tg=17.2 min, Tz = 17.9 min, Temperature
conditions: initial temperature 140°C, 2°C/min to 180°C, holding 1 min).

UV (x10,000) Max Intensity : 160,986,105
Chromatogram = Bt Time 16.663 Inten 22,463
40] & 8
= =
= =
= S
307
.
rac-3i
20]
1.0
v
& T T T T T T L T T T 4, T T T T T T T
575 16,00 1825 1650 16175 17.00 1725 1750 1775 1800 1825 18'50 1875 18.00 1925 min
1 = il
E Results - Peak Table
Fask Table |Conponnd | Group | Calibration Curve |
Peokd Bet.Time | hrea | Height Bark ] Lt Area%
1 17 204 753536, 6 31459.4 494179
B 17523 259919 2 31966 B ¥ 50 5821
uVix10.000) Max Intensity : 136,770,351
Chromatogram ] Time 16.632 Inten. 10,308]
1.0 =
5
§
oo (R)-3i o
8
8
-
0 = de -
3 ™
1578 1600 16125 16150 16,75 17700 17728 1750 1775 1800 18125 18150 18778 19'00 19125 " min
Bt = |
E Results - Peak Table
Feak Table | Conpound | Group | Calibration Curvs |
Peakl Bet.Time |  Area |  Height |  MNark Conpound Hame hreak
1 17302 128 0 0 2088
B 18.002 59179.7 71883 99,7912
uW(x10,000) Max Intensity : 137,538,539
4.0 Chromatogram o, Time 17607 Inten 20,768|
&
=
3.0 S
.
20 (S)-3l
-
104 =
)
=
0 L P 1)
T i
1575 16100 1625 16'50 16,75 17700 1725 17150 1778 18100 18125 18’50 18175 1900 19125 "min
Et O o
m Results - Peak Table
Pealc Table | Conpound | Group | Calibration Curve |
Peakl Bet.Time |  Area | Height |  MNark Conpound Hame hreak
i 17,222 237176.8 29119.6 96 07112
3 18.017 48845 256 19288
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3j, chiral GC (Agilent CP-chirasil-Dex CB, Tg= 20.7 min, Tz = 22.0 min, Temperature
conditions: initial temperature 100°C, 2°C/min to 150°C, then 40°C/min to 180°C, holding 1

min).

uV(x100,000)

Max Intensity : 194,710,390

Chromatogram Time 21.450 Inten. 43,041
1.5 - =
3 ]
g 5
g ]
1.0 . g ]
£ &
rac-3j
0.5
&
: i T
19.0 195 200 205 210 215 230 235 230 235 240 min
Bt :
E Results - Peak Table
Feak Table | Conpound | Group | Calibration Curvs |
Peakl Bet.Time |  Area |  Height |  MNark Conpound Hame hreak
il 70 fat TEA15E 0 antan. 4 FENCTE]
i 21.952 971344.0 a8aTY. B 50, 3157
WV (10,000) Max Intensty - 107,656,715
Chromatogram i Time 24302 Inten 2,022
3 8
o
o
&
(R)-3j
1.0+ 3
8
o
g
0.0 - - -
18.0 195 200 205 210 21s 220 25 230 25 240 min
s B o
E Results - Peak Table
Pealk Table |Conpeund | Growp | Calibration Curve |
Peak? Bet.Time |  Ares | leight | Bk Compound Hame Areak
T 0. 954 TE§ 173 & 06351
H 22 152 152147 2 22743 7 . 34a
uV(x10,000) Max Intensity : 107,334,100
Chromatogram Time 21.470 Inten 61618]
-
7.5 =
g
50J
(5)-3j
25 ﬁ
&
o
o = S
18.0 195 20.0 205 2{0 2{s 220 ER 210 25 240 mn
1 =l il
E Results - Peak Table
Peak Table |Conpound | Grow | Calibration Curve |
Feakd Bet.Time |  hrea | Height |  Wark Compound Hame hrea%
T 20 814 a7z 4 58555 0 S
H 22, 579 21423 3975 0,45
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3k, chiral GC (Agilent CP-chirasil-Dex CB, Tg= 8.5 min, Tz = 9.2 min, Temperature
conditions: initial temperature 140°C, 2°C/min to 180°C, holding 1 min).

uW(x1,000) Max Intensity ; 167 682,197
Chroematogram Time 9265 Inten 9,666
7.5
g =
B ]
50 = 2
rac-3k g &
257
= o e
oL L3 0
259
750 775 200 825 850 875 500 925 950 975 min
Bt 5 15|
E Results - Peak Table
Feak Table | Conpound | Group | Calibration Curvs |
Peakl Bet.Time |  Area |  Height |  Wark Conpound Hame hreak
1 5 52z 262121 3027 T 430083
B 9.172 272712.9 4339, 1 50,9917
uW(x1,000} Max Intensity : 132 958 713
Chromatogram Time 10.025 Inten. 54|
15]
<
1.0] g
- g
(R)-3k o z
3
0.5 2
0.0J
750 775 .00 825 850 875 900 925 950 975 min
gy i
m Results - Peak Table
Peaks Table | Conpound | Group | Calibration Curve |
Peak® Eet.Time | Ares | Meight Nark B Lo Area®
3 5.590 1430.3 1891.9 7. 1680
B 9.210 3995. 3 588.2 72. 8320
uV(x1,000) Max Intenskty * 128,163,787
1.5 Chromatogram Time  9.003 Mnten. 7,537]

m Results - Peak Table
Feak Table | Conpound | Group | Calibration Curve |

S37

Peak® Eet.Time | Ares | Meight Nark B Lo Area®
i 5571 55045 03,1 39, 5764
B 9216 BEE a7 10 1216



31, chiral GC (Agilent CP-chirasil-Dex CB, Tg= 13.3 min, Tz = 13.8 min, Temperature
conditions: initial temperature 140°C, 2°C/min to 180°C, holding 1 min).

UV (x10,000) Max Intensity : 150,925,270
10,04 Chromatogram Time 12911 Inten 9,772]
z o
7.5 @ I
2 &
= S
&
50 rac-31
259
4 v
0. % e
12'50 1275 1300 13125 13'50 1375, 14700 1425, 14750 1475 min
] 55) £

E Results - Peak Table
Pealk Table |Conpeund | Growp | Calibration Curve |

Feaki Bet.Time |  hrea |  Height |  Wark Conpound Hame hrea%
T 13 174 519917 8 58457 7| V 52 6550
H 13, 722 4637346 50888.9 SV 47, 1441
uV(x100) Max Intensity : 137,465,636
Chromatogram o Time 13.228 Inten ~134]
o
@ g
8 8
25] @
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E Results - Peak Table
Fask Table |Conponnd | Gromp | Calibration Curve |
Feaki Eet.Time |  hrea | Height |  Wark Compound Hame hreak
1 13 328 1174 8 87 7 33 3616
B 13.672 23456 332.4 66, 5384
uV(x100) Max Intensity : 128,487 638
Chromatogram o Time 14.749 Inten 297
8
3.0 B
o
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2.0 (S)_3l &
1.0
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m Results - Peak Table
Feal Table |Conpeund | Group | Calibration Curve |

Peak? Bet.Time |  Area | |Height |  Wark Compound Hame Areak
i 13351 2143, 20,0 BT 6222
2 13831 10265 155.8 32 3TTS
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3m, chiral HPLC (Daicel, CHIRALCEL OD-H, Ty = 5.6 min, Ts = 7.0 min, mobile phase: n-
Hexane/2-Propanol = 90/10 (v/v), flow rate: 1.0 mL/min, detection: UV 230 nm, temperature:

30 °C.)
4 '
3 rac-3m
Peak Retention time (min) Peak area (mAU*min) Relative peak area (%)
1 5.597 66.310 50.23
2 7.040 65.711 49.77
Peak Retention time (min) Peak area (mAU*min) Relative peak area (%)
1 5.567 7.596 98.33
2 7.070 0.129 1.67
L]
-
(8)-3m
1 .
L]
Peak Retention time (min) Peak area (mAU*min) Relative peak area (%)
1 5.623 0.100 1.98
2 7.097 4.954 98.02
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3n, chiral HPLC (Daicel, CHIRALCEL OD-H, T = 39.8 min, Tg = 46.5 min, mobile phase:

n-Hexane/2-Propanol = 98/2(v/v) to 90/10 (v/v) in 30 min, holding 30 min, flow rate: 1.0
mL/min, detection: UV 254 nm, temperature: 30 °C.)

T T
- um la N oW e ~

A N ~ A N N A

~ A I~ ~

Peak Retention time (min) Peak area (mAU*min) Relative peak area (%)
1 39.890 186.071 45.87
2 46.523 219.574 54.13

= = NS

mi

T T
- uf\m o N a W e ~

~

A N ~

A N ~ -

Peak

Retention time (min)

Peak area (mAU*min)

Relative peak area (%)

39.263

151.338

99.93

46.317

0.101

0.07
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