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1. General Information

Unless otherwise noted, all reactions were carried out under a nitrogen
atmosphere; materials obtained from commercial suppliers were used directly without
further purification. The [a]p was recorded using PolAAr 3005 High Accuracy
Polarimeter. 'H NMR spectra, 3C NMR spectra, 3!P NMR spectra and '°F NMR spectra
were recorded on a Bruker 400 (or 500) MHz spectrometer in chloroform-d;. Chemical
shifts (in ppm) were referenced to tetramethylsilane (6 = 0 ppm) in CDCI; as an internal
standard. 13C NMR spectra were obtained by using the same NMR spectrometers and
were calibrated with CDCIl; (6 = 77.00 ppm). The data is being reported as (s = singlet,
d = doublet, dd = doublet of doublet, t = triplet, m = multiplet or unresolved, br = broad
signal, coupling constant(s) in Hz, integration). Noteworthy, splitting signals between
BC nucleus and *P nucleus in some chiral phosphine catalysts were difficult to
distinguish and these '*C NMR signals were reported as singlet entirely.

Trichloromethane (CHCl;), dichloromethane, dichloroethane and ethyl acetate
were freshly distilled from CaH,; tetrahydrofuran (THF), toluene and ether were dried
with sodium benzophenone and distilled before use.

Reactions were monitored by thin layer chromatography (TLC) using silicycle
pre-coated silica gel plates. Flash column chromatography was performed on silica gel
60 (particle size 200-400 mesh ASTM, purchased from Yantai, China) and eluted with

petroleum ether/ethyl acetate.



2. Synthetic Procedure and Data for Chiral Phosphine Catalyst (5)-P5

FsC CFs FsC CFs
\?/ Cl_O \?/0
Ao . /5\ EtsN (1.5 equiv) o N)K©/CF3
©/\/Pphz FsC CF3

DCM, 0~25°C, 1 h :
@thcF3

0.1 mmol 0.11 mmol (S)-P5
(S)-P4 63%

Under the protection of Ar, 3,5-Bis(trifluoromethyl)benzoyl chloride (1.1 eq.) was
added slowly to the solution of (S)-P4' and Et;N in DCM (1 mL) at 0 °C. This reaction
mixture was then stirred at 25 °C for another 1 h, after completion of the reaction, the
solvent was then removed in vacuo and the residue was directly purified by silica gel
chromatography using petroleum ether/EtOAc as the eluent to afford the desired (S)-
P5; white solid; [a]p?® = — 211.2 (¢ = 0.33, CHCl;); 'H NMR (400 MHz, CDCl;): §
7.61 (br, 6H), 7.56-7.54 (m, 2H), 7.47-7.43 (m, 2H), 7.39-7.21 (m, 11H), 5.94-5.88
(m, 1H), 3.70-3.62 (m, 1H), 2.95-2.89 (m, 1H); 3C NMR (100 MHz, CDCl;): &
170.56, 139.33, 139.07 (d, J = 7.50 Hz), 137.46 (d, /= 9.10 Hz), 136.14 (d, /= 11.80
Hz), 133.50 (d, /=20.00 Hz), 132.32 (q,J=34.3 Hz), 132.23 (d, /= 17.90 Hz), 129.75,
128.94 (d, J = 7.40 Hz), 128.83, 128.79, 128.69, 128.66, 128.63, 128.41 (br), 127.97,
124.98 (br), 122.16 (q,J=271.50 Hz), 59.56 (d, /= 18.00 Hz), 32.59 (d, /= 13.30 Hz);
3IP NMR (121.5 MHz, CDCl3) 6 = -23.06 ppm; HRMS (ESI) m/z caled. for
C3gHy4F1,NNaOsP [M+Na] *= 824.1194, found = 824.1194.



3. Typical Procedure for the Enantioselective [3+2] Cycloadditions of

Allenes with #-Perfluoroalkyl a,/~Enones

)
0 \—R'
S)-P4 (2. 19 5
R1k/ﬁRf . (S)-P4 ( 5mooc/;> R20,C.
\COZRZ toluene, - 20 \E><Rf
1 2 3

Under Ar, a stirred solution of 112! (0.2 mmol) and (S)-P4 (0.005 mmol) in toluene (2
mL) was cooled to -20 °C. Subsequently, 2 (0.24 mmol) was added in one portion. The
reaction mixture was stirred for another 0.5 h, the solvents were removed in vacuo and
the residue was directly purified by silica gel chromatography using petroleum

ether/EtOAc as the eluent to afford the desired cycloaddition product 3.

4. X-ray Crystal Structure for 3pa




5. The assignment of the stereochemistry of the compound 5

In order to confirm the structure of the compound 5, 2D NMR (HSQC, HMBC and
NOE) analysis was carried out. According to these NMR spectra, the
the stereochemistry of the compound 5 was validate (NOE of HY and H® was not

obsearved; NOE of H¢ and Hf was not obsearved).

(a) "TH NMR spectra for 5
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(b) BC NMR spectra for 5

=~ o FRTOE 00~
. OFAMNG DT A
™M @ 2 b SR
@ r] T Lo Ao
i = Anaazeeem

T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 490 130 470 460 450 440 430 420 410 400 S0 B0 TO &0 50 40 30 20

(c¢) HSQC spectra for 5
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(d) HMBC spectra for 5
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(e) NOE spectra for 5
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6. Experimental Procedure for the Transformations of 3gb

Experimental Procedure for the Selective Reduction of 3gb

0 Br HO,
\}/O/ NaBH,

Br

q

MeO,C > M 5
2 THF/H,0, 0°C, 1 h e0,C
CFs CF4
3gb 4
99% ee 96%, 99% ee, d.r. = 4:1

Under Ar, a stirred solution of 3gb (0.2 mmol) in THF/H,O (3/1, 2 mL) was added
NaBH, (0.1 mmol). The mixture was stirred at 0 °C for 1 h. After completion of the
reaction, 20 mL EtOAc was added. The organic layers was separated and dried over
MgSO, and the solvents were removed in vacuo. Finally, the residue was directly
purified by silica gel chromatography using petroleum ether/EtOAc as the eluent to

afford the desired 4 in 96% yield without loss of enantiopurity (d.r. = 4:1).

Experimental Procedure for the Michael Addition of 3gb with 4-

Chlorothiophenol
3

T ooy I )-s

MeO,C s DABCO = gw CF
\[><CF3 + DCM, 25°C, 12 h 3
5
3gb Cl
99% ee cl 69%, 98% ee, d.r. = 8:1

A stirred solution of 3gb (0.2 mmol) in DCM (2 mL) was added 4-chlorothiophenol
(0.40 mmol), DABCO (0.20 mmol). The mixture was stirred at r.t. for 12 h. After
completion of the reaction, the reaction mixture was directly applied to a silica gel
chromatography column to afford the desired 5 in 69% yield without loss of

enantiopurity (d.r. = 8:1).



Experimental Procedure for the Dipolar Cycloaddition of 3gb

Br

0 Br
Y
+ - 0
\E><CF3 N, Toluene, 100°C, 81
3gb
99% ee 6, 72% yield

98% ee, >20:1 d.r.

A stirred solution of 3gb (0.2 mmol) in toluene (2 mL) was added benzoyl(3,4-
dihydroisoquinolin-2-ium-2-yl)amide (0.4 mmol). The mixture was stirred at 100 °C
for 8 h. After completion of the reaction, the reaction mixture was directly applied to a
silica gel chromatography column to afford the desired 6 in 72% yield without loss of

enantiopurity (d.r. > 20:1).

Experimental Procedure for the Dihydroxylation of 3gb

e Br
O\§/®/8r \}/O/

MeO,C RuCly, Nalo,  MeOCy
> \
\E><CF3 EtOAC, H,0, CHyCN HO:O‘CH
s 0~25°C HO .
0g 7, 55% yield
99% ee 98% ee, 1:1 d.r.

NalOy4 (73 mg, 0.34 mmol, 1.3 equiv) and water (0.21 mL) were added to a 25 mL flask.
After the NalO,4 had dissolved, the solution was cooled to 0 °C, and H,SO, (6 drops of
a 2 N solution) and then RuCl;+3H,0 (5 mg) were added. The solution was stirred for
5 min, and then EtOAc (0.37 mL) was added. The solution was stirred for an additional
5 min, and then CH;CN (0.73 mL) was added. The solution was stirred for 5 more
minutes, and then a solution of the substrate (0.26 mmol) in EtOAc (0.55 mL) was
added in one portion. The solution was stirred for 6 min at 0 °C, and then it was
transferred into a solution of 10% NaHCOs; (1.8 mL) and saturated Na,SO; (4.3 mL).
The solution was stirred for 30 min, and then it was extracted with EtOAc (3x25mL).
The combined organic extracts were dried over Na,SOy, filtered, and concentrated. The
crude diol was chromatographed on silica gel (EtOAc/petroleum ether) to afford the

desired 7 in 55% yield without loss of enantiopurity (d.r. = 1:1).
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Experimental Procedure for the Suzuki Coulpling Reaction of 3gb

with 4-Nitrophenylboronic Acid

0 \\/O/Br B(OH), 0 NO,
S N
MeO,C_ : . Pd(PPhs), MeO,C_
D‘CFB KF, DME/Toluene/EtOH/H,0 D—CFs

NO, 60°C, 36 h 8. 81% vield
o , o yield,
3gb, 99% ee 99% ee

Under Ar, a stirred solution of 3gb (2.0 mmol) in dimethoxyethane/Toluene/
EtOH/H,0 (10/1/6/3, 15 mL) was added KF (4.0 mmol), Pd(PPh;)4 (0.1 mmol). The
mixture was stirred at 60 °C for 36 h. After completion of the reaction, 50 mL EtOAc
was added. The organic layers was separated and dried over MgSO, and the solvents
were removed in vacuo. Finally, the residue was directly purified by silica gel
chromatography using petroleum ether/EtOAc as the eluent to afford the desired 8 in

81% yield without loss of enantiopurity.

Experimental Procedure for the Reduction of 8

O '
0} 2
\ O Pd/C HO
{ H, balloon, MeOH, 3
MeO,C_ i
\@‘CH 25°C, 24 h o \O_

99% ee 8-g

To a solution of 8 (1 mmol) in MeOH (4 mL) was added 10% Pd/C (150 mg) at room
temperature. The reaction flask was evacuated twice under reduced pressure, and a H,
balloon was placed on the top. After stirring at room temperature for 24 h, the mixture
was filtered through celite and the filtrate was concentrated and the residue was directly

used in the next step.

Experimental Procedure for the Reaction of 8-g with 4-(Trifluoro-

methyl) phenyl isocyanate
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MeO,C £

-

8-

NH
HO_, O NCS
_—
CF, * <> THF, 25°C, 1h
9 CFs

To a solution of 8-g in THF (5 mL) was added 4-(trifluoromethyl)phenyl isocyanate
(1.1 mmol). The mixture was stirred at room temperature for 1 h. After completion of
the reaction, the reaction mixture was concentrated and the residue was directly used in

the next step.

Experimental Procedure for the PCC Oxidation of 8-h

PCC

P | R
DCM, 25°C, 2 h \©\
N

H

9, 69% vyield for 3 steps
99% ee

To a solution of 8-h in DCM (5 mL) was added PCC (2.0 mmol) and silica gel (500
mg) at room temperature. After stirring at room temperature for 2 h, the mixture was
filtered through celite and the filtrate was concentrated, the residue was directly purified
by silica gel chromatography using petroleum ether/EtOAc as the eluent to afford the

desired 9 in 69% yield (three steps)without loss of enantiopurity (d.r. > 20:1).

Experimental Procedure for the Hydrolysis of 9

O CO,Me
FsC o LiOH FiC
L THF/H,0, 25°C, 3 h
HoR
9 N

99% ee

10, 92% yield,
99% ee

A stirred solution of 9 (0.2 mmol) in THF/H,O (4/1, 5 mL) was added LiOH (1 mmol).

After stirring at room temperature for 3 h, 4 N HCl was added dropwise untill the pH <
7. Subsequently, 50 mL EtOAc was added and the organic layers was separated. Then
the organic layers was dried over MgSO, and the solvents were removed in vacuo.
Finally, the residue was directly purified by silica gel chromatography using petroleum

ether/EtOAc as the eluent to afford the desired 10 in 92% yield without loss of
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enantiopurity.

7. Data and HPLC Spectra for 3,4,5,6,7,8,9, 10

0 Ov@
EtO y
CF3

3aa

3aa; colorless oil; [a]p?® = + 29.2 (¢ = 0.33, CHCl;); '"H NMR (400 MHz, CDCls):
8.07-8.05 (m, 2H), 7.63—7.59 (m, 1H), 7.52-7.48 (m, 2H), 6.96—6.95 (m, 1H), 5.06—
5.04 (m, 1H), 4.10-3.99 (m, 2H), 3.31-3.19 (m, 1H), 3.04-2.95 (m, 1H), 2.81-2.74
(m, 1H), 1.05 (t, J = 6.80 Hz, 3H); *C NMR (100 MHz, CDCl3): & 200.09, 163.03,
143.50, 136.35, 135.79, 133.58, 128.76, 128.64, 127.15 (q, J=275.90 Hz), 60.78, 50.52
(d, J=1.80 Hz), 46.74 (q, J = 28.00 Hz), 33.33 (d, /= 2.40 Hz), 13.74; '’F NMR (376
MHz, CDCl;) & = -71.64 ppm; Enantiomeric excess: 97%, determined by HPLC
(Chiralpak AS-H, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first
peak: tg = 8.17 min, second peak: tg = 11.04 min; HRMS (ESI) m/z calcd. for
CiH5F3NaO; [M+Na] "= 335.0865, found = 335.0868.
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212 ZW #38 [modified by zhang group] zw-8-6-1r-ash-950523008 uv VIS 1
JnAU WVL:230 nm
p 1-8.247 2.11.003
175
150
125
100
757
50
25,
o] .
= miny
g I S e e . e O R N (SO ! BT SO Y AR RS U TR e B
599 7.00 8.00 9.00 10.00 11.00 12.00 13.45
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %o
1 8.25 n.a. 190.443 76.149 4972 n.a. BMB*
2 11.09 n.a. 188.418 76.993 50.28 n.a. BMB*
Total: 378.861 153.142 100.00 0.000
887 ZW #39 [modified by zhang group] 2w-8-6-15-ash-950523008 Uy VIS 1
AU WWL:230 nm
1-8.167
700
600
o 0 2 0)
] EtO S
400 /U\E><CF3
] 3aa
%00
200+
100
| ; 2-11.040
I
'144-]'"[""I"’I'"["'I"'1"m'in
5.84 7.00 8.00 9.00 10.00 11.00 12.00 12.87
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 8.17 n.a. 812.538 315.340 98.37 n.a. BMB*
2 11.04 n.a. 13.610 5.238 1.63 n.a. BMB*
Total: 826.147 320.578 100.00 0.000
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N
O O\§/®/ ©
EtO ’
CF,

3ba

3ba; colorless oil; [a]p?° =+ 110.5 (¢ = 0.33, CHCIl3); '"H NMR (500 MHz, CDCl;): 8
8.37-8.35 (m, 2H), 8.23-8.20 (m, 2H), 6.97 (d, J = 1.05 Hz, 1H), 5.04-5.02 (m, 1H),
4.13-4.04 (m, 2H), 3.38-3.28 (m, 1H), 3.08-3.01 (m, 1H), 2.86—2.80 (m, 1H), 1.12 (t,
J =7.50 Hz, 3H); 13C NMR (125 MHz, CDCl;): 8 199.27, 162.92, 150.47, 143.80,
141.15, 135.52, 129.67, 126.90 (q, J = 275.88 Hz), 123.83, 61.07, 50.07 (d, J = 1.50
Hz), 46.97 (q,J=28.25 Hz), 33.33 (d, J=2.25 Hz), 13.88; °’F NMR (376 MHz, CDCl;)
0 = -71.36 ppm; Enantiomeric excess: 99%, determined by HPLC (Chiralpak AS-H,
hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tg = 10.00
min, second peak: tg = 14.09 min;, HRMS (ESI) m/z calcd. for C,¢H;4F;NNaOs
[M+Na] *=380.0716, found = 380.0726.

ZW #81 [modified by zhang group] zw-8-31-2r-ash-901023010 UV VIS 1

Rl =y WVL230 Al

] 2 - 14.087
100

80 1-9.947

N
60 o © O O,
. EtO
|’ CFs

40

(+)-3ba

20+

1= min|
2L B L By L ) B S E L ) B L B S i B S R S R

6.8 8.0 9.0 10.0 1.0 12.0 13.0 14.0 15.0 16.0 18.9
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %

1 9.95 n.a. 76.054 44100 4997 n.a. BMB*

2 14.09 n.a. 102.141 44.151 50.03 n.a. BMB*
Total: 178.195 88.250 100.00 0.000
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274 ZW #82 [modified by zhang group] zw-8-31-25-ash-901023010 UV VIS 1
T mAU WWL:230 nm|

1-10.000

200

] NO.
150 o O\\\/@/ 2

100_- 3ba
50—
] 2-14.093
oA L | I "
Y P e B T . S P 5 I 20 P ] T . . S A e L e —
6.1 75 8.8 10.0 113 12.5 13.8 15.0 17.2
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 10.00 n.a. 236.591 129.437 99.47 n.a. BMB*
2 14.09 n.a. 1.921 0.685 0.53 na. BMB*
Total: 238,512 130.122 100.00 0.000

o O@CN
EtO :
CF,

3ca

3ca; colorless oil; [a]p?? =+ 119.7 (¢ = 0.33, CHCls); 'H NMR (500 MHz, CDCls):
8.16-8.14 (m, 2H), 7.83-7.81 (m, 2H), 6.97 (d, J = 1.00 Hz, 1H), 5.01-4.99 (m, 1H),
4.12-4.03 (m, 2H), 3.35-3.25 (m, 1H), 3.06-3.00 (m, 1H), 2.84-2.79 (m, 1H), 1.11 (t,
J =7.50 Hz, 3H); 13C NMR (125 MHz, CDCl;): 8 199.36, 162.90, 143.76, 139.59,
135.51, 132.48, 129.03, 126.90 (q, J=275.88 Hz), 117.80, 116.70, 61.02, 50.78, 46.91
(g, J = 28.25 Hz), 33.33, 13.84; F NMR (376 MHz, CDCl3) 6 = -71.39 ppm;
Enantiomeric excess: 98%, determined by HPLC (Chiralpak AS-H, hexane/i-PrOH =
90/10; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 18.28 min, second peak:
tg = 25.01 min; HRMS (ESI) m/z calcd. for C;H4F;NNaO; [M+Na] = 360.0818,
found = 360.0821.
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zw-8-29-3r-ash-901023008

uv Vvis 1

177 ZW #48 [modified by zhang group]
mALU WWL:230 nm
1-18.200
i 2-24813
140
120~
100+
80—
EtO
B
4
A
o | BN
27— T T T ‘1"|"mm'
129 16.0 18.0 20.0 22.0 240 26.0 28.0 29.6
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 18.20 n.a. 163.841 107.152  49.98 n.a. BMB*
2 24.81 n.a. 146.444 107.246  50.02 n.a. BMB*
Total: 310.285 214.398 100.00 0.000
g ZWW #4989 [modified by zhang group] zw-8-29-35-ash-901023008 Uv VIS 1
ST InAu WVL:230 nm|
o 1-18.280
300
250+
200
o -
150 EtOJH:}_
CF;
3ca
100+
504
E 2-25.013
0 1 — | :
'55—|"1“r"" | S L R A A P oy
19 14.0 16.0 18.0 20.0 220 24.0 26.0 28.0 16
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min Yo
1 18.28 n.a. 334.312 198.783 98.97 n.a. BMB*
2 25.01 n.a. 2.334 2.073 1.03 n.a. BMB*
Total: 336.646 200.856 100.00 0.000
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CF
o AL
EtO "
CF;

3da

3da; colorless oil; [a]p?? =+ 165.9 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCl;): 8
8.18 (d, J=8.00 Hz, 2H), 7.79 (d, J = 8.50 Hz, 2H), 6.98 (s, 1H), 5.04 (d, /= 3.50 Hz,
1H), 4.13-4.04 (m, 2H), 3.35-3.26 (m, 1H), 3.07-3.00 (m, 1H), 2.84-2.79 (m, 1H),
1.10 (t, J = 7.00 Hz, 3H); 13C NMR (125 MHz, CDCl;): 8 199.56, 162.97, 143.68,
139.25, 135.65, 134.74 (q, J = 32.50 Hz), 129.04, 127.01 (q, J = 275.88 Hz), 125.73 (q,
J=3.63 Hz), 123.53 (q, J = 271.00 Hz), 60.98, 50.83 (q, J = 1.63 Hz), 46.91 (q, J =
28.25 Hz), 33.34 (d, J = 2.50 Hz), 13.81; 'F NMR (376 MHz, CDCl;) & = -63.26, -
71.52 ppm; Enantiomeric excess: 98%, determined by HPLC (Chiralpak AS-H,
hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 6.83 min,
second peak: tg = 8.57 min; HRMS (ESI) m/z calcd. for C{;H4FsNaO; [M+Na] * =
403.0739, found = 403.0745.

293 ZW #46 [modified by zhang group] zw-8-29-2r-ash-950523008 Uv_ VIS 1
“Imau WWL:230 nm|

250+ 1-6.800 R

200

150

g
EtO
100 l’ CF3

(+)-3da
50
o !
"’fﬂ"'|'"‘r""|""|""l""|""|"1‘|""|"'|Tlriﬂ
5.18 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 9.99
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.80 n.a. 240.974 100.008 4843 n.a. BMB*
2 8.53 n.a. 245114  106.476 51.57 n.a. BM *
Total: 486.088 206.484 100.00 0.000
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652_ZW #47 [modified by zhang group] 2w-8-28-25-ash-95052 3008 Uv_ VIS 1
mAU WWL:230 nm

T 1-6.827

400+

] O\/O/CF3
o
300+ I

EtO

CF,
1 3da
200
100—-
2-8.573
i L . e
. rminy
L e o o o B N Y N L O N2 15, ) A e
5.04 6.00 6.50 7.00 7.50 8.00 850 9.00 950 10.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
i 6.83 n.a. 583.750 237.463 98.85 na. BMB*
2 8.57 n.a. 5.846 2.757 1.15 n.a. BMB*
Total: 589.596 240.220 100.00 0.000

3ea; colorless oil; [a]p?? =+ 176.0 (¢ = 0.33, CHCls); 'H NMR (400 MHz, CDCls):
8.13-8.08 (m, 2H), 7.21-7.15 (m, 2H), 6.96—6.95 (m, 1H), 5.01-4.98 (m, 1H), 4.12—
4.01 (m, 2H), 3.31-3.19 (m, 1H), 3.05-2.96 (m, 1H), 2.81-2.74 (m, 1H), 1.08 (t, J =
7.20 Hz, 3H); *C NMR (100 MHz, CDCls): 8 198.59, 166.10 (d, J = 254.20 Hz),
163.02, 143.57, 135.67, 132.81 (d, J=2.90 Hz), 131.50 (d, J = 9.80 Hz), 127.10 (q, J
=276.00 Hz), 115.81 (d, J = 21.80 Hz), 60.84, 50.49 (d, J = 1.90 Hz), 46.77 (q, J =
28.20 Hz), 33.34 (d, J = 2.40 Hz), 13.81; 'F NMR (376 MHz, CDCl;) é = -71.62, -
104.32 ppm; Enantiomeric excess: 98%, determined by HPLC (Chiralpak AS-H,
hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 9.25 min,
second peak: tg = 13.19 min; HRMS (ESI) m/z calcd. for Ci¢H4F4sNaO; [M+Na] * =
353.0771, found = 353.0775.
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213 ZW #44 [modified by zhang group] zw-8-29-1r-ash-950523008 Uv_ VIS 1
“ImAU WVL:230 nm
. 1-9.273

175+ 2-13.200

150

125

100-]

75
50-]

25
-1 1

[ally!

-20 B O R B T PN S S SN U S SR T G S SR N R A [N T S . TR .
7.25 8.00 9.00 10.00 11.00 12.00 13.00 14.00 14.90

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %o
1 9.27 n.a. 193.000 78.358 50.01 n.a. BMB*
2 13.20 n.a. 168.538 78.321  49.99 n.a. BMB*

Total: 361.538 156.679 100.00 0.000

397 ZW #45 [modified by zhang group] 2w-8-29-1s-ash-950523008 UV WIS 1
e ] WWVL:230 nm

1-9.253

350+

300+

250

200 o] O@ F

EtO '"

150~ CF4
] 3ea

1004
50
] 2-13.193
G_ T T
56 1 R o T L
6.97 8.00 9.00 10.00 11.00 12.00 13.00 14.00 14.94
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU mAU*min %o
1 9.25 n.a. 372.201 150.532 99.10 n.a. BMB*
2 13.19 n.a. 3.142 1.367 0.90 n.a. BMB*
Total: 375.343 151.888 100.00 0.000
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¥

cl
0 Os/O
EtO S
CF,

3fa

3fa; colorless oil; [a]p?? =+ 216.6 (¢ = 0.33, CHCl3); 'H NMR (500 MHz, CDCls):
8.01 (d, J = 8.50 Hz, 2H), 7.49 (d, J = 8.50 Hz, 2H), 6.96 (s, 1H), 5.00-4.99 (m, 1H),
4.14-4.03 (m, 2H), 3.31-3.22 (m, 1H), 3.04-2.98 (m, 1H), 2.81-2.76 (m, 1H), 1.10 (t,
J =7.00 Hz, 3H); 13C NMR (125 MHz, CDCl;): 8 199.03, 162.96, 143.58, 140.16,
135.65, 134.74, 130.15, 128.98, 127.06 (q, J = 276.13 Hz), 60.86, 50.50 (d, J = 1.38
Hz), 46.79 (q,J=28.00 Hz), 33.32 (q, J=2.25 Hz), 13.82; °’F NMR (376 MHz, CDCl;)
0 = -71.57 ppm; Enantiomeric excess: 97%, determined by HPLC (Chiralpak AS-H,
hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 8.83 min,
second peak: tg = 11.61 min; HRMS (ESI) m/z calcd. for CcH;4CIF;NaO; [M+Na] "=
369.0476, found = 369.0482.

a2V #40 [modified by zhang group] Zw-8-6-2r-ash-950523008 Uv WIS 1
= mAU WWL:230 nm
] 1-8.820
2 -11.547

200+

150+

|
EtO
CF3

100 (2)-3fa

50~

0 : T T
S 11
7.37 8.00 9.00 10.00 11.00 12.00 13.44
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %

1 8.82 n.a. 222.863 85.794 48.21 na. BMB*
2 11.55 n.a. 203.562 92.148 51.79 n.a. MB*
Total: 426.425 177.941 100.00 0.000
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4442 #41 [modified by zhang group] zw-8-6-25-ash-950523008 UvV_WIS_1
“mAU WVL:230 nm
- 1-8.833
350
3004
2504

o O\§/®/ c

200 Et0 ':

CF3
3fa

150+
100
50
2-11.613
0 - : L :
"49"I"']"‘I"‘I"'["'I"']"min
6.33 8.00 9.00 10.00 11.00 12.00 13.00 1376
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %
1 8.83 n.a. 391.038 154.905 98.48 n.a. BMB*
2 11.61 n.a. 5.762 2.397 1.52 n.a. BMB*
Total: 396.799 157.302 100.00 0.000

B
o O\§/®/ '
EtO ’
CF;

3ga

3ga; colorless oil; [a]p?® =+ 176.9 (¢ = 0.33, CHCl;); 'H NMR (500 MHz, CDCl3): &
7.95-7.93 (m, 2H), 7.68-7.65 (m, 2H), 6.96 (d, J = 1.00 Hz, 1H), 5.00-4.98 (m, 1H),
4.14-4.03 (m, 2H), 3.31-3.21 (m, 1H), 3.04-2.98 (m, 1H), 2.82—-2.76 (m, 1H), 1.10 (t,
J =7.00 Hz, 3H); 13C NMR (125 MHz, CDCl;): 8 199.25, 162.96, 143.58, 135.64,
135.15, 131.99, 130.24, 128.96, 127.05 (q, J = 275.75 Hz), 60.87, 50.48 (d, J = 1.50
Hz), 46.79 (q,J=28.38 Hz), 33.32 (d, J=2.38 Hz), 13.83; '°F NMR (376 MHz, CDCl;)
0 = -71.55 ppm; Enantiomeric excess: 98%, determined by HPLC (Chiralpak AS-H,
hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 9.21 min,
second peak: tg = 12.22 min; HRMS (ESI) m/z calcd. for C;¢H4BrF;NaO; [M+Na] *=
412.9971, found = 412.9969.

21



106 ZW #42 [modified by zhang group]

2w-8-6-3r-ash-950523008

Uv VIS 1

mAU WWVL:230 nm
E 1-9.113
B8 2.12.013
5]
63
50
38
25
13
0
a+— L T T L R LI ¥ miln
7.01 8.00 9.00 10.00 11.00 12.00 13.00 14.09
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.11 n.a. 94 .562 37.252 4896 n.a. BMB*
2 12.01 n.a. 84.126 38.834 51.04 n.a. BMB*
Total: 178.688 76.086 100.00 0.000
292 _ZW #43 [modified by zhang group] zw-8-6-35-ash-950523008 Uv_vIs 1
mAU WVL:230 nm
250-
i 1-9.213
200-
1501 o O \}/O/Br
EtoJK[::><
i CF;
100 3ga
50+
) ! 1__~—2;12_-|22°
‘: ming
44— T T —T 7 N T 7 L r
6.80 8.00 9.00 10.00 11.00 12.00 13.00 13.98
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.21 n.a. 236.854 93.181 98.83 na. BMB*
2 12.22 n.a. 2.654 1.105 147 na. BMB*
Total: 239.508 94.286 100.00 0.000
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)

3ha; colorless oil; [a]p?° =+ 239.6 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCl;): 8
7.98 (d, J=8.50 Hz, 2H), 7.31 (d, J = 8.00 Hz, 2H), 6.96 (d, J = 1.00 Hz, 1H), 5.05—
5.03 (m, 1H), 4.12—4.03 (m, 2H), 3.30-3.20 (m, 1H), 3.04-2.97 (m, 1H), 2.81-2.75
(m, 1H), 2.45 (s, 3H), 1.08 (t, /= 7.00 Hz, 3H); 13C NMR (125 MHz, CDCl5): 8 199.56,
163.06, 144.56, 143.37, 135.87, 133.82, 129.36, 128.94, 127.20 (q, J = 276.13 Hz),
60.73, 50.41 (d, J = 1.50 Hz), 46.71 (q, J = 28.00 Hz), 33.33 (d, J =2.38 Hz), 21.64,
13.83; "F NMR (376 MHz, CDCl;) & = -71.66 ppm; Enantiomeric excess: 95%,
determined by HPLC (Chiralpak AS-H, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min;
25 °C; 230 nm), first peak: tg = 7.90 min, second peak: tg =9.72 min; HRMS (ESI) m/z

N

EtOJK@_

-0

CF3
3ha

Me

calcd. for C;7H7F3sNaO; [M+Na] *= 349.1022, found = 349.1023.

128 ZW #56 [modified by zhang group] zw-8-30-3r-ash-950523008 Uv VIS 1
“ImAU WVL:230 nim
- 1-7.927 2-9.753
100
80—
60-] o © O Me
1 Eto
] |. CF4
40 (+)-3ha
20-
0 | . T
] min!
24 T r T ' T T - r T : - T - :
5.85 7.00 8.00 9.00 10.00 11.00 12.02
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 7.93 n.a. 117.614 47.856 49.05 n.a. BMB*
2 9.75 n.a. 118.220 49.705 50.95 n.a. BM *
Total: 235.834 97.561 100.00 0.000
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noe LW #57 [modified by zhang group] zw-8-30-3s-ash-950523008 Uv_wis 1
AU WVL:230 nm)
1 1-7.900
250
200+
] o ©@ @Me
150 EtOJH:;>_
CF,4
] 3ha
100~
50+
2-9.720
(i} L T g T
55__ A i T L T A e ' e T " T A
576 7.00 8.00 9.00 10.00 11.00 11.73
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 7.90 n.a. 252792 103.093 97.63 n.a. BMB*
2 9.72 n.a. 6.142 2.503 2.37 n.a. BMB*
Total: 258.934 105597 100.00 0.000

3ia; colorless oil; [a]p?® = + 242.7 (¢ = 0.33, CHCl;); '"H NMR (400 MHz, CDCls):
8.08-8.04 (m, 2H), 6.99—6.94 (m, 3H), 5.01-5.00 (m, 1H), 4.12—4.00 (m, 2H), 4.12—
3.88 (s, 3H), 3.29-3.17 (m, 1H), 3.03-2.95 (m, 1H), 2.79-2.72 (m, 1H), 1.08 (t, J =
7.20 Hz, 3H); 3C NMR (100 MHz, CDCl;): 6 198.30, 163.98, 163.10, 143.34, 135.85,
131.20, 129.25, 127.23 (q,J=275.80 Hz), 113.83, 60.69, 55.44, 50.20 (d, /= 1.50 Hz),
46.67 (q,J=28.10 Hz), 33.34 (q, J=2.60 Hz), 13.81; 1°F NMR (376 MHz, CDCl3) 4 =
-71.69 ppm; Enantiomeric excess: 95%, determined by HPLC (Chiralpak AS-H,
hexane/i-PrOH = 90/10; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 9.27 min,
second peak: tg = 16.30 min; HRMS (ESI) m/z calcd. for C;H;F;NaO4 [M+Na] * =
365.0971, found = 365.0981.

24



Zw-8-29-4r-ash-901023008

UV VIS _1

13

[#=]
L

ZW #50 [modified by zhang group]
mAL

1-9.973 WWVL:230 nim|
120+
100-
30__ 2 -16.240
60
a0
201
o L T l/\_ 1 .
21— L, TR S S T LI P T T .mlP
6.4 75 88 10.0 1.3 125 138 15.0 16.3 17.6
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.27 n.a. 129.473 45390 49.71 n.a. BMB*
2 16.24 n.a. 75.916 45923  50.29 n.a. BMB*
Total: 205.389 91.313 100.00 0.000
190 ZW #51 [modified by zhang group] Zw-8-28-4s5-ash-901023008 UV VIS 1
mAU WWL:230 nm|
1-9.273
160
140
120+
100-]
_ o o\>/®/0Me
] EtO N
80 J\Q_CH
60—: 3ia
40
20
: 2-16.300
T T
E min|
AT T L T A A T 7. 3,
7.0 8.0 9.0 10.0 1.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.27 n.a. 170.201 59.091 97.28 n.a. BMB*
2 16.30 n.a. 3.128 1.652 2.72 n.a. BMB*
Total: 173.329 60.744 100.00 0.000
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%

Ph
0 05/@/
EtO 3
CF,

3ja

3ja; colorless oil; [a]p?® =+ 254.3 (¢ = 0.33, CHCI;); '"H NMR (500 MHz, CDCl3): &
8.18-8.17 (m, 2H), 7.77-7.75 (m, 2H), 7.68-7.66 (m, 2H), 7.52-7.49 (m, 2H), 7.45—
7.42 (m, 1H), 6.99 (d, J=1.00 Hz, 1H), 5.12-5.11 (m, 1H), 4.15-4.06 (m, 2H), 3.36—
3.27 (m, 1H), 3.08-3.01 (m, 1H), 2.85-2.79 (m, 1H), 1.11 (t, J = 7.00 Hz, 3H); 13C
NMR (125 MHz, CDCl;): 6 199.61, 163.08, 146.25, 143.47, 139.73, 135.86, 135.02,
129.39, 128.92, 128.28, 127.29, 127.18, 126.68 (q, J = 274.25 Hz), 60.81, 50.34 (d, J
= 1.38 Hz), 46.77 (q,J = 28.00 Hz), 33.37 (q,J=2.50 Hz), 13.81; °’F NMR (376 MHz,
CDCls) 6 = -71.54 ppm; Enantiomeric excess: 99%, determined by HPLC (Chiralpak
AS-H, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg =
10.02 min, second peak: tg = 13.18 min; HRMS (ESI) m/z calcd. for C;,H 9F3;NaO;
[M+Na] "=411.1178, found =411.1182.

133 ZW #54 [modified by zhang group] zw-8-30-2r-ash-850523008 Uv VIS 1
~JmAU WWL:230 nm|
g 1-10.007
2-13.133
100+
80+

Ph
o %0
60- EtO
[ )—cr

(#-3ja

40+

20

0 ) i ——
'24—"|"'|"'|"':"'I"'1"'|"min
8.25 9.00 10.00 11.00 12.00 13.00 14.00 15.00 15.86
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %

1 10.01 n.a. 122.735 54253 51.30 n.a. BMB*
2 13.13 n.a. 109.974 51.498  48.70 n.a. BMB*
Total: 232,709 105.751 100.00 0.000

26



280 ZW #55 [modified by zhang group] Zw-8-30-25-ash-950523008 Uv VIS 1
AL WVL:230 nm
1-10.027
250-]
200
| o) Ph
150 Q @/
] EtO/ZKQ‘
CF,4
100—_ 3ja
S0+
1 2-13.180
0+ : '
'69""'r"’I"'I"’I"'I"’I"'Imm
7.23 9.00 10.00 11.00 12.00 13.00 14.00 15.27
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 10.03 n.a. 268.595 120.971 99.33 n.a. BMB*
2 13.18 n.a. 1.992 0.813 0.67 n.a. BMB*
Total: 270.587 121.783 100.00 0.000

3ka; colorless oil; [a]p?° =+ 271.8 (¢ = 0.33, CHCIl3); '"H NMR (500 MHz, CDCl;): &
7.88-8.85 (m, 1H), 7.59-7.54 (m, 1H), 7.28-7.25 (m, 1H), 7.21-7.17 (m, 1H), 6.94—
6.93 (m, 1H), 5.08-5.05 (m, 1H), 4.12—4.02 (m, 2H), 3.41-3.31 (m, 1H), 3.02-2.96
(m, 1H), 2.80-2.74 (m, 1H), 1.09 (t, /= 7.00 Hz, 3H); *C NMR (125 MHz, CDCl5): §
198.73 (d, J=4.00 Hz), 162.99, 161.66 (d, J = 254.13 Hz), 143.36, 135.90, 134.90 (d,
J=9.00 Hz), 131.01 (d, /= 1.75 Hz), 126.95 (q, J = 275.63 Hz), 125.72 (d, J = 11.50
Hz), 124.38 (d, J=3.25 Hz), 116.86 (d, J = 23.75 Hz), 60.79, 54.71-54.63 (m), 46.78
(g, J = 28.25 Hz), 33.19 (q, J = 2.63 Hz), 13.73; '"F NMR (376 MHz, CDCl;) 8 = -
71.76, -110.04 ppm; Enantiomeric excess: 98%, determined by HPLC (Chiralpak OJ-
H, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 7.47
min, second peak: tg = 8.14 min; HRMS (ESI) m/z calcd. for CcH;4F;NaO; [M+Na] *

27



=353.0771, found = 353.0779.

SHMADZIU ; ;__I__.
:: LabSolutions 5?*}??[‘?{ =
HEREE>
FERE : gw-Zf-rac—ojhO50510
FEdAID :
e L : zw—2f-rac—ojhA50510. led
Sk A 1 DJ-H-50%. lem
it g - }
P S = 1-1 B3 |
R = 1wl e
ki E W 1 2020/8/1 18:37:55 T . System Administrator
AR @ 2020/6/1 18:50:40 ShEpE . System Administrator
<>
u¥
EHEL 25
40+ ﬁ
ad
a0
204
Lo
0
5 7 8 9 10 T
min
EEHD
%&SA 254nm
3 | DrE e e T I FLHLL | Frig SIS
1 1. 632 847938 42737 49, 937 M
2 g, 5 Ba00E2 J3810 a0. 3 M
=11 LEAR000 THRAT
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LabSolutions 73BT 4R 5

<HamfEE
FEd 5 : zw—2f-chiral——ojho50510
FEID ]
SRR : zw=2f-chiral-—ojhB50510. led
ik tE s 1 OJ-#-50%. lem
- rfE - 3
RS : 1-1 HERER -
HEFEfE : 1wl S
b B 3 1 2020/6/1 18:52:35 HE : System Administrator
it EE [ W 1 2020/6/1 19:04:38 SEEEH : System Administrator
< i
my
B ERERA 254
500+ F.
_ o o@
] EtO "
250 CF,
] 3ka
. z J
u s —
0.0 2.5 5.0 7.5 10.0 ]
min
CHEHD
Er A 254nm :
%!f PG HE L W [REELR] frg EafeE
1 1471 102005 GEOE 0. 755 M
2 3. 143 13519307 631748 9a_ 245 M
Eif 13622211 HIRL46

cl
o) O\S/@/Cl
Eto)k@_
CF,
3la

3la; colorless oil; [a]p?® = + 203.8 (¢ = 0.33, CHCl;); '"H NMR (500 MHz, CDCls):
7.68 (d, J = 8.50 Hz, 1H), 7.50 (d, J = 2.00 Hz, 1H), 7.38-7.36 (m, 1H), 6.93 (d, J =
1.00 Hz, 1H), 4.84—4.83 (m, 1H), 4.18-4.06 (m, 2H), 3.42-3.30 (m, 1H), 3.05-2.99
(m, 1H), 2.80-2.75 (m, 1H), 1.19 (t,J = 7.00 Hz, 3H); *C NMR (125 MHz, CDCl5): §
199.84, 163.03, 143.82, 137.80, 136.42, 134.85, 132.72, 130.71, 130.26, 127.07,
126.94 (q,J=276.13 Hz), 61.00, 55.32 (q, /= 1.38 Hz), 46.50 (q, J = 28.50 Hz), 33.32
(d, J = 2.50 Hz), 13.93; 'F NMR (376 MHz, CDCl;) 6 = -72.20 ppm; Enantiomeric
excess: 99%, determined by HPLC (Chiralpak IC, hexane/i-PrOH = 95/05; flow rate
0.8 ml/min; 25 °C; 230 nm), first peak: tg = 7.15 min, second peak: tg = 9.51 min;
HRMS (ESI) m/z caled. for CiH;3Cl,F;NaO3; [M+Na] *=403.0086, found =403.0093.
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212 Z\W #64 [modified by zhang group] Fw-8-30-dr-ic-950523008 Uv VIS 1
InAU WVL:230 nm
= 1-7.140

2-9.547

1751

150

125

100

75F

50

25-]

o]
E, iy

I e | T F T - & L& % o et o o ey X
4.89 6.00 7.00 8.00 9.00 10.00 11.00 11.86

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %
1 714 n.a. 195.682 80.683 48.29 n.a. BMB*
2 9.55 n.a. 186.523 86.392  51.71 n.a. BM *

Total: 382.204 167.075 100.00 0.000

372 Z\W #65 [modified by zhang group] zw-8-30-4s-ic-950523008 Uv VIS 1
Tmau WVL:230 nm)
] 1-7.153

300}

2504

200}

150

100

50

1

. min|

62 T T L L T L SO
5.21 6.00 7.00 8.00 9.00 10.00 11.00 11.77

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %
1 7.15 n.a. 331.017 136.989 99.60 n.a. BMB*
2 9.51 n.a. 1.924 0.552 0.40 n.a. BMB*
Total: 332941 137.542 100.00 0.000
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Br

oO

EtO :
CF,

3ma

" //f

3ma; colorless oil; [a]p?® =+ 240.5 (¢ = 0.33, CHCI3); '"H NMR (500 MHz, CDCl;): &
7.69-7.66 (m, 2H), 7.44-7.41 (m, 1H), 7.36—7.33 (m, 1H), 6.94 (s, 1H), 4.84 (s, 1H),
4.18-4.03 (m, 2H), 3.44-3.35 (m, 1H), 3.06-2.99 (m, 1H), 2.79-2.76 (m, 1H), 1.17 (t,
J =7.50 Hz, 3H); 13C NMR (125 MHz, CDCl;): 8 200.97, 163.07, 143.76, 140.06,
134.69, 133.99, 132.12,128.97, 127.20, 127.05 (q, J=276.13 Hz), 119.68, 60.92, 55.56
(d, J=1.25 Hz), 44.97 (q, J = 28.50 Hz), 33.29 (q, J = 2.50 Hz), 13.90; '°F NMR (376
MHz, CDCl;) 6 = -72.47 ppm; Enantiomeric excess: 94%, determined by HPLC
(Chiralpak IC, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak:
tg = 9.60 min, second peak: tg = 13.29 min; HRMS (ESI) m/z calcd. for
Ci6H14BrF5NaO; [M+Na] *=412.9971, found = 412.9969.

ZVW #7T [modified by zhang group] 2w-8-31-1r-ic-950523008 UV WIS _1

175 mAU WVL230

1-9.567

- 2.13.233

120-]
100-]
80-

60

[ally'
o N B O I S L B I B U SN SN SN S A S PO B B
7.04 8.00 9.00 10.00 11.00 12.00 13.00 14.00 16.71
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 9.57 n.a. 152.612 65.437 50.13 n.a. BMB*
2 13.23 n.a. 131.791 65.105 49.87 n.a. BMB*
Total: 284.403 130.542 100.00 0.000
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241 ZW #78 [modified by zhang group] Zw-8-31-115-ic-950523008 UV VIS 1
mAU WWL:230 nm|
1-9.600
200+
150 Br.
EtO S
100 Jb«ch
3ma
50
2-13.293
0 I—— I
e | min
bl T T T T T s | T T T L | el
6.5 a0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 174
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.60 n.a. 221.053 96.678 97.26 n.a. BMB*
2 13.29 n.a. 5.759 2.726 2.74 n.a. BMB*
Total: 226.812 99.405 100.00 0.000
o o ()

EtO N
CF3

3na

3na; colorless oil; [a]p?? = + 50.8 (¢ = 0.33, CHCIl;3); 'H NMR (500 MHz, CDCly):
8.66 (s, 1H), 8.13-8.11 (m, 1H), 8.03 (d, J = 8.00 Hz, 1H), 7.96-7.90 (m, 2H), 7.65—
7.57 (m, 2H), 7.01 (s, 1H), 5.26—-5.24 (m, 1H), 4.11-4.02 (m, 2H), 3.39-3.29 (m, 1H),
3.08-3.02 (m, 1H), 2.86-2.80 (m, 1H), 1.04 (t, J=7.00 Hz, 3H); 3C NMR (125 MHz,
CDClI3): 6 199.88, 163.05, 143.52, 135.84, 135.78, 133.64, 132.45, 130.80, 129.82,
128.74, 128.53, 127.68, 127.22 (q, J = 276.00 Hz), 126.77, 124.21, 60.75, 50.62 (d, J
=1.25 Hz), 46.81 (q, J=28.00 Hz), 33.35 (q,J=2.50 Hz), 13.77; '°’F NMR (376 MHz,
CDCls) 6 = -71.52 ppm; Enantiomeric excess: 97%, determined by HPLC (Chiralpak
AS-H, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg =
9.74 min, second peak: tg = 12.05 min; HRMS (ESI) m/z calcd. for C,yH;;F;NaO;

[M+Na] "= 385.1022, found = 385.1022.
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Z\W #79 [modified by zhang group]

2w-8-31-3r-ash-950523008

Uv_vis_1

3747

=
250+
2004
150-]
100

50

mAU

1-9.807

WWVL:230 nm

P . . i i . . . . i i . Im.in
6.44 8.00 9.00 10,00 1100 12,00 13.00 14,00 14.90
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.81 n.a. 343.679 144.758 49.20 n.a. mB*
2 11.94 n.a. 310.966  149.437  50.80 n.a. MB*
Total: 654.645 294.195 100.00 0.000
1 0582 #80 [modified by zhang group] zw-8-31-35-a5h-050523008 uv_VvIS 1
9 mAU WVL:230 nm
. 1-9.747
875
750
625
] (0]
500+ 5
1 EtOJKIi><
] CF,
3T5_: 3na
250
125
1 2-12.053
0 . ok
1081 L L TYSLCI SR S e o T L B S VP R _
6.90 8.00 9.00 10.00 11.00 12.00 13.00 13.97
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.75 n.a. 973.641 409.494 98.40 na. BMB*
2 12.05 n.a. 12.339 6.646 1.60 n.a. __BMB*
Total: 985.980 416.139 100.00 0.000
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30a; white solid; [a]p?® = + 196.7 (¢ = 0.33, CHCIl;3); 'H NMR (500 MHz, CDCly):
7.68-7.67 (m, 1H), 7.37 (d, J=4.00 Hz, 1H), 6.94 (d, /= 1.00 Hz, 1H), 6.61-6.60 (m,
1H), 4.83-4.82 (m, 1H), 4.13-4.04 (m, 2H), 3.33-3.23 (m, 1H), 3.02-2.96 (m, 1H),
2.80-2.74 (m, 1H), 1.11 (t, J= 7.00 Hz, 3H); 3C NMR (125 MHz, CDCl;): & 187.83,
162.89, 152.00, 147.44, 143.75, 135.06, 127.00 (q, J = 275.63 Hz), 119.00, 112.62,
60.75, 51.43 (q, J = 2.00 Hz), 46.34 (q, J = 28.25 Hz), 33.30-33.26 (m), 13.77; '°F
NMR (376 MHz, CDCl;) 6 = -71.84 ppm; Enantiomeric excess: 95%, determined by
HPLC (Chiralpak AS-H, hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 °C; 230 nm),
first peak: tg = 7.22 min, second peak: tg = 10.98 min; HRMS (ESI) m/z calcd. for
Ci4H3F3NaO,4 [M+Na] *= 325.0658, found = 325.0662.

114 ZW #83 [modified by zhang group] 2w-8-31-4r-ash-901023010 Uv_ VIS 1
“TmAU WWVL:230 nm
1-7.207
100
33—_
754
- 2 -10.940
63
0
50
1 EtO
38
257
13
0]
*‘[4__I"'I"']"'["'1"'["'I"'I"m'in
494 6.00 7.00 8.00 9.00 10.00 11.00 12.00 12.87
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 7.21 n.a. 102.803 29.701 51.57 n.a. MB*
2 10.94 n.a. 64.718 27.892  48.43 n.a. BMB*
Total: 167.521 57.593 100.00 0.000
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(@)
O \3 \\
EtO <
CF;
3pa
2792 #84 [modified by zhang group] 7w-8-31-45-ash-901023010 UV VIS 1
“mAU o O WVL:230 nm
o \\/Q
2501 1-7.220
| EtO
CF;
] 3o0a
200
150+
100+
50—
2-10.980
o -
rminy
L s O S e e WU S U I SR N e 1 B N N T A e S S S N . CE LD B
428 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.63
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 7.22 n.a. 248.799 70.782 9743 n.a. BMB*
2 10.98 n.a. 5.404 1.869 2.57 n.a. BMB*
Total: 254.203 72651 100.00 0.000

3pa; white solid; [a]p*® = + 221.6 (¢ = 0.33, CHCIs); 'H NMR (500 MHz, CDCl;): &
7.92-7.91 (m, 1H), 7.74-7.73 (m, 1H), 7.20-7.18 (m, 1H), 6.97 (m, 1H), 4.84-4.82
(m, 1H), 4.14—4.04 (m, 2H), 3.34-3.24 (m, 1H), 3.04-2.97 (m, 1H), 2.80-2.75 (m, 1H),
1.10 (t, J = 7.00 Hz, 3H); 13C NMR (125 MHz, CDCl3): & 192.05, 162.90, 143.77,
143.40, 135.18, 133.32, 128.37, 127.08 (q, J = 275.88 Hz), 60.76, 52.49 (d, J = 1.50
Hz), 46.57 (q,J=28.25 Hz), 33.35 (q,J=2.38 Hz), 13.70; '°F NMR (376 MHz, CDCl3)
o = -71.75 ppm; Enantiomeric excess: 96%, determined by HPLC (Chiralpak AS-H,
hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tg = 6.90 min,
second peak: tg = 9.54 min; HRMS (ESI) m/z calcd. for C4H3F3NaO;S [M+Na] * =
341.0430, found = 341.0431.
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2w-8-32-1r-ash-901023010

Uv_WIS_1

159 ZW #85 [modified by zhang group]

mAU — WWVL:230 nm
1404
] 1-6.907
120+
100+
80+ S
] o QN {1V
EtO
60— CF3
ag] (£)-3pa
20+
o ' .
204
o . min
31— T i d T T T T T ; T LER )
5.60 7.00 8.00 9.00 10.00 11.30
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.91 n.a. 121.679 33.181 50.75 n.a. BM *
2 9.61 n.a. 148.187 32.200  49.25 n.a. BMB*
Total: 269.866 65.381 100.00 0.000
452 #86 [modified by zhang group] 2w-8-32-15-ash-901023010 UV_VIS 1
“JmAU WVL:230 nm
=0 1-6.900
160 S
100 CF3
50+
2-9547
1 |
T
i min|
47 T T T T —T T
529 6.00 7.00 8.00 9.00 10.00 11.22
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.90 n.a. 189.594 50.747  98.06 n.a. BMB*
2 9.55 n.a. 5.710 1.002 1.94 n.a. BMB*
Total: 195.304 51.750 100.00 0.000
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o)
EtO ’
CF,

3qa; white solid; [a]p?* = + 229.9 (¢ = 0.33, CHCI3); 'H NMR (500 MHz, CDCly):
8.19 (s, 1H), 7.96 (d, J=7.50 Hz, 1H), 7.90 (d, J = 8.00 Hz, 1H), 7.52-7.48 (m, 1H),
7.46—7.43 (m, 1H), 7.00 (s, 1H), 5.00-4.98 (m, 1H), 4.15-4.05 (m, 2H), 3.40-3.31 (m,
1H), 3.08-3.01 (m, 1H), 2.85-2.80 (m, 1H), 1.10 (t, J = 7.00 Hz, 3H); 3C NMR (125
MHz, CDCls): & 193.75, 162.89, 143.87, 143.16, 142.81, 139.09, 135.19, 130.62,
127.76, 127.09 (q, J = 276.00 Hz), 122.89, 60.86, 52.20 (q, J = 1.50 Hz), 46.66 (q, J =
28.25 Hz), 33.38 (d, J=2.25 Hz), 13.78; 'F NMR (376 MHz, CDCl;) 4 =-71.62 ppm;
Enantiomeric excess: 99%, determined by HPLC (Chiralpak AS-H, hexane/i-PrOH =
90/10; flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tg = 7.69 min, second peak: tg
= 8.72 min; HRMS (ESI) m/z calcd. for C;gH;sF;NaOsS [M+Na] *= 391.0586, found

=391.0592.
324 ZW #87 [modified by zhang group] 2w-8-32-2r-ash-901023010 Uv_wvIs 1
“mAau WVL:230 nm
] 2-8673
- 1-7.667
250
200-
1504
100+
50-
I
] min
r———r——r T T T T T T T T T T
6.16 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.58
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 7.67 n.a. 291.724 75.043 48.20 n.a. BMB*
2 8.67 n.a. 305.393 80.637  51.80 n.a. BM *
Total: 597.118 155.681 100.00 0.000
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ZW #88 [modified by zhang group] 2w-8-32-25-ash-901023010 uv _vIS 1

mAU WWL:230 nm)

6835
1 1-7.693

600+

400+ o S
: O\E/@

) 3qa
200
100+
1 | 2-8.720
0 T T
-100-]
'13?_"""|""|'"'|""|""r""r""r""rmir'1
5.75 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.13
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 7.69 n.a. 633.062 172.611  99.39 n.a. BMB*
2 B.72 n.a. 4.276 1.053 0.61 n.a. BMB*
Total: 637.338 173.664 100.00 0.000

3ra; colorless oil; [a]p?® = + 92.5 (¢ = 0.33, CHCl;); '"H NMR (500 MHz, CDCls): 8
6.86 (s, 1H), 4.27-4.16 (m, 3H), 3.17-3.05 (m, 1H), 2.96-2.78 (m, 2H), 2.73-2.68 (m,
1H), 1.98-1.92 (m, 2H), 1.85-1.81 (m, 2H), 1.72—-1.69 (m, 1H), 1.45-1.24 (m, 8H);
I3C NMR (125 MHz, CDCl;): 6 212.77, 163.36, 143.41, 135.32, 127.23 (q, J = 275.88
Hz), 60.86, 54.22, 51.06, 45.38 (d, J = 35.0 Hz), 33.32, 28.29, 28.02, 28.82, 25.79,
25.47,14.13; F NMR (376 MHz, CDCl;) 8 = -72.47 ppm; Enantiomeric excess: 61%,
determined by HPLC (Chiralpak AS-H, hexane/i-PrOH = 95/05; flow rate 1.0 ml/min;
25 °C; 230 nm), first peak: tg =4.16 min, second peak: tg = 5.52 min; HRMS (ESI) m/z
calcd. for Ci¢H, FsNaO; [M+Na] "= 341.1335, found = 341.0339.
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3sa; colorless oil; [a]p?® =+ 57.5 (¢ = 0.33, CHCl3); 'H NMR (500 MHz, CDCls): 8
7.19 (s, 1H), 6.91 (s, 1H), 4.30-4.22 (m, 2H), 4.15-4.10 (m, 1H), 3.98-3.92 (m, 1H),
3.43-3.38 (m, 1H), 2.45-2.32 (m, 3H), 1.67-1.63 (m, 5H), 1.35-1.27 (m, 4H); 13C
NMR (125 MHz, CDCl3): 6 196.62, 163.13, 149.25, 139.65, 139.56, 130.64, 126.20 (q,
J=281.4 Hz), 60.86, 50.99 (d, J=27.75 Hz), 47.91, 33.43, 26.13, 23.32, 21.80, 21.50;
19F NMR (376 MHz, CDCl3) 8 = -71.62 ppm; Enantiomeric excess: 84%, determined
by HPLC (Chiralpak AS-H, hexane/i-PrOH = 95/05; flow rate 1.0 ml/min; 25 °C; 230
nm), first peak: tg = 7.44 min, second peak: tg = 13.57 min; HRMS (ESI) m/z calcd. for
CigH19F3sNaO; [M+Na] *=339.1179, found = 339.1188.

LabSolutions 7} AT HR

<HamEE>

Hdas o zw-xi ji-ash-9505230
FERID :
SR E - I led
Ik tE S 1 OD-H-95%—40win. lcm
fitdr e - 2
FESHL S = 1=l A ks
s :lul B
SrbrE i 1 2020/5/70 16:33:44 ) : System Administrator
R : 2020/5/29 16:50:50 ghEEE . System Administrator
B
mY
] EHEL 2300
500+
] =
]
250
|:|_
0.0 2.5 5.0 7.5 10.0 12.5 15.0 ]
min
<
;P%'Eﬁ.ﬁ 230nm
3 | DB ] LI Wl B [RMEE] e R ES
1 1. 432 10438172 F45480 50. 076 |
2 13. 744 10406451 A58ERI 49 924 M
&1 20844622 4361
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SHMADZEL
LabSolutions

VALVIE S}

<HanfE B>
FEdB : gw—xijichiral-ash-95052305
FEALD :
iRt s : zw-xijichiral-ash-9505230s. led
AT L : D-H-95%—40min. lcm
fitd g - )
HEamS = 1-1 {33 | » Ew
g b : 1wl
srirE 1 2020/5/7% 17:10:59 ] : System Administrator
i AR R : 20M0/5/79 17:42:49 HEHE : System Adminisirator
<P
mY
] &L 230
500+ (o] O\}/@
] Eto/u\O_
1 CF3;
] 3sa
250+
B
o
i A, i
0.0 2.5 50 1.5 100 12.5 15.0
mnin
s
B A 230nm
% !,- L I [E] o I WAL [REEEr] fen [ ES
1 7. 440 11BTG6E2 840416 91. 958 ]
2 13. 569 LOERS9] 42533 3. 042 M
Hil 12615273 832049

3ab; colorless oil; [a]p?° =+ 127.5 (¢ = 0.33, CHCIl3); '"H NMR (500 MHz, CDCl;): 8
8.08-8.07 (m, 2H), 7.65-7.61 (m, 1H), 7.54-7.51 (m, 2H), 6.97 (d, J = 0.50 Hz, 1H),
5.06-5.05 (m, 1H), 3.63 (s, 3H), 3.29-3.20 (m, 1H), 3.04-2.98 (m, 1H), 2.82-2.77 (m,
1H); 13C NMR (125 MHz, CDCl3): 8 199.87, 163.52, 143.67, 136.23, 135.44, 133.60,
128.85, 128.67, 127.13 (q, J = 276.25 Hz), 51.73, 50.70 (q,
28.13 Hz), 33.39 (d, J = 2.50 Hz); '°F NMR (376 MHz, CDCl;) § = -71.75 ppm;
Enantiomeric excess: 96%, determined by HPLC (Chiralpak AS-H, hexane/i-PrOH =
95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 8.77 min, second peak: tg
=11.59 min; HRMS (ESI) m/z calcd. for C;sH3F3NaO; [M+Na] *= 321.0709, found

=321.0710.
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214 ZW #93 [modified by zhang group] 2w-8-33-1r-ash-950523008 UV _VIS_1
Tnau WVL:230 nmi
] 1-8.787
1754 2- 11.667
150
125
100
754
50
25
[} . T
-224 T T T T T T rmin
6.83 8.00 9.00 10.00 11.00 12.00 13.20
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %o
1 8.79 n.a. 190.719 76.261 4990 n.a. BMB*
2 11.67 n.a. 172.895 76.561 50.10 n.a. MB*
Total: 363.614 152.822 100.00 0.000
531 ZW #94 [modified by zhang group] Zw-8-33-15-ash-950523008 UV VIS 1
FnAU WVL:230 nm
T 1-8.773
400
300
4 |\/|80JKE;><
200+ CFs
3ab
100+
2-11.593
L] T T
3: ; T~ & T 1 L 1 ! L T Imin
6.69 8.00 9.00 10.00 11.00 12.00 13.22
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 8.77 n.a. 479.825 191.059 98.15 n.a. BMB*
2 11.59 n.a. 7.317 3.603 1.85 n.a. BMB*
Total: 487.142 194.662 100.00 0.000
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BnO "
CF,

3ac; colorless oil; [a]p?? = + 83.3 (¢ = 0.33, CHCl;); '"H NMR (500 MHz, CDCly): 8
8.07-8.05 (m, 2H), 7.64-7.60 (m, 1H), 7.51-7.47 (m, 2H), 7.31-7.27 (m, 3H), 7.20—
7.18 (m, 2H), 7.04 (s, 1H), 5.10-5.08 (m, 3H), 3.32-3.22 (m, 1H), 3.06—2.99 (m, 1H),
2.83-2.77 (m, 1H); 3C NMR (125 MHz, CDCls): 4 199.87, 162.79, 144.20, 136.16,
135.41, 135.20, 133.57, 128.75, 128.62, 128.39, 128.14, 128.10, 124.89 (q, J = 275.88
Hz), 66.54, 50.51 (d, J= 1.38 Hz), 46.70 (q, J = 28.25 Hz), 33.37 (q, J = 2.38 Hz); '°F
NMR (376 MHz, CDCls) 6 = -71.59 ppm; Enantiomeric excess: 94%, determined by
HPLC (Chiralpak AS-H, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm),
first peak: tg = 9.42 min, second peak: tg = 15.51 min; HRMS (ESI) m/z calcd. for
C,1H7F5NaO; [M+Na] "= 397.1022, found = 397.1025.

330 ZW #95 [modified by zhang group] zw-8-33-2r-ash-950523008 Uv VIS 1
JmAU WWL:230 nm
- 1-9.513
2 - 15.567
250+
200+
150+
100—_
50+
o] — ' .
'51"""'I"’I"'l'"'r"‘I""I""l"'l"'l"m‘in
Tl 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.9
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 9.51 n.a. 293.579 138.461 49.90 n.a. BMB*
2 15.57 n.a. 271.545 139.009 50.10 n.a. BMB*
Total: 565.124 277.470 100.00 0.000
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ZW #96 [modified by zhang group] zw-8-33-2s-ash-950523008 UV VIS 1

171 :
mAU e WVL:230 nm

140+
120+

100+

80— 3

] BnO '

] CF,
60

3ac
40+
20+
1 2-15513
0—_ e | 1
- min
A o B 5 N L ) DR 0 BN ) ML ) L B R |
8.7 8.8 10.0 11.3 12.5 13.8 15.0 16.3 17.5 18.8
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 9.43 n.a. 160.270 73.644 97.05 n.a. BMB*
2 15.51 n.a. 4.961 2.238 2.95 n.a. BMB*
Total: 165.231 75.882 100.00 0.000

EtO :
CoF5

3ta; colorless oil; [a]p?? = + 221.4 (¢ = 0.33, CHCI3); 'H NMR (500 MHz, CDCls):
8.09 (d, J = 8.00 Hz, 2H), 7.63—-7.60 (m, 1H), 7.52-7.49 (m, 2H), 6.96—6.95 (m, 1H),
5.24-5.22 (m, 1H), 4.02 (q, J = 7.00 Hz, 2H), 3.55-3.44 (m, 1H), 2.99-2.93 (m, 1H),
2.83-2.78 (m, 1H); 3C NMR (125 MHz, CDCls): 8 200.74, 162.90, 143.44, 136.65,
135.93, 133.45, 128.75, 128.51, 122.31 (t, J = 36.25 Hz), 120.04 (t, J = 36.13 Hz),
115.95-115.03 (m), 113.92-113.03 (m), 60.80, 49.41, 45.50 (t, J = 21.13 Hz), 32.71,
13.60; 'F NMR (376 MHz, CDCl3) 6 = -83.10, -113.19, -114.14, -123.53, -124.48
ppm; Enantiomeric excess: 96%, determined by HPLC (Chiralpak AS-H, hexane/i-
PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 6.59 min, second
peak: tg = 8.64 min; HRMS (ESI) m/z calcd. for C;H;sFsNaO; [M+Na] = 385.0834,
found = 385.0838.
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1162 #89 [modified by zhang group] zw-B-32-3r-ash-950523008 uv_ VIS 1
mAU WVL:230 nm
pang 1-6.700 2-8.767
80+
60+
40+
20+
0_
2} min,
23— T T T | y
532 6.00 7.00 8.00 9.00 10.49
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.70 n.a. 98.663 41224 5140 n.a. BM *
2 8.77 n.a. 98.681 38.977 48.60 n.a. BMB*
Total: 197.344 80.202 100.00 0.000
285 ZW #90 [modified by zhang group] zw-8-32-35-ash-950523008 UvV_WVIS 1
“ImAU WVL:230 nm
1 1-6.593
250
200
EtO ':
150—_ /“\O_Cst
3ta
100
50+
i 2-8.640
o 1 | | :
A foully'
44— — — ———T T
521 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.20
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
i) 6.59 n.a. 260.159 106.719 98.23 na. BMB*
2 8.64 n.a. 5.120 1.924 o T o na. BMB*
Total: 265.279 108.643 100.00 0.000
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0 O\\/O
EtO “‘
CsF7

3ua

3ua; colorless oil; [a]p?° = + 123.0 (¢ = 0.33, CHCIl;); '"H NMR (500 MHz, CDCl;): 8
8.10-8.08 (m, 2H), 7.63—7.60 (m, 1H), 7.53-7.50 (m, 2H), 6.97-6.95 (m, 1H), 5.26—
5.24 (m, 1H), 4.05-3.99 (m, 2H), 3.65-3.53 (m, 1H), 3.01-2.95 (m, 1H), 2.85-2.80
(m, 1H), 0.99 (t, J = 7.50 Hz, 3H); 13C NMR (125 MHz, CDCl;): 4 200.78, 162.91,
143.53, 136.67, 135.84, 133.45, 128.75, 128.53, 121.02—-120.74 (m), 119.53 (t, J =
31.38 Hz), 118.73 (t, J = 33.88 Hz), 117.77-117.24 (m), 116.44 (t, J = 33.50 Hz),
115.48 (t,J=31.25 Hz), 114.43-113.89 (m), 111.58-110.69 (m), 109.47—-108.58 (m),
107.37-106.48 (m), 60.82,49.42,45.98 (t,J=21.25 Hz), 32.74 (t,J = 3.50 Hz), 13.58;
F NMR (376 MHz, CDCl;) & = -83.10—-80.75 (m), -109.77—-109.92 (m), -110.75—-
110.90 (m), -120.24—-120.31 (m), -121.18—121.32 (m), -124.32—126.50 (m);
Enantiomeric excess: 98%, determined by HPLC (Chiralpak AS-H, hexane/i-PrOH =
95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 5.66 min, second peak: tg
= 7.06 min; HRMS (ESI) m/z calcd. for C;gH;sF;NaO; [M+Na] *=435.0802, found =
435.0803.
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AU

o
o
o
o

100+

SBS—ZW #91 [modified by zhang group]

2w-8-32-4r-ash-950523008

Uv_VIs_1

2 -7.060

WWL:230 nm

'11?-""|""1‘ ; T L T e L ) e v e B i
4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.66
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.67 n.a. 473.105 190.930 50.24 n.a. BMB*
2 7.06 n.a. 497.240  189.070 _ 49.76 n.a. _ BMB*
Total: 970.345 379.999 100.00 0.000
539 Z\W #92 [modified by zhang group] #w-8-32-45-ash-950523008 Uv VIS 1
= ImAU WWL:230 nim|
= 1-5.660
400
300~
EtO N
200 /U\E><03F7
3ua
100
; 2 - 7.060
0= ! T T
881 T T T T T T T pin
4.48 5.00 5.50 6.00 8.50 7.00 7.50 8.30
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.66 n.a. 484988 204.856 99.24 n.a. BMB*
2 7.06 n.a. 4.566 1.562 0.76 n.a. BMB*
Total: 489.554 206.418 100.00 0.000
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0 O@
Me

3va

3vabl; colorless oil; [a]p?® =+ 16.5 (¢ = 0.33, CHCl;); 'H NMR (500 MHz, CDC]l;): &
8.04-8.02 (m, 2H), 7.62—7.58 (m, 1H), 7.52-7.48 (m, 2H), 7.01-7.00 (s, 1H), 4.43—
4.42 (m, 1H), 4.16—4.09 (m, 2H), 2.93-2.85 (m, 1H), 2.60-2.51 (m, 1H), 2.24-2.17
(m, 1H), 1.24 (d,J=7.2 Hz, 3H), 1.17 (t,J= 7.2 Hz, 3H); 13C NMR (125 MHz, CDCI;):
0 201.13, 164.31, 145.25, 136.99, 135.36, 132.98, 128.55, 60.35, 59.09, 40.96, 38.45,
21.59, 14.01; Enantiomeric excess: 22% (13/1 ratio of regioisomers), determined by
HPLC (Chiralpak AD-H, hexane/i-PrOH = 95/05; flow rate 1.0 ml/min; 25 °C; 230

nm), first peak: tg = 10.60 min, second peak: tg = 11.78 min.

ﬁg;gboyl_;ticns éj}‘ H‘T‘ *E{ %:

ﬁﬂ? : zw—Me—adh—950510ract
10 :
SRR : zw—Me—adh—950510racy. led
ik : AS-H-40%. lem
UM s - - )
FERA S = 1-1 FEfL 3 s R
SR : 1wl i
b : 2020/6/3 20:25:07 ST : System Administrator
t-E ) : 2020/8/3 20:43:07 SEEEF : System Administrator
<fo i
m¥
] o £ EREL 2540
75
EEI':
25—1
G.
1 1 1 I
9 10 11 12 13 14 15
min
<>
%ﬁa 254nm
5 | D0 I (B 1] AL L BRG] i R ES
1 10. 610 L BGO496 A54R2 1. 733 M
2 11. 781 1 735868 THE09 48. 267 ]
i 3506364 1649491
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LabSolutions 7T 4

HREE

ﬂﬁ ] : zw-Me—adh—950510rac?
Fdn 1D i
SR HE : zw-Me—adh-250510rac?. led
FkPEE  : ASH-0% lem
it fE - ;i
FESHL S 1 1-1 HE 3R C Ed
BEFE : Ll
ArérE 1 2020/6/3 20:10:32 irE : System Administrator
iR : 2020/6/3 20:24:29 hEE . System Administrator
<Eig >
mY
FEREL Z5in
7'5-1
] o\/@ E
J (] \} b=}
5|:|-_ EtO 3
] >—=Me
] 3va
25
o
9 10 11 12 13
min
<R
f‘%&.’u 254nm
T | DEEHIRTE] E B I W [RMEE] b s E
1 10. 604 1814125 S4406 61 134 |
2 11,777 1153344 B2 1BA 8. 866 M
i ZRGT4T0 1366E2

3wal3l; colorless oil; [a]p?? = + 14.5 (¢ = 0.33, CHCl;); 'TH NMR (500 MHz, CDCl;): 8
7.80 (d, J = 8.0 Hz, 2H), 7.55-7.51 (m, 1H), 7.40-7.28 (m, 5H), 7.23-7.21 (m, 2H),
7.13=7.12 (m, 1H), 4.90—4.89 (m, 1H), 4.19—4.09 (m, 2H), 3.62-3.57 (m, 1H), 3.26—
3.18 (m, 1H), 2.77-2.71 (m, 1H), 1.18 (t,J= 7.2 Hz, 3H); 3C NMR (125 MHz, CDCI;):
0 200.74, 163.99, 145.05, 144.93, 136.50, 135.64, 133.03, 128.89, 128.75, 128.40,
126.98, 126.80, 60.50, 60.24, 48.88, 42.11, 14.00; Enantiomeric excess: 11% (5/1 ratio
of regioisomers), determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 90/10; flow

rate 1.0 ml/min; 25 °C; 230 nm), first peak: tg = 8.54 min, second peak: tg = 11.28 min.
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SHIMADZU
:: LabSolutions

ANk S=}

HAEE>
FEdhE : zw-cha-racl—odhS01010
FERID :
S : zw—cha-racl—odhB01010. led
s T OD-H-90%. lem
il e i ¥
AL S | FE 2|
e HE T Ch
b B 3 1 2020/6/2 10:50:47 e : System Administrator
EH T 203048/ 11:07:08 SREEH : System Administrator
<fhigpd
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] % 2 H&Eﬁ 254nm
00+ - 2
200 o @ O
D0
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EEH
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7 | TrE ] HE I A IR Bl s ES
1 8. 538 GEGZROS 25072 S1. 627 ]
2 11. 493 G430425 2T2RE2 48. 373 ]
538 13263321 HE234
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iz LabSolutions

VANVIE S}

<HanEE>
FEdh & 1 zw—cha—chiral l—odh901010
FESID F
EE : zw—cha—chiral—odhG01010. led
Ik trs : O0HE20%. lem
e - ’
) 2 1-1 FE bR s
HEFER 2 1ol il
kT H = 2020642 11:08:03 S : System Administrator
B H W 1 2020/6/2 11:23:09 SEEEE : System Administrator
<fig
mY
A 254
I i
: 2 o °\§/®
D<)
250 3wa
|:|_
5.0 1.5 10.0 12.5 15.0
min
MR
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5 | B TE] [ M L WL b EEiES
1 4. 542 15038535 375135 44, 750 M
2 11. 27% 18567349 GMELR 55. 250 M
&1 33605884 1750
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EtO <
<O

3xa

3xal’l; yellow oil; [a]p?® = + 18.4 (¢ = 0.33, CHCl3); 'H NMR (500 MHz, CDCl;): &
8.19 (d, J = 8.4 Hz, 2H), 7.80 (d, J = 7.2 Hz, 2H), 7.59-7.55 (m, 1H), 7.43-7.37 (m,
4H), 7.13-7.12 (m, 1H), 4.90—4.89 (m, 1H), 4.21-4.09 (m, 2H), 3.75-3.70 (m, 1H),
3.32-3.24 (m, 1H), 2.76-2.70 (m, 1H), 1.17 (t, J = 7.2 Hz, 3H); 3C NMR (125 MHz,
CDCly): 8 199.92, 163.63, 152.25, 147.01, 144.48, 136.25, 135.75, 133.46, 128.65,
128.62, 127.72, 124.27, 60.75, 59.57, 48.46, 41.79; Enantiomeric excess: 6% (20/1
ratio of regioisomers), determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 90/10;
flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tg = 19.81 min, second peak: tg =
35.40 min.

LabSolutions 7T

HREE

Hd® : gw—xioji-rac—odh@01010
FESRID :
iR hE 1 mw-xioji-rac—odhGOLOL0. led
A ik : O0-H-20%. lem
it e - o
FE R S : 121 B B .
HEFEE : lul
s 5 1 2020/6/2 11:24:12 THTE : System Administrator
-ER H 1 2020/6/2 12:07:40 wbEEH : System Administrator
<
mY
EREA 2540
100
=
75 o © O =
EtO
NO
g D Was
rac-3xa
25
0] T
] 10 20 30 40
min
R
@%ﬁ.’u 254nm
7 | TR [E] [Tk I L [RMEE] b [ EEES
1 19. 943 HEITO49 118223 49. 979 |
2 5. 6TR HGE42639 TH2ZN a0, 021 M
&1 11280587 193443
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LabSolutions 73 AT R 75

<HMEE>

FEdh & : gw—xioji-chiral-odh901010
FERID :
g R L : zw-xioji-chiral-odhB01010. led
N fd o 020N lem
it fE - -
FEM S : 1-1 B : ki
HEFEL : 1 ul
S 3 : 2020/6/2 12:08:29 SrHTE . System Administrator
B H W 1 2020/6/2 12:57:42 SRR : System Administrator
<EBiEHE>
Y
_ z ERET i
] =
] g
1504
] g
| e
1004 o R
4 Et Noz
] 3xa
Bl
G- Vo J .r'r\
10 15 20 25 30 15 40 45
min
<HEFS
@%&A 254nm :
7 | TEEIE] EE I L A Y6 S LEHmE
1 19. 816 BEGGT44 186401 47, D0 M
2 35. 399 GO94044 131622 52. 991 u
21 IBREATI3 318113

¥

B
O 0@/ r
MeO :
CF3

3gb

3gb; colorless oil; [a]p?® =+ 136.2 (¢ = 0.33, CHCIl;); 'H NMR (400 MHz, CDCls): &
7.92 (d, J = 8.80 Hz, 2H), 7.65 (d, J = 8.40 Hz, 2H), 6.94 (s, 1H), 4.97-4.96 (m, 1H),
3.62 (s, 1H), 3.30-3.18 (m, 1H), 3.04—2.96 (m, 1H), 2.81-2.75 (m, 1H); '*C NMR (100
MHz, CDCl;): 6 199.08, 163.46, 143.75, 135.34, 135.11, 132.04, 130.25, 129.01,
127.06 (q, J=275.90 Hz), 51.81, 50.69, 46.70 (q, J = 28.20 Hz), 33.43; '°F NMR (376
MHz, CDCl;) 6 = -71.65 ppm; Enantiomeric excess: 99%, determined by HPLC
(Chiralpak AS-H, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first
peak: tg = 6.98 min, second peak: tg = 8.69 min; HRMS (ESI) m/z calcd. for
C,5H1,BrF;NaO; [M+Na] "= 398.9814, found = 398.9815.
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v VIS 1

4172w #1339 [modified by zhang group] zw-8-3-1-ash-05050823025
“JmAU WVL:230 nm
100+
1-7.060
80~
60—
40+
20+
D_
21— T = | F T £t '|"'l""m§n
5.49 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.06
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 7.06 n.a. 93.744 22854 50.78 n.a. BMB*
2 8.83 n.a. 52.465 22156 49.22 n.a. BMB*
Total: 146.209 45.010 100.00 0.000
5632 #1340 [modified by zhang group] zw-8-4-1-ash-95050823025 UV_VIS_1
= ImAU WWVL:230 nim
J 1-6.980
500
400-
i o © \§/©/8r
] MeO N
300 e JJ\Q_CFs
J 3gb
200
100
1 i | 2 - 8.687
0 T T
1334 N O T T I A T S S P T . ER R 9 B '|""min
5.27 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.07
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 6.98 n.a. 588.359 146.351 99.64 na. BMB*
2 8.69 n.a. 2.044 0.536 0.36 na. BMB*
Total: 590.402 146.886 100.00 0.000
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HO Br

o

MeO
CF;

un
=Y

4; colorless oil; [a]p?® =+ 51.3 (¢ = 0.33, CHCl3); '"H NMR (400 MHz, CDCls): § 7.42
(d, J=8.40 Hz, 2H), 7.10 (d, J = 8.40 Hz, 2H), 6.66 (s, 1H), 5.04-5.02 (m, 1H), 3.75
(s, 3H), 3.58-3.57 (m, 1H), 3.32-3.30 (m, 1H), 2.96-2.86 (m, 1H), 2.46-2.39 (m, 1H),
2.15-2.06 (m, 1H); 3C NMR (100 MHz, CDCls):  165.36, 144.56, 139.48, 135.03,
131.13, 128.11, 127.65 (q, J=276.60 Hz), 121.70, 73.32, 52.85, 51.95 (q, /= 1.80 Hz),
42.14 (q, J = 27.20 Hz), 32.54; 9F NMR (376 MHz, CDCl;) 8 = -73.70 ppm;
Enantiomeric excess: 99%, determined by HPLC (Chiralpak IE, hexane/i-PrOH =
90/10; flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tg = 5.73 min, second peak: tg
=6.71 min; HRMS (ESI) m/z calcd. for CsH4BrF;NaO; [M+Na] *=400.9971, found

=400.9975.

245-ZW #16 [modified by zhang aroup] 2w-B-7-2-ie-901023010 Uv_ VIS 1

mAU WVL:230 nirl

] 1-5733 2-8.753

200—-

150—-

100—-

50-

0 ! T
‘53_:'"'|""1"1'|""|"'1l"1min

495 5.50 6.00 6.50 7.00 7.50 7.89
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %

1 5.73 n.a. 215.748 71.191 49.50 n.a. BMB*

2 6.75 n.a. 219.296 72619  50.50 n.a. _BMB*
Total: 435043 143.810 100.00 0.000
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ZW #17 [modified by zhang group] Zw-8-T7-22-1e-901023010 UV VIS 1
mAU WWL:230 nm

479

1-5733
400}
350}

300—

Br
250 o] HO\_*/O/
] MeO {
2004 CF,4

] 4
150
100
50
] 2-6.707
0 ! T T
o i
o N BN S CO I R S O S G I SR L N e e e [ L S N N G B
4.40 5.00 5.50 6.00 6.50 7.00 7.74
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 5.73 n.a. 431687 145.003 99.32 n.a. BMB*
2 6.71 n.a. 3.691 0.994 0.68 n.a. BMB*
Total: 435.379 145997 100.00 0.000
0
MeO,C __}\\\QBF
S“"'b‘CF3
5
Cl

5; white solid; [a]p?® = -17.9 (¢ = 0.33, CHCl;); 'H NMR (500 MHz, CDCls): 8 7.79
(d, J=8.50 Hz, 2H), 7.64 (d, J = 8.50 Hz, 2H), 7.38 (d, J = 8.50 Hz, 2H), 7.31-7.29
(m, 2H), 4.29-4.26 (m, 1H), 3.95-3.91 (m, 1H), 3.56-3.50 (m, 4H), 3.01-2.97 (m, 1H),
2.45-2.39 (m, 1H), 2.17-2.11 (m, 1H); 3C NMR (125 MHz, CDCl;): 8 197.03, 171.97,
134.56, 134.48 (q, J = 1.75 Hz), 132.17, 130.94, 130.05, 129.42, 129.33, 126.96 (q, J
=276.25 Hz), 55.68, 52.47,49.74, 49.02, 44.72 (q, J = 28.25 Hz), 32.78; 1°F NMR (376
MHz, CDCl;) 6 = -70.47 ppm; Enantiomeric excess: 98%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first
peak: tg = 10.53 min, second peak: tg = 11.50 min; HRMS (ESI) m/z calcd. for
C,1H7BrCIF;NaO;S [M+Na] = 542.9615, found = 542.9613.
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4192 #30 [modified by zhang group] zw-8-22-1-ADH-950523008 Uv_VIS_1
“mAU WVL:230 nm
§ 1-10.520 2-11.507
100
88
75
] o)
63 Meozﬁ\Q\Br
] S CFs
50
()5
38+ o
25
13
- . T T
T T |'"1""|'"1""1""1"'m'in
853 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 12.08
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 10.52 n.a. 109.462 43572 4990 n.a. BMB*
2 11.51 n.a. 108.151 43.746 50.10 n.a. BMB*
Total: 217.613 87.318 100.00 0.000
1392V #31 [modified by zhang group] 7w-8-22-2-ADH-350523008 UV_VIS_1
AU WVL:230 nm
1-10.527
120~
100
i o)
80 MeOC }\\Q\Br
] s""'b‘CF3
60
5
: cl
40+
20
1 2-11.500
0 . ] :
'24_"1' ’I‘"I""l"“l""I""I""]""I"'Mi?
8.62 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.44
No Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 10.53 n.a. 128.849 51.848 98.85 n.a. BMB*
2 11.50 n.a. 1.5562 0.605 1.15 n.a. BMB*
Total: 130.400 52.453 100.00 0.000

56




6; white solid; [a]p?® = + 33.9 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCl;): & 8.17
(d, J=8.50 Hz, 2H), 8.05-8.03 (m, 2H), 7.76 (d, J = 8.50 Hz, 2H), 7.52-7.49 (m, 1H),
7.44-7.41 (m, 2H), 7.05-6.97 (m, 2H), 6.82-6.79 (m, 1H), 6.45 (d, J = 8.00 Hz, 1H),
5.80 (s, 1H), 5.29 (d, J=6.00 Hz, 1H), 4.73 (d, J = 12.00 Hz, 1H), 3.65-3.55 (m, 2H),
3.28-3.24 (m, 1H), 3.02 (s, 3H), 2.76-2.69 (m, 2H), 2.58-2.53 (m, 1H), 2.17-2.10 (m,
1H); 13C NMR (125 MHz, CDCl3): 8 199.72, 172.75, 169.40, 136.16, 134.42, 133.72,
132.23, 131.52, 130.78, 130.71, 129.68, 129.24, 128.16, 127.71, 127.14, 126.84,
126.32 (q,J=276.63 Hz), 125.32,72.73, 67.21,63.06, 51.95,49.17,47.34 (q, /= 27.88
Hz), 46.92, 28.96; 1°F NMR (376 MHz, CDCl3) & = -69.11 ppm; Enantiomeric excess:
98%, determined by HPLC (Chiralpak IE, hexane/i-PrOH = 80/20; flow rate 1.2
ml/min; 25 °C; 230 nm), first peak: tg = 8.42 min, second peak: tg = 10.50 min; HRMS
(ESI) m/z calcd. for C3;H,4BrF;N;NaO, [M+Na] *= 649.0920, found = 649.0920.

o ZWW #18 [modified by zhang group] zw-8-14-1-ie-80202301.2 Uv VIS 1
S TnAU WVL:230 nm)
b 1-8.440
300+ 2-10.487
250
2004
] Meozc o) O Br
150~
100_. N\N ' CFs
] Ph’§ (+)-6
0
50
0] I IS, < I
T
£ min
ISt
6.37 7.00 8.00 9.00 10.00 11.00 11.92
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 8.44 n.a. 355434 101596 49.83 n.a. BMB*
2 10.49 n.a. 299.135  102.291 50.17 n.a. BMB*
Total: 654.569 203.887 100.00 0.000
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ZW #20 [modified by zhang group] 2w-8-14-2-ie-80202301.2 UV VIS 1
AU WVL230 nm

= 1-8.420

5293

400+

T Y
N 7 =cr,
N

200
] Ph’&O 6
100+
2-10.507
o L ' =
& min|
-76 v ' T y ' d T Y g y T J y v T ; Y * T ’ '
6.27 7.00 8.00 9.00 10.00 11.00 1.7
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 8.42 n.a. 485124 142567 98.92 na. BMB*
2 10.51 n.a. 4.633 1.556 1.08 n.a. MB*
Total: 489.757 144123 100.00 0.000

0 Br
.
MeO,C_, ¢
HOI><CF3

HO 7
7; colorless oil; [a]p?® =—57.1 (¢ = 0.33, CHCl;); 'H NMR (400 MHz, CDCl5): & 7.83
(d, J=8.40 Hz, 2H), 7.66—7.59 (m, 2H), 4.22 (br, 1H), 4.16 (d, /= 8.80 Hz, 1H), 3.64—
3.57 (m, 2H), 3.49 (s, 3H), 2.40-2.34 (m, 1H), 2.11-2.02 (m, 2H); *C NMR (100 MHz,
CDCls): 6 194.49, 172.60, 135.61, 132.15, 130.10, 129.42, 126.70 (q, J = 275.80 Hz),
83.65,75.41,54.63, 53.34,39.91 (q,J=28.80 Hz), 31.35; 'F NMR (376 MHz, CDCl;)
o = -70.92 ppm; Enantiomeric excess: 98%, determined by HPLC (Chiralpak IE,
hexane/i-PrOH = 80/20; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 8.57 min,
second peak: tg = 15.00 min; HRMS (ESI) m/z calcd. for C;sH4BrF;NaOs [M+Na] "=
432.9869, found = 432.9873.
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9.2 ZW #10 [modified by zhang group] zw-8-17-1-ie-802023008 UV VIS 1
= JmAU WWVL:230 nm
1-B.567
60.0-
50.0 214,827
400
30.0-
20.0-
10.0+
0.0+ -
'12-1_|"‘'|"''r"''l‘'''r1'"|''"|""|""|""|"rﬂ'iﬂ
47 6.3 75 a.8 10,0 11.3 12.5 13.8 15.0 17.2
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %o
1 8.57 n.a. 66.494 23.058 49.57 n.a. BMB*
2 14.83 n.a. 50.451 23.457 50.43 n.a. BMB*
Total: 116.945 46.515 100.00 0.000
176-ZW #11 [modified by zhang group] zw-8-17-2-ie-802023008 Uv_VIS_1
AU WVL:230 nm|
] 1-8.573
140+
120-
1004
o) Br
8‘*— O
MeOQC .
60— HOI>—CF3
HO 7
40—
201
o _2-15.000
S B S L S S O SV S T SRR SRSV U SRR . |
5.1 6.3 75 88 100 1.3 125 13.8 15.0 16.3
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 8.57 n.a. 156.589 54.708 99.08 n.a. BMB*
2 15.00 n.a. 1.184 0.506 0.92 n.a. BMB*
Total: 157.773 55.215 100.00 0.000
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) NOZ

\Q‘CFa

8

MeOZC

8; yellow solid; [a]p?® =—-16.6 (¢ = 0.33, CHCl;); '"H NMR (500 MHz, CDCl;): 6 8.37—
8.34 (m, 2H), 8.20 (d, /= 8.50 Hz, 2H), 7.83-7.77 (m, 4H), 6.99 (s, 1H), 5.10-5.08 (m,
1H), 3.66 (s, 3H), 3.35-3.25 (m, 1H), 3.08-3.01 (m, 1H), 2.86-2.80 (m, 1H); *C NMR
(125 MHz, CDCl;): 8 199.47, 163.57, 147.65, 146.07, 143.79, 143.55, 136.30, 135.41,
129.57, 128.10, 127.72, 127.09 (q, J = 276.00 Hz), 124.21, 51.87, 50.76 (q, J = 1.38
Hz), 46.71 (q,J=28.00 Hz), 33.46 (d, J = 2.13 Hz); '”"F NMR (376 MHz, CDCl;) § = -
71.55 ppm; Enantiomeric excess: 99%, determined by HPLC (Chiralpak AS-H,
hexane/i-PrOH = 80/20; flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tg = 14.61
min, second peak: tg =22.11 min; HRMS (ESI) m/z calcd. for C,1H cF3;NNaOs[M+Na]
*=442.0813, found = 442.0873.

105 ZW #26 [modified by zhang group] 2w-8-21-1-ASH-802023010 UV VIS 1
“ ImAU WVL:230 nm
. 1-14.627

160~

140+

1204 2.22053

100+

] O NO,

0] NI

MeOZC
60+ ' CF,
] (+)-8

40+

20+
] L . -

. min

5T I T T
104 12.0 14.0 16.0 18.0 20.0 22.0 24.9

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %
1 14.63 n.a. 177.682 95.153 50.19 n.a. BMB*
2 22.05 n.a. 117.463 94.436  49.81 n.a. BMB*
Total: 295.144 189.589 100.00 0.000

60



2442V #21 [modified by zhang group] 2w-8-21-2-ASH-802023010 UV VIS 1
mAU WWL:230 nm|
F 1-14613

2001

175+

150

125
- N02
' )

100+ AN
] MeO,C_ 7
75 D«ca
] 8
501
257

. . 4 2-22113
__ T

'23"'|"'|"'r"'r"'i"‘]“‘min
10.2 12.0 14.0 16.0 18.0 200 220 240

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %
1 14.61 n.a. 214758 115.001 99.45 n.a. BMB*
2 22.11 n.a. 1.102 0.640 0.55 na. BMB*
Total: 215.860 115642 100.00 0.000

9; white solid; [a]p?° = —285.3 (¢ = 0.33, CHCls); '"H NMR (500 MHz, CDCls): 6 8.19
(s, 1H), 8.07 (s, 1H), 8.02 (d, J = 8.50 Hz, 2H), 7.45 (d, J = 8.50 Hz, 2H), 7.38 (d, J =
8.50 Hz, 2H), 7.33 (d, J = 8.50 Hz, 2H), 7.25-7.23 (m, 4H), 4.43—-4.40 (m, 1H), 3.64
(s, 3H), 3.38-3.28 (m, 1H), 3.19-3.14 (m, 1H), 2.19-2.09 (m, 3H), 2.05-1.97 (m, 1H);
13C NMR (125 MHz, CDCl;): 8 199.49, 173.80, 154.00, 145.04, 141.05, 137.71,
135.31, 134.38, 129.35, 127.77, 127.40 (q, J = 276.00 Hz), 126.69, 126.30, 126.07 (q,
J=3.50Hz), 125.76, 125.50, 125.23, 123.87 (q, J = 269.88 Hz), 121.34, 119.83, 52.20,
49.69, 48.48, 46.50 (q, J = 27.63 Hz), 29.35, 25.87; '°F NMR (376 MHz, CDCl;) 8 = -
62.10, -70.14 ppm; Enantiomeric excess: 98%, determined by HPLC (Chiralpak IE,
hexane/i-PrOH = 75/25; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tg = 10.82
min, second peak: tg = 15.92 min; HRMS (ESI) m/z calcd. for CyoHpsFsN,NaOy
[M+Na] "= 601.1532, found = 601.1531.
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280 Z\W #72 [modified by zhang group] 2w-8-27-2r-ie-752523008 Uv VIS 1
mAU WVL:230 ni|
2501 1-10.713
O  CO,Me
2007 FaC O )
RY e
TR,
. H H -9
150
2- 16.460
100
50
Ly 1
R min
T T 5 1T T8 T 25 LT IO R 04 PO RN 1 W L e DL
7.9 10.0 13 125 13.8 15.0 16.3 17.5 18.8 209
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 10.71 n.a. 255.339 145.322 50.28 n.a. BMB*
2 16.46 n.a. 125.722  143.708  49.72 na. BMB*
Total: 381.061 289.029 100.00 0.000
4g7_ZW #73 [modified by zhang group] 2w-8-27-25-ie-752523008 UV VIS 1
mAU WWL:230 nm|
2-15.920
400
300+
200
100+
1 1-10.827
o . T
07— T I L - —1 1T — T —n
73 10.0 12.0 14.0 16.0 18.0 20.0 229
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 10.83 n.a. 8.301 4.4486 0.95 na. BMB*
2 15.92 n.a. 412.210  464.225  99.05 n.a. BMB*
Total: 420511 468.671 100.00 0.000

62




10; white solid; [a]p?° =—237.3 (¢ = 0.33, CH,Cl,); "H NMR (500 MHz, CD;COCD;):
0 8.62 (s, 1H), 8.48 (s, 1H), 8.18 (d, J = 8.50 Hz, 2H), 7.87-7.80 (m, 4H), 7.77-7.72
(m, 4H), 7.66 (d, J = 8.00 Hz, 2H), 4.55-4.52 (m, 1H), 3.53-3.43 (m, 1H), 3.22-3.18
(m, 1H), 2.27-2.14 (m, 3H), 2.04—1.97 (m, 1H); 3C NMR (125 MHz, CD;COCD3): §
198.00, 173.44, 151.69, 145.00, 142.98, 139.60 (q, J = 3.00 Hz), 133.90, 132.86,
128.92,127.11, 127.48 (q, J = 275.25 Hz), 126.05, 125.50 (q, J = 3.75 Hz), 124.24 (q,
J =268.88 Hz), 123.16—-122.34 (m), 118.71-118.57 (m), 117.79-117.67 (m), 48.99,
47.89, 45.68 (q, J = 27.25 Hz), 28.89, 25.30 (q, J = 1.38 Hz); '°F NMR (376 MHz,
CDCl;) & = -62.17, -70.47 ppm; Enantiomeric excess: 99%, determined by HPLC
(Chiralpak IE, hexane/i-PrOH = 75/25; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak:

tg = 7.98 min, second peak: tg = 9.46 min.

187 ZW #75 [modified by zhang group] 7w-8-28-1r-ie-752523008 UvV_VIS 1
TmAU WWVL:230 nm

1504 1-7.920
1251
1001

5]

50
25
0_
25
51_"|"'|"'r"'|"'r"'1“m'in
625 7.00 8.00 9.00 10.00 11.00 12.00 12.86
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU  mAU*min %
1 7.92 n.a. 142.940 83.506 50.25 n.a. BMB*
2 9.61 n.a. 106.836 82.664  49.75 n.a. BMB*
Total: 249.776 166.170 100.00 0.000
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338 ZW #76 [modified by zhang group] Zw-8-28-1s-ie-752523008 UV VIS 1
AU WWVL:230 nm
] 2. 9.460

250

200+

150+

1004

]

0

-50-1

*99_"'r"'|"'|"'|"‘1"'1"'|"'mi|n
6.18 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.08

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU  mAU*min %
1 7.99 n.a. 3.285 1.592 0.68 n.a. BMB*
2 9.46 n.a. 304.927 231161 99.32 n.a. BMB*
Total: 308.212 232753 100.00 0.000

8. References

[1T7a) X. Su, W. Zhou, Y. Li, J. Zhang, Angew. Chem. Int. Ed. 2015, 54, 6874; Angew. Chem. 2015,
127,6978; b) W. Zhou, X. Su. M. Tao, C. Zhu, Q. Zhao, J. Zhang, Angew. Chem. Int. Ed. 2015, 54,
14853; Angew. Chem. 2015, 127, 15066; ¢c) W. Zhou, P. Chen, M. Tao, X. Su, Q. Zhao, J. Zhang,
Chem. Commun. 2016, 52, 7612; d) P. Chen, X. Su, W. Zhou, Y. Xiao, J. Zhang, Tetrahedron
2016, 72, 2700.

[2] T. Yamazaki, T. Kawasaki-Takasuka, A. Furuta, S. Sakamoto, Tetrahedron, 2009, 65, 5945.
[3] A. Voituriez, A. Panossian, N. Fleury-Brégeot, P. Retailleau, A. Marinetti, J. Am. Chem. Soc.

2008, /30, 14030.
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9. 'H, 3C, 3'P and ’F NMR Spectra
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