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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, *'P NMR spectra and ’F NMR
spectra were recorded on a Bruker 400 (or 500) MHz spectrometer in chloroform-ds.
Chemical shifts (in ppm) were referenced to tetramethylsilane (6 = 0 ppm) in CDCl;3
as an internal standard. 3*C NMR spectra were obtained by using the same NMR
spectrometers and were calibrated with CDCl; (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 '*C nucleus and !*P nucleus in some chiral phosphine
catalysts were difficult to distinguish and these '°C NMR signals were reported as
singlet entirely.

Trichloromethane (CHCIl3), 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. Optimization of Reaction Conditions for the Enantioselective [3+2]

Cycloaddition of 1a and 2a™

0 Et0,C.  CF,
Ph Cat* 9
)J\/\ at.* (10 mol%) 0
Ph CFy * \CO Et solvent, T, t "”'(
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(S.Rs)-P3 (S,Rs)-P4 (S)-P4
Entry  Cat. T (°C) t (h) Solvent Yield ee (%)l
(%)™
1 (S,S)-DIOP 25 12 toluene <10 -
2 (R,R)-Et-DUPHOS 25 12 toluene <10 -
3 (R,R)-Et-BPE 25 8 toluene 64 39
4 (R,R)-DIPAMP 25 6 toluene 81 89
5 (S,Rs)-P1 25 12 toluene 51 5
6 (S,Rs)-P2 25 12 toluene 54 11
7 (S,Rs)-P3 25 12 toluene 62 30
8 (S,Rs)-P4 25 12 toluene 58 29
9 (S)-P1 25 3 toluene 79 3
10 (S)-P2 25 3 toluene 85 14
11 (S)-P3 25 3 toluene 84 40
12 (S)-P4 25 3 toluene 86 21
13 (R,R)-DIPAMP 25 6 DCM 51 72
14  (R,R)-DIPAMP 25 6 CHCls 68 84
15  (R,R)-DIPAMP 25 6 EA 79 86
16 (R,R)-DIPAMP 25 6 acetone 62 26
17 (R,R)-DIPAMP 25 6 Et.0 74 87
18  (R,R)-DIPAMP 25 6 MTBE 73 88
19  (RR)-DIPAMP 25 6 THF 60 86
20  (R,R)-DIPAMP 25 6 CHsCN 49 32
21 (R,R)-DIPAMP 0 6 toluene 84 90
22 (R,R)-DIPAMP -10 8 toluene 81 91
23 (RR)-DIPAMP -20 12 toluene 78 92
24  (RR)-DIPAMP -25 20 toluene 63 92

[a] Unless otherwise specified, all reactions were carried out with (E)-1a (0.1 mmol), recemic 2a (0.15
mmol) in solvent (1 mL). [b] Yield of isolated products; both diastereoselectivity and regioselectivity
were more than 20:1. [c] Determined by HPLC analysis using a chiral stationary phase.



3. Typical Synthetic Procedure and Data for Novel Chiral

Phosphines Catalyst

3.1 Typical Procedure for the Synthesis of Phosphines (S)-P1~4

F4C CFs
BH4 THF

Q
~S'NH D 07 NH
e PPh 2) Hal 2 _PPh
2 3) Et,NH ©(\/ 2
R! 4) R?COCI R!
(S\Rs)-P (S)-P1-4
O™ NH O™ NH 0" "NNH
PPhZ PPh, O PPh, O PPh,
Ph
)-P1, 59% )-P2, 64% S)-P3, 529 Bu )-P4, 54%

Step 1: BH3*THF (3.0 mmol) was added slowly to the solution of (S,Rs)-P (2.0
mmol)'! in dry THF (5 mL) at — 30 °C and the reaction mixture was stirred for 2 h
until completion of the material as indicated by TLC followed by adding 10 mL of
water and 20 mL EtOAc. The aqueous phase was separated and extracted three times
with 20 mL EtOAc. The combined organic phases were dried over MgSO4 and the

solvents were removed in vacuo.

Step 2: 4 M HCI (1 mL) was added slowly to the above residue which disolved
in MeOH (10 mL) and the reaction mixture was stirred at room temperature for 3 h
until completion of material as indicated by TLC analysis, followed by washing with
aq NaHCOs3 and 10 mL aq brine water. The organic layers was separated and extracted
three times with 20 mL EtOAc. The combined organic phases were dried over MgSO4

and the solvents were removed in vacuo.

Step 3: EtNH (5.0 mL) was added to the above residue and the mixture was
stirred at 55 °C for 6 h under the protection of N> until completion of material as
indicated by TLC analysis. The solvent was then removed in vacuo and the residue

was used directly for the next step.



Step 4: Under the protection of Ar, 3,5-bis(trifluoromethyl)benzoyl chloride (1.1
eq.) was added slowly to the above residue which was disolved in dry DCM (0.1 M)
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)-P1~4.

3.2 Typical Procedure for the Synthesis of Phosphines (5)-P5 and (5)-P6

CF,
Ph,P
; L2

tBu” ~"NH 1) BHy*THF NN CF,

~_PPh; 2) HCl

tBu

O 3) Et,NH <

s Bu 4) RNCX tBu
(S,Rs)-P3 tBu (S)-P5, X = 0O, 53% vyield for 4 steps

R =3,5-(CF3),CqH;  (S)-P6, X

S, 57% yield for 4 steps

Step 1: BH3*THF (3.0 mmol) was added slowly to the solution of (S,Rs)-P3 (2.0
mmol)!!! in dry THF (5 mL) at 30 °C and the reaction mixture was stirred for 2 h
until completion of the material as indicated by TLC followed by adding 10 mL of
water and 20 mL of EtOAc. The aqueous phase was separated and extracted three
times with 20 mL EtOAc. The combined organic phases were dried over MgSO4 and

the solvents were removed in vacuo.

Step 2: 4 M HCI (1 mL) was added slowly to the above residue which disolved
in MeOH (10 mL) and the reaction mixture was stirred at room temperature for 3 h
until completion of material as indicated by TLC analysis, followed by washing with
aq NaHCO; and 10 mL of aq brine water. The organic layers was separated and
extracted three times with 20 mL of EtOAc. The combined organic phases were dried

over MgSOs4 and the solvents were removed in vacuo.

Step 3: EtNH (5.0 mL) was added to the above residue and the mixture was
stirred at 55 °C for 6 h under the protection of N> until completion of material as
indicated by TLC analysis. The solvent was then removed in vacuo and the residue

was used directly for the next step.



Step 4: Under the protection of Ar, 3,5-Bis(trifluoromethyl)phenylisocyanate or
3,5-Bis(trifluoromethyl)phenyl isothiocyanate (1.2 eq.) was added slowly to the above
residue which was disolved in dry DCM (0.1 M) 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)-PS and (S)-Pé6.

3.3 Typical Procedure for the Synthesis of Phosphines (5)-P7

FsC CF,
Ph,P
2 o 0 o
CF; F3C Et.N
R DCM, 0 ~ 25 °C

CF CF, R = 3,5-(Bu),CcH
(S)-P3 s 26 ~ PPN;CFy

(S)-P7

Under the protection of Ar, 3,5-bis(trifluoromethyl)benzoyl chloride (2 eq.) was
added slowly to the solution of (S)-P3 (0.2 mmol) in dry DCM (2 mL) at 0 °C and the
reaction mixture was stirred for 1 h at this temperature. This reaction mixture was
then stirred at 25 °C for another 4 h, until completion of the material as indicated by
TLC followed by adding 5 mL of water and 10 mL of EtOAc. The aqueous phase was
separated and extracted three times with 15 mL of EtOAc. The combined organic
phases were dried over MgSO4 and the solvents were removed in vacuo. The residue
was directly purified by silica gel chromatography using petroleum ether/EtOAc as
the eluent to afford the desired (S)-P7 (36% yield).

3.4 Typical Procedure for the Synthesis of Phosphines (R,R)-SDIPAMP

OMe  Ph @iOMe Ph OMe
; THF P
©[p/\/P + s F:’/\/@@

25°C

Ph  MeO Ph
(R,R)-DIPAMP (R,R)-SDIPAMP

Under the protection of Ar, (R,R)-DIPAMP (0.2 mmol) was added to the solution of
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sulfur (0.2 mmol) in dry THF (2 mL) at 25 °C and the reaction mixture was stirred for
0.5 h at this temperature. After completion of the material as indicated by TLC, 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
(R,R)-SDIPAMP (51% yield).

General Data for (S)-P1~7 and (R,R)-SDIPAMP

F3C\9/CF3

07 NH

©/\/Pph2

(S)-P1

(S)-P1; white solid; [a]p®® = + 15.0 (¢ = 0.33, CHCl3); 'H NMR (500 MHz, CDCls): §
8.01 (s, 2H), 7.97 (s, 1H), 7.55-7.51 (m, 2H), 7.45-7.42 (m, 2H), 7.35-7.34 (m, 9H),
7.30-7.26 (m, 1H), 6.73 (d, J = 7.5 Hz, 1H), 5.42-5.36 (m, 1H), 2.90-2.85 (m, 1H),
2.73-2.69 (m, 1H); '*C NMR (125 MHz, CDCl3): § 163.62, 141.94 (d, J = 6.50 Hz),
137.78 (d, J = 12.13 Hz), 136.16, 132.98 (d, J = 19.38 Hz), 132.63 (d, J = 19.0 Hz),
131.94 (q, J = 33.63 Hz), 130.49 (q, J = 5.63 Hz), 129.25, 128.98, 128.88, 128.81,
128.75, 128.72, 128.67, 127.90, 127.28 (d, J = 2.88 Hz), 126.40, 125.85,
124.98-124.93 (m), 122.87 (q, J = 271.25 Hz), 53.00 (d, /= 17.13 Hz), 3591 (d, J =
16.38 Hz); *'P NMR (121.5 MHz, CDCl3) § = -22.82 ppm; HRMS (ESI) m/z calcd.
for C20H22FsNNaOP [M+Na] "= 568.1258, found = 568.1235.

F3C\9/CF3
NH

O =

PPh,
: :Ph

(5)P2
(S)-P2; white solid; [a]p?® = -43.0 (c = 0.33, CHCl3); 'H NMR (500 MHz, CDCls): &
8.08 (s, 2H), 8.02 (s, 1H), 7.52—7.50 (m, 1H), 7.44-7.36 (m, 9H), 7.35-7.25 (m, 7H),
7.21-7.17 (m, 2H), 6.82 (d, J = 7.0 Hz, 1H), 5.62-5.57 (m, 1H), 2.69-2.63 (m, 1H),
2.57-2.53 (m, 1H); '3C NMR (125 MHz, CDCls): § 163.27, 140.89, 140.62, 139.90 (d,

J=6.38 Hz), 137.39 (d, J=11.75, Hz), 136.85 (d, J = 12.13 Hz), 136.10, 132.62 (d, J
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=19.38 Hz), 132.32 (d, J=19.0 Hz), 131.88 (q, J = 33.5 Hz), 130.79, 129.24, 128.95,
128.75, 128.62 (d, J = 1.38 Hz), 128.56 (d, J = 1.50 Hz), 128.39, 127.95, 127.33 (d, J
= 2.25 Hz), 127.23 (d, J = 2.63 Hz), 125.52, 124.88-124.83 (m), 122.83 (q, J =
271.25 Hz), 50.70 (d, J = 15.0 Hz), 36.21 (d, J = 17.13 Hz); *'P NMR (121.5 MHz,
CDCl3) & = -23.13 ppm; HRMS (ESI) m/z calcd. for C3sHxsFeNNaOP [M+Na] " =
644.1548, found = 644.1540.

(s)}p3 1Bu

(S)-P3; white solid; [a]p*® = -34.7 (c = 0.33, CHCI3); 'H NMR (400 MHz, CDCls): §
7.96 (s, 3H), 7.46—7.16 (m, 15H), 7.09-7.06 (m, 2H), 6.45-6.46 (m, 1H), 5.65-5.58
(m, 1H), 2.54-2.44 (m, 2H), 1.30 (s, 18H); 1*C NMR (100 MHz, CDCl3): § 163.29,
150.87, 142.00, 140.05, 139.95, 137.85 (d, J = 11.9 Hz), 136.99 (d, J = 11.90 Hz),
136.53, 132.75, 132.56, 132.36, 132.17, 131.82, 131.49, 130.97, 128.99, 128.71,
128.67, 128.64, 128.60, 128.57, 127.72, 127.33, 127.22, 125.21, 124.87, 124.23,
123.65, 121.52, 121.05, 50.86 (d, J = 15.60 Hz), 36.42 (d, J = 16.70 Hz), 34.91, 31.44;
3P NMR (121.5 MHz, CDCl3) § = -62.72 ppm; HRMS (ESI) m/z calcd. for
C44Ha3FeNOP [M+H] " = 734.2981, found = 734.2998.

(P4 Ph
(S)-P4; white solid; [a]p*® = -41.6 (¢ = 0.33, CHCI3); '"H NMR (400 MHz, CDCls): §
7.96 (s, 2H), 7.88 (s, 1H), 7.82-7.81 (m, 1H), 7.61-7.59 (m, 6H), 7.48-7.46 (m, 1H),
7.41-7.27 (m, 11H), 7.17-7.03 (m, 8H), 6.72 (d, J = 6.8 Hz, 1H), 5.64-5.57 (m, 1H),
2.68-2.62 (m, 1H), 2.57-2.52 (m, 1H); '*C NMR (100 MHz, CDCl3): & 163.32,
141.74, 141.67, 140.81, 140.52, 139.99 (d, J = 6.40 Hz), 137.23 (d, J = 12.0 Hz),

136.89 (d, J = 12.30 Hz), 136.25, 132.58 (d, J = 19.40 Hz), 132.26 (d, J = 19.20 Hz),
8



131.88 (q, J = 33.7 Hz), 130.80, 128.99, 128.75, 128.61, 128.54, 128.48, 128.16,
127.50, 127.43, 127.19, 126.89, 125.52, 124.90, 124.82, 124.78, 122.81 (q, J =271.4
Hz), 50.87 (d, J = 15.60 Hz), 36.60 (d, J = 17.10 Hz); *'P NMR (121.5 MHz, CDCls)
8 = -22.96 ppm; HRMS (ESI) m/z caled. for C47H34FsNNaOP [M+Na] "= 796.2174,
found = 796.2171.

Ph,P o i
N)J\N CF

(S)-P5; white solid; [o]p®® = -16.6 (¢ = 0.33, CHCl:); 'H NMR (500 MHz,
CD3COCDs): & 8.80 (s, 1H), 8.17 (s, 2H), 7.66 (d, J = 8.0 Hz, 1H), 7.57-7.52 (m, 3H),
7.34-7.31 (m, 1H), 7.28-7.13 (m, 10H), 7.01-6.98 (m, 2H), 6.88 (d, J = 7.0 Hz, 1H),
5.51-5.46 (M, 1H), 3.74 (s, 1H), 2.48-2.43 (m, 1H), 2.37-2.31 (m, 1H), 1.36 (s, 18H);
13C NMR (125 MHz, CD;COCD3): & 154.66, 151.28, 143.51, 142.99 (d, J = 4.63 Hz),
142.80, 141.04, 140.17 (d, J = 13.88 Hz), 138.28 (d, J = 13.75 Hz), 133.16 (d, J =
12.25 Hz), 133.01 (d, J = 12.63 Hz), 132.31 (q, J = 32.63 Hz), 131.12, 129.45, 129.39,
129.20, 129.15, 129.11, 129.10, 128.43, 127.63, 126.24, 124.95, 124.49 (q, J =270.13
Hz), 121.56, 118.41 (d, J = 3.5 Hz), 114.69 (m), 49.73 (d, J = 16.25 Hz), 38.18 (d, J =
16.38 Hz), 35.52, 31.81; *'P NMR (202.5 MHz, CD3COCDs) § = -24.58 ppm; '°F
NMR (376 MHz, CD3COCD3) 6 = -63.56 ppm; HRMS (ESI) m/z calcd. for
C43H44FsN2OP [M+H] "= 749.3090, found = 749.3082.

Ph,P i
S
O N)LN CF,4
H H
5 Bu
(S)-P6 tBu
(S)-P6; white solid; [a]p® = -8.8 (¢ = 0.33, CHCls); '"H NMR (500 MHz, CD3COCD3):
3 9.55 (s, 1H), 8.42 (s, 2H), 7.76 (s, 1H), 7.63-7.59 (m, 3H), 7.34-7.18 (m, 10H),
7.00-6.97 (m, 2H), 6.06 (br, 1H), 3.75 (d, J = 4.0 Hz, 1H), 2.64-2.60 (m, 1H),
2.45-2.40 (m, 1H), 1.39 (s, 18H); *C NMR (125 MHz, CDsCOCDs): & 181.11,



151.29, 142.67 (d, J = 16.00 Hz), 141.92 (d, J = 5.38 Hz), 141.03, 139.96 (d, J =
13.38 Hz), 138.04 (d, J = 13.13 Hz), 133.29 (d, J = 19.25 Hz), 132.92 (d, J = 19.25
Hz), 132.51 (q, /= 32.88 Hz), 131.29, 129.41 (d, /= 6.5 Hz), 129.11 (d, J = 8.00 Hz),
129.01 (d, J = 7.00 Hz), 128.30, 127.61, 125.42, 124.58, 124.29 (q, J = 270.75 Hz),
121.68, 117.36-117.30 (m), 54.43 (d, J = 15.25 Hz), 37.19 (d, J = 17.00 Hz), 35.50,
31.88; *'P NMR (202.5 MHz, CD3;COCD3) & = -23.86 ppm; '°F NMR (376 MHz,
CD3COCDs) 8 = -67.71 ppm; HRMS (ESI) m/z calcd. for C43HasFsN2SP [M+H] ©=
765.2862, found = 765.2865.

FsC CF3

o)

CF
07N 3

PPh, CF

R = 3,5-(tBU)2C6H3
(S)-P7

(S)-P6; white solid; [a]p®® = -70.8 (¢ = 0.33, CHCl3); 'H NMR (500 MHz,
CD3;COCD:;): & 8.18-8.17 (m, 1H), 7.77-7.34 (m, 6H), 7.61-7.60 (m, 1H), 7.54—7.51
(m, 1H), 7.40-7.19 (m, 10H), 7.10-7.06 (m, 2H), 6.99-6.96 (M, 2H), 6.34-6.30 (m,
1H), 3.15-3.08 (m, 1H), 2.83-2.78 (m, 1H), 1.39-1.29 (m, 18H); '*C NMR (125
MHz, CD;COCDs3): § 170.67, 150.87, 142.38, 139.80, 139.65, 139.381 (d, J = 7.25
Hz), 138.14 (d, J = 10.38 Hz), 138.81 (d, J = 10.88 Hz), 132.85 (d, J = 20.05 Hz),
132.191 (q, J = 34.25 Hz), 131.64 (d, J = 17.75 Hz), 131.06, 129.35, 129.21 (d, J =
7.38 Hz), 128.61, 128.35, 128.34, 128.30, 128.21, 127.73, 126.68, 124.84, 123.70,
122.23 (q, J = 271.63 Hz), 58.33 (d, J = 13.50 Hz), 34.99, 32.49 (d, J = 17.13 Hz),
31.44; *'P NMR (202.5 MHz, CD3COCD3) § = -21.96 ppm; 'F NMR (376 MHz,
CDCl3) 8 = -63.57 ppm; HRMS (ESI) m/z calcd. for Cs;HasF12NO,P [M+H] =
974.2991, found = 974.2993.

OMe Ph (e
@Pwaﬁ

z S

Ph
(R,R)-SDIPAMP
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(R,R)-SDIPAMP; white solid; [a]p*® = +39.9 (¢ = 0.33, CHCl3); '"H NMR (500 MHz,
CD;COCDs): & 8.30-8.25 (m, 1H), 7.70-7.65 (m, 2H), 7.53-7.29 (m, 10H),
7.15-7.12 (m, 1H), 7.07-7.04 (m, 1H), 6.91-6.82 (m, 3H), 3.69 (s, 3H), 3.59 (s, 3H),
2.95-2.85 (m, 1H), 2.66-2.56 (m, 1H), 2.38-2.23 (m, 2H); *C NMR (125 MHz,
CD;COCDs): & 161.02 (d, J = 12.75 Hz), 159.75 (d, J = 2.50 Hz), 136.717 (d, J =
12.88 Hz), 136.31 (d, J = 9.75 Hz), 134.28, 133.94 (q, J = 2.13 Hz), 133.62, 133.23,
133.08, 132.09 (d, J = 4.38 Hz), 130.76 (d, J = 2.75 Hz), 130.59, 130.51, 130.10,
128.34, 128.32 (d, J = 6.88 Hz), 128.05 (d, J = 12.25 Hz), 125.69 (d, J = 15.75 Hz),
121.05 (d, J = 12.25 Hz), 120.80, 119.08, 118.47, 110.72 (d, J = 7.25 Hz), 110.24,
55.21 (d, J = 34.75 Hz), 27.61 (dd, J = 55, 19.63 Hz), 18.31 (dd, J = 14.25, 3.38, Hz);
3P NMR (202.5 MHz, CD3COCD3) & = 45.17, -21.96 ppm; HRMS (ESI) m/z calcd.
for C2sH2002P2S [M+H] "= 491.1358, found = 491.1370.

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

Allenes with g-Perfluoroalkyl a,~Enones

Enantioselective [3+2] cycloadditions of j~aryl substituted allenoates with enone

R
le) Ar EtO,C ' 0
0,
R1MR . (R,R)-DIPAMP (10 mol%) .,.../<

f \ _ (] 1
CO,Et toluene, - 20 °C R

1 2 3Ar

Under Ar, a stirred solution of 1'% (0.2 mmol) and recemic 2 (0.3 mmol) in toluene (2
mL) was cooled to -20 °C. Subsequently, (R,R)-DIPAMP (0.02 mmol) was added in
one portion. The reaction mixture was stirred at -20 °C until completion of the
material as indicated by TLC. Then 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.

Enantioselective [3+2] cycloadditions of y-alkyl substituted allenoates with enone

Ry
o) EtO,C o
Alkyl (S)-P3 (10 mol%)
R1J\/\Rf + - = ...n/<
\COZEt CHCls, - 20 °C R’
1 ) 5 Alkyl

Under Ar, a stirred solution of 1 (0.2 mmol) and recemic 2 (0.44 mmol) in CHCl3 (2
11



mL) was cooled to -20 °C. Subsequently, (S)-P3 (0.02 mmol) was added in one
portion. The reaction mixture was stirred at -20 °C until completion of the material as
indicated by TLC. Then 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.

5. The Structural Assignment for the Regioisomer

In order to confirm the structure of the minor product which was observed in the
(S)-P3 catalyzed enantioselective [3+2] cycloadditions of palkyl substituted
allenoates with f-perfluoro substituted enone, we have isolated the isomer of 3¢l and
confirmed its structurue by NMR analysis. According to these NMR spectra, the

minor product 3cl” was assigned to the regioisomer of 3cl.

3cl’ (isomer of 3cl)

- MM |

T T T T T
7 6 5 4 3

HEE B 8 EE eEEEy

04*—
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(b) BC NMR spectra for 3¢l
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(c) DEPT 90 spectra for 3cI®
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(d) DEPT 135 spectra for 3cl’
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(e) HSQC spectra for 3cl’
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(¢) HSQC spectra for 3cl’ / He
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(f) HMBC spectra for 31’ Ha
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6. Procedure for the “Deracemization” and Kinetic Resolution of

Recemic Allenoates

Procedure for the “Deracemization” of Racemic 2a

EtO,C CO,Et
(R R)-DIPAMP (10 mol%)
CF3 +
Toluene, -20 °C, 12 h
Deracemlzatlon Process

(+) -2a 3da
0.2 mmo' 0.4 mmol 76%, 90% ee 8%, o% ee

Under Ar, a stirred solution of 1d (0.2 mmol) and racemic 2a (0.4 mmol) in toluene (2
mL) was cooled to -20 °C. Subsequently, (R,R)-DIPAMP (0.02 mmol) was added in
one portion. The reaction mixture was stirred at -20 °C for 12 h. Then 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 3da (76%,
90% ee) and 2a (38%, 0% ee).
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Procedure for the Kinetic Resolution of Racemic 2g

Et EtO,C CO,Et
(S)-P3 (10 mol%)
/©)ch3 J CHCls, -20 °C, 0.5 h ( J
Kmet:c Resolution Process
(+)-29 ® 3dg (+)-29
0.2 mmol 0.4 mmol 61%, 94% ee 32%, 81% ee

Under Ar, a stirred solution of 1d (0.2 mmol) and racemic 2g (0.4 mmol) in CHCl3 (2
mL) was cooled to -20 °C. Subsequently, (S)-P3 (0.02 mmol) was added in one
portion. The reaction mixture was stirred at -20 °C for 0.5 h. Then 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 3dg (61%, 94% ee) and 2g
(32%, 81% ee).
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7. X-ray Crystal Structure for 3aa
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8. General Data and HPL.C Spectra for Cycloaddition Product 3

Q@  cF
EtO
'll||\

@]
3aa Ph

3aa; white solid; [a]p?® = + 67.2 (¢ = 0.33, CHCI3); 'H NMR (400 MHz, CDCl:): &
7.70-7.68 (m, 2H), 7.57—-7.54 (m, 1H), 7.38-7.30 (m, 5H), 7.09-7.07 (m, 2H), 6.82 (s,
1H), 4.61-4.53 (m, 1H), 4.37-4.21 (m, 3H), 4.00-3.99 (m, 1H), 1.33 (t, /= 7.20 Hz,
3H); *C NMR (100 MHz, CDCls): § 198.22, 163.27, 147.41, 140.19, 135.26, 133.82,
131.95, 129.13, 128.97, 128.62, 128.03, 127.86, 127.68, 126.29 (q, J = 277.90 Hz),
61.06, 55.47, 54.10, 51.35 (q, J = 28.90 Hz), 14.08; 'F NMR (376 MHz, CDCl3) § =
-67.48 ppm; Enantiomeric excess: 92%, determined by HPLC (Chiralpak IC,
hexane/i-PrOH = 95/05; flow rate 0.5 ml/min; 25 °C; 230 nm), first peak: tr = 15.34
min, second peak: tr = 17.34 min; HRMS (ESI) m/z calcd. for C22H19F3NaO3 [M+Na]
=411.1179, found = 411.1182.

#161 [modified by 8.40. 2005

11720 Uy vis 1 ‘504 ZW #162 [modified by 2 -25-i¢-950523005 Uv_vIS_1
™ 1-15.360 WVL:230 nm) AU WL 230 And

1A EO
63l EtO '

3004 o CF, Q
o} EtO
50
(t)-3aa pp, )KQ..\
200 o

3aa py

13
_— | 2-17.340
P . . . . : . minf min|
1261 14.00 15.00 16.00 17.00 18.00 18.98 1005 1200 1300 1400 1500 16.00 1700 18100 1900 2025
No. | Ret.Time Peak Name Height Area  RelArea Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU _ mAU*min % min mAU _ mAU'min %
1 1536 na. 107.931 44250 49.68 na. BMB* 1 1534 na. 482951 217.640 96.11 na.  MB*
2 17.35 na. 100.530 44823  50.32 n.a. BMB* 2 17.34 n.a. 18.914 8816 3.89 n.a. BMB*
Total: 208.461 89.072 100.00 0.000 Total: 501.865 226.456 100.00 0.000

EtO

3ba Ph

3ba; colorless oil; [a]p?® = + 122.4 (¢ = 0.33, CHCl3); 'H NMR (400 MHz, CDCl3): &
7.72-7.68 (m, 2H), 7.36-7.32 (m, 3H), 7.10~7.00 (M, 4H), 6.81 (s, 1H), 4.61-4.53 (m,
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1H), 4.37-4.18 (m, 3H), 3.98-3.96 (m, 1H), 1.33 (t, J = 7.20 Hz, 3H); '*C NMR (100
MHz, CDCI3): 6 196.61, 166.22 (d, J = 255.00 Hz), 163.22, 147.26, 140.10, 131.85 (d,
J =9.50 Hz), 131.67 (d, J = 2.80 Hz), 129.08, 127.99, 126.25 (d, J = 278.00 Hz),
115.81 (d, J = 21.9 Hz), 61.10, 55.55, 54.22, 51.46 (q, J = 29.00 Hz), 14.07; "’F NMR
(376 MHz, CDCl3) 6 = -67.52, -103.61 ppm; Enantiomeric excess: 94%, determined
by HPLC (Chiralpak IC, hexane/i-PrOH = 95/05; flow rate 0.5 ml/min; 25 °C; 230
nm), first peak: tr = 14.49 min, second peak: tr = 16.46 min; HRMS (ESI) m/z calcd.
for C22HisF4NaOs [M+Na] "= 429.1084, found = 429.1093.

u) - odifie
WVL230 | AU WVL230 nm)

300
250
200
150
100+

50-{

o

min]
T T T T T T T
1500 1600 1700 18100 18.75 1147 13.00 14.00 15.00 16.00 17.00 18.00 18.75

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU___ mAU*min %

1 14.38 n.a. 106.085 45973 50.38 na. BMB* 1 14.49 na. 290.623 121.731 96.79 na. MB*
2 16.35 na. 97.983 45.282 49.62 na. BMB* 2 16.46 na. 9.933 4034 3.21 na. BMB*
Total: 204.068 91.256 100.00 0.000 Total: 300.556 125.765 100.00 0.000
CF5
EtO
-||II\
3ca Ph

3ca; colorless oil; [a]p?® = + 80.6 (¢ = 0.33, CHCl3); 'H NMR (500 MHz, CDCls): §
7.64—7.62 (m, 2H), 7.38—7.33 (m, 5H), 7.12-7.10 (m, 2H), 6.83 (s, 1H), 4.62-4.56 (m,
1H), 4.38-4.24 (m, 2H), 4.21-4.19 (m, 1H), 4.00-3.98 (m, 1H), 1.35 (t, J = 7.00 Hz,
3H); *C NMR (125 MHz, CDCls): § 196.93, 163.16, 147.24, 140.49, 139.98, 133.48,
131.85 (d, J = 1.75 Hz), 130.49, 129.08, 128.94, 128.01, 127.96, 126.19 (q, J =
278.13 Hz), 61.09, 55.45, 54.21, 51.36 (q, J = 29.00 Hz), 14.06; '°F NMR (376 MHz,
CDCl3) 6 = -67.49 ppm; Enantiomeric excess: 90%, determined by HPLC (Chiralpak
AS-H, hexane/i-PrOH = 95/05; flow rate 0.5 ml/min; 25 °C; 230 nm), first peak: tr =
10.82 min, second peak: tr = 12.86 min; HRMS (ESI) m/z calcd. for C2oHisCIF3NaOs
[M+Na] "= 445.0789, found = 445.0794.
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ZW #155 [modiified by UV VIS 1 ZW #156 [modified by UV VIS 1
AU WVLZ30 nm) AU WYL 230 nm)
1-11.140
120 1-10827
2-13380
300
100
o CF3 2504 Cl
80-{
EtO o o,
200
EtO’
601 )303 Ph g
150 o
3ca pp
40
1004
Bl 50
2-12.860
ol
min| e}
2 T v T y T T T T T T T T T T
8.08 9.00 10.00 11.00 12,00 13.00 14.00 15.00 16.36 7.87 9.00 1100 12.00 13.00 14.00 14.90
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Height Area Rel.Area Amount Type
min mAU___mAU*min % min mAU __ mAU*min %
1 11.14 na. 125.749 63.568  50.17 na.  BMB* 1 10.83 na. 334.926 142934 9492 na. BMB*
2 13.38 na. 113.582 63.145 49.83 na.__ BMB* 2 12.86 n.a. 16.537 7.655 5.08 na.  BMB*
Total: 239.331  126.713 100.00 0.000 Total. 351.463  150.589 100.00 0.000

Br

O cF,
EtO

%

3da Ph

3da; colorless oil; [a]p?® = + 92.8 (¢ = 0.33, CHCl3); '"H NMR (400 MHz, CDCl3): §

7.54-7.48 (m, 4H), 7.36-7.32 (m, 3H), 7.10-7.08 (m, 2H), 6.80 (s, 1H), 4.60—4.52 (m,

1H), 4.37-4.21 (m, 2H), 4.18-4.16 (m, 1H), 3.98-3.95 (m, 1H), 1.33 (t, J = 7.20 Hz,

3H); 1*C NMR (100 MHz, CDCl3): § 197.19, 163.17, 147.22, 140.00, 133.95, 131.96,

131.90, 130.56, 129.31, 129.11, 128.04, 127.97, 126.20 (q, J = 278.20 Hz), 61.11,

55.46, 54.23, 51.43 (q, J = 28.90 Hz), 14.07; '°F NMR (376 MHz, CDCl;) & = -67.49

ppm; Enantiomeric excess:

90%,

determined by HPLC (Chiralpak AS-H,

hexane/i-PrOH = 95/05; flow rate 0.5 ml/min; 25 °C; 230 nm), first peak: tr = 11.01

min, second peak: tr = 13.26 min; HRMS (ESI) m/z calcd. for CxHisBrFs;NaOs

[M+Na] "=

489.0284, found = 489.0287.

88. ZW #157 [modified b Uv VIS 1 155_ZW ZW-B- UV _VIS 1
7 mAU 'WVL:230 nmj mAD WVL:230 nm)
1-11013
1-11.107
70.0+
2-13.403 120
60.0- Br
100+
o B
EtO D 80 9 ¢
a0.0 o EtO’ o
(¢)-3da pp 60+ o
30.04 3da py
40+
20.0+
20
10.0+
2-13.267
0.01 o
min| = minj
-10. T T T T T T 2 T T T T T T T T
822 9.00 10.00 11.00 12.00 13.00 14.00 15.59 714 9.00 11.00 12.00 13.00 14.00 15.00 16.72
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Height Area Rel.Area Amount Type
min mAU___ mAU*min % min mAU _ mAU*min %
1 1.1 na. 79.420 36.236  53.01 na. BMB* 1 11.01 142.859 49.184 9479 n.a. BMB*
2 13.49 n.a. 64.998 32117 46.99 na.  BMB* 2 13.27 n.a. 5.084 2704 5.21 na__ BMB*
Total. 144.418 68.353  100.00 0.000 Total 147.943 51.888 100.00 0.000




NO,
O cF,
EtO
.||II\O
3ea Ph

3ea; colorless oil; [a]p?® = + 68.3 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCl;): §
8.21-8.19 (m, 2H), 7.83—7.81 (m, 2H), 7.37-7.36 (m, 3H), 7.11-7.09 (m, 2H), 6.82 (s,
1H), 4.64—-4.57 (m, 1H), 4.39-4.25 (m, 3H), 4.01-3.99 (m, 1H), 1.36 (t, J = 7.00 Hz,
3H); *C NMR (125 MHz, CDCls): § 196.77, 163.02, 150.67, 146.94, 139.71, 139.65,
131.81, 130.09, 129.28, 128.32, 127.87, 126.06 (q, J = 280.25 Hz), 123.75, 61.22,
55.29, 55.04, 51.38 (q, J = 29.13 Hz), 14.07; "°F NMR (376 MHz, CDCls) § = -67.49
ppm; Enantiomeric excess: 90%, determined by HPLC (Chiralpak AS-H,
hexane/i-PrOH = 95/05; flow rate 0.5 ml/min; 25 °C; 230 nm), first peak: tr = 19.11
min, second peak: tr = 22.64 min; HRMS (ESI) m/z calcd. for C2HisF3NNaOs
[M+Na] "= 456.1029, found = 456.1042.

70,1 2W #170 [modified by 2w-8-53-1r-ash-050523005 v VIS 1 72N 1T [ ang group] 2w-8-53-15-55h-050523005 UY_VIS 1
AU WVL230 mAU WVL230 nim)
1-19.180 NO,
° 100
e
60.04 EtO '
80 NO,
0.0 (t)-3ea pp, ° o
CF3
222687 a8 EtO "
A\
3 o
ea
40 Ph
20
2-22647
- . T T . T T , r "
149 18.3 17.5 188 200 213 25 238 25.0 263 274
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU __ mAU*min %
1 19.18 n.a. 73.108 37.699 50.21 na. BMB* 1 19.11 na. 105.037 54.745 95.29 na. BMB*
2 2269 n.a. 37.196 37.384  49.79 n.a. BMB* 2 2265 na. 3.092 2704 4.71 na. BMB*
Total: 110.304 75.083 100.00 0.000 Total: 108.129 57.450 100.00 0.000

CN
9 cr
EtO
o
\
¢}
3fa Ph

3fa; colorless oil; [a]p?® = + 82.8 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCls): §
7.75 (d, J = 8.00 Hz, 2H), 7.66 (d, J = 8.50 Hz, 2H), 7.36~7.35 (m, 3H), 7.09-7.08 (m,
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2H), 6.81 (s, 1H), 4.62—4.56 (m, 1H), 4.38-4.21 (m, 3H), 3.98-3.97 (m, 1H), 1.35 (t,
J =17.00 Hz, 3H); 3C NMR (125 MHz, CDCl3): § 196.96, 163.05, 146.98, 139.69,
138.23, 132.40, 131.82, 129.42, 129.23, 128.26, 127.88, 126.07 (q, J = 278.13 Hz),
117.60, 117.07, 61.21, 55.30, 54.75 (d, J = 1.25 Hz), 51.32 (q, J = 29.38 Hz), 14.06;
F NMR (376 MHz, CDCl3) § = -67.51 ppm; Enantiomeric excess: 88%, determined
by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 0.8 ml/min; 25 °C; 230
nm), first peak: tr = 10.58 min, second peak: tr = 12.53 min; HRMS (ESI) m/z calcd.
for C23HisF3sNNaO; [M+Na] "= 436.1131, found = 436.1131.

Zw #174 UV VIS 1 ZW #175 [modified by zhang U
AU 110613 WVLZ30 ni} AU WVL230 nm

2-12.600

3
80 EtO '
o

T T T T T T
8.54 10.00 11.00 12.00 13.00 14.00

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU _ mAU*min % min mAU _ mAU'min %

1 10.61 na. 147.938 41.076  50.08 n.a. BMB* 1 10.59 na. 37.365 12153 5.76 n.a. BMB*

2 12.60 n.a. 128.339  40.949 49.92 na. BMB* 2 12.53 na. 536.718 198.660 94.24 na__ BMB*
Total: 276.277  82.025 100.00 0.000 Total: 574.084  210.813 100.00 0.000

Me
CF;
o I\
a4,

3ga; colorless oil; [a]p®® = + 76.5 (¢ = 0.33, CHCl3); '"H NMR (400 MHz, CDCls): §
7.59 (d, J = 8.40 Hz, 2H), 7.35-7.30 (m, 3H), 7.15 (d, /= 8.00 Hz, 2H), 7.11-7.09 (m,
2H), 6.82 (s, 1H), 4.59-4.51 (m, 1H), 4.37-4.20 (m, 3H), 3.99-3.98 (m, 1H), 2.38 (s,
3H), 1.33 (t, J = 7.20 Hz, 3H); '3*C NMR (100 MHz, CDCls): § 197.78, 163.30,
147.52, 144.88, 140.27, 132.66, 131.91, 129.31, 129.27, 128.93, 128.04, 127.79,
126.31 (q, J =278.00 Hz), 61.02, 55.53, 53.86, 51.42 (q, J = 28.80 Hz), 21.62, 14.07;
F NMR (376 MHz, CDCls) & = -67.47 ppm; Enantiomeric excess: 92%, determined
by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 0.6 ml/min; 25 °C; 230
nm), first peak: tr = 8.88 min, second peak: tr = 12.70 min; HRMS (ESI) m/z calcd.
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for C23H21F3NaOs [M+Na] "= 425.1335, found = 425.1343.

ZW #167 Zw-8-50-1r-adh-901023006 Uv VIS 1 ZW #168 [modified by zw-8-50-15-adh-801023006 UvV_VIS 1
mAU WVL:230 nm| AU WVL:230 nm|
2-12.707
300
250
Me
Me 200 o] CF3
o cra E10
150 "\
Et0 l’ 5
© 3ga pp
(¥)-3ga pp 100-]
1-8.887
o]
e N
iy T T T T T T T T iy
6.72 8.00 9.00 10.00 11.00 12.00 13.00 14.00 14.92
No. | Ret.Time Peak Name Height Area  Rel.Area Amount  Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount  Type
min mAU __ mAU*min % min mAU__ mAU*min %
1 889 na. 137.406  37.902 5001 na.  BMB* 1 889 na 15.245 4216 3.99 na.  BMB*
2 12.71 n.a. 117.814 37.883  49.99 na. __BMB* 2 12.71 na. 307.460 _101.468  96.01 na___ BMB*
Total: 255220 75.785 100.00 0.000 Total: 322706 105.684 100.00 0.000

3jd; colorless oil; [a]p?® =+ 109.3 (¢ = 0.33, CHCI3); '"H NMR (400 MHz, CDCl5): &
7.76 (d, J = 8.40 Hz, 2H), 7.59-7.56 (m, 4H), 7.47-7.29 (m, 6H), 7.14-7.11 (m, 2H),
6.83 (s, 1H), 4.64-4.56 (m, 1H), 4.37-4.21 (m, 3H), 4.03-4.02 (m, 1H), 1.33 (t, J =
7.20 Hz, 3H); *C NMR (100 MHz, CDCl3): § 197.71, 163.27, 147.44, 146.50, 140.23,
139.49, 133.85, 131.93, 129.74, 129.00, 128.95, 128.41, 128.06, 127.88, 127.22,
127.19, 126.32 (q, J = 278.10 Hz), 61.05, 55.56, 54.12, 51.44 (q, J = 28.90 Hz), 14.07;
F NMR (376 MHz, CDCl3) & = -67.40 ppm; Enantiomeric excess: 92%, determined
by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 0.6 ml/min; 25 °C; 230
nm), first peak: tr = 11.10 min, second peak: tr = 13.98 min; HRMS (ESI) m/z calcd.
for C2gH23F3NaO3; [M+Na] “=487.1491, found = 487.1497.
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cap DWE by zhang group] 1023006 UV vis 1 13524 #166 [modi zhang group] 2w-8-50-phs-adh-501023006 UV VIS 1
mAU 'WVL:230 nm)| mAU 'WVL:230 nmj
120+
2-13.987
2-13.980
100
80 Ph
O cRy
60 EtO .
o
3ha °
0] Ph
20+
1-11.100
5. T T T T T T T ey T T T T T T oy
8.25 9.00 10.00 11.00 12.00 13.00 14.00 15.00 1591 8. 10.00 11.00 12.00 13.00 14.00 15.00 15.93
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___ mAU*min % min mAU _ mAU*min %
1 11.08 na. 62.449 17611 49.99 na. BMB* 1 11.10 n.a. 5.341 1.382 362 na. BMB*
2 13.98 n.a. 51.084 17.619  50.01 na.  BMB* 2 13.99 n.a. 113.226 36.767  96.38 na.  BMB*
Total: 113.533 35.230 100.00 0.000 Total: 118.568 38.149  100.00 0.000

Cl
O cp, 2 :>
EtO
JKQ ""'\ Cl
(@]
3ia Ph

3ia; colorless oil; [a]p?® = + 102.0 (¢ = 0.33, CHCl3); 'H NMR (400 MHz, CDCl5): §

742 (d, J = 5.60 Hz, 1H), 7.26-7.17 (m, 5H), 6.93-6.90 (m, 2H), 6.81 (s, 1H),

4.52-4.44 (m, 1H), 4.36-4.21 (m, 2H), 4.15-4.11 (m, 2H), 1.33 (t, J = 6.80 Hz, 3H);

BC NMR (100 MHz, CDCl3): § 198.48, 163.07, 147.02, 140.05, 137.91, 135.99,

132.54, 131.76 (q, J = 2.00 Hz), 130.60, 130.10, 128.90, 127.78, 127.41, 127.18,

126.02 (q, J = 276.30 Hz), 61.14, 58.27, 53.68, 50.12 (q, J = 29.30 Hz), 14.06; '°F

NMR (376 MHz, CDCl3) 6 = -67.96 ppm; Enantiomeric excess: 99%, determined by
HPLC (Chiralpak AS-H, hexane/i-PrOH = 90/10; flow rate 0.8 ml/min; 25 °C; 230
nm), first peak: tr = 6.37 min, second peak: tr = 7.08 min; HRMS (ESI) m/z calcd. for

C22H17C12F3NaO3 [M+Na] "= 479.0399, found = 479.0399.

W by zhang group] 3008 UV VIS 1 ZW #237 zhang group] UV VIS 1
mAU WVL:230 nm| mAU WVL:230 nm|
A 1-8373
1-6.367 300-]
250+
Cl
200
Q  cRy
EtO
B T [ Y cl
N\
. o
3ia  pp
100
50+
2.-7.087
o e
= T T T T T T =
5. 5‘ ErOO 6'50 7,‘00 7‘50 BIOO E‘ 3 5.01 5.50 6.00 6.50 7.00 7.50 8.00 8.53
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % min mAU __ mAU*min %
1 6.37 na. 113726  27.785 50.04 na.  BMB* 1 6.37 na. 306.181 73.539 9948 na.  BMB*
2 7.08 na. 85.790  27.739 49.96 na__ BMB* 2 7.09 n.a. 1.854 0.388 0.52 na__ BMB*
Total: 199.517  55.525 100.00 0.000 Total: 308.035 73.926  100.00 0.000




O cr,
EtOJKE?
"'”\ Br
o
3ja Ph

3ja; colorless oil; [a]p?® = + 69.1 (¢ = 0.33, CHCl3); '"H NMR (400 MHz, CDCl;): §
7.63-7.61 (m, 1H), 7.33-7.26 (m, 2H), 7.21-7.19 (m, 4H), 6.89-6.83 (m, 3H),
4.57-4.49 (m, 1H), 4.37-4.20 (m, 3H), 4.14-4.12 (m, 1H), 1.34 (t, J = 7.20 Hz, 3H);
3C NMR (100 MHz, CDCl3): § 199.85, 163.15, 147.14, 140.29, 139.82, 133.86,
132.15, 131.85 (d, J = 2.10 Hz), 129.00, 128.77, 127.59, 127.42, 127.31, 126.13 (q, J
=278.10 Hz), 119.57, 61.11, 58.29, 53.20, 49.80 (q, J = 29.20 Hz), 14.08; '°F NMR
(376 MHz, CDCl3) 6 = -67.97 ppm; Enantiomeric excess: 96%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 0.8 ml/min; 25 °C; 230 nm), first
peak: tr = 7.08 min, second peak: tr = 7.75 min; HRMS (ESI) m/z caled. for
C2HisBrF3NaO3; [M+Na] "= 489.0284, found = 489.0288.

ZWV #238 [modified by zhang group] 2w-8-84-2r-3dh-801023008 pall 008
jm Wi TJnAU Wi
2-7.753
250
o
200 CF3
EtO
‘‘‘‘ Br
150 \O
3ia Pn
100
50
1-7.080
[ I
5 . mi
8.00 50
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % min mAU _ mAU*min %
1 7.07 na. 73.701 15.543  50.42 na. BMB* 1 7.08 n.a. 7.438 1.495 2.05 n.a. BMB*
2 7.75 na. 68.497 15.283  49.58 na._ BMB* 2 7.75 n.a. 307.709 71.568  97.95 na.  BMB*

Total: 142.198 30.825 100.00 0.000 Total: 315.147 73.062 100.00 0.000

¢
0
ka b, O
3Kka; colorless oil; [a]p®® = - 28.0 (¢ = 0.33, CHCI3); 'H NMR (400 MHz, CDCl3): &
7.96-7.94 (m, 1H), 7.90 (s, 1H), 7.84 (d, J = 8.40 Hz, 2H), 7.60-7.54 (m, 2H),
7.50-7.46 (m, 1H), 7.35-7.29 (m, 3H), 7.13~7.11 (m, 2H), 6.83 (s, 1H), 4.744.68 (m,
1H), 4.41-4.24 (m, 3H), 4.02-4.00 (m, 1H), 1.34 (t, J = 7.20 Hz, 3H); 13C NMR (100
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MHz, CDCl3): & 197.61, 163.37, 147.35, 140.41, 135.88, 132.34, 132.14, 132.03,
131.75, 129.67, 129.10, 128.99, 128.63, 128.30, 128.00, 127.72, 126.89, 126.44 (q, J
= 278.00 Hz), 124.37, 61.12, 55.73, 54.57, 51.22 (q, J = 28.90 Hz), 14.13; '’F NMR
(376 MHz, CDCl3) 06 = -67.39 ppm; Enantiomeric excess: 91%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 0.6 ml/min; 25 °C; 230 nm), first
peak: tr = 10.26 min, second peak: tr = 15.57 min; HRMS (ESI) m/z calcd. for
Ca6H21F3NaO3 [M+Na] "= 461.1335, found = 461.1344.

UV_VIS_1 ZW #173 [modified by zhang aroup] ___ 7w-8-55- UV_VIS_1
WVLZ30 nm) AU WVL230

ZW #172 [modified by zhang group] zw-8-55-1r-adh-801023006
AU
1-10.267

2- 15573

250
2001

150+
i CFG Q
EtO "
o

(£)3ka pp

nin| miny
E 7
T T T T T T T y T T T T T T T T T T T
7.76 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.41 7.67 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.80

No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU _ mAU*min % min mAU ___ mAU*min %
1 10.27 na. 276.883 79.781 50.54 n.a. BMB* 1 10.27 na. 45.944 13.055 4.27 n.a. MB*
2 1558  na 207.102 _ 78.089  49.46 na.__ BMB* 2 1657  na. 793.997 293.026  95.73 na. BMB*
Total: 483.985 157.870 100.00 0.000 Total: 839.942 306.081 100.00 0.000
CF5 \
anl I\
3la 0

3la; colorless oil; [a]p?® = + 104.0 (¢ = 0.33, CHCI3); '"H NMR (500 MHz, CDCl3): §
7.57 (d,J=1.0 Hz, 1H), 7.37-7.30 (m, 3H), 7.16—7.15 (m, 2H), 6.94 (d, J = 3.50 Hz,
1H), 6.87 (s, 1H), 6.50-6.49 (m, 1H), 4.49-4.43 (m, 1H), 4.37-4.23 (m, 2H),
4.15-4.14 (m, 1H), 4.02—4.00 (m, 1H), 1.34 (t, J=7.00 Hz, 3H); *C NMR (125 MHz,
CDCl3): & 186.43, 163.16, 151.15, 147.79, 147.63, 140.34, 131.82, 128.88, 127.82,
127.74, 126.08 (q, J = 278.13 Hz), 119.79, 112.55, 61.05, 55.20, 54.68, 51.17 (q, J =
29.13 Hz), 14.04; 'F NMR (376 MHz, CDCl3) § = -67.74 ppm; Enantiomeric excess:
94%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 1.0
ml/min; 25 °C; 230 nm), first peak: tr = 6.18 min, second peak: tr = 9.40 min; HRMS
(ESI) m/z calcd. for C2oH;7F3NaO4 [M+Na] “=401.0971, found = 401.0974.
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74, ZV: Jﬂiz Imodified by zhang group] 10 UYV_VIS 1 ZW #183 [modified b Zw-8-57-18-adh-801023010 UV_vIS 1
. AU

WVLZ30 WVL230 nm)

1-6.200

miny g min
-8 T T T T T T - T T T T T T T
463 6.00 7.00 8.00 9.00 10.00 10.79 4.94 6.00 7.00 8.00 9.00 10.00 11.00 11.88
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount  Type
min mAU__mAU'min % min mAU__mAU'min__ %
1 6.20 na. 68.487 15204  50.29 n.a. mMB* 1 6.19 na. 7.459 1.565 283 na.  BMB*
2 940 na 55899 15031 4971 na  BMB* 2 941 na. 196.351  53.763  97.17 na.__ BMB*
Total: 124386 30.235  100.00 0.000 Total: 203.810  55.328  100.00 0.000

O X
CF;
\ S

EtO

hS

3ma Ph

3ma; colorless oil; [a]p?® = + 90.7 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCl5): §
7.71-7.70 (m, 1H), 7.38-7.33 (m, 3H), 7.20-7.19 (m, 1H), 7.17-7.15 (m, 2H),
7.02—7.00 (m, 1H), 6.87 (s, 1H), 4.55-4.49 (m, 1H), 4.38-4.24 (m, 2H), 4.13—4.11 (m,
1H), 4.07-4.05 (m, 1H), 1.35 (t, J = 7.00 Hz, 3H); *C NMR (125 MHz, CDCl3): §
190.90, 163.16, 147.55, 142.77, 140.25, 135.64, 133.57, 131.82, 128.97, 128.24,
127.92, 127.87, 126.13 (q, J = 278.13 Hz), 61.05, 55.68, 55.50, 51.65 (q, J = 29.13
Hz), 14.04; °F NMR (376 MHz, CDCls) § = -67.58 ppm; Enantiomeric excess: 95%,
determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 1.0 ml/min;
25 °C; 230 nm), first peak: tr = 5.72 min, second peak: tr = 7.49 min; HRMS (ESI)
m/z calcd. for C20Hi7F3NaOs3S [M+Na] "= 417.0743, found = 417.0748.

ZW #184 zhang group] 2w-B-57-2R-adn-801023010 UV_VIS_1 ZW #1865 [modified by zhang group] Zw-8.57-28-adh-001023010 UV VS 1
fmAU WVL230 nm| AU WVL230 nm|

1-5.747

250-]

2-7.493

i N i
=12 T T T T T T T T T T T T T T
470 5.00 5.50 6.00 6.50 7.00 7.50 811 495 5.50 6.00 6.50 7.00 7.50 8.10
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___ mAU*min % min mAU __ mAU*min %
1 5.75 na. 72437 15.807  49.16 n.a. BM* 1 572 na. 7.008 1.368 244 na. BMB*
2 7.54 na. 62.809 16.347  50.84 na__ BMB* 2 7.49 na. 234.839 54744 97.56 na__ BMB*
Total: 135.246 32.154  100.00 0.000 Total: 241.847 56.112  100.00 0.000




O cR, $
EtO)KQ S
o)
A\
3na o

Ph

3na; colorless oil; [a]p?® = + 46.3 (¢ = 0.33, CHCI3); 'H NMR (400 MHz, CDCl3): §
7.85-7.83 (m, 1H), 7.64 (d, J = 8.00 Hz, 1H), 7.47-7.43 (m, 1H), 7.37-7.30 (m, 5H),
7.17-7.14 (m, 2H), 6.86 (s, 1H), 4.61-4.53 (m, 1H), 4.37-4.26 (m, 2H), 4.18-4.15 (m,
1H), 4.12-4.10 (m, 1H), 1.33 (t, J = 7.20 Hz, 3H); *C NMR (100 MHz, CDCl3): &
192.26, 163.13, 147.34, 143.13, 142.04, 140.25, 138.74, 131.91, 131.22, 129.04,
128.04, 127.96, 127.93, 126.20, 126.14 (q, J = 278.00 Hz), 125.07, 122.86, 61.08,
55.72,55.52, 51.53 (q, J = 29.10 Hz), 14.04; '°F NMR (376 MHz, CDCl3) § = -67.55
ppm; Enantiomeric excess: 94%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 90/10; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tr = 7.64
min, second peak: tr = 9.56 min; HRMS (ESI) m/z calcd. for C24Hi9F3NaO3S [M+Na]
©=467.0899, found = 467.0900.

122018 2w-8-58-1r-adh-001023008 UV_viS_1 ‘ga7_2¥ #187 [modified by 2hang group] 2-8-58-15-adh-001023008 UV VIS 1
AU WVL:230 nrm JmAU WVL:230 nm|

625
500

375

min}

No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU __ mAU*min % min mAU _ mAU*min %
1 769 na. 101.581 22857 50.96 na  BMB* 1 7.65 na. 25.897 5813 285 na. BMB*
2 9.63 n.a. 86.490 21993  49.04 na__ BMB* 2 9.57 na. 750.026 198.071  97.15 n.a. MB*
Total: 188.071  44.850 100.00 0.000 Total: 775.923 203.884 100.00 0.000

EtO =N

3oa Ph

30a; colorless oil; [a]p?® = + 50.7 (¢ = 0.33, CHCI3); 'H NMR (500 MHz, CDCl;): §
8.50 (d, J = 4.00 Hz, 1H), 8.13 (d, J = 8.00 Hz, 1H), 7.89~7.86 (m, 1H), 7.49—7.46 (m,
1H), 7.33-7.28 (m, 3H), 7.18-7.16 (m, 2H), 6.91 (s, 1H), 5.01-4.99 (m, 1H),
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4.54-4.47 (m, 1H), 4.39-4.25 (m, 2H), 4.07 (br, 1H), 1.36 (t, J = 7.00 Hz, 3H); '*C
NMR (125 MHz, CDCl3): 6 199.28, 163.40, 151.56, 148.89, 147.76, 140.44, 136.93,
132.07, 128.40, 128.10, 127.52, 127.26, 126.24 (q, J = 278.25 Hz), 123.14, 60.98,
54.87, 52.42, 50.55 (q, J = 29.00 Hz), 14.09; '°F NMR (376 MHz, CDCl3) § = -67.38
ppm; Enantiomeric excess: 82%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 90/10; flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tr = 6.22
min, second peak: tr = 9.91 min; HRMS (ESI) m/z calcd. for Co1Hi9F3NO3 [M+Na]
"=390.1312, found = 390.1318.

2 ZW #240 Zzhang group] zw-8-85-1-adh-901023010 Uv_VIS_1 3“7_ZW #241 [modified by zhang group] 8-85. 1dh-901023010 UV VIS 1
mAU "WVL:230 nmj AU WVL:230 nm)
2-9913
300 300-]
2504 2504
200
2004 o
cr ¢ N
150-] 150] EtO N
....
N\
o
100 0| 30a ppy
504 50
6.220
0 o —
7 .
4. 50 7.00 50
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___ mAU*min % min mAU __ mAU*min %
1 6.26 na. 304.956 70028 50.64 na. BMB* 1 6.22 na. 34.265 9.319 9.01 na. BMB*
2 997 n.a. 252.791 68.270 _ 49.36 na___ BMB* 2 9.91 na. 314.708 940863 90.99 na___ BMB*
Total: 557.747  138.298 100.00 0.000 Total: 348.973  103.382 100.00 0.000

D cF,
Etoj\[}
lll||\
0
3pa by

3pa; colorless oil; [a]p?® = + 54.5 (¢ = 0.33, CHCl3); '"H NMR (400 MHz, CDCl3): §
7.37-7.27 (m, 3H), 7.16—7.14 (m, 2H), 6.77 (s, 1H), 6.33-6.31 (m, 1H), 4.47-4.38 (m,
1H), 4.35-4.19 (m, 2H), 3.93-3.90 (m, 1H), 3.84-3.81 (m, 1H), 2.33-1.93 (m, 4H),
1.65-1.54 (m, 4H), 1.32 (t, J = 6.80 Hz, 3H); *C NMR (100 MHz, CDCl5): § 198.57,
163.37, 147.38, 143.51, 140.60, 137.88, 132.04, 128.85, 128.00, 126.33 (q, J =277.00
Hz), 60.95, 55.71, 52.81, 51.25 (q, J = 28.70 Hz), 26.11, 23.55, 21.79, 21.32, 14.05;
F NMR (376 MHz, CDCls) & = -67.65 ppm; Enantiomeric excess: 92%, determined
by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 0.5 ml/min; 25 °C; 230
nm), first peak: tr = 9.18 min, second peak: tr = 12.20 min; HRMS (ESI) m/z calcd.
for C2oHa3F3NaOs [M+Na] "= 415.1491, found = 415.1496.
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Zw 1188 8-58-2r-adh-001023005 Uv_vis 1 ZW #189 [modified b 8 58-25-adh-001 5 uv_vis 1
AU WVL230 nim)

156+
mAU 10160 WVLZ30

2-12.147

CF;

EtO

(£)-3pa pp

min| mi

7. ' Q,‘BU IO‘QQ 1 1'00 TZjﬂﬂ 13‘00 1374 7.68 ! 9. l’ll’l m‘nu 11'00 12!00 13'00 ! 14.59
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU _ mAU*min %
1 9.16 na. 145.469 39.026 4869 na.  BMB* 1 9.18 na. 11.985 3.293 395 na. BMB*
2 1215 n.a. 134.260 41117 51.31 na__ BMB* 2 12.20 na. 264.321 80.019 _ 96.05 na___ BMB*
Total: 279.729 80.143  100.00 0.000 Total: 276.306 83.312  100.00 0.000

Q  CF
EtO
.nlll\o
3aa Ly,

3qa; colorless oil; [a]p?® = + 116.8 (¢ = 0.33, CHCl3); 'H NMR (500 MHz, CDCl;3): &
7.41-7.38 (m, 2H), 7.35-7.32 (m, 1H), 7.23-7.21 (m, 2H), 6.79 (s, 1H), 4.35-4.21 (m,
3H), 4.06-4.04 (m, 1H), 3.55-3.53 (m, 1H), 2.42-2.36 (m, 1H), 1.79-1.72 (m, 4H),
1.46-1.16 (m, 9H); '*C NMR (125 MHz, CDCls): § 210.89, 163.23, 147.67, 140.83,
131.54, 129.09, 127.80, 127.62, 126.17 (q, J = 278.00 Hz), 61.01, 57.01, 53.94, 50.70
(q, J = 28.88 Hz), 50.10, 28.57, 28.02, 25.59, 25.49, 25.35, 14.06; '°F NMR (376
MHz, CDCl3) & = -68.02 ppm; Enantiomeric excess: 91%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 0.4 ml/min; 25 °C; 230 nm), first
peak: tr = 10.63 min, second peak: tr = 12.86 min; HRMS (ESI) m/z calcd. for
C2HsF3NaOs [M+Na] "= 417.1648, found = 417.1653.

5 ZW #248 [modified by zhang group] zw-8-90-1-ADH-901023004 UV VIS 1 ZW #249 [modified by zhang group] \DH-901023004 UvV_VIS 1
mAU WVL:230 nmy mAU 'WVL:230 nm)|
1-10.640 | 2-12.860
2-12.880
80
704
o
60] CF3
EtO
504 | e \
[¢]
40 39a pp
30+
20+
104
1-10.627
o
min| = minj
8 T T T T T - T T T T T
935 10.00 11.00 12.00 13.00 14.00 14.65 9.53 11.00 12.00 13.00 14.00 15.01
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU__ mAU‘min___ % min mAU__ mAU'min %
1 1064 na. 48712 14676  49.50 na  BMB* 1 1063  na 5.072 1432 463 na.  BMB*
2 1288  na. 45688 14975  50.50 na.__ BMB* 2 1286 na. 90.168  29.537  95.37 na._BMB*
Total: 94.399  29.651 100.00 0.000 Total: 95.241  30.970 100.00 0.000
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CoFs5

<Ph
all
\O

Ph

EtO

3ra

3ra; colorless oil; [a]p?® = + 33.9 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCl;): §
7.72-7.70 (m, 2H), 7.61-7.58 (m, 1H), 7.41-7.38 (m, 2H), 7.35-7.33 (m, 3H),
7.10-7.08 (m, 2H), 6.77-6.76 (m, 1H), 4.84-4.77 (m, 1H), 4.38-4.26 (m, 3H),
3.92-3.91 (m, 1H), 1.36 (t, J = 7.00 Hz, 3H); '*C NMR (125 MHz, CDCls): § 197.87,
163.78, 146.36, 139.96, 135.00, 133.87, 132.20, 129.18, 128.91, 128.64, 128.18,
127.92, 12247 (t, J = 36.25 Hz), 120.19 (t, J = 36.50 Hz), 118.20-116.58 (m),
115.63-114.55 (m), 112.94 (t, J = 36.75 Hz), 61.11, 56.17, 53.47, 48.33 (t, J = 20.50
Hz), 14.02; ’F NMR (376 MHz, CDCls) § = -82.94, -116.11 (q) ppm; Enantiomeric
excess: 94%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow
rate 0.6 ml/min; 25 °C; 230 nm), first peak: tr = 7.82 min, second peak: tr = 11.14
min; HRMS (ESI) m/z caled. for C23HioFsNaOs [M+Na] © = 461.1147, found =

151_%\_] 8-50-1r-adh-001023( Wetlz\;fn:“ 439_%;191 [modified by zhang group] zw-8-59-1s-adh-801023006 ‘Ns\LIZ\;InSml|
1.140
350+
300+
2 CFs
2504
EtO Ph

00 L A\

150] 3ra pp

100+

50

1-7.827
T
11.00
No. | RetTime Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU __ mAU*min %
1 785 n.a. 105.141 27970 4984 na. BMB* 1 783 na. 13.230 3.105 3.00 na. BMB*
2 11.04 n.a. 134.095 28.150  50.16 na__ BMB* 2 11.14 n.a. 393.574 100.313  97.00 na.__ BMB*
Total: 239.236 56.120 100.00 0.000 Total: 406.804 103.418 100.00 0.000
-IIII\<

3sa; colorless oil; [a]p?® = + 18.8 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCl;): §
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7.73 (d, J=7.50 Hz, 2H), 7.62—7.59 (m, 1H), 7.42—-7.39 (m, 2H), 7.35-7.33 (m, 3H),
7.10-7.08 (m, 2H), 6.77-6.76 (m, 1H), 4.95-4.90 (m, 1H), 4.39-4.25 (m, 3H), 3.90
(br, 1H), 1.36 (t, J = 7.50 Hz, 3H); '3C NMR (125 MHz, CDCl): § 197.72, 163.83,
146.17, 139.93, 134.96, 133.88, 132.32, 129.18, 128.92, 128.67, 128.21, 127.93,
121.08, 119.24-118.52 (m), 117.19-116.23 (m), 115.14-114.21 (m), 111.80-110.90
(m), 109.70-108.80 (m), 107.59-106.69 (m), 61.08, 56.49, 53.39, 48.39 (t, J = 20.63
Hz), 14.00; F NMR (376 MHz, CDCl3) & = -80.38 (t), -111.06—-115.15 (m),
-124.53—-126.91 (m) ppm; Enantiomeric excess: 94%, determined by HPLC
(Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 0.6 ml/min; 25 °C; 230 nm), first
peak: tr = 7.24 min, second peak: tr = 9.74 min; HRMS (ESI) m/z calcd. for
C24H19F7NaO3 [M+Na] *=511.1115, found = 511.1125.

2w-8-59-2r-adh-901023006 uv VIS 1 ZW #193 zhang group] 2w-8-59-25-adh-901023006 v vis 1
AU 5. o230 ant

w
AU WVL230

CsF7
o EtO Ph
604

(£)-3sa pp

min|

T T T T T T T T
10.84 5.95 6.50 7.00 7.50 8.00 850 9.00 9.50

No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU__ mAU*min % min mAU _ mAU*min %
1 725 n.a. 133.988 32976 49.09 na. BMB* 1 7.24 n.a. 13.696 3124 2.95 n.a. BMB*
2 9.79 n.a. 125.257 34.205 50.91 3. BMB* 2 9.74 n.a. 368.014 102.761 97.05 n.a. MB*
Total: 259.246 67.181 100.00 0.000 Total: 381.709 105.885 100.00 0.000

3ab; colorless oil; [a]p?® =+ 137.4 (¢ = 0.33, CHCI3); '"H NMR (500 MHz, CDCl5): §
7.74-7.72 (m, 2H), 7.62-7.59 (m, 1H), 7.43—7.40 (m, 2H), 7.32-7.30 (m, 2H),
7.04-7.02 (m, 2H), 6.80 (s, 1H), 4.59—4.53 (m, 1H), 4.38-4.32 (m, 1H), 4.30-4.25 (m,
1H), 4.21-4.19 (m, 1H), 4.02-4.01 (m, 1H), 1.35 (t, J = 7.00 Hz, 3H); >*C NMR (125
MHz, CDCIl3): 6 197.85, 163.08, 146.74, 138.68, 135.09, 133.99, 133.77, 132.39,
129.35, 129.10, 129.05, 128.73, 126.18 (q, J = 278.00 Hz), 61.15, 54.61, 54.84, 51.25
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(q, J = 28.88 Hz), 14.05; "F NMR (376 MHz, CDCl3) 6 = -67.53 ppm; Enantiomeric
excess: 94%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow
rate 0.8 ml/min; 25 °C; 230 nm), first peak: tr = 6.88 min, second peak: tr = 10.44
min; HRMS (ESI) m/z calcd. for C22H;sCIF3NaO3; [M+Na] = 445.0789, found =
445.0792.

2-10440

i
T T T T T T T T T T T
8.00 9.00 10.00 1148 5.76 7.00 8.00 9.00 10.00 11.00 12.20

No. | Ret.Time Peak Name Height Area  RelArea Amount Type No. | Ret.Time Peak Name Height Area  RelArea Amount  Type
min mAU__mAU'min__ % min mAU _mAU'mMin__ %
1 683 na. 224092 45257 5074 na.  BM* 1 688 na. 14.392 2895 324 na. BMB*
2] 1024 na. 179.301  43.945  49.26 na.__BM* 2 1044 na. 335048 86353  96.76 na.__ BMB*
Total: 403393 89.202 100.00 0.000 Total: 349.440  89.248  100.00 0.000
CF3
\
0]

OMe

3ac; colorless oil; [a]p?® =+ 121.6 (¢ = 0.33, CHCIl3); '"H NMR (500 MHz, CDCl5): §
7.73 (d, J=7.50 Hz, 2H), 7.60-7.57 (m, 1H), 7.41-7.38 (m, 2H), 7.02 (d, J = 8.50 Hz,
2H), 6.87 (d, J = 8.50 Hz, 2H), 6.80 (s, 1H), 4.63—-4.57 (m, 1H), 4.38-4.31 (m, 1H),
4.30-4.25 (m, 1H), 4.24-4.21 (m, 1H), 3.96-3.95 (m, 1H), 3.83 (s, 3H), 1.35 (t, J =
7.00 Hz, 3H); *C NMR (125 MHz, CDCl5): § 198.19, 163.32, 159.18, 147.69, 135.20,
133.79, 132.18, 131.53, 129.15, 128.61, 126.32 (q, J = 278.00 Hz), 114.26, 61.01,
55.26, 54.83, 54.25, 51.07 (q, J = 28.88 Hz), 14.06; ’F NMR (376 MHz, CDCl3) § =
-67.50 ppm; Enantiomeric excess: 93%, determined by HPLC (Chiralpak AD-H,
hexane/i-PrOH = 90/10; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tr = 7.74
min, second peak: tr = 14.36 min; HRMS (ESI) m/z calcd. for C23H21F3NaO4[M+Na]
*=441.1284, found = 441.1289.
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W #275 [modified by zhang group] Zw-8-103-1-adh-801023008 ZW #: I W-8-103-2 90
mAL WVL mAU WL |
1-7.738
400 400
350 350
O CcF,
300 EtO I Ph 447 300
250 o 2509
(£)-3ac
0 Q 200
1504 150
OMe
0] 1004
50 50
— o]
T T T T T T T T T T T T T T T T T T T
55 75 88 10.0 113 125 138 150 165 52 75 88 10.0 1.3 125 138 150 163 184
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % min mAU __ mAU*min
1 7.73 na. 444424 102157 4985 na. BMB* 1 775 na. 26.271 5700 3.54 na. BMB*
2 14.45 na. 298.874 102.790  50.15 na. BMB* 2 14.37 n.a. 468.067 155284 96.46 n.a. BMB*
Total: 743.298  204.948 100.00 0.000 Total: 494.338  160.984 100.00 0.000

3ad; colorless oil; [a]p?® = + 52.5 (¢ = 0.33, CHCI3); 'H NMR (500 MHz, CDCl3): §
7.87-7.85 (m, 2H), 7.64-7.61 (m, 1H), 7.47-7.44 (m, 2H), 7.29-7.28 (m, 1H),
7.00-6.98 (m, 1H), 6.86-6.84 (m, 2H), 4.55-4.49 (m, 1H), 4.38-4.33 (m, 3H),
4.29-4.24 (m, 1H), 1.35 (t, J = 7.50 Hz, 3H); '3*C NMR (125 MHz, CDCl5): § 197.62,
163.07, 146.57, 142.68, 134.96, 133.98, 131.56, 129.14, 128.75, 127.17, 126.07,
126.06 (q, J=276.75 Hz), 125.33, 61.13, 54.10, 51.01 (q, J = 29.00 Hz), 49.98, 14.06;
F NMR (376 MHz, CDCl3) § = -67.53 ppm; Enantiomeric excess: 95%, determined
by HPLC (Chiralpak AD-H, hexane/i-PrOH = 90/10; flow rate 0.8 ml/min; 25 °C; 230
nm), first peak: tr = 7.18 min, second peak: tr = 9.66 min; HRMS (ESI) m/z calcd. for
C20H17F3NaOs3S [M+Na] "= 417.0743, found = 417.0745.
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32 ZW #271 [modified by zhang group] ZW-8-~ 11023008 Uv_vIS 1 ZW #272 [modified by 11023008 Uv_ VIS 1
mAU WVL:230 nm| mAU 0,867 WVL:230 nm|
1 1-7.427 1
400+
250+
350
200+ 300
2509
150+
200+
100~
150+
0] 100
509
1-7.180
T —
min mir
T T T T T T T T T 437 T T T T T T T
582 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.39 5.96 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.54
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU __ mAU*min %
1 7.13 na. 288.314 63.366  52.01 na.  BMB* 1 7.18 na. 13.437 2653 230 na. BMB*
2 9.51 n.a. 231.090 58.470 47.99 na.  BMB* 2 9.67 n.a. 467211 112793 97.70 na. BMB*
Total: 519.404  121.836 100.00 0.000 Total: 480.647 115446 100.00 0.000
CF3

3ce Me

3ce; colorless oil; [a]p?® = - 63.7 (¢ = 0.33, CHCl3); 'H NMR (500 MHz, CDCls): &
7.94-7.91 (m, 2H), 7.53-7.50 (m, 2H), 6.80 (s, 1H), 4.40-4.20 (m, 3H), 3.84-3.83 (m,
1H), 2.99-2.94 (m, 1H), 1.37 (d, J = 7.00 Hz, 3H), 1.33 (t, J = 7.00 Hz, 3H); 1*C
NMR (125 MHz, CDCl3): 6 196.67, 163.24, 150.32, 140.35, 133.60, 130.24, 130.00,
129.29, 126.21 (q, J = 277.88 Hz), 60.94, 52.38, 50.36 (q, J = 29.00 Hz), 44.68, 19.07,
14.07; 'F NMR (376 MHz, CDCl3) § = -68.10 ppm; Enantiomeric excess: 95%,
determined by HPLC (Chiralpak IE, hexane/i-PrOH = 97/03; flow rate 1.0 ml/min;
25 °C; 230 nm), first peak: tr = 11.52 min, second peak: tr = 15.77 min; HRMS (ESI)
m/z calcd. for C17H16CIF3NaO3 [M+Na] *= 383.0632, found = 383.0633.

ZW #194 [modified by zhang group] 20-8-61-1r-ie-970323010 UV_VIS 1 157-2 #201 [modified by zhang group] 2w-8-65-1-i¢-970321010 UV VIS 1
AU WVL230 mAU WVL210 nm)
] 1-11713 140 215773
70 1204
2-16.040
60
100+
Cl Cl
50
] 9 cr, 801 Q  cFy
EtO Eo "
‘‘‘‘ 60 A\
304 N o
o) 3ce b
()y3ce o 40
204
104 =
1-11.520
o] T T
mi min)
A5 T T T T T T T T T T T T T T y T T
9.86 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.29 9.87 11.00 12.00 13.00 14.00 15.00 16.00 17.00 1867
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU _ mAU*min %
1 1.71 na. 78.409 26.789 50.07 na. BMB* 1 11.52 na. 4501 1.423 233 na. BMB*
2 16.04 n.a. 60.317 26.713  49.93 n.a. BMB* 2 15.77 na. 136.232 59.712  97.67 na. BMB*
Total: 138.726 53.502 100.00 0.000 Total: 140.732 61.135 100.00 0.000
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Cl
@GR,
Eto/[/\Q
it
A\
(0]
3cf

n-CsH,

3cf; colorless oil; [a]p?® = - 31.4 (¢ = 0.33, CHCI3); '"H NMR (500 MHz, CDCls): §
7.94-7.91 (m, 2H), 7.52—7.50 (m, 2H), 6.93 (s, 1H), 4.33—-4.27 (m, 1H), 4.24-4.20 (m,
2H), 3.89-3.88 (m, 1H), 2.95-2.91 (m, 1H), 1.72-1.65 (m, 2H), 1.48-1.39 (m, 1H),
1.37-1.31 (m, 4H), 0.90 (t, J = 7.50 Hz, 3H); *C NMR (125 MHz, CDCl5): § 197.47,
163.23, 149.52, 140.33, 133.72, 130.41, 130.01, 129.25, 126.19 (q, J = 278.00 Hz),
60.90, 50.94, 50.85 (q, J = 28.50 Hz), 49.87, 36.52, 20.96, 14.07, 13.87; '’F NMR
(376 MHz, CDCl3) 6 = -67.88 ppm; Enantiomeric excess: 92%, determined by HPLC
(Chiralpak IE, hexane/i-PrOH = 97/03; flow rate 1.0 ml/min; 25 °C; 230 nm), first
peak: tr = 9.78 min, second peak: tr = 11.91 min; HRMS (ESI) m/z calcd. for
C19H20CIF3NaOs3 [M+Na] "= 411.0945, found = 411.0946.

W by zhang group] ]| Zw-8-68-2R-ie-870321010 W U
mAU WVL:210 nm) mAU WVL:210 nm)
11913
1947 400+
Cl cl
80 300
o
EtO
‘‘‘‘
e} A\
3cf o
a0y n-CsHy
100
20+
1-9.787
o -
min] mir
857 ' 1000 1100 1200 1300 1359
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % min mAU___ mAU*min %
1 9.76 na. 116.986 35.680 48.35 na.  BMB* 1 9.79 na. 18.986 6.966 395 na. BMB*
2 11.95 na. 99.336 38.119  51.65 n.a. BM* 2 11.91 n.a. 462.060 169430 96.05 n.a. MB*
Total: 216.322 73.799 100.00 0.000 Total: 481.046  176.396 100.00 0.000
CF;
o II\
3cg
n-C4oHa

3cg; colorless oil; [a]p?® = - 27.2 (¢ = 0.33, CHCl3); '"H NMR (400 MHz, CDCl3): &
7.90 (d, J = 8.40 Hz, 2H), 7.49 (d, J = 8.80 Hz, 2H), 6.92 (s, 1H), 4.32-4.16 (m, 3H),

3.88-3.86 (m, 1H), 2.90—2.87 (m, 1H), 1.71-1.64 (m, 2H), 1.33-1.22 (m, 19H), 0.88
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(t,J = 6.80 Hz, 3H); *C NMR (100 MHz, CDCl3): § 197.50, 163.25, 149.57, 140.33,
133.74, 130.40, 130.01, 129.24, 126.20 (q, J = 277.90 Hz), 60.90, 50.96, 50.82 (q, J =
28.80 Hz), 50.10, 34.36, 31.84, 29.51, 29.46, 29.33, 29.26, 27.72, 22.64, 14.07; '°F
NMR (376 MHz, CDCIl3) 6 = -67.87 ppm; Enantiomeric excess: 96%, determined by
HPLC (Chiralpak IE, hexane/i-PrOH = 97/03; flow rate 1.0 ml/min; 25 °C; 230 nm),
first peak: tr = 7.00 min, second peak: tr = 8.33 min; HRMS (ESI) m/z calcd. for
C26H34CIF3NaO3 [M+Na] "= 509.2041, found = 509.2044.

479-2W #221 [modified by Zw-8-B1-1-1e-070321010 Uv_VIS 1 ZW #222 [modified by 2w-6-81-2-16-070321010 UV VIS 1
AU WVLZ10 nm| AU

WVLZ10 n

1604

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __mAU*min % min mAU __mAU*min %
1 7.01 n.a. 158.132 49.998  50.21 na. BMB* 1 7.01 n.a. 5.827 1.737 2.10 na.  BMB*
2 834 na. 145611 49571 49.79 na.  BMB* 2 833 na 225800  80.810  97.90 na.___ MB*
Total: 303.743 99.570 100.00 0.000 Total: 231.627 82.547 100.00 0.000
///\ESFs
i |\
3ch
Bn

3ch; colorless oil; [a]p? = - 101.3 (¢ = 0.33, CHCI3); '"H NMR (500 MHz, CDCI3): §
744 (d, J = 9.0 Hz, 2H),7.33—-7.27 (m, 5H), 7.17-7.15 (m, 2H), 6.89 (s, 1H),
4.35-4.20 (m, 3H), 3.97-3.96 (m, 1H), 3.24-3.20 (m, 1H), 3.07-3.03 (m, 1H),
2.88-2.83 (m, 1H), 1.34 (t, J = 7.00 Hz, 3H); *C NMR (125 MHz, CDCls): § 197.36,
163.13, 149.03, 139.93, 138.38, 133.14, 131.10, 129.87, 129.06, 129.03, 128.99,
126.97, 126.23 (q, J =278.13 Hz), 61.01, 51.98,50.69 (q, J =29.00 Hz), 49.10, 39.89,
14.09; 'F NMR (376 MHz, CDCl3) § = -67.32 ppm; Enantiomeric excess: 93%,
determined by HPLC (Chiralpak IE, hexane/i-PrOH = 97/03; flow rate 1.0 ml/min;
25 °C; 230 nm), first peak: tr = 12.21 min, second peak: tr = 13.82 min; HRMS (ESI)
m/z calcd. for C23Ha0CIF3NaO3; [M+Na] = 459.0945, found = 459.0958.
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ZEG—ZW #203 [modified by zhang group] 2Zw-8-66-1r-ie-970321010 Uv VIS 1 ZW #204 [modified by zhang group] Zw-8-66-15-ie-070321010 Uv VIS 1
AU ‘WVL:210 nm) AU -13.820 WVL:210 nm|
1-12.240
250+ 2504
2-13.867
2001 Cl 200 cl
0] Et0 " 1501 EQOJKQ
g
o 3ch 0
@-3ch L " Bn
100 100
50 50-
1-12213
o
- T T T T T T T T e T T T T !
11.05 11.50 12.00 12.50 13.00 13.50 14.00 14.50 1537 1051 12.00 13.00 14.00 IS[DD 15.89
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___ mAU*min % min mAU___ mAU*min
1 12.24 na. 273775 99.522 49.83 na. BMB* 1 12.21 na. 12131 3.808 363 na.  BMB*
2 13.87 na. 244529 100211 5017 na.___ BMB* 2 13.82 na. 268486 101.241 96.37 na__ BMB*
Total: 518.305 199.734 100.00 0.000 Total: 280.617  105.049 100.00 0.000

3ci; colorless oil; [a]p?® = + 8.7 (¢ = 0.33, CHCl3); 'H NMR (500 MHz, CDCl3): &
7.94-7.91 (m, 2H), 7.54-7.51 (m, 2H), 6.91 (s, 1H), 4.34-4.19 (m, 3H), 3.92-3.90 (m,
1H), 3.54-3.52 (m, 2H), 2.99-2.96 (m, 1H), 1.97-1.75 (m, 4H), 1.33 (t, /= 7.50 Hz,
3H); 3C NMR (125 MHz, CDCls): § 197.09, 163.06, 148.55, 140.55, 133.50, 131.09
(d, J=1.50 Hz), 130.04, 129.36, 126.11 (q, J=278.00 Hz), 61.05, 50.91 (q, J = 28.88
Hz), 50.83, 49.12, 44.22, 31.37, 30.38, 14.08; '°F NMR (376 MHz, CDCl3) § = -67.84
ppm; Enantiomeric excess: 91%, determined by HPLC (Chiralpak IE, hexane/i-PrOH
=97/03; flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tr = 12.10 min, second peak:
tr = 15.73 min; HRMS (ESI) m/z calcd. for C19Hi9CLF3NaOs; [M+Na] = 445.0556,
found = 445.0560.

ZW #196 [modified by zhang aroup] 0323010 UV VIS 1 ZW 202 [modified by 8-65-2-ie-070321010 UV VIS 1
AU 'WVL:230 nmj AU WVL:210 nm|
A -13.700 2-15733
0] 175
30.0- 1504
2-15.900
250 125
20.0+ 1004
15.0 751
10.04 504
50 25
1-12.407
ol
B T T T T T T T T ™ T T T T T T ™
12.48 13.00 13.50 14.00 14.50 15.00 15.50 16.00 16.50 17.16 10.42 1200 13.00 14.00 15.00 16.00 17.22
No. | Ret.Time Peak Name Height Area  RelArea Amount  Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount  Type
min mAU __ mAU*min % min mAU _ mAU*min %
1 13.70 na. 37.576 13.509 5063 na. BMB* 1 1211 n.a. 11.815 3.886 4.70 n.a. MB*
2 15.90 na. 27.205 13171 49.37 na.__ BMB* 2 15.73 n.a. 181.824 78.836  95.30 na.___ BMB*
Total: 64.781 26.680 100.00 0.000 Total: 193.639 82.723 100.00 0.000
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O CFy
EtO
‘IHI\

. ]
3¢j

CO,Me

3cj; colorless oil; [a]p?® = - 18.6 (¢ = 0.33, CHCI3); '"H NMR (400 MHz, CDCls): §
7.91 (d, J = 8.40 Hz, 2H), 7.50 (d, J = 8.40 Hz, 2H), 6.92 (s, 1H), 4.32-4.18 (m, 3H),
3.91-3.89 (m, 1H), 3.66 (s, 3H), 2.94-2.93 (m, 1H), 2.32-2.29 (m, 2H), 1.80-1.70 (m,
4H), 1.31 (t, J = 7.20 Hz, 3H); '*C NMR (100 MHz, CDCls): § 197.25, 173.30,
163.09, 148.90, 140.42, 133.58, 130.79, 130.06, 129.30, 126.12 (q, J = 278.00 Hz),
60.96, , 51.60, 50.67, 50.90 (q, J = 29.00 Hz), 49.59, 33.50, 22.91, 14.07; '°F NMR
(376 MHz, CDCl3) 6 = -67.86 ppm; Enantiomeric excess: 91%, determined by HPLC
(Chiralpak IE, hexane/i-PrOH = 95/05; flow rate 1.0 ml/min; 25 °C; 230 nm), first
peak: tr = 20.74 min, second peak: tr = 27.18 min; HRMS (ESI) m/z calcd. for
C21H2CIF3NaOs [M+Na] "= 469.1000, found = 469.1008.

11820 #21 2w-8-70-2r-ie-950521010 UV_VIS_1 ZW #214 zhang group] 2w-8-70-25-ie-950521010 UV VIS 1
AU WVLZ10 ) mAU WVLZ10 o
1-20.500
100+ 250-] Cl
cl O CF,
804 200
o 2.27.113 EtO "
\O
601 Eo 150-| 3cj
(£)-3¢j
] 0] CO,Me
CO,Me
20+ 50l
1-20.740
o1 . J\_n/\i
T T ol
min ” min
T T T T T T T T T T T T T T T T T T T T T
0.0 21 5. 178 200 213 25 238 250 263 275 288 300 32
No. | Ret.Time Peak Name Height Area  RelArea Amount  Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU___mAU*min % min mAU___mAU"min %
1 20.50 na. 112.885 60.247  50.34 na. BMB* 1 20.74 n.a. 17.852 9.163 4.59 n.a. BMB*
2 2741 n.a. 73.246 59429 4966 n.a. BMB* 2 27.18 n.a. 240139  190.323  95.41 n.a. BMB*
Total: 186.131  119.676 100.00 0.000 Total: 257.991 199.486 100.00 0.000

Cl
o) CF;
EtO
ol
A\
3ck o
Me
Me

3ck; colorless oil; [a]p®® = + 20.6 (¢ = 0.33, CHCI;3); 'H NMR (400 MHz, CDCl;): §
7.91 (d, J = 8.40 Hz, 2H), 7.49 (d, J = 8.80 Hz, 2H), 6.96 (s, 1H), 4.32-4.16 (m, 2H),
4.07-3.99 (m, 2H), 2.89—2.86 (m, 1H), 1.87—1.78 (m, 1H), 1.30 (t, J = 7.60 Hz, 3H),
0.97 (d, J = 6.80 Hz, 3H), 0.93 (d, J = 6.80 Hz, 3H); '3C NMR (100 MHz, CDCl3):
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199.30, 163.24, 149.09, 140.39, 134.06, 130.34, 130.08, 129.23, 126.17 (q, J =278.30
Hz), 60.91, 57.44, 52.61 (q, J = 28.70 Hz), 48.06, 31.52, 21.69, 19.80, 14.07; '°F
NMR (376 MHz, CDCl3) 6 = -67.56 ppm; Enantiomeric excess: 92%, determined by
HPLC (Chiralpak IE, hexane/i-PrOH = 97/03; flow rate 1.0 ml/min; 25 °C; 230 nm),
first peak: tr = 9.32 min, second peak: tr = 12.16 min; HRMS (ESI) m/z calcd. for
C19H20CIF3NaOs3 [M+Na] "= 411.0945, found = 411.0948.

Zw #1211 Zw-8-70-1r-i8-970321010 U 1 ]
AU WVLZ10 nm AU

200 3507

EtO

150 251
1254 o CF Q 200 3ck ©
L) "

o) 150
(£)-3ck
754 Me
Me' 100-
504
50+
251 1-9.320
o TS
o
T T
11.00 12.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU__ mAU*min %
1 9.35 n.a. 225.252 71.548  50.16 na.  BMB* 1 9.32 na. 22.040 7.153 4.03 na. BM*
2 12.21 n.a. 171721 71.088  49.84 n.a. BMB* 2 12.16 n.a. 409.563  170.511 9597 na. BMB*
Total: 396.973 142635 100.00 0.000 Total: 431603 177.663 100.00 0.000

Cl

EtO

3cl

3cl; colorless oil; [o]p?® = + 32.4 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCls): §
7.95-7.92 (m, 2H), 7.52—7.49 (m, 2H), 6.95 (s, 1H), 4.28-4.18 (m, 2H), 4.05-3.99 (m,
2H), 2.95-2.93 (m, 1H), 2.03-1.78 (m, 3H), 1.67-1.54 (m, 4H), 1.32 (t, J = 7.00 Hz,
3H), 1.28-1.20 (m, 1H), 1.07-0.99 (m, 1H); *C NMR (125 MHz, CDCl3): § 199.15,
163.30, 149.95, 140.37, 134.02, 130.11, 130.03, 129.20, 126.18 (q, J = 278.25 Hz),
60.90, 56.05, 52.52 (q, J = 28.75 Hz), 49.54, 44.12, 32.24, 30.68, 25.16, 24.94, 14.08;
F NMR (376 MHz, CDCls) & = -67.71 ppm; Enantiomeric excess: 94%, determined
by HPLC (Chiralpak IE, hexane/i-PrOH = 97/03; flow rate 1.0 ml/min; 25 °C; 230
nm), first peak: tr = 10.66 min, second peak: tr = 12.14 min; HRMS (ESI) m/z calcd.
for C21HxCIF3NaOs [M+Na] "= 437.1102, found = 437.1112.
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min| min|
T

No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU___ mAU*min % min mAU __ mAU*min %
1 10.67 n.a. 155.049 51.788  48.81 na. mB* 1 10.67 n.a. 18.479 5.618 278 na. BMB*
2 12.20 n.a. 137.340 54304 51.19 na. BM* 2 12.14 n.a. 495720 196.750  97.22 na. BMB*
Total: 292.389 106.092 100.00 0.000 Total: 514.199  202.368 100.00 0.000

3cem; colorless oil; [a]p?® =+ 37.4 (¢ = 0.33, CHCl3); 'H NMR (500 MHz, CDCls): &
7.94-7.92 (m, 2H), 7.51-7.49 (m, 2H), 7.01 (s, 1H), 4.32-4.17 (m, 2H), 4.09-4.07 (m,
1H), 4.03-3.97 (m, 1H), 2.92-2.90 (m, 1H), 1.87-1.66 (m, 5H), 1.51-1.45 (m, 1H),
1.31 (t,J=7.00 Hz, 3H), 1.24-1.11 (m, 3H), 1.02-0.93 (m, 2H); *C NMR (125 MHz,
CDCl): 6 199.24, 163.25, 149.41, 140.35, 133.96, 130.09, 129.94, 129.20, 126.17 (q,
J = 278.50 Hz), 60.87, 56.34, 52.43 (q, J = 28.75 Hz), 47.66, 41.32, 32.21, 30.46,
26.04, 26.03, 25.95, 14.06; F NMR (376 MHz, CDCl3) & = -67.59 ppm;
Enantiomeric excess: 92%, determined by HPLC (Chiralpak IE, hexane/i-PrOH =
97/03; flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tr = 9.35 min, second peak: tr
= 10.76 min; HRMS (ESI) m/z calcd. for C22H24CIF3NaO3 [M+Na] © = 451.1258,
found = 451.1266.
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ZW #205 zhang group] ZWe866-2r+i6-970321010 UV_VIS 1 ZW #206 [modified by zhang group] 1010 uv VIS 1
AU AU WVLZ10 nm)

WVL210 nm

mi mi

784 850 900 950 1000 10’50 1100 e | 1192 7.52 .00 850 9.0 950 1000 1050 1100 1150 " 12
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type

min mAU___mAU*min % min mAU___ mAU*min %

1 9.37 na. 137.422 46391  50.32 na. BMmB* 1 9.35 na. 10.408 3.107 3.80 na. MB*

2 10.76 n.a. 116.801 45805 49.68 na._ BMB* 2 10.76 n.a. 220.165 78.693 96.20 na.__ BMB*
Total: 254.223 92.196 100.00 0.000 Total: 230.573 81.799 100.00 0.000

CF3 2 >
-||II\
3ag é
n-CyoHz;

3ag; colorless oil; [a]p?® = - 19.6 (¢ = 0.33, CHCl3); '"H NMR (400 MHz, CDCls): &
7.97-7.95 (m, 2H), 7.64—7.61 (m, 1H), 7.53—7.50 (m, 2H), 6.92 (s, 1H), 4.33-4.16 (m,
3H), 3.94-3.93 (m, 1H), 2.91-2.88 (m, 1H), 1.74-1.61 (m, 2H), 1.33-1.21 (m, 19H),
0.88 (t, J = 6.80 Hz, 3H); 1*C NMR (100 MHz, CDCls): & 198.66, 163.34, 149.67,
135.47, 133.66, 130.47, 128.86, 128.62, 126.19 (q, J = 277.90 Hz), 60.84, 51.00,
50.72 (q, J = 28.90 Hz), 50.12, 34.35, 31.83, 29.50, 29.44, 29.32, 29.30, 29.24, 27.68,
22.62, 14.05; '”F NMR (376 MHz, CDCl3) § = -67.87 ppm; Enantiomeric excess:
87%, determined by HPLC (Chiralpak IE, hexane/i-PrOH = 97/03; flow rate 1.0
ml/min; 25 °C; 230 nm), first peak: tr = 8.48 min, second peak: tr = 11.09 min;
HRMS (ESI) m/z caled. for C2sH3sF3NaO3 [M+Na] *=475.2431, found = 475.2435.

ZW #253 ZW-8-03-1-ie-970323010 Uv_VIS_1 ZW #254 [modified by 0323010 Uv VIS 1
AU WVLZ30 nm) ety WVL230 nm

2-11.093

300

250

200

150

100

; min min
672 | 8.00 .00 1000 11700 1200 " T1a4s 692 800 a0 1000 1100 1200 132
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min Yo min mAU _ mAU*min %
1 8.70 na. 179.029 58.703  50.58 na. BMB* 1 8.48 n.a. 23.773 9.485 6.50 na. BMB*
2 11.36 n.a. 158.847 57.365  49.42 na. _ BMB* 2 11.09 n.a. 305.037 136.542  93.50 na.  BMB*
Total: 337.876  116.068 100.00 0.000 Total: 328.810 146.028 100.00 0.000




=
O CF;
EtO/‘KE% 'Q
B\
3bg ©

n-C4oHa;
3bg; colorless oil; [a]p®® = -7.4 (¢ = 0.33, CHCI3); '"H NMR (400 MHz, CDCls): §
8.02—-7.98 (m, 2H), 7.21-7.17 (m, 2H), 6.92 (s, 1H), 4.33—-4.16 (m, 3H), 3.89-3.88 (m,
1H), 2.93-2.87 (m, 1H), 1.72-1.65 (m, 2H), 1.33-1.22 (m, 19H), 0.88 (t, /= 6.80 Hz,
3H); 3C NMR (100 MHz, CDCls): § 197.18, 166.13 (d, J = 254.60 Hz), 149.62,
131.84 (d, J = 2.90 Hz), 131.31 (d, J = 9.40 Hz), 130.41, 126.23 (q, J = 278.10 Hz),
116.07 (d, J = 21.80 Hz), 60.87, 50.94 (q, J = 28.80 Hz), 50.91, 50.16, 34.35, 31.83,
29.50, 29.45, 29.33, 29.32, 29.24, 27.72, 22.62, 14.06, 14.04; ’F NMR (376 MHz,
CDCl3) 6 = -67.89, -103.91 ppm; Enantiomeric excess: 95%, determined by HPLC
(Chiralpak IE, hexane/i-PrOH = 95/05; flow rate 0.5 ml/min; 25 °C; 230 nm), first
peak: tr = 11.87 min, second peak: tr = 13.81 min; HRMS (ESI) m/z calcd. for
Ca6H34F4NaO3 [M+Na] * = 493.2336, found = 493.2338.

6.2 2W #270 [modified by zhang qroup] 2w-B-98-11-1e-950523005 v VIS 1 ZW #269 [modified by zhang group] 2w-§-98-22-ie-050523005 uv VIS 1
=AU WVL230 nm| AU

WVL230 )

min|
T T T T T T
9.92 11.00 12.00 13.00 14.00 15.41 o7 100 1200 1300 1400 1500

No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU _ mAU*min %
1 1.77 n.a. 76.928 23.535 50.00 na. BMB* 1 11.87 na. 4.758 1.571 257 na. BMB*
2 13.71 n.a. 69.018 23.536 50.00 n.a. BMB* 2 13.81 na. 169.820 59.497 97.43 na. BMB*
Total: 145.946 47.071 100.00 0.000 Total: 174.578 61.068 100.00 0.000
Br
CF3 2 />
> I\
n-CyoHz4

3dg; colorless oil; [a]p*® = -30.7 (¢ = 0.33, CHCI3); '"H NMR (400 MHz, CDCls): §
7.82 (d, J = 8.40 Hz, 2H), 7.66 (d, J = 8.40 Hz, 2H), 6.92 (s, 1H), 4.33—4.16 (m, 3H),
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3.87-3.85 (m, 1H), 2.90-2.86 (m, 1H), 1.69-1.64 (m, 2H), 1.33-1.22 (m, 19H), 0.88
(t,J= 6.80 Hz, 3H); *C NMR (100 MHz, CDCl3): § 197.70, 163.26, 149.58, 134.13,
132.25,130.37, 130.10, 129.09, 126.19 (q, J = 278.00 Hz), 60.93, 50.94, 50.78 (q, J =
32.40 Hz), 50.07, 34.38, 31.86, 29.53, 29.48, 29.34, 29.28, 27.73, 22.66, 14.10; '°F
NMR (376 MHz, CDCl3) 6 = -67.86 ppm; Enantiomeric excess: 96%, determined by
HPLC (Chiralpak IE, hexane/i-PrOH = 97/03; flow rate 1.0 ml/min; 25 °C; 230 nm),
first peak: tr = 7.53 min, second peak: tr = 8.68 min; HRMS (ESI) m/z calcd. for
C26H34BrF3NaO3; [M+Na] "= 553.1536, found = 553.1541.

0,02V #255 [modified by zhang aroup] 0323010 UV_VIS_1 ZW #258 [modified by zhang group] 2w-8-02-4-i1e-970323010
AU

WVL:230 nm) mAU WVL:230 nm
i i Q
EtO '
REC

o
399 0.8 o

No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU _ mAU*min % min mAU __ mAU*min %

1 750 na 62158  21.379 4993 na.  BMB* 1 753  na. 1.898 0678 214 na.  BMB*

2 867 na. 57.082 21442 50.07 na.__ BMB* 2 868 na. 75193 31039 97.86 na___ BMB*
Total: 119240 42.821 100.00 0.000 Total: 77.091  31.717 100.00 0.000

CF3
/‘KE%.H\ Br
n-CqoHzq

3jg; colorless oil; [a]p®® = -11.7 (¢ = 0.33, CHCIl3); 'H NMR (500 MHz, CDCl3): &
7.67-7.66 (m, 1H), 7.45—-7.41 (m, 1H), 7.38-7.34 (m, 2H), 6.86 (s, 1H), 4.44—-4.20 (m,
3H), 3.86-3.85 (m, 1H), 3.02-2.98 (m, 1H), 1.55-1.40 (m, 2H), 1.35-1.12 (m, 19H),
0.90 (t, J = 7.00 Hz, 3H); *C NMR (125 MHz, CDCls): & 200.67, 163.28, 149.17,
140.

10, 133.77, 131.92, 130.21, 128.65, 127.40, 126.15 (q, J = 277.88 Hz), 119.21, 60.89,
54.87,49.13 (q, J = 29.00 Hz), 48.52, 34.36, 31.85, 29.50, 29.38, 29.27, 29.25, 29.05,
27.39, 22.64, 14.08; ”F NMR (376 MHz, CDCl3) & = -68.29 ppm; Enantiomeric
excess: 96%, determined by HPLC (Chiralpak IE, hexane/i-PrOH = 97/03; flow rate
1.0 ml/min; 25 °C; 230 nm), first peak: tr = 7.99 min, second peak: tr = 9.54 min;
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HRMS (ESI) m/z calcd. for CisH34BrFsNaOs [M+Na] © = 553.1536, found =
553.1550.

#259 [modified by zhang grou
R Ty

min|

-5. T T T T T T T T

5.87 7.00 8.00 9.00 10.00 11.00 11.63 581 7.00
No. | Ret.Time Peak Name Height  Area  Rel.Area Amount  Type No. | Ret.Time Peak Name Height ~ Area  Rel.Area Amount  Type

min mAU __mAU*min % min mAU __mAU"min %

1 802 na 40952 14690 4944 na. BMB* 1 799 na 2771 1039 1.81 na.  BMB*

2 958 na. 41.348 15021 50.56 na.__BMB* 2 955 na. 145440  56.275  98.19 na__ BMB*
Total: 82.300 29711 100.00 0.000 Total: 148.211 57.314 100.00 0.000

EtO
ulll\

3k
g9
”'C10| |21

3kg; colorless oil; [a]p?® = -52.5 (¢ = 0.33, CHCl3); '"H NMR (500 MHz, CDCl): &
8.50 (s, 1H), 8.06—7.92 (m, 4H), 7.68—7.60 (m, 2H), 6.97 (s, 1H), 4.38-4.21 (m, 3H),
4.13-4.12 (m, 1H), 3.00-2.97 (m, 1H), 1.85-1.69 (m, 2H), 1.36-1.19 (m, 19H), 0.89
(t, J=7.00 Hz, 3H); '3*C NMR (125 MHz, CDCls): § 198.59, 163.39, 149.79, 135.80,
132.74, 132.45, 130.49, 130.34, 129.63, 128.89, 128.86, 127.79, 127.05, 126.37 (q, J
= 278.00 Hz), 124.23, 60.87, 51.05, 50.84 (q, J = 28.63 Hz), 50.28, 34.39, 31.82,
29.48, 29.43, 29.34, 29.30, 29.22, 27.72, 22.62, 14.09, 14.07; ’F NMR (376 MHz,
CDCl3) ¢ = -67.74 ppm; Enantiomeric excess: 94%, determined by HPLC (Chiralpak
IE, hexane/i-PrOH = 95/05; flow rate 0.8 ml/min; 25 °C; 230 nm), first peak: tr =
10.81 min, second peak: tr = 13.76 min; HRMS (ESI) m/z calcd. for C30H37F3NaO3
[M+Na] "= 525.2587, found = 525.2591.
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zzzzzz

1-10.813

1254

100

EtO
75 )
+)-3k¢
3 b by
50-
25
0] —
. i . , . , . min
828 ' 1000 1100 1200 1300 1400 1500 16.08 860 10.00 11.00 12.00
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU _ mAU*min % min mAU _ mAU*min %
1 10.81 na. 200.325 72365 50.16 na.  BMB* 1 10.81 na. 13.009 3.595 3.07 na. BMB*
2 13.79 n.a. 182.509 71902 49.84 na___ BMB* 2 13.77 na. 318.262 113.313  96.93 na.___ BMB*
Total: 382.834 144267 100.00 0.000 Total: 331.272  116.908 100.00 0.000
(0] N
CF; ?
v||||\
3mg
n-CqoHa1

3mg; colorless oil; [a]p?® =+ 10.7 (¢ = 0.33, CHCI3); 'H NMR (500 MHz, CDCl3): §
7.80 (d, J=3.50 Hz, 1H), 7.76 (d, J = 5.00 Hz, 1H), 7.22-7.20 (m, 1H), 6.96 (s, 1H),
4.33-4.18 (m, 3H), 3.75-3.73 (m, 1H), 3.06-3.03 (m, 1H), 1.77-1.63 (m, 2H),
1.33-1.25 (m, 19H), 0.89 (t, J = 6.50 Hz, 3H); '*C NMR (125 MHz, CDCl5): § 191.66,
163.28, 149.98, 142.75, 135.20, 132.58, 130.21, 128.45,126.15 (q, J = 278.00 Hz),
60.86, 52.34, 51.48 (q, J = 28.88 Hz), 50.42, 34.38, 31.84, 29.46, 29.41, 29.35, 29.25,
27.71, 22.63, 14.07; F NMR (376 MHz, CDCl3) & = -68.00 ppm; Enantiomeric
excess: 91%, determined by HPLC (Chiralpak IE, hexane/i-PrOH = 95/05; flow rate
0.8 ml/min; 25 °C; 230 nm), first peak: tr = 8.61 min, second peak: tr = 10.73 min;
HRMS (ESI) m/z caled. for C24H33F3NaO3S [M+Na] "= 481.1995, found = 481.1999.

47



48, ‘7ZW #265 [modified by zhang group] Zw-8-97-1-ie-850523008 Uv_VIS 1 8. ZW #266 [modified by zhang group] Uv_VIS 1
mAU WVL:230 nmj mAU WVL:230 nm)
B 2-10.733
1-8760 700
40.0]
60.0
35.0
50.0+
30.0
40,0+
25.0+
200 o 300
+)-3mg
@) n-CioHazy
15.0 2001
10.0+ 1004
5.0
0.04
2 T T T T T T T i 1067 T T T T T T b
7.25 8.00 850 9.00 9.50 10.00 10.50 11.00 11.64 763 8.50 9.00 9.50 10.00 10.50 11.00 11.50
No. | Ret.Time Peak Name Height Area Rel.Area Amount Type No. | Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU __ mAU*min % min mAU __ mAU*min %
1 8.76 na. 40.837 16.210  50.78 na.  BMB* 1 8.61 na. 3.972 1.030 439 na.  BMB*
2 10.91 n.a. 37.314 14.741  49.22 na__ BMB* 2 10.73 n.a. 76.624 22443 9561 na__ BMB*
Total: 78.151 29.951 100.00 0.000 Total: 80.597 23.473  100.00 0.000

H

wCO,Et
>:.:\\H

PR (4)-2a

(S)-2a;%) colorless oil; [a]p?® = + 239.8.3 (¢ = 0.33, CHCl3); 'H NMR (400 MHz,
CDCl): 6 7.28-7.19 (m, 5H), 6.55 (d, J = 6.40 Hz, 1H), 5.94 (d, J = 6.40 Hz, 1H),
4.15 (q, J = 7.20 Hz, 2H), 1.21 (t, J = 7.20 Hz, 3H); *C NMR (100 MHz, CDCls): &
214.58, 165.07, 131.11, 128.81, 128.06, 127.46, 98.63, 91.91, 61.10, 14.20;
Enantiomeric excess: 76%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH =
99/01; flow rate 1.0 ml/min; 25 °C; 230 nm), first peak: tr = 9.22 min, second peak: tr
=9.63 min.

2ZW #293 zhang group] _ zw-8-114-2-0dh 301015min UV VIS 1
AU WVLZ30 nim]

ZW #294 [modified by zhang group] 2w-8-114-rac-06h-090123010 UV_VIS_1 1
AU WVL230 nm

2-9.633

E 1-9.473 1,200

1,0004

o] H> WCOLEt
H

8t , T : : T || 2 o
570 7.00 800 900 1000 100 1251 7.46 8.00 850 200 950 1000 1050 1100 1155
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU___mAU’min % min mAU _ mAU*min %
1 917  na. 425332 83754 4957 na  BM* 1 923 na. 203829 36793 1182 na.  BMB*
2 962 n.a. 403358 85212 5043 na. MB* 2 9.63 n.a. 1243.632  274.504  88.18 na. _ BMB*
Total: 828690 168.966 100.00 0.000 Total: 1447.461 311.298 100.00 0.000

H

WCO,Et
Me—k’ig H

(+)-29
(S)-2g; colorless oil; [a]p?® =+ 306.3 (¢ = 1.0, CHCl3); '"H NMR (500 MHz, CDCls):

8 5.63-5.66 (m, 2H), 4.23-4.17 (m, 2H), 2.16-2.11 (m, 2H), 1.49-1.44 (m, 2H),
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1.37-1.27 (m, 2H), 0.89 (t, J = 7.00 Hz, 3H); *C NMR (125 MHz, CDCl5): § 212.26,
166.27, 95.34, 88.17, 60.66, 31.86, 29.56, 29.54, 29.32, 29.28, 28.89, 28.68, 27.46,
22.64, 14.20, 14.06; °F NMR (376 MHz, CDCls3) & = -67.50 ppm; Enantiomeric
excess: 83%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH = 99/01; flow
rate 0.5 ml/min; 25 °C; 210 nm), first peak: tr = 9.68 min, second peak: tr = 10.23

min.

ZW #284 [modified by zhang group] 2w-8-105-1-00h-990123005 UV VIS 1 247-2WW #2687 [modified by zhang group]  zw-8-105-2-1 dh-330121005 UV VIS 1
AU WVL230 AU

86 TWL210 nm)

1-9.687

mi min)
-10. T T T T T T > B T T T T T T
8.03 850 9.00 9.50 10.00 10.50 11.00 11.55 8.04 8.50 9.00 9.50 10.00 10.50 11.00 11.36
No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type No. | Ret.Time Peak Name Height Area  Rel.Area Amount Type
min mAU___ mAU*min % min mAU__ mAU*min 9
1 9.63 na. 74159 16.028  49.83 na. BM* 1 9.69 n.a. 221.937 46572  91.69 na. BMB*
2 10.15 n.a. 70.152 16135  50.17 na. MB* 2 10.23 n.a. 20.885 4.221 8.31 n.a. BMB*
Total: 144.311 32.163 100.00 0.000 Total: 242.822  50.793 100.00 0.000
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10. 'H, BC, 3P and *F NMR Spectra
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