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1. General information

All reactions were accomplished in Schlenk tube and round flask. Column chromatograph was
performed over silica gel (200-300 mesh). 'H NMR spectra were recorded on a Bruker AM400
spectrometer, chemical shifts (in ppm) were referred to CDCl; (6 = 7.26 ppm). '*C NMR spectrum
were obtained by using the same NMR spectrometer and were calibrated with CDCI3 (6 = 77.0 ppm).
The following abbreviations have been used to illuminate the diversities: = chemical shifts, J =
coupling constant, s = singlet, d= doublet, t = triplet, ¢ = quartet, m = multiplet. HRMS were
recorded on a Bruker microTOF spectrometer (ESI). Ee values were determined by Agilent high-
performance liquid chromatograph (HPLC). All anhydrous solvents were dried by the standard
treated method. Vinylethylene carbonates' and aldimine ester” were synthesized according to known
references. All materials were obtained by commercial suppliers, unless otherwise notice, and most
stating materials were purchased from Adamas, Bide and Energy Chemical. PE = petroleum ether,
DCM = dichloromethane, MeOH = methanol, EA = ethyl acetate.

2. Procedure for the synthesis chiral a-quaternary (Z)-trisubstituted

allylic amino acids

The preparation of Cu catalyst: Cu(CH3CN)4PF¢ (5 mol%), L1 (6 mol%) were stirred
in DCE (0.5 mL) in a Schlenk flask under nitrogen atmosphere at room temperature for
30 min.

Method A: To a Schlenk tube with prepared Cu catalyst were added Cs>COs3 (32.6 mg,
0.1 mmol), aldimine Schiff base (0.1 mmol, 1.0 equiv), vinylethylene carbonates (24.7
mmol, 1.3 equiv), Pd catalyst (4 mol%) and DCE (0.5 mL) under nitrogen atmosphere.
The reaction mixture was stirred at 40 °C for 4 h. To the reaction mixture was added
dry MeOH (1 mL) and NaBH3CN (31.4mg, 5.0 equiv) at 0 °C and the mixture was
stirred for 2 h. Then the crude products were purified by SiO2 column chromatography
(PE/EA = 3:1) to give the desired products. The ee value was determined by HPLC
using a Daicel chiral column. The analytical data of the products were summarized
below.
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3. Results and discussion
3.1 Optimization of reaction conditions

Table S1. Screening of reaction conditions. °

Pd(PPh3)s (X mol%)
Ph

ﬁ\ 1) Cu (X mol%), L (X mol%) Ph >
base (1.0 equiv.), solvent (1 mL CO,Me
+ 0" Mo ( quiv.) ( ) _):\_(COZMG . mMe

:N:::o,Me \—#/ reductant (X equiv.), MeOH (1 mL) HO H';TgHzAr 0\2;’:‘8"
Ar = 4-F-Ph, 1b 3aa - 3da M+Na
2: - j-glmjplfm HRMS: 402.1850
oA S cle SO S
=N =N gN gN =N JN
S PPh: > ~een; PP, F,e PPh, ¥ een; ¥ Py
< <> PP N=~4 <= <=
L1 L2 L3 L5 L6
Entry [Cu] L base solvent  vyield (%)" ee (%)  Z/E?
1 Cu(CH3CN)4BF4 L1 Cs2CO3 DCE 66 92 >20:1
2 Cu(CH;CN),PFq L1 Cs:CO;  DCE 62 94 >20:1
3 Cul L1 Cs2CO3 DCE trace - -
4 CuCl L1 Cs2CO3 DCE trace - -
5 Cu(CH3CN)4PFs L2 Cs2CO3 DCE 31 35 >20:1
6 Cu(CH3CN)4PFs L3 Cs2CO3 DCE 48 73 >20:1
7 Cu(CH3CN)4PFs L4 Cs2CO3 DCE 51 85 >20:1
8 Cu(CH3CN)4PFs L5 Cs2CO3 DCE 52 83 >20:1
9 Cu(CH3CN)4PFs L6 Cs2COs DCE 50 29 >20:1
10 Cu(CH3CN)4PFs L1 Na,CO3 DCE 50 91 >20:1
11 Cu(CH3CN)4PFs L1 DIPEA DCE 46 93 >20:1
12 Cu(CH3CN)4PFg L1 Cs2CO3 toluene 27 82 >20:1
13 Cu(CH3CN)4PFs L1 Cs2COs DCM 55 88 >20:1
14 Cu(CH3CN)4PFs L1 Cs2COs THF 41 89 >20:1
15¢ Cu(CH3CN)4PFs L1 Cs2COs DCE 16 90 >20:1
16/ Cu(CHsCN)4PF; L1  CsCO;  DCE ND ; ;
178 Cu(CH3CN)4PFs L1 Cs2COs DCE 70 91 >20:1
18" Cu(CH3CN)4PFs L1 Cs2COs DCE 75 91 >20:1
19/ Cu(CH3CN)4PFs L1 Cs2COs DCE 86 92 >20:1
20 Cu(CH3CN)4PFs L1 Cs2COs DCE 62 87 >20:1
21% Cu(CH3CN)4PFs L1 Cs,COs DCE 65 91 >20:1
22! Cu(CH3CN)4PFg L1 Cs2CO3 DCE 85 91 >20:1

4 Reaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), Pd(PPhs)s (5 mol%), Cu (10 mol%), L (12 mol%),
base (1.5 equiv.), solvent (1 mL), NaBH, (5 equiv.), MeOH (1 mL), Ny, 9 h, r.t. > ¢ Determined by 1H
NMR using CHBr; as internal standard. ¢ Determined by HPLC using chiral column. ¢ LiAlH4 (4 equiv.).
7 NaBH(OAc); (4 equiv.). ¢ NaBH;CN (4 equiv.). # 40 °C. " 1b (0.1 mmol)./ 1¢ (0.1 mmol).  1d (0.1
mmol). / 1b (0.1mmol), 2a (0.13 mmol), Pd(PPh3)4 (4 mol%), Cu(CH3;CN)4PFs (5 mol%), L1 (6 mol%),
Cs2COs (1 equiv.), DCE (1 mL), NaBH3CN (5 equiv.), MeOH (1.0 mL), N, 6 h, 40 °C.
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3.2 Stereocontrol experiments

Scheme S1. Stereocontrol experiments
(o] Ph
CO,iPr o’l( standard conditions — CO,iPr
~ + o} HO nMe
AN Me then NaBHCN, 2 h HN
Ph \ A\
Ar = 4-F-Ph Ar
(rac)-19 2a 3ga, 73% yield, 91% ee
O (R, R)-L1 Ph
CO,iPr QJ( standard conditions = CO,iPr
~ + o} HO Me
Ar” SN Me then NaBH,CN, 2 h N
Ph \
NS Ar
(rac)-1g 2a (R)-39a, 52% yield, 93% ee
(0] Ph
CO,iPr 0’1( standard conditions, 10 min = CO,iPr CO.iP
AN e © " hen NaBHICN, 2 h HO oMo £
Ar N Me Ph en NabH3zCN, HN—\ Ar/\N/\Me
A Ar H
(S)-1g 2a 3ga, 11% yield, 46% ee (S)-1g', 54% recovered
19% ee
(0] Ph
CO,iPr 0/1( standard conditions, 10 min _)=\_C(C02ip" CO,iPr
A * O then NaBH,CN, 2 h HO "Me A SN e
Ar N Me HN
Ph M\ H
> Ar
(R)-19 2a 3ga, 87% vyield, 95% ee trace
3.3 Reaction mechanism

Scheme S2. A plausible mechanism
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3.4. Characterization of trisubstituted allylic amino acids

3ba (30.7mg, 86% yield, PE/EA=3:1, 92% ee, Z/E >20:1) was

i — come synthesized in method A afforded 86% isolated yield as a colorless oil.

HO)_\—<"Me [a]2=+4 (c=0.60, CHCls). *H NMR (400 MHz, CDCls) 5 7.35 (d, J =

HN 7.3 Hz, 2H), 7.22 (ddd, J = 10.0, 8.0, 4.9 Hz, 5H), 7.02 — 6.84 (m, 2H),

b 5.72 (dd, J = 9.4, 7.4 Hz, 1H), 4.34 (dd, J = 52.1, 12.3 Hz, 2H), 3.70 (s,

3ba e | 3H),3.55 (dd, J = 36.3, 11.7 Hz, 2H), 2.59 (ddd, J = 21.2, 13.9, 8.4 Hz,

2H), 2.33 (bs, 2H), 1.39 (s, 3H). °C NMR (100 MHz, CDCl:) § 176.5,

162.1 (d, J = 245.0 Hz), 144.6, 141.6, 134.9 (d, J = 3.1 Hz), 130.0 (d, J = 8.1 Hz), 128.4, 127.3, 126.2,

124.8,115.4 (d, J = 21.4 Hz), 61.9, 59.9, 52.4, 48.2, 39.4, 21.7. HRMS (ESI) m/z: [M + H]* Calcd for

C21H24FNO3 358.1813; found: 358.1839. HPLC conditions: OZ-H column, 254 nm, 30 °C, flow
rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tz = 8.65 min (major), 9.87 min (minor).

VWD 1A Wavelength=254 nn

150
1404
1304
120
110+ 3
1004 =
90
=2 804
T 704
BiH
50+
an
aH
2@-
101
005 1 15 2 25 3 25 4 45 & 55 6 65 7 75 & 85 8 05 10 105 11 115 12 125 13 135 14 145 15 155 16
Tirme [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
9.149 MM m 0.28 1600.59 86.83 49.06
10.435 MM m 0.33 1661.70 76.13 50.04
Sum 3262.29
D1A) 254
8
550
500 %
450+ -
400
350
gao@-
2504
200
150+
100 2
mﬂ o
L~ X
0 05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 & 85 © 05 10 105 11 115 12 125 13 135 14 145 15 155 16
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
B.646 MM m 0.27 B927.70 392.06 95 86
0.667 MM m 0.33 299.06 13.76 4.14
Sum 7226.75
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Me 3bb (32.1 mg, 87% yield, PE/EA=3:1, 90% ee, Z/E >20:1) was
synthesized in method A afforded 87% isolated yield as a colorless
oil. [a]5 =+16 (c=0.64, CHCI3). *H NMR (400 MHz, CDCl3) 6 7.27

vot .ﬁﬁi""e —7.17 (m, 4H), 7.05 (d, J = 7.9 Hz, 2H), 6.97 — 6.86 (m, 2H), 5.68 (dd,
HN J=9.4, 7.4 Hz, 1H), 4.32 (dd, J = 57.3, 12.3 Hz, 2H), 3.70 (s, 3H),

3.55 (dd, J = 41.4, 11.7 Hz, 2H), 2.81 (bs, 1H), 2.58 (ddd, J = 21.1,

- g 13.9, 8.5 Hz, 3H), 2.26 (s, 3H), 1.39 (s, 3H). 3C NMR (100 MHz,

CDCl3) 0176.4,162.1 (d, J =245.4 Hz), 144.5, 138.7, 137.1, 134.7 (d,
J =2.7 Hz), 130.1 (d, J = 8.0 Hz), 129.1, 126.0, 123.9, 115.4 (d, J = 21.2 Hz), 61.9, 59.8, 52.4, 48.2,
39.4, 21.6, 21.0. HRMS (ESI) m/z: [M + H]* Calcd for Cz2H26FNO3 372.1969; found: 372.19809.
HPLC conditions: OZ-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min;
tr = 7.99 min (major), 9.19 min (minor).

VWD1A Wavelangth=254 nim

100
90H
804
Tir
&+

# 504
4
30
20+
iy

O 05 1 15 % 25 3 35 4 45 5 55 & 65 7 75 & 85 § 05 10 105 11 115 12 125 13 135 14 145 15
Tirne [min)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
7.836 MM m 0.25 22572.19 1361.14 50.48
8995 MMm 0.30 22139.83 1146.12 49.52
Sum 44712.02
DADA A Sig=254 4 Ref=off
800
700
G001
_, 500+
E 400
3004
200
100
o 1 2 3 4 £ & 7 & b 1o 11 12 13 1 15 18 17 1z 13 20 21 22 25 24
Time [min]
Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
7.986 MM m 0.24 714227 448 69 94.78
9186 MM m 0.26 393.15 24.25 5.22

Sum 753543
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3bc (25.3 mg, 61% yield, PE/EA=3:1, 84% ee, Z/E >20:1) was

Bu
synthesized in method A afforded 61% isolated yield as a colorless
oil. [a]5 =+12 (c=0.51, CHCI3). *H NMR (400 MHz, CDCl3) § 7.32
vot C“C;zMe —7.25(m, 4H), 7.23-7.17 (m, 2H), 6.97 — 6.85 (m, 2H), 5.78 — 5.60
mMe

HN (m, 1H), 4.33 (dd, J = 56.9, 12.3 Hz, 2H), 3.70 (s, 3H), 3.54 (dd, J =
_Q 40.3, 11.6 Hz, 2H), 2.81 (bs, 1H), 2.58 (ddd, J = 21.0, 13.8, 8.7 Hz,
2H), 1.39 (s, 3H), 1.24 (s, 9H). 3C NMR (100 MHz, CDCls) 6 176.4,
162.1 (d, J = 245.3 Hz), 150.3, 144.4, 138.6, 134.8 (d, J = 3.1 Hz),
130.1 (d, J =8.1 Hz), 125.8, 125.3, 124.0, 115.4 (d, J = 21.4 Hz), 61.9, 59.8, 52.4, 48.2, 39.5, 34.4,
31.3,21.6. HRMS (ESI) m/z: [M + H]* Calcd for C2sH32FNO3 414.2439; found: 414.2465. HPLC
conditions: AD-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 95:5, 25min; tr =10.49
min (major), 11.23 min (minor).

DAD1A Sig=254,4 Ref=off

so0]
450
4001
350
300+ g g
=1 =] =
= 250
2001
1501
1001
50
0

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 7.5 & B5 9 985 10 105 11 115 12 125 13 135 14 145 15
Time [min]

Signal: DAD1A, Sig=254.4 Ref=off
RT[min]  Type  Width [min] Area Height Area% Name
10560 MM m 0.28 4243.93 235.26 49.05
11201  MMm 0.30 4408.48 226 54 50.95
Sum 8652.42

DAD1A Sig=254 4 Ref=off

1600
1400+
12004
1000+
=]
E 800+
GO0
400+

200+

0 05 1 15 2 25 3 a5 4 45 5 55 & 65 7 75 8 B85 8 65 10 105 11 115 12 125 13 135 14
Time [min]

Signal: DAD1A Sig=2544 Ref=off
RT [min] Type Width [min] Area Height Area% Name
10.487 MM m 0.28 13303.32 74017 91.76
11.226 MMm 0.30 1194.31 61.84 8.24
Sum 14497 .62
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MeO
— CO,Me
HO "Me
HN—:
3bd E

115.4 (d, J = 21.4 Hz), 113.7,

3bd (25.0 mg, 65% yield, PE/EA=3:1, 87% ee, Z/[E >20:1) was
synthesized in method A afforded 65% isolated yield as a colorless
oil. [a]5 =21+ (c=0.50, CHCl3). 'H NMR (400 MHz, CDCls) § 7.33
—7.26 (m, 2H), 7.24 —7.18 (m, 2H), 6.96 — 6.86 (m, 2H), 6.83 - 6.71
(m, 2H), 5.63 (dd, J = 9.5, 7.3 Hz, 1H), 4.31 (dd, J = 55.3, 12.3 Hz,
2H), 3.72 (s, 3H), 3.70 (s, 3H), 3.54 (dd, J = 39.9, 11.6 Hz, 2H), 2.86
(bs, 1H), 2.56 (ddd, J = 21.2, 13.9, 8.4 Hz, 2H), 1.39 (s, 3H). 13C
NMR (100 MHz, CDCls) ¢ 176.5, 162.1 (d, J = 245.5 Hz), 159.0,
144.0,134.8 (d, J=3.2Hz), 134.1,130.1 (d, J=8.1 Hz), 127.3, 123.1,
61.9, 59.8, 55.3, 52.4, 48.2, 39.4, 21.5. HRMS (ESI) m/z: [M + H]*

Calcd for C22H26FNO4 388.1919; found: 388.1943. HPLC conditions: OZ-H column, 254 nm,

30 °C, flow rate: 1.3 mL/min,

Hex:IPA = 92:8, 25min; tg =13.20 min (major), 14.96 min (minor).

DAD1A Sig=254 4 Raf=off
a0
70
80
]
H 4 .
3
204
10+
o T T T T T T T T T T T T T T T
] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time [min]
Signal: DAD1A,Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area’s Name
13159 MMm 0.41 1084.54 40.50 4972
14.884 MMm 0.46 1096.72 36.20 50.28
Sum 2181.26
DAD1A Sig=254 4 Ref=of
2804
260
240+
220
200
1801 2
= 1607 o
140+ :
gwcv
100
80
60 B
Al _-
pod g
] 1 2 3 4 5 [ 7 8 ] 10 1 12 13 14 15 18 17 18 18
Tirme [min]
Signal: DAD1A,Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area’% Name
13.200 MMm 0.41 3534.48 131.03 93.67
14957 MMm 0.48 238.85 7.83 6.33
Sum 377334
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3be (26.9 mg, 67% yield, PE/EA=3:1, 92% ee, Z/E >20:1) was
synthesized in method A afforded 67% isolated yield as a colorless
oil. [a]5 =+17 (c=0.42, CHCI3). *H NMR (400 MHz, CDCl3) 6 7.33
__ CO,Me —7.25 (m, 2H), 7.24 — 7.16 (m, 2H), 7.16 — 7.08 (m, 2H), 6.98 —

HO ("Me 6.78 (m, 2H), 5.69 (dd, J = 9.5, 7.3 Hz, 1H), 4.30 (dd, J =57.1, 12.3

HN
Hz, 2H), 3.71 (s, 3H), 3.54 (dd, J = 40.5, 11.6 Hz, 2H), 2.93 (s, 1H),
2.57 (ddd, J = 21.2, 13.9, 8.5 Hz, 2H), 2.40 (s, 3H), 1.39 (s, 3H).3C
3be F | NMR (100 MHz, CDCls) 6 176.4, 162.1 (d, J = 245.3 Hz), 144.1,

126.5,
+ H]*

138.4, 137.5, 134.7 (d, J = 2.9 Hz), 130.1 (d, J = 8.1 Hz), 126.5,
124.2,115.4 (d, J = 21.3 Hz), 61.9, 59.6, 52.4, 48.2, 39.4, 21.5, 15.8. HRMS (ESI) m/z; [M
Calcd for C2oH26FNO3S 404.1690; found:404.1715. HPLC conditions: OZ-H column, 254

nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA =92:8, 25min; tr =12.40 min (major), 13.82 min (minor).

DAD1A Sig=254.4 Ref=off

mA Ll
=
g

Signal:

1 2 3 4 5 6 T 8 g 1 11 12 13 14 15 16 17 18 18 20
Timme [min]

DAD1A,Sig=2544 Ref=off

RT [min] Type Width [min] Area Height Area’ Name
12341 MMm 0.39 979.47 39.00 49.77
13775 MMm 043 988.45 35.30 50.23

Sum 1967.93

DAD1A Sig=254,4 Ref=off

mAL

-3 238388388

Signal:

Tt 2 3 4 5 & 7 & 2 10 N
Time [min)

DAD1A Sig=254.4 Ref=off

RT[min] Type  Width [min] Area Height Area% Name

12
13

400 MMm 0.39 1646.70 64.47 95.88
B17 MM m 0.39 70.70 273 412

Sum 1717.40
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3bf (31.6 mg, 72% vyield, PE/EA=3:1, 90% ee, Z/E >20:1) was

Ph

synthesized in method A afforded 72% isolated yield as white solid.

[a]p =+9 (c=0.40, CHCI3). *H NMR (400 MHz, CDCl3) ¢ 7.82 (d, J

vort Cﬁz""e = 7.8 Hz, 1H), 7.61 — 7.49 (m, 7H), 7.44 (t, J = 7.5 Hz, 2H), 7.37 —
ivie

HN 7.28 (m, 3H), 7.02 (t, J = 8.5 Hz, 2H), 5.87 (dd, J = 9.2, 7.5 Hz, 1H),
b 4.45 (dd, J =55.9, 12.2 Hz, 2H), 3.80 (s, 3H), 3.64 (dd, J=41.5,11.5
Hz, 2H), 3.15 (bs, 1H), 2.70 (ddd, J = 21.1, 13.9, 8.5 Hz, 2H), 1.50 (s,
3H). BC NMR (100 MHz, CDCls) 6 176.4, 162.1 (d, J = 245.3 Hz),
144.3, 140.6, 140.5, 140.2, 137.5, 134.6 (d, J = 1.9 Hz), 132.4, 130.1 (d, J = 8.1 Hz), 130.0, 128.7,
128.2,127.3, 127.1, 127.0, 126.5, 124.7, 115.5 (d, J = 21.4 Hz), 62.0, 59.7, 52.4, 48.3, 39.4, 21.5.
HRMS (ESI) m/z: [M + H]* Calcd for C27H28FNO3 434.2126; found: 434.2153. HPLC conditions:
AD-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tg = 15.88 min
(major), 17.03 min (minor).

3bf F

DAD1A Sig=254 4 Ral=all

T T T T T T T T T T T T T T T T T T T T T T T T
] 1 2 3 4 5 ] T a8 ] m 1 12 13 14 15 18 17 18 19 20 21 22 23 24
Tirme [min]

Signal: DAD1A,Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area’% Mame
15.700 MM m 0.42 452.51 16.75 49.04
16.832 MM m 0.45 470.25 16.42 50.96
Sum 922.75

DADIA Sig=2544 Ref=off

300
280
260
2404
220
2001
1804
=2 160+
1404

6 1 2 3 4 & & 7 & 9 10 11 12 13 14 19 20 21 22 23 24

Time [min]

Signal: DAD1A, Sig=254 .4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
15878 MMm 0.42 3787.94 138.80 94.77
17.027  MMm 0.41 208.84 8.03 523
Sum 3996.78
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— CO,Me
HO ("Me
HN

3bg F

3bg (24.9 mg, 66% yield, PE/EA=3:1, 92% ee, Z/E >20:1) was
synthesized in method A afforded 66% isolated yield as a
colorless oil. [a]y =+20 (c=0.50, CHCl3). *H NMR (400 MHz,
CDCls) 0 7.43 -7.34 (m, 2H), 7.33 - 7.26 (m, 2H), 7.07 — 6.93
(m, 4H), 5.72 (dd, J=9.5, 7.3 Hz, 1H), 4.37 (dd, J = 62.0, 12.3
Hz, 2H), 3.79 (s, 3H), 3.63 (dd, J =42.7, 11.3 Hz, 2H), 3.07 (bs,
1H), 2.65 (ddd, J = 21.2, 13.9, 8.5 Hz, 2H), 1.48 (s, 3H). *C
NMR (100 MHz, CDCls) § 176.3, 163.4 (d, J = 6.5 Hz), 161.0 (d,
J = 5.7 Hz), 143.9, 137.7 (d, J = 3.0 Hz), 134.5 (d, J = 2.5 Hz),
130.2 (d, J = 8.1 Hz), 127.8 (d, J = 7.9 Hz), 124.5, 1155 (d, J =

21.4 Hz), 115.2 (d, J = 21.4 Hz), 62.0, 59.8, 52.5, 48.3, 39.2, 21.4. HRMS (ESI) m/z: [M + H]* Calcd
for Ca1H23F2NO3 376.1719; found: 376.1739. HPLC conditions: OZ-H column, 254 nm, 30 °C,
flow rate: 1.3 mL/min, Hex:IPA = 95:5, 25min; tzr = 9.18 min (major), 10.55 min (minor).

VIWDA ngth=2 1
100
904
80+
704
60
# 50
404
307
204
10 n
% o5 1 15 3 25 3 35 4 45 5 55 6 65 7 75 & 85 5 95 10 105 11 115 12 135 15 135 14 145 15
Tirne [min]
Signal: VWD 1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
9.248 MMm 0.27 137.79 773 49.71
10.631 MM m 0.32 139.41 6.77 50.29
Sum 277.20
D14,V 254
100
804
a0
70
604
# 50
404
30+
20 i
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 B5 9 85 10 105 11 115 12 125 13 135 14 145 15
Time [min]
Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area%: Name
9.182  MMm 0.27 43497 24.47 96.08
10.551 MM m 0.29 17.73 0.96 3.92
Sum 452.70
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cl 3bh (25.7 mg, 66% yield, PE/EA=3:1, 87% ee, Z/E >20:1) was

synthesized in method A afforded 66% isolated yield as a colorless

oil. [a]5 =+10 (c=0.51, CHCl3). *H NMR (400 MHz, CDCl3) ¢ 7.32

votl\_qopiMe —7.25 (m, 2H), 7.24 — 7.16 (m, 4H), 6.99 — 6.87 (M, 2H), 5.70 (dd, J

HN =9.4,7.4Hz, 1H),4.28 (dd, J=54.5, 12.3 Hz, 2H), 3.71 (s, 3H), 3.53

_@ (dd, J = 38.1, 11.5 Hz, 2H), 2.80 (bs, 1H), 2.56 (ddd, J = 21.2, 13.9,

3bh . 8.5 Hz, 2H), 1.39 (s, 3H). **C NMR (100 MHz, CDCls) § 176.4, 162.1

(d, 3 =245.6 Hz), 143.6, 140.1, 134.7 (d, J = 3.2 Hz), 133.1, 130.1 (d,

J=8.1Hz), 128.4, 127.4, 125.3, 115.45 (d, J = 21.3 Hz), 61.9, 59.6, 52.4, 48.2, 39.2, 21.5. HRMS

(ESI) m/z: [M + H]* Calcd for C21H23CIFNO3 392.1423; found: 392.1448. HPLC conditions: OD-

H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tgr =7.24 min (major),
7.81 min (minor).

DAD1A Sig=254,4 Ref=off

1404
1304
120
1104
100 n
90+
= B
2 704
B0
50-
40
30
2
104
c T T T T T T T T T T T T T T T T T T T T T T T T T
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 B B85 O 95 10 105 11 115 12 125
Time [min]
Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area’ Name
7TE65 MMm 0.22 1027 .87 7407 50.86
B287T MMm 0.23 99298 66.33 49.14
Sum 2020.85
DAD1A Sig=254,4 Ref=off
375
350+
325
300+
2754 2
250
2254
=2 200
£ 175
1504
1254
100
75
S0H
254
G T T T T T T T T T T T T T T T T T T T T T T T T
6 05 1 15 2 25 3 35 4 45 5 55 § 65 T 75 8 B85 9 95 10 105 11 115 12
Time [min)
Signal: DAD1A, Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area¥t MName
7.236 MMm 019 207.43 16.87 617
7809 MMm 022 3152.88 219.97 93.83
Sum 3360.31
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Br,
— CO,Me
HO iMe
HN—:
3bi E

3bi (25.3 mg, 58% vyield, PE/EA=3:1, 87% ee, Z/E >20:1) was
synthesized in method A afforded 58% isolated yield as a colorless
oil. [a]5 =+6 (c=0.51, CHCls3). *H NMR (400 MHz, CDCl3) § 7.45 —
7.40 (m, 2H), 7.34 - 7.23 (m, 4H), 7.06 — 6.93 (m, 2H), 5.77 (dd, J =
9.6, 7.3 Hz, 1H), 4.36 (dd, J = 62.4, 12.3 Hz, 2H), 3.79 (s, 3H), 3.63
(dd, J = 43.0, 11.5 Hz, 2H), 2.65 (ddd, J = 21.2, 13.9, 8.6 Hz, 2H),
2.12 (bs, 1H), 1.48 (s, 3H). *C NMR (100 MHz, CDCls) § 176.2,
162.2 (d, J = 245.6 Hz), 143.9, 140.6, 134.3 (d, J = 5.2 Hz), 131.4,

130.2 (d, J =8.0 Hz), 127.8, 125.2, 121.3, 115.5 (d, J = 21.3 Hz), 62.0, 59.5, 52.5, 48.3, 39.2, 21 4.
HRMS (ESI) m/z: [M + H]* Calcd for Co1H23BrFNO3 436.0918; found: 436.0944. HPLC conditions:

0OZ-H column, 254 nm, 30 °C,
9.08 min (minor).

VWD 1A, Wavelength=254 nim
100k

flow rate: 1.3 mL/min, Hex:IPA =92:8, 25min; tg =8.17 min (major),

0 05 1 15 2 25 3 35 4

45 5 55 & 65 7 75 B A5 9 05 10 105 11 115 42 125 13 135 14 145 15

Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
7.756 MM m 0.25 123214 76.10 49.54
8.590 MM m 027 125512 60.89 50.46
Sum 2487 .26
LZALZ'AS; 254 4 Ref=off
325
00
275
250
225
_ 200
175
5150‘
1254
100
754
50
254
"D 05 1§ 15 5 25 3 35 4 45 L 55 & 65 7 75 2 85 § 05 10 105 11 115 12 125 12 135 14 145 1%
Time [min]
Signal: DAD1A,Sig=254 4 Ref=off
RT[min]  Type  Width [min] Area Height Area% Name
8173 MM m 0.25 3271.08 198.84 93.58
9.079 MM m 0.28 224.33 12.33 6.42
Sum 3495.41
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FiC 3bj (29.9 mg, 70% yield, PE/EA=3:1, 86% ee, Z/E >20:1) was

synthesized in method A afforded 70% isolated yield as a colorless

oil. [a]p =+17 (c=0.30, CHCI3). tH NMR (400 MHz, CDCls) 6 7.58

votl iy —7.50 (m, 4H), 7.32 — 7.26 (m, 2H), 7.05 — 6.97 (m, 2H), 5.86 (dd, J

HN =94, 7.4 Hz, 1H), 4.39 (dd, J = 58.0, 12.3 Hz, 2H), 3.79 (s, 3H),

_%;} 3.62 (dd, J = 40.7, 11.5 Hz, 2H), 2.75 (bs, 1H), 2.68 (ddd, J = 21.2,

13.9, 8.5 Hz, 2H), 1.48 (s, 3H). 3C NMR (100 MHz, CDCls) 6 176.2,

162.2 (d,J=245.7 Hz), 145.2, 143.9, 134.4 (d, /= 3.0 Hz), 130.2 (d,

J=8.1Hz), 129.3 (q,J=32.5 Hz), 126.8, 126.4, 1253 (q, J = 7.4, 3.7 Hz), 124.2 (q, /= 270.3 Hz),

115.5 (d, J = 21.3 Hz), 62.0, 59.5, 52.5, 48.3, 39.2, 21.5. HRMS (ESI) m/z: [M + H]" Calcd for

C2H23F4sNO3 426.1687; found: 426.1713. HPLC conditions: AD-H column, 254 nm, 30 °C, flow
rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; ¢z = 8.42 min (major), 9.26 min (minor).

DAD1A Sig=254,4 Ref=off
130
1207
1109
1004
a0
&0 2 .
= o ‘1
£ 60
50
40
30
20
104
uCI 1]?5 ‘1 115 é 2.‘5 '.!i 31.5 ‘; 4?5 é 5?5 ‘6 6.’5 + 7.‘5 é E‘.S é 9?5 11CI 1[;.5 1‘1 1‘II.5 ‘II2 12‘.5
Time [min]
Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area%h Name
8385 MMm 0.21 802.56 59.25 49.32
9.234 MM m 0.23 824.79 54.95 50.68
Sum 1627.34
DAD1A, Sig=254,4 Ref=off
1304
120
11
100
a0 .
1 g
=2 TiH &
£ o
50
a0
3 -
=
1H
. -8
05 41 15 2 25 3 35 4 45 5 55 & @5 7 7S5 B 85 O 95 10 105 11 115 12 125
Tirme [rmin]
Signal: DAD1A,Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area¥ Name
8415 MMm 0.21 853.45 62.93 93.05
9257 MMm 0.23 63.78 423 6.05
Sum 917.23

S14



NC
— CO,Me
HO "Me
HN—:
3bk S

2.9 Hz),132.2,130.1(d, J=8.

3bk (16.7 mg, 44% vyield, PE/EA=3:1, 90% ee, Z/E >20:1) was
synthesized in method A afforded 44% isolated yield as a colorless
oil. [a]5 =+11 (c=0.29, CHCI3). *H NMR (400 MHz, CDCl3) 6 7.55
—7.50 (m, 2H), 7.48 — 7.43 (m, 2H), 7.23 — 7.16 (m, 2H), 7.00 — 6.89
(m, 2H), 5.83 (dd, J=9.1, 7.8 Hz, 1H), 4.29 (dd, J =51.7, 12.3 Hz,
2H), 3.73 (s, 3H), 3.55 (dd, J = 37.5, 11.5 Hz, 2H), 2.87 (s, 1H), 2.60
(ddd, J=21.3, 13.9, 8.5 Hz, 2H), 1.41 (s, 3H).*C NMR (100 MHz,
CDCl3) 6 176.2, 162.1 (d, J = 245.8 Hz), 146.2, 143.5,134.3 (d, J =
1Hz),127.8,126.7,118.9,115.6, 115.4,110.7, 61.9, 59.2, 52.6, 48.3,

39.1, 21.4. HRMS (ESI) m/z: [M + H]* Calcd for C22H23FN203 383.1765; found: 383.1801. HPLC
conditions: OZ-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 40 min; tr =28.08
min (major), 31.53 min (minor).

VWD1A, Wavelength=254 nm

100
g
i
Tir
60+

# 5
Llig
30
20H
iy

Signal: VWD1A,Wavelength=254
RT [min] Type Width [min]
25458 MM m 0.88
28.421 MM m 0.47
Sum

DAD1A Sig=254 4 Ref=off

1 2 3 4 5 6 7 8 9 10111213 14151617 18 19 20 2122 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 29 40

Time [rmin]
nm
Area Height Area% Name
1470.99 25.78 49.28
1514.00 23.61 50.72
2984.99

220+
200+
1804
160
140+
= 1204

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 25 27 28 20 30 31 32 33 34 35 36 27 38 20

Time [min]
Signal: DAD1A Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area’% Name
28.078 MMm 0.92 6423.80 105.77 95.25
31528 MMm 0.83 320.53 5.05 475
Sum 674433
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3bl (25.6 mg, 69% vyield, PE/EA=3:1, 93% ee, Z/E >20:1) was

e synthesized in method A afforded 69% isolated yield as a
colorless oil. [a]? =+18 (c=0.27, CHCI3). 'H NMR (400 MHz,

o)\ LouMe CDCl3) 6 7.33 — 7.27 (m, 2H), 7.25 (s, 1H), 7.23 — 7.19 (m, 2H), 7.10
HN —7.07 (m, 1H), 7.03—6.98 (m, 2H), 5.77 (dd, J = 9.6, 7.3 Hz, 1H), 4.40

_@ (dd, J = 57.6, 12.3 Hz, 2H), 3.78 (s, 3H), 3.63 (dd, J = 41.1, 11.5 Hz,

5 g 2H), 3.13 (bs, 1H), 2.66 (ddd, J = 21.1, 13.9, 8.5 Hz, 2H), 2.35 (s, 3H),

1.45 (s, 3H). 3C NMR (100 MHz, CDCls) 6 176.4, 162.1 (d, J = 245.5
Hz), 144.9, 141.6, 138.0, 134.7 (d, J = 2.5 Hz), 130.1 (d, J = 8.1 Hz), 128.3, 128.1, 126.9, 124.5,
123.2,115.4 (d, J =21.4 Hz), 61.9, 59.9, 52.4, 48.2, 39.4, 21.6, 21.4. HRMS (ESI) m/z: [M + H]*
Calcd for C22H26FNO3 372.1969; found:372.1991. HPLC conditions: OZ-H column, 254 nm, 30 °C,
flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tgr = 8.14 min (major), 9.28 min (minor).

240
2201
2004
1804
160
1404

2 1204

1007
80
604
407
201

8030
{

T T T T T T T T T T T T T T T T T T T T T T T T T T T
o5 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135
Time [min]

Signal: DAD1A, Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
8.030 MMm 0.25 1699.69 101.13 50.72
9170 MMm 0.28 1651.39 90.16 49.28
Sum 3351.08
DAD1A Sig=254.4 Ref=off
500
4507
400
350 .
300 e
%250—
200
150
100 =
50 g
05 1 15 2 25 3 35 4 45 5 55 6 Ef?me[?minfb 8 85 9 95 10 105 11 115 12 125 13 135
Signal: DAD1A, Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
8.144 MM m 0.26 4381.10 262.63 96.42
9.287 MMm 0.27 162.48 9.61 3.58
Sum 4543.58
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cl 3bm (30.4 mg, 78% yield, PE/EA=3:1, 85% ee, Z/E >20:1) was
synthesized in method A afforded 78% isolated yield as a colorless oil.
[a]5 =+15 (c=0.38, CHCI3). *H NMR (400 MHz, CDCl3) ¢ 7.36 — 7.31
vot .ffﬁze""e (m, 1H), 7.25 — 7.14 (m, 6H), 6.98 — 6.88 (m, 2H), 5.73 (dd, J = 9.3,
HN 7.5 Hz, 1H), 4.29 (dd, J = 54.7, 12.3 Hz, 2H), 3.72 (s, 3H), 3.55 (dd, J

_Q =39.3, 11.5 Hz, 2H), 2.81 (bs, J = 76.5 Hz, 1H), 2.58 (ddd, J = 21.2,

13.9, 8.5 Hz, 3H), 1.40 (s, 3H). *3C NMR (100 MHz, CDCls) 6 176.1,

162.2 (d, J = 245.6 Hz), 143.7, 1435, 134.35 (d, J = 3.0 Hz), 134.3,
130.2 (d, J = 8.1 Hz), 129.6, 127.3, 126.3, 125.8, 124.4, 115.5 (d, J = 21.3 Hz), 62.1, 59.5, 52.5,
48.2, 39.0, 21.5. HRMS (ESI) m/z: [M + H]* Calcd for C21H23CIFNO3 382.1423; found: 382.1447.
HPLC conditions: AD-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min;

tr = 9.50 min (minor), 10.15 min (major).

3bm F

DAD1A,Sig=254,4 Ref=off
150
1404
130
1204
1101
1004
90 5 =
5 804 3 —:
£ 70 y =
60
504
40
304
20
10
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
05 1 15 2 25 3 35 4 45 5 55 6 65 7 ¥v5 8 85 9 95 10 105 11 11.5 12 125 13 135 14 145 15
Time [min]
Signal: DAD1A, Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
9.461 MM m 0.23 1026.98 68.56 50.25
10.100 MM m 0.25 1016.68 61.73 4975
Sum 2043.66
L:AL!'AE;J 254 4 Ref=off
90
80+
704
0 S
=2 50H :.:
£
a0
Ao
20— .
10_ .'.-.
o A
0 05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 & A5 9 05 10 105 11 115 12 125 43 135 14 145 15
Time [min]
Signal: DAD1A Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
9488 MMm 0.23 59.39 4.09 7.60
10.149 MM m 025 72169 44 31 92.40
Sum 781.08
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Br 3bn (30.3 mg, 70% yield, PE/EA=3:1, 94% ee, Z/E >20:1) was

synthesized in method A afforded 70% isolated yield as a colorless oil.

_ . come [a]5 =+23 (c=0.28, CHClI3). *H NMR (400 MHz, CDCl3) 6 7.59 — 7.53

HO (iMe (m, 1H), 7.40-7.33 (m, 2H), 7.32—-7.27 (m, 2H), 7.20 — 7.15 (m, 1H),

HN 7.06 —6.97 (m, 2H), 5.79 (dd, J = 9.5, 7.4 Hz, 1H), 4.35 (dd, J = 55.8,

b 12.3 Hz, 2H), 3.79 (s, 3H), 3.62 (dd, J = 39.7, 11.6 Hz, 2H), 2.95 (bs,

3bn < | 1H), 2.65 (ddd, J = 21.2, 13.9, 8.5 Hz, 2H), 1.47 (s, 3H). °C NMR

(100 MHz, CDCls) ¢ 176.3, 162.1 (d, J = 245.6 Hz), 143.9, 143.7,

134.5(d, J=1.9 Hz), 130.2 (d, J = 6.0 Hz), 130.1, 129.9, 129.2, 126.0, 124.8, 122.5, 115.5 (d, J =

21.3 Hz), 62.0, 59.6, 52.5, 48.3, 39.2, 21.5. HRMS (ESI) m/z: [M + H]* Calcd for C21H23BrFNO3

436.0918; found: 436.0945. HPLC conditions: AD-H column, 254 nm, 30 °C, flow rate: 1.3
mL/min, Hex:IPA = 95:5, 25min; tz =15.99 min (minor), 17.09 min (major).

DAD1A Sig=254,4 Ref=off

1004
90
7 .
o 60 S 3
£ =0 =
a0
a0
2
1H
¢ 1 2 3 4 & & 7T & 9 10 11 12 13 14 15 18 17T 18 19 20 21 2 23
Time [min]
Signal: DAD1A Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
16417 MM m 0.40 1279.05 48.94 50.37
17.547 MM m 0.45 1260.11 43.26 4963
Sum 253916
DAD1VA, Sig=254,4 Ref=off
500
450
400
350
3004 8
%25& z
2004
150
1004 g
50
- b
¢ 1 2 3 4 &5 8§ T &8 9 10 1M 12 13 14 15 18 17 18 19 20 21 2 23 24
Tirme [min]
Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area’t MName
15985 MMm 0.39 198.50 813 2.89
17.087 MMm 0.45 B6TS.00 231.81 97.11
Sum 6873.49
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CF,4 3bo (22.7 mg, 53% yield, PE/EA=3:1, 91% ee, Z/[E >20:1) was

synthesized in method A afforded 53% isolated yield as a colorless oil.

[a]5 =+10 (c=0.45, CHCl3). *H NMR (400 MHz, CDCl3) 6 7.58 (s, 1H),

vo— fﬁze"'e 7.55(d, J=7.8Hz, 1H), 7.47 - 7.42 (m, 1H), 7.39 - 7.32 (m, 1H), 7.24

HN —7.18 (m, 2H), 6.99 - 6.89 (m, 2H), 5.77 (dd, J =9.4, 7.4 Hz, 1H), 4.32

b (dd, J =56.1, 12.3 Hz, 2H), 3.73 (s, 3H), 3.56 (dd, J = 40.1, 11.6 Hz,

2H), 2.89 (bs, 1H), 2.60 (ddd, J = 21.3, 13.9, 8.5 Hz, 2H), 1.41 (s, 3H).

13C NMR (100 MHz, CDCls) 6 176.3, 162.2 (d, J = 245.6 Hz), 143.8,

142.5,134.5 (d, J = 2.6 Hz), 130.7 (g, J = 64.3, 32.3 Hz), 130.1 (d, J = 8.1 Hz), 129.5, 128.8, 126.4,

124.1 (9, J = 270.8 Hz), 123.9 (g, J = 3.6 Hz), 122.9 (q, J = 3.7 HZz), 115.5 (d, J = 21.3 Hz), 62.0,

59.6, 52.5, 48.3, 39.2, 21.5. HRMS (ESI) m/z: [M + H]* Calcd for C22H23F4sNOs 426.1687; found:

426.1712. HPLC conditions: OD-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA =
92:8, 25min; tr = 5.95 min (minor), 6.64 min (major).

3bo F

VWD 1A, Wavelength=254 nn

100
90
80
7H
60+

# 50
40+
30H
20+
10

0
1]

o5 1 15 2 25 3 35 4 45 &5 &5 & 65 7 75 B 85 8 985 10
Time [min]

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name

5.947 MM m 017 300.49 279 50.54

6.630 MM m 0.19 294.12 24.21 49,46

Sum 594 61
DAV 254

100
904
80
TiH
60+

# 50
Al
3+
204
A

[}
1]

05 1 15 2 25 3 35 4 45 5 &5
Time [rmin]

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
5948 MMm 0.18 15.71 1.53 4.30
6635 MMm 0.19 349.57 28.40 95.70
Sum 365.28
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3bp (21.6 mg, 56% vyield, PE/EA=3:1, 88% ee, Z/E >20:1) was

synthesized in method A afforded 56% isolated yield as a colorless oil.

—\  CO,Me [a]5 =+16 (c=0.43, CHCIl3)."H NMR (400 MHz, CDCl3) 6 7.29 — 7.21

HO e (m, 2H), 7.20—7.13 (m, 1H), 7.0 —6.99 (m, 1H), 6.97 — 6.89 (m, 2H),

6.84 (t,J =7.4 Hz, 1H), 6.77 (d, J = 8.2 Hz, 1H), 5.50 (dd, J = 9.0, 7.1

Hz, 1H), 4.25 (dd, J = 44.8, 12.4 Hz, 2H), 3.69 (s, 3H), 3.65 (s, 3H),

3.60 (dd, 2H), 2.70 (bs, 1H), 2.63 (ddd, J=21.2,14.2, 8.1 Hz, 2H), 1.39

(s, 3H).*C NMR (100 MHz, CDCls) § 176.4, 162.0 (d, J = 244.9 Hz), 156.2, 143.2, 135.4 (d, J =

3.0Hz),131.9,130.1,129.9 (d, J = 8.0 Hz), 128.6, 127.1, 120.8, 115.2 (d, J = 21.2 Hz), 110.4, 61.8,

61.0, 55.3, 52.2, 47.9, 38.3, 21.9. HRMS (ESI) m/z: [M + H]* Calcd for CoH2sFNO, 388.1919;

found: 388.1940. HPLC conditions: AD-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA
=92:8, 25min; tgr = 13.05 min (minor), 14.46 min (major).

OMe

3bp F

DaD1A S =254 4 Ref=off
32 5+
a0
2754
254
2 54
204
21754 =
ta g
12,54 ¥
10
7.5+
5,_
2 54
G T T T T T T T T T T T T T T T T T T T T T
¢ 1 2 3 4 5 & T & 8 1w M 12 13 14 15 18 17T 18 19 20 2
Tirme [min)
Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area¥: MName
13106 MMm 0.34 341.05 15.69 50.68
14553 MMm 0.45 3o 11.21 49.32
Sum 67296
DADA, 3; 254 4 Ref=off
[
&0+
551
B
45 e
A0 -
o 35 3
£ a0
25
20
154 -
10 -
5_
o 1 2 3 4 5 & T B O 10 11 12 13 14 15 18 17 18 19 20 21 2 23 24
Tirme [min]
Signal: DAD1A.Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area’h Name
13.051 MM m 0.32 62.27 3.00 6.21
14462 MM m 0.43 940.11 3204 93.79
Sum 1002.37
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3bq F

3bg (22.8 mg, 61% vyield, PE/EA=3:1, 86% ee, Z/E >20:1) was
synthesized in method A afforded 61% isolated yield as a colorless oil.
[a]5 =+23 (c=0.46, CHCI3). 'H NMR (400 MHz, CDCl3) § 7.27 - 7.12
(m, 5H), 7.04 —6.99 (m, 1H), 6.98 —6.91 (m, 3H), 5.64 (dd, J=9.4,7.2
Hz, 1H), 4.30 (dd, J = 62.7, 12.6 Hz, 2H), 3.71 (s, 3H), 3.57 (dd, J =
36.5, 11.6 Hz, 2H), 2.74 (bs, 1H), 2.62 (ddd, J = 21.2, 14.0, 8.3 Hz, 2H),
1.41 (s, 3H). 3C NMR (100 MHz, CDCls) 6 176.2, 163.3, 159.6 (d, J =

246.0 Hz), 140.1 (d, J= 0.8 Hz), 134.8 (d, J = 2.8 Hz), 130.1 (d, J = 3.8 Hz), 130.0 (d, J = 8.1 Hz),
129.7 (d, J = 14.4 Hz), 128.9 (d, J = 8.3 Hz), 128.2 (d, J = 2.5 Hz), 124.1 (d, J = 3.4 Hz), 115.7,
115.4 (d, J = 21.2 Hz), 61.8, 60.5, 52.4, 48.1, 38.8, 21.6. HRMS (ESI) m/z: [M + H]* Calcd for
C21H23F2NO3 376.1719; found: 376.1741. HPLC conditions: AD-H column, 254 nm, 30 °C, flow
rate: 1.3 mL/min, Hex:IPA =92:8, 25min; tz = 10.99 min (minor), 12.02 min (major).

DAD1A,Sig=254.4 Ref=off

mAL
oo

11.914

5 6 7 8 9 10 11 12 13 14 15 16 17 18
Time [min)

Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
10.803 MM m 0.27 130.10 7.51 50.51
11.914 MM m 0.30 127.46 6.51 49.49
Sum 257.56
DA, ngth=254
325
a0
27.54
254
22,54
204
21757
E 154
12.54
10+
7.54
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2.5
[}— P S S N A
o 1 2‘ 3‘. fla ili } é é IIG- 1r1 1I2 1.3 1‘4 1‘5 ‘IIG 1‘? 1IE
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area%: Name
11.107 MM m 027 23.00 1.33 7.03
12.208 MM m 0.3 30413 15.40 92.97
Sum 32713
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3br (33.5 mg, 86% vyield, PE/EA=3:1, 88% ee, Z/[E >20:1) was
cl synthesized in method A afforded 86% isolated yield as a colorless oil.
[a]5 =+16 (c=0.53, CHCI3). 'H NMR (400 MHz, CDCls) 6 7.36 — 7.30
(m, 3H), 7.21 — 7.15 (m, 2H), 7.15 — 7.09 (m, 1H), 7.06 — 6.97 (m, 2H),
5.46 (dd, J = 9.7, 7.1 Hz, 1H), 4.33 (dd, J = 82.0, 13.1 Hz, 2H), 3.78 (s,
3H), 3.74 — 3.59 (m, 2H), 2.74 (ddd, J = 20.6, 13.6, 9.1 Hz, 2H), 1.51 (s,
3H).3C NMR (100 MHz, CDCls) 6 176.4, 162.1 (d, J = 245.5 Hz), 143.6,
143.5, 134.6 (d, J = 3.3 Hz), 134.2, 130.1 (d, J = 8.1 Hz), 129.6, 127,3, 126.3, 126.0, 124.3, 115.5 (d, J
= 21.3 Hz), 61.9, 59.6, 52.5, 48.3, 39.2, 21.5. HRMS (ESI) m/z: [M + H]* Calcd for Cz1H23CIFNO3
392.1423; found: 392.1447. HPLC conditions: OZ-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min,
Hex:IPA =92:8, 25min; tz = 13.31 min (minor), 15.60 min (major).

VWD A Wavelength=254 nm

3br 13
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Tirme [min]
Signal: VWD1A, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
14217 MMm 0.48 511.76 16.39 50.98
16.991 MM m 0.58 492.07 12.80 49.02
Sum 1003.83
DAD1A Sig=254 4 Ref=off
a0
354
a0
251
=2
T 2
154
10
F
o A
0 1 2 i 4 £ 6 T8 RIS
Time [min]
Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
13306 MM m 0.38 41.50 1.59 5.91
15,595 MM m 0.52 660.63 19.45 94.09
Sum 702.13
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3bs (29.4 mg, 72% yield, PE/EA=3:1, 92% ee, Z/E >20:1) was
synthesized in method A afforded 72% isolated yield as a colorless
oil. [a]5 =+9 (c=0.46, CHCI3). *H NMR (400 MHz, CDCl3) 6 7.21
— CO,Me (d, J=7.8 Hz, 2H), 7.07 — 6.81 (m, 4H), 6.74 (d, J = 7.8 Hz, 1H),
HN 5.64 (dd, J = 11.1, 4.5 Hz, 1H), 4.31 (dd, J = 56.6, 12.0 Hz, 2H),
b 3.80 (s, 6H), 3.71 (s, 3H), 3.55 (dd, J = 39.4, 11.5 Hz, 2H), 2.61
(bs, 1H), 2.70 — 2.46 (m, 2H), 1.40 (s, 3H). *C NMR (100 MHz,
CDCl3) 0 176.4,162.1 (d, J = 245.5 Hz), 148.7, 148.5, 144.4, 134.8
(d, J=2.7Hz),134.7,130.1 (d, J = 8.0 Hz), 123.4, 118.5, 115.4 (d, J = 21.3 Hz), 110.9, 109.4, 62.0,
59.9,55.9,55.8,52.4,48.2,39.4, 21.6. HRMS (ESI) m/z: [M + H]* Calcd for C23H2sFNOs 418.2024;
found: 418.2048. HPLC conditions: OD-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA
=92:8, 30min; tr = 21.79 min (minor), 24.15 min (major).

VIND1A, Wavelength=254 nm

100
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001 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 289 30 31 32 33 34
Time [min)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
21830 MMm 0.88 888.70 15.70 50.73
24326 MMm 0.82 864.06 13.39 49.27
Sum 1753.76
= DA W th=254
90+
801 2
704 -:
60+
£ 5
40
30+
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T ”S
%0 T % 3 4 5 6 7 6 6 tof1 12131415 1o 1718 10021 2 % 04z 25272 MR B U
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
21.785 MM m 0.63 20.35 0.55 419
24146 MM m 0.93 671.08 10.88 95.81
Sum 700.43
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c ¢l 3bt (26.7 mg, 63% yield, PE/EA=3:1, 89% ee, Z/E >20:1) was
synthesized in method A afforded 63% isolated yield as a colorless oil.
[a]5 =+7 (c=0.53, CHCIl3). *H NMR (400 MHz, CDCl3) § 7.44 (d, J =
=\__ [ 0:Me 2.0 Hz, 1H), 7.31 — 7.27 (m, 1H), 7.23 — 7.18 (m, 3H), 7.00 — 6.88 (m,
HN 2H), 5.74 (dd, J = 9.3, 7.5 Hz, 1H), 4.26 (dd, J = 52.5, 12.3 Hz, 2H),
b 3.72 (s, 3H), 3.54 (dd, J = 38.8, 11.5 Hz, 2H), 3.02 (bs, 1H), 2.57 (ddd,
J=21.3,13.9,8.5Hz, 2H), 1.39 (s, 3H). 3C NMR (100 MHz, CDCls)
0176.3,162.1 (d, J = 245.6 Hz), 142.8, 141.7, 134.5 (d, J = 2.7 Hz),
132.4,131.1, 130.2 (d, J = 4.9 Hz), 130.1, 128.0, 126.3, 125.5, 115.5 (d, J = 21.4 Hz), 61.9, 59.3,
52.5, 48.3, 39.1, 21.4. HRMS (ESI) m/z: [M + H]* Calcd for C21H2CIl,FNOs 426.1034; found:
426.1058. HPLC conditions: OJ-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8,
25min; tr = 16.07 min (major), 21.58 min (minor).

DAD1A Sig=254 4 Rel=all
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o 1 2 3 4 & B 7 B 9 1 11 12 13 14 15 16 17 18 18 20 2 22 23 24

Tirne [smin]
Signal: DAD1A Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area¥s Name
16.461 MM m 0.52 1087.82 3184 48.01
21689 MMm 0.71 1131.73 24 56 50.99
Sum 2219.55
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Signal: DAD1A Sig=254 4 Ref=off
RT [min] Type ‘Width [min] Area Haight Araa% MName
16.073 MM m 0.51 11279.23 34042 8429
21.575 BM m 0.68 683.38 1545 8.7

Sum 11962.61
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< 3bu (17.6 mg, 44% vyield, PE/EA=3:1, 90% ee, Z/E >20:1) was

synthesized in method A afforded 44% isolated yield as a colorless oil.

[e]5 =+20 (c=0.30, CHCl3). 'H NMR (400 MHz, CDCl3) 6 7.31 - 7.26

— CO,Me (m, 2H), 7.05 - 6.95 (m, 2H), 6.94 — 6.87 (m, 2H), 6.75 (d, J = 7.9 Hz,

HO H‘;""e 1H), 5.94 (s, 2H), 5.68 (dd, J = 9.5, 7.3 Hz, 1H), 4.35 (dd, = 56.5, 12.3

Hz, 2H), 3.78 (s, 3H), 3.62 (dd, J = 41.3, 11.6 Hz, 2H), 2.65 (bs, 1H),

b 2.62 (ddd, J = 21.2, 13.9, 8.5 Hz, 2H), 1.46 (s, 3H). 3C NMR (100

3bu F)  MHz, CDCls) 6 176.4, 162.1 (d, J = 245.4 Hz), 147.7, 146.9, 144.3,

135.9,134.7 (d, J = 3.1 Hz), 130.1 (d, = 8.1 Hz), 123.6, 119.7, 115.5 (d, J = 21.3 Hz), 108.1, 106.8,

101.0, 62.0, 59.9, 52.4, 48.3, 39.3, 21.5. HRMS (ESI) m/z: [M + H]* Calcd for CzH2:FNOs

402.1711; found: 402.1733. HPLC conditions: AD-H column, 254 nm, 30 °C, flow rate: 1.3
mL/min, Hex:IPA = 92:8, 25min; tz = 18.19 min (minor), 19.40 min (major).

DAD1A Sig=254 4 Ref=off
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1 2 3 4 & B 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 4 25

Time [rin)
Signal: DAD1A,Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
18173 MM m 0.46 496.75 16.67 50.59
19.378 MM m 0.51 485.14 14.85 49.41
Sum 981.89
DAD1A Sig=254 4 Ral=all
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Tirre [min]
Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area% MName
18.192 MM m 0.41 47.29 1.64 5.10
19.401 MM m 0.50 880.57 27.48 94.90

Sum 927.86
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3bv (21.5 mg, 48% vyield, PE/EA=3:1, 90% ee, Z/E >20:1) was
synthesized in method A afforded 48% isolated yield as white solid.
[a]5 =+9 (c=0.43, CHCIl3). *H NMR (400 MHz, CDCl3) ¢ 7.75 (dd, J
=18.3, 7.7 Hz, 2H), 7.63 (s, 1H), 7.54 (d, J = 7.3 Hz, 1H), 7.45 (d, J
=7.9 Hz, 1H), 7.37 (t, J = 7.3 Hz, 1H), 7.34-7.27 (m, 3H), 7.02 (t, J
=8.6 Hz, 2H), 5.86 (dd, J=9.2, 7.6 Hz, 1H), 4.47 (dd, J =52.4, 12.3
Hz, 2H), 3.89 (s, 2H), 3.80 (s, 3H), 3.64 (dd, J = 39.7, 11.6 Hz, 2H),
3.04 (bs, 1H), 2.69 (ddd, J = 21.2, 13.9, 8.5 Hz, 2H), 1.50 (s, 3H). *C
NMR (100 MHz, CDCls) ¢ 176.5, 162.1 (d, J = 245.4 Hz), 145.0,
143.5, 143.4, 141.3, 141.0, 140.3, 134.7 (d, J = 3.0 Hz), 130.1 (d, J = 8.1 Hz), 126.7, 126.6, 125.0,
124.9, 124.4, 122.8, 119.8, 119.7, 115.4 (d, J = 21.4 Hz), 62.0, 60.0, 52.4, 48.3, 39.5, 36.9, 21.6.
HRMS (ESI) m/z: [M + H]* Calcd for C2sH2sFNO3 446.2126; found: 446.2154. HPLC conditions:
AS-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tr = 12.35 min
(major), 18.12 min (minor).

DAD1A Sig=254,4 Ref=off
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Time [min]
Signal: DAD1A,Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
12.337 MM m 0.41 24035 9.34 4915
18.031 MM m 0.64 258.00 6.10 50.85
Sum 507.35
DAD1A Sig=254 4 Ref=off
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Time [min]
Signal: DAD1A,Sig=254,4 Ref=off
RT[min]  Type  Width [min] Area Height Area% Name
12.348 MM m 042 1411.93 51.73 94.76
18.116 MM m 0.52 78.06 1.83 5.24
Sum 1489.099
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3bw (16.9 mg, 42% vyield, PE/EA=3:1, 92% ee, Z/E >20:1) was
synthesized in method A afforded 42% isolated yield as a colorless oil.
[a]5 =-13 (c=0.34, CHCIl3). *H NMR (400 MHz, CDCls) ¢ 7.77 (dd, J
=12.2,8.4 Hz, 2H), 7.68 (d, J = 8.2 Hz, 1H), 7.40 — 7.35 (m, 1H), 7.35
HN—Z —7.21 (m, 4H), 7.18 — 7.14 (m, 1H), 7.04 — 6.91 (m, 2H), 5.54 (dd, J =

10.0, 6.9 Hz, 1H), 4.32 (dd, J = 110.5, 12.5 Hz, 2H), 3.69 (s, 3H), 3.61
3bw . (dd, J = 48.6, 9.0 Hz, 2H), 3.04 (bs, 1H), 2.71 (ddd, J = 20.6, 13.7, 8.5
Hz, 2H), 1.47 (s, 3H). *3C NMR (100 MHz, CDCls) 6 176.2, 162.2 (d,
J=2455Hz), 145.8, 140.7, 134.8 (d, J = 3.0 Hz), 133.5, 131.2, 130.2 (d, = 8.1 Hz), 128.3, 127.7,
127.2,126.0, 125.9, 125.7, 125.6, 125.3, 115.5 (d, J = 21.3 Hz), 61.6, 61.3, 52.4, 48.2, 39.6, 21.8.
HRMS (ESI) m/z: [M + H]* Calcd for CasH26FNO3 408.1969; found: 408.1993. HPLC conditions:
AD-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tg = 11.85 min
(minor), 14.83 min (major).

VWD 1A, Wavelength=254 nm
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Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area’ Name
11101 MMm 0.28 719.19 39.27 50.55
14283 MMm 0.40 703.53 27.03 49.45
Sum 1422.71
DAD1A, Sig=254 4 Ref=off
a0
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&0+
.
=] =
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X
e 1 2 3 4 & & T & @ 10 11 12 13 14 15 18 17 18 19 20 21
Time [min]
Signal: DAD1A,Sig=254,4 Ref=off
RT[min]  Type  Width [min] Area Height Area% Name
11.751  MMm 0.3 45.35 2.28 4.03
14.828 MMm 0.42 1080.49 30.57 95.97
Sum 1125.83
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3bx (23.3 mg, 57% vyield, PE/EA=3:1, 90% ee, Z/E >20:1) was
synthesized in method A afforded 57% isolated yield as a colorless oil.
[a]5 =+12 (c=0.30, CHClI3). *H NMR (400 MHz, CDCls) 6 7.90 (s,
1H), 7.85 — 7.76 (m, 3H), 7.61 — 7.55 (m, 1H), 7.49 — 7.43 (m, 2H),

ot N\ 7.35 - 7.28 (m, 2H), 7.07 — 6.98 (m, 2H), 5.95 (dd, J = 9.4, 7.4 Hz,
HN 1H), 4.52 (dd, J = 49.0, 12.3 Hz, 2H), 3.80 (s, 3H), 3.65 (dd, J = 40.2,

_@ 11.6 Hz, 2H), 3.10 (bs, 1H), 2.73 (ddd, J = 21.2, 13.9, 8.5 Hz, 2H),

3bx | 150 (s, 3H). 3C NMR (100 MHz, CDCls) 5 176.4, 162.1 (d, J = 245.5

Hz), 144.7,138.8, 134.7 (d, J = 2.8 Hz), 133.3, 132.6, 130.1 (d, J = 8.1
Hz), 128.1,127.9, 127.5, 126.2, 125.8, 125.3, 124.7, 124.5, 115.4 (d, J = 21.3 Hz), 62.0, 59.8, 52.5,
48.3, 39.4, 21.6. HRMS (ESI) m/z: [M + H]* Calcd for CasH2sFNO3 408.1969; found: 408.1992.
HPLC conditions: OZ-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min;
tr = 10.35 min (major), 11.36 min (minor).

DAD1A Sig=254,4 Ref=off
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3by (21.4 mg, 49% vyield, PE/EA=3:1, 91% ee, Z/E >20:1) was
synthesized in method A afforded 49% isolated yield as a colorless
oil. [a]> =+11 (c=0.36, CHCl3). *H NMR (400 MHz, CDCls) § 7.82
(s, 1H), 7.74 — 7.66 (m, 2H), 7.56 — 7.51 (m, 1H), 7.34 — 7.27 (m,
_ CoMe 2H), 7.15-7.09 (m, 2H), 7.05 — 6.97 (m, 2H), 5.90 (dd, J =9.4, 7.4
(Me Hz, 1H), 4.50 (dd, J = 49.9, 12.3 Hz, 2H), 3.91 (s, 3H), 3.79 (s, 3H),

HN 2 3.71-3.57 (m, 2H), 3.02 (bs, 1H), 2.71 (ddd, J = 21.2, 13.9, 8.5 Hz,

MeO

LaC

2H), 1.50 (s, 3H). *C NMR (100 MHz, CDCls) 6 176.4, 162.1 (d, J
3by | =245.4 Hz), 157.6, 144.6, 136.6, 134.7 (d, J = 1.5 Hz), 133.8, 130.1

(d, J=8.1Hz),129.6,128.8,126.8, 125.0, 124.6, 124.4, 119.0, 115.4
(d, J=21.3 Hz), 105.4, 62.0, 59.8, 55.3, 52.4, 48.3, 39.5, 21.6. HRMS (ESI) m/z: [M + H]* Calcd
for CasH2sFNO4 438.2075; found: 438.2100. HPLC conditions: OZ-H column, 254 nm, 30 °C,
flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tz = 16.74 min (major), 18.87 min (minor).

VWD 14, Wavalength=254 nm
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Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area’t Name
16.281 MM m 0.59 30055.77 780.20 4912
18258 MMm 0.68 3112942 696.36 50.88
Sum 61185.18
DAD1A Sig=254 4 Ref=off
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Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
16.741 MM m 0.58 16497 83 435.30 95.60
18869 MMm 0.60 750 46 19.52 440
Sum 17257.29
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3bz (21 mg, 64% yield, PE/EA=3:1, 92% ee, E/Z >20:1) was
synthesized in method A afforded 64% isolated yield as a
colorless oil. [a]y =+22 (c=0.22, CHClI3). *H NMR (400 MHz,
CDCl3) 6 7.31 — 7.26 (m, 1H), 7.24 — 7.18 (m, 2H), 6.97 — 6.87 (m,
2H), 6.33 — 6.28 (m, 2H), 6.02 (dd, J = 9.5, 7.7 Hz, 1H), 4.26 (dd, J =
39.4,12.4 Hz, 2H), 3.72 (s, 3H), 3.55 (dd, J = 38.3, 11.6 Hz, 2H), 2.59
(ddd, J = 21.5, 14.0, 8.8 Hz, 3H), 1.40 (s, 3H). 3C NMR (100 MHz,

CDCl3) 6 176.5, 162.1 (d, J = 245.0 Hz), 144.6, 141.6, 134.9 (d, J = 3.1 Hz), 130.0 (d, J = 8.1 Hz),
128.4,127.3, 126.2, 124.8, 115.4 (d, J = 21.4 Hz), 61.9, 59.9, 52.4, 48.2, 39.4, 21.7. HRMS (ESI)
m/z: [M + H]* Calcd for C19H22FNO4 348.1606; found: 348.1627. HPLC conditions: OZ-H column,
254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tz = 9.72 min (major), 10.91 min

(minor).

DAD1A Sig=254 4 Ref=off

140

05 1 15 2 25 3 a5 4 45 5 55 6 65 7 75 B B5 8 65 10 105 11 115 12 125 13 135

Time [min]

Signal: DAD1A,Sig=254,4 Ref=off
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Sum 3431.98
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0.32 2186.93 102.74 95.94
0.33 92.49 4.40 4.08
Sum 2279.42
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s

3baa

F

3baa (25.7 mg, 74% yield, PE/EA=3:1, 92% ee, E/Z >20:1) was

~ s
= synthesized in method A afforded 74% isolated yield as a colorless oil.
wort C“‘:ZM‘* [a]s =+20 (c=0.40, CHCl3). 'H NMR (400 MHz, CDCl3) § 7.23 - 7.19
iivie

(m, 2H), 7.09 — 7.06 (m, 1H), 7.06 — 7.02 (m, 1H), 6.96 — 6.89 (m, 3H),
5.87 (dd, J = 9.3, 7.6 Hz, 1H), 4.34 (dd, J = 34.4, 12.4 Hz, 2H), 3.72 (s,
3H), 3.54 (dd, J = 37.5, 11.6 Hz, 2H), 2.82 (bs, 1H), 2.57 (ddd, J = 21.5,
14.0, 8.4 Hz, 2H), 1.38 (s, 3H). 3C NMR (100 MHz, CDCls) 6 176.3,

162.1 (d, J = 244.0 Hz), 144.9, 138.1, 134.7 (d, J = 2.9 Hz), 130.1 (d, J = 8.1 Hz), 127.6, 124.1,
123.6, 123.0, 115.5 (d, /= 21.1 Hz), 62.2, 59.5, 52.4, 48.2, 38.8, 21.4. HRMS (ESI) m/z: [M + H]"
Calcd for C19H22FNOsS 364.1377; found: 364.1397. HPLC conditions: OZ-H column, 254 nm,
30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; #z = 10.92 min (major), 14.75 min (minor).

DAD1A Sig=254 4 Ref=off

Signal:
RT [min]
11.183
14.987

5 & T 8 e 10 11 12 13 14 15 & 17 18 19 20
Time [min]

DAD1A,Sig=254.4 Ref=off

Type Width [min]

MM m
MM m

0.32
045

Sum

Area
1910.75
1979.75
3890.51

Height
80.46
66.29

Area’
49.11
50.89

Name

DAD1A Sig=254 4 Ref=off

maLl
g

Signal:

RT [min]
10.920
14.746

T T T T T T T T T T T T T T T T T T
1 2 3 4 5 ] T 8 k] 10 1 12 13 14 15 16 17 18 19
Time [min]

DAD1ASig=254.4 Ref=off
Type  Width [min]
MM m 0.33
MM m 0.41

Sum

Area
1195.11
50.88
124599

Height
54.00
187

Area%
95.92
4.08

Name
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3bab (20.2 mg, 57% yield, PE/EA=3:1, 90% ee, Z/E >20:1) was

s
\ / synthesized in method A afforded 57% isolated yield as a colorless oil.
—\ CO,Me [a]5 =+17 (c=0.32, CHCI3). 'H NMR (400 MHz, CDCl3) 6 7.24 — 7.17

HO \"Me (m, 4H), 7.14 — 7.10 (m, 1H), 6.96 — 6.90 (m, 2H), 5.82 (dd, J = 9.4,

=38.2, 11.6 Hz, 2H), 2.60 (bs, 1H), 2.57 (ddd, J = 21.4, 14.0, 8.4 Hz,
3bab F) 2H), 1.38 (s, 3H). °C NMR (100 MHz, CDCls) § 176.4, 162.1 (d, J =

2455 Hz), 142.3, 139.2, 134.7 (d, J = 3.1 Hz), 130.1 (d, J = 8.1 Hz),
125.7, 125.6, 123.0, 120.5, 115.4 (d, J = 21.3 Hz), 62.1, 59.5, 52.4, 48.2, 38.8, 21.5. HRMS (ESI)
m/z: [M + H]* Calcd for CioH22FNOsS 364.1377; found: 364.1396. HPLC conditions: OZ-H
column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tg = 10.15 min (major),
12.48 min (minor).

HN
_@ 7.5 Hz, 1H), 4.31 (dd, J = 41.7, 12.3 Hz, 2H), 3.71 (s, 3H), 3.54 (dd, J

VIWD1A Wavelength=254 nm

100

H
=i
Tir
GH
# 5+
Llig
Elig
2
i

A
b 1 2 3 4 5 B 7 & @ 10 11 12 13 14 15 16 17 18 18 20
Time [min]
Signal: VWD 1A, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
9803 MMm 0.31 24013.65 1171.62 4977
12169 MM m 0.40 24234.81 0932.34 50.23
Sum 48248 46
DADHA, Sig=254,4 Ref=off
750
700
650
600
550
5001
450
> 400
£ 250
300
250
200
1507
100 =
el -
o L
0 i 2 § 4 5 & 7 8 e M 11 12 13 14 15 16 17 18 1@ 20
Time [min]
Signal: DAD1A,Sig=254,4 Ref=off
RT[min] Type  Width [min] Area Height Area% Name
10.151 MM m 0.31 7031.46 345.59 94.98
12.485 MM m 0.37 373.32 15.92 5.04
Sum 7404.79
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Ph 3ea (29.2 mg, 79% vyield, PE/EA=3:1, 92% ee, Z/E >20:1) was

Hm)=\_5mﬂ synthesized in method A afforded 79% isolated yield as a colorless oil.

HN [a]p =+15 (c=0.36, CHCI3). *H NMR (400 MHz, CDCl3) 6 7.39 — 7.33

(m, 2H), 7.27 — 7.18 (m, 5H), 6.98 — 6.86 (m, 2H), 5.72 (dd, J = 9.4,

7.5Hz, 1H),4.33 (dd, J=52.9, 12.3 Hz, 2H), 4.22 — 4.12 (m, 2H), 3.55

(dd, J = 37.4, 11.5 Hz, 2H), 2.74 (bs, 1H), 2.58 (ddd, J = 21.2, 13.9,

8.5 Hz, 2H), 1.39 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz, CDCls) § 175.9, 162.1 (d,

J=245.4Hz),144.7,141.7,134.8 (d, J = 3.0 Hz), 130.1 (d, J = 8.1 Hz), 128.4, 127.3, 126.1, 124.8,

115.4 (d, J = 21.3 Hz), 61.8, 61.4, 59.8, 48.2, 39.4, 21.5, 14.3. HRMS (ESI) m/z: [M + H]* Calcd

for C22H26FNO3 372.1969; found: 372.1993. HPLC conditions: OZ-H column, 254 nm, 30 °C, flow
rate: 1.3 mL/min, Hex:IPA =92:8, 25min; tz =7.57 min (major), 10.07 min (minor).

DAD1A Sig=254 4 Ref=off

maLl
e 3FRRBREREBE

AN
65 1 15 2 25 3 35 4 45 5 55 6 65 7 75 & 85 9 85 10 105 11 115 12 125 13 135 14 145 15
Tirme [rmir]
Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area’t Name
7.552 MMm 0.22 918.19 63.12 49 46
10.061 MM m 0.3 938.21 46.57 50.54
Sum 1856.40
DADMA,Sig=254,4 Ref=off
1804
160H
140
120
2 100
80
0
a0 o
=
05 1 15 2 25 3 235 4 45 5 55 6 65 7 75 & 85 O 05 10 105 11 115 12 125 13 135 14
Tirme [rin)
Signal: DAD1A,Sig=254,4 Ref=off
RT [min] Type Width [min] Area Height Area’: Name
7567 MMm 0.23 1618.44 108.33 96.13
10068 MMm 0.31 65.21 328 387
Sum 1683.65
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Ph

3fa (17.5 mg, 54% vyield, PE/EA=3:1, 90% ee, Z/E >20:1) was

"o _)=\_<C°2'B” synthesized in method A afforded 54% isolated yield as a colorless oil.

mMe
HN—: [a]5 =+13 (c=0.36, CHCI3). *H NMR (400 MHz, CDCl3) ¢ 7.38 — 7.32

(m, 2H), 7.27 — 7.16 (m, 6H), 6.98 — 6.89 (m, 2H), 5.73 (dd, J = 9.3,
7.6 Hz, 1H), 4.33 (dd, J = 53.9, 12.2 Hz, 2H), 3.55 (dd, J = 37.6, 11.4

3fa F

9H), 1.

134.8,

Hz, 2H), 2.96 (bs, 1H), 2.55 (ddd, J = 21.1, 13.8, 8.5 Hz, 2H), 1.44 (s,
35 (s, 3H). ¥C NMR (100 MHz, CDCls) J 175.1, 162.1 (d, J = 245.3 Hz), 144.6, 141.8,
130.1 (d, J = 8.0 Hz), 128.4, 127.2, 126.1, 125.0, 115.5 (d, J = 21.3 Hz), 81.8, 62.1, 59.8,

48.3, 39.4, 28.1, 21.4. HRMS (ESI) m/z: [M + H]* Calcd for CasH3soFNO3s 400.2282; found:
400.2309. HPLC conditions: OZ-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA =

92:8, 10min; tr =4.44 min (major), 6.14 min (minor).
DAD1A Sig=254, 4 Ref=off
100
90
a0 -
T 3
- B0 B
£ s
a0
30
20
10
¢ os 1 18 2 25 3 35 4 45 & 55 6 65 7 75 8 85 9 95 10
Tirme [min]
Signal: DAD1A,Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area% Name
4.444 MM m 0.14 558.74 61.28 4917
6.155 MM m 0.20 577.54 43.91 50.83
Sum 1136.28
DAD1A Big=254 4 Ref=off
180
160
140 =
120 =
100+
? w
&
4
20 =
o o5 1 15 2 25 3 35 4 45 5 55 & 65 7 75 & 85 O 45 10
Time [min]
Signal: DAD1A,Sig=254 4 Ref=off
RT [min] Type Width [min] Area Height Area’% Name
4437 MMm 0.14 944 10 102.91 94.96
6.139  MMm 0.19 50.14 3.96 5.04

Sum 994 23
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3ga (28.0 mg, 73% vyield, PE/EA=3:1, 91% ee, Z/E >20:1) was
— COOIPr synthesized in method A afforded 73% isolated yield as a colorless oil.

HO e [¢]%=+7 (c=0.56, CHCI3). 'H NMR (400 MHz, CDCl3) 6 7.38 — 7.32
_@ (m, 2H), 7.27 — 7.17 (m, 5H), 6.98 — 6.87 (m, 2H), 5.72 (dd, J = 9.5,

Ph

7.3 Hz, 1H), 5.09 — 4.98 (m, 1H), 4.34 (dd, J = 55.2, 12.3 Hz, 2H), 3.56
3ga FJ (dd, J=39.0, 11.5 Hz, 2H), 2.99 (bs, 1H), 2.59 (ddd, J = 21.2, 13.9,
8.5 Hz, 2H), 1.39 (s, 3H), 1.22 (d, J = 6.3 Hz, 6H). 3C NMR (100 MHz, CDCls) 6 175.2, 162.2 (d,
J=2455Hz), 144.6,141.7,134.7 (d, J = 1.1 Hz), 130.1 (d, J = 8.1 Hz), 128.4, 127.3, 126.1, 124.8,
115.5 (d, J = 21.4 Hz), 69.0, 61.9, 59.8, 48.2, 39.2, 21.9, 21.8, 21.4. HRMS (ESI) m/z: [M + H]*
Calcd for CasHasFNO3 386.2126; found: 386.2153. HPLC conditions: OZ-H column, 254 nm,
30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 15min; tr =6.21 min (major), 10.51 min (minor)

VWD 1A Wavelength=254 nm
100
o
aﬂ” R
7 &
G-
=2
<
[5
a0
A+
20
10
0 05 1 15 2 25 3 25 4 45 5 55 6 65 7 75 & B5 9 05 10 105 11 115 12 125 13 135 14 145 15
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
6.227 MM m 0.24 880.09 59 .32 47 .86
10.509 MM m 0.37 a58.74 4022 52.14
Sum 1838.83
VWD1A Wavelength=254 nm
1104
100
80
80+
704
o BN
=
E 5o
a0
3
2& uJ
10 <
n_ _-'L
O 05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 & 85 8 05 10 105 11 115 12 125 13 135 14 145 15
Time [min)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
6213 MMm 0.23 938.50 64.44 95.73
10.508 MM m 0.35 41.91 1.84 427
Sum 980.41
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5ba (12.5 mg, 35% vyield, PE/EA=3:1, 86% ee, Z/E >20:1) was
synthesized in method A afforded 35% isolated yield as a colorless
oil. [a]y =+33 (c=0.20, CHCIl3). *H NMR (400 MHz, CDCl3) 0 7.24
—7.16 (m, 7H), 6.97 — 6.92 (m, 2H), 6.03 (t, J = 6.9 Hz, 1H), 4.09
(ddd, J =85.9, 13.2, 6.9 Hz, 2H), 3.50 (dd, J = 48.7, 11.2 Hz, 2H),
3.07 (s, 3H), 3.02 (s, 2H), 1.37 (s, 3H). 3C NMR (100 MHz, CDCls)
6 1755, 162.2 (d, J = 244.0 Hz), 142.0, 139.1, 134.78 (d, J = 3.1 Hz), 132.9, 130.2 (d, J = 8.1 Hz),
128.2,127.4,126.7, 115.5 (d, J = 21.2 Hz), 60.5, 58.3, 51.7, 48.3, 41.7, 22.5. HRMS (ESI) m/z: [M +
H]* Calcd for C21H24FNO3 358.1813; found: 358.1836. HPLC conditions: OD-H column, 254 nm,
30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tr =17.21 min (minor), 20.28 min (major).

VWD 1A Wavelength=254 nm

45
40
354 z
304 : 3
2 5 .
£ 0
154
104
: ) A
F A N N
o 1 2 3 4 5 & 7 & 8@ 1 11 12 13 14 15 16 17 18 18 20 21 22 23 24
Tirme [min)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area’% Name
16.815 MMm 0.55 1028.16 28.97 50.99
19.944 MM m 0.66 988.32 23.39 49.01
Sum 2016.48
VWD 1A Wavelength=254 nm
1604
140
1204
100 2
2 w :
=
60+
40 5
p JL_ - _/!\
o 1 2 3 4 & & 7 & @ 1M 11 12 13 1a 15 16 17 18 18 20 21 22 23 24
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
17.214 MM m 0.53 249.30 7.34 7.24
20279 MM m 0.67 3195.09 T73.82 92.76
Sum 3444 39
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5bb (14.4 mg, 33% yield, PE/EA=3:1, 85% ee, Z/E >20:1) was
synthesized in method A afforded 33% isolated yield as white solid.
[a]s =+24 (c=0.29, CHCl3). '"H NMR (400 MHz, CDCl3) 6 7.51 —
7.45 (m, 4H), 7.38 — 7.34 (m, 2H), 7.29 — 7.24 (m, 3H), 7.21 - 7.17
(m, 2H), 6.98 — 6.92 (m, 2H), 6.09 (t, /= 6.9 Hz, 1H), 4.11 (ddd, J =
83.5,13.2,6.9 Hz, 2H), 3.51 (dd, J=50.5, 11.2 Hz, 2H), 3.10 (s, 3H),
3.05 (s, 2H), 1.39 (s, 3H). 3C NMR (100 MHz, CDCl3) § 175.6, 16
2.17 (d, J = 245.5 Hz), 140.9, 140.4, 140.2, 138.6, 134.8 (d, /= 3.0 Hz), 132.9, 130.2 (d, J = 8.1
Hz), 128.8, 127.4, 127.1, 126.9, 126.8, 115.54 (d, J = 21.3 Hz), 60.6, 58.3, 51.8, 48.3, 41.6, 22.5.
HRMS (ESI) m/z: [M + H]* Calcd for C27H2sFNO3 434.2126; found: 434.2155. HPLC conditions:
OZ-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA =92:8, 25min; £z =10.99 min (major),
12.17 min (minor).

VWD 1A, Wavelength=254

m-__ﬂntﬂf\-J
T T T T T T T T T T ¥ L L T T T T T T T J T T T
i) 1 2 3 4 5 3 T 8 a m N 12 13 14 15 16 AT 168 18 20 2 2223 24
Tirme [rmin]

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area’s Name
11.806 MMm 0.44 224917 78.08 49.22
13.064 MMm 0.49 2320.82 72.32 50.78
Sum 4569.99

VIND 1A, Wawelength=254 nm

6504
600

500+
450+
400
= 350
E 300
250
200
1504
100

-
o 1 2z 3

T T T T T T T I' T T T T T T T
4 5 6 T 8 a 10 11 12 13 14 15 16 17 18 14 20
Time [min]

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area’ Name
10.989 MM m 0.40 11550.88 44319 92.53
12166 MM m 0.43 932.90 32.91 747
Sum 12483.78
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Sbe (12.1 mg, 33% yield, PE/EA=3:1, 87% ee, Z/E >20:1) was
synthesized in method A afforded 33% isolated yield as a colorless
oil. [a]y =+11 (c=0.24, CHCIl3). "H NMR (400 MHz, CDCl3) § 7.21
—7.17 (m, 2H), 7.12 = 7.08 (m, 1H), 6.99 — 6.92 (m, 5H), 6.03 (t, J
= 6.9 Hz, 1H), 4.08 (ddd, J = 87.3, 13.1, 6.9 Hz, 2H), 3.50 (dd, J =
48.3, 11.3 Hz, 2H), 3.10 (s, 3H), 3.00 (d, J = 3.0 Hz, 2H), 2.26 (s,
3H), 1.37 (s, 3H). 3C NMR (100 MHz, CDCl3) § 175.5, 162.2 (d, J = 244.1 Hz), 141.9, 139.2,
137.7,134.7 (d, J= 2.3 Hz), 132.6, 130.2 (d, /= 8.1 Hz), 128.2, 128.1, 127.3, 123.8, 115.5 (d, J =
21.3 Hz), 60.6, 58.2, 51.7, 48.3, 41.5, 22.5, 21.4. HRMS (ESI) m/z: [M + H]* Calcd for
C2H26FNO3 372.1969; found: 372.1994. HPLC conditions: OD-H column, 254 nm, 30 °C, flow
rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; £z =9.53 min (minor), 10.31 min (major).

VWD 14, Wavelength=254

90
8
T
[
g 0
anq
3
20
iy
5 05 1 15 3 25 3 35 4 45 £ 55 & 65 7 75 & 85 B 05 10 105 11 115 12 35 13 135 14 15
Time [min)
Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area%: Name
9667 MMm 0.30 830.75 43.62 50.93
10.503 MMm 0.33 800.45 38.13 40.07
Sum 1631.20
VIWD1A Wavelength=254 nm
180+
160
140
1204
gm&
801
B0H
40 P
20
005 1 152 25 3 35 4 45 5 55 6 65 7 7.5 8 85 @ 05 10105 11 11.5 12125 13 13514 14.5 15 155 16 165 17
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% MName
9528 MMm 0.28 120.80 6.70 6.48
10308 MMm 0.32 1744 51 85.59 93.52
Sum 1865.30
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OMe

OH

5bd (10.1 mg, 28% yield, PE/EA=3:1, 80% ee, Z/E >20:1) was
synthesized in method A afforded 28% isolated yield as a colorless
oil. [a]5 =+17 (c=0.20, CHCl5). 1H NMR (400 MHz, CDCl3) 6 7.21
—7.17 (m, 2H), 7.15 — 7.11 (m, 1H), 6.96 — 6.92 (m, 2H), 6.78 —
6.76 (m, 1H), 6.72 — 6.71 (m, 2H), 6.08 (t, J = 6.9 Hz, 1H), 4.08
(ddd, J = 85.2, 13.1, 7.0 Hz, 2H), 3.72 (s, 3H), 3.50 (dd, J = 47.5,

11.2 Hz, 2H), 3.15 (s, 3H), 3.00 (s, 2H), 1.37 (s, 3H). 3C NMR (100 MHz, CDCl3) § 175.5, 162.2
(d, J = 244.0 Hz), 159.5, 143.4, 139.0, 134.8 (d, J = 1.7 Hz), 132.8, 130.2 (d, J = 8.0 Hz), 129.2,
119.1, 1155 (d, J = 21.4 Hz), 112.8, 112.4, 60.6, 58.1, 55.3, 51.8, 48.3, 41.6, 22.4. HRMS (ESI)
m/z: [M + H]* Calcd for C22H26FNO4 388.1919; found: 388.1944. HPLC conditions: AD-H column,
254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 92:8, 25min; tr =11.53 min (major), 12.86 min

(minor).
DA, g |
80
80
70
60
gscﬂ
a0
304
20
10r
] 1 2 3 a [ 7 8 ] 10 1 12 13 14 15 18 17 18 18
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
11575 MMm 0.30 1195.62 61.44 48.95
12905 MMm 0.34 1246.74 56.41 51.05
Sum 244236
DA, Wavel 254
200
180
160r]
140+
120
Z 100
80
60
an
20
._JL. T T T T 7 T T T T T T T T T
0 1 2 3 4 ] T L] ] 10 11 12 13 14 15 18 17 18 19
Time [min)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
11527 MM m 0.30 2408.56 129.98 89.73
12859 MM m 0.33 285.84 13.69 10.27
Sum 2784.40
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5be (6.2 mg, 16% yield, PE/EA=3:1, 87% ee, Z/[E >20:1) was
synthesized in method A afforded 16% isolated yield as a colorless
oil. [a]5 =+21 (c=0.12, CHCls). 'H NMR (400 MHz, CDCls) ¢
7.32—-7.18 (m, 6H), 7.16 — 7.11 (m, 1H), 7.04 — 7.00 (m, 2H), 6.12
(t, J=6.7 Hz, 1H), 4.16 (ddd, J = 79.4, 13.3, 6.8 Hz, 2H), 3.57 (dd,
J=48.9, 11.2 Hz, 2H), 3.25 (s, 3H), 3.06 (q, J = 13.8 Hz, 2H), 1.45
(s, 3H). *C NMR (100 MHz, CDCls) 6 175.3, 162.2 (d, J = 245.2 Hz), 143.8, 137.6, 134.5 (d, J =
3.5Hz),134.1,134.0,130.3 (d, J = 8.0 Hz), 129.6, 127.4, 126.6, 125.0, 115.6 (d, J = 21.4 Hz), 60.5,
58.2,51.9,48.3,41.4,22.4. HRMS (ESI) m/z: [M + H]* Calcd for C21H23CIFNO3 392.1423; found:
392.1447. HPLC conditions: OD-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA =
92:8, 25min; tr =12.58 min (minor), 14.32 min (major).

VWD 1A, Wavelength=254 nm
20
18
16
14 & %
124 o~
2 1o
E
84
&
4
P
s . r— — = — —— — ——— — . .
0 1 2 3 4 5 6 7T &8 8 10 11 12 13 14 15 16 17 18 18 20 21 2 23 24
Time [min)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12257 MMm 0.57 401.08 10.88 50.87
14122 MMm 0.51 387.31 11.76 4913
Sum 788.38
D14, Wavelength=254
45
a0
354
b =
£ 1
20
15+
104 5
54
1 2 3 4 & & 7 & 9 10 11 12 13 14 15 16 17 18 19 20 2 2= 23 4
Time [min)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
12577  MMm 048 47.37 1.44 6.48
14316 MM m 049 684.07 21.69 93.52
Sum 731.44
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5bf (16.3 mg, 40% yield, PE/EA=3:1, 80% ee, Z/E >20:1) was
synthesized in method A afforded 40% isolated yield as a colorless
oil. [a]> =+49 (c=0.33, CHCl3). "H NMR (400 MHz, CDCls) 6 7.80
—7.76 (m, 3H), 7.71 - 7.69 (m, 1H), 7.48 — 7.38 (m, 3H), 7.27 - 7.22
(m, 2H), 7.04 — 6.94 (m, 2H), 6.26 (t, J= 6.9 Hz, 1H), 4.22 (ddd, J
=82.7,13.2, 6.9 Hz, 2H), 3.57 (dd, J = 54.3, 11.3 Hz, 2H), 3.21 (q,
J =13.8 Hz, 2H), 2.98 (s, 3H), 1.47 (s, 3H). *C NMR (100 MHz,
CDCls) 0 175.5,162.2 (d, J = 245.4 Hz), 139.2, 138.9, 134.7 (d, /= 3.2 Hz), 133.4, 133.4, 133.1,
132.7,130.2 (d, J=8.2 Hz), 128.0, 127.9, 127.5, 126.3, 125.9, 125.7, 125.1, 115.5 (d, J=21.3 Hz),
60.7, 58.3, 51.7, 48.3, 41.5, 22.5. HRMS (ESI) m/z: [M + H]" Calcd for C2sH2sFNO4 408.1919;
found: 408.1998. HPLC conditions: OD-H column, 254 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA
=92:8, 25min; #z =13.14 min (major), 15.66 min (minor).

VWDHA, Wavelength=254 nm
130+
1204
110
100+
904
80
E
£ 60
504
4
304
20a
10
G -Jl
o 1 2 3 a4 5 6 7 & @ 10 11 12 13 14 15 16 17 18 18 20 21 322 23 24
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
13556 MM m 0.49 1952.56 61.54 50.39
16.359 MM m 0.67 1922.52 44,03 49.61
Sum 3875.08
VWD 1A Wavelength=254 nm
180
160+
140
120
2 1004
E s
m- D
a0 5
g AT
0o 1 2 3 4 5 & 7 & @ 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
13135 MMm 0.49 499.40 15.57 10.09
15.658 MMm 0.62 4448.14 110.40 80.91

Sum 4947 54
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n
MeO,C, Mme Bu

N AN
H

F OH
5bg

Sbg (10.1 mg, 30% yield, PE/EA=3:1, 28% ee, Z/E >20:1) was
synthesized in method A afforded 30% isolated yield as a colorless
oil. [a]y =+4 (c=0.20, CHCI3). '"H NMR (400 MHz, CDCls) § 7.28
—7.21 (m, 2H), 7.03 — 6.99 (m, 2H), 5.73 (t, /= 7.0 Hz, 1H), 3.95
(ddd, J = 83.0, 12.7, 7.0 Hz, 2H), 3.78 (s, 3H), 3.63 (dd, J = 24.1,

11.2 Hz, 2H), 2.59 (dd, J = 75.2, 13.6 Hz, 2H), 1.92 — 1.78 (m, 2H), 1.46 (s, 3H), 1.37 — 1.24 (m,
4H), 0.86 (t,J=7.1 Hz, 3H). 3C NMR (100 MHz, CDCl3) 6 176.9, 162.2 (d, J = 245.4 Hz), 138.8,
134.8 (d, J=2.8 Hz), 130.3 (d, /= 8.1 Hz), 129.5, 115.51 (d, /= 21.4 Hz), 60.5, 57.8, 52.2, 48.4,
41.7, 36.9, 30.3, 22.6, 22.3, 13.89. HRMS (ESI) m/z: [M + H]" Calcd for C19H2sFNO; 338.2126;
found: 338.2146. HPLC conditions: OZ-H column, 220 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA

=92:8, 10min; 7z =4.72 min (major), 5.17 min (minor).

VWD 1A Wavelength=220 nm

1004
a0
A0 Ea
0 Y
-, &0
T @
40
aH
10
o os 1 18 2 28 3 as 4 45 & &5 & &5 7 785 @& &8 4 48 10
Time [rnin]
Signal: VWD1A Wavelength=220 nm
RT[min] Type  Width [min] Area Height Area% Name
4.7189 MM m 0.13 601.61 T0.22 48.88
5176 MM m 0.15 629.19 66.04 51.12
Sum 1230.80
VWD1A W gt
1804
160+
1404
1204
_, 1001
£
60
a0
204
6 o5 1 15 2 25 3 35 4 45 5 &5 & 65 7T 75 & 85 @ 95 10
Tirme [rmin]
Signal: VWD1A Wavelength=220 nm
RT[min]  Type  Width [min] Area Height Area% Name
4715 MM m 0.13 1027.09 118.99 64.14
5173 MM m 0.15 57417 58.23 35.86
Sum 1601.25
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S5bh (18.8 mg, 67% yield, PE/EA=3:1, 54% ee, Z/E >20:1) was
\ N synthesized in method A afforded 67% isolated yield as a colorless
/@AH oil. [a]5 =+5 (c=0.37, CHCl3)."H NMR (400 MHz, CDCl3) 6 7.25 —

] 5bh on 7.19 (m, 2H), 6.98 — 6.86 (m, 2H), 5.73 — 5.45 (m, 2H), 4.00 (d, J =
5.2 Hz, 2H), 3.66 (s, 3H), 3.53 (q, J = 11.9 Hz, 2H), 2.37 (qd, J =

14.1, 7.1 Hz, 2H), 1.86 (s, 2H), 1.27 (s, 3H). '3C NMR (100 MHz, CDCl3) § 176.4, 162.0 (d, J =
2449 Hz), 135.7 (d, J = 3.0 Hz), 133.5, 129.9 (d, /= 8.0 Hz), 126.2, 115.2 (d, J=21.3 Hz), 63.2,
62.3, 52.0,47.7, 41.5, 22.0. HRMS (ESI) m/z: [M + H]" Calcd for C;sH20FNO; 282.1500; found:
282.1515. HPLC conditions: AD-H column, 220 nm, 30 °C, flow rate: 1.3 mL/min, Hex:IPA = 95:5,

25min; ¢t =10.93 min (major), 11.59 min (minor).

YWD 1A Wavelength=220 nm

354
325
a0
2754 =
25_ -
225
20
217.54
151
125
10
7.5
5_.
251
o
B e e L e e e e L S e e e e B e B IR
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 & 85 9 85 10 105 11 115 12 125 13 135 14 145 15
Time [min]
Signal: VWD1A Wavelength=220 nm
RT [min] Type Width [min] Area Height Area% Name
11.027  MMm 0.25 346.29 21.72 49.37
11.680 MMm 0.27 355.09 20.22 5063
Sum 701.38
VIWD1A Wavelength=2
7
65
m-
55+ 4
S0+
45
3 )
 a0q
25
20
15
10
T N
o
O 05 1 15 2 26 3 35 4 45 5 55 & 65 7 75 & 85 9 05 10 105 11 115 12 125 13 135 14 145 15
Time [min]
Signal: VWD1A Wavelength=220 nm
RT [min] Type Width [min] Area Height Area% Name
10932 MMm 0.25 660.12 41.49 76.78
11.584 MM m 0.27 199.61 11.34 2322
Sum 859.73
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3.5 Gram-scale reaction for compound 3ba.

Pd(PPhs), (4 mol%)
1) CU(CH3CN)4PFg (5 mol%)/L1 (6 mol%) Ph

o)
Me \>‘0 Cs,CO; (1.0 equiv.), DCE (1 mL) — COOMe
A * 0: f HO (nMe

2) NaBH4CN (5 equiv), MeOH (1 mL) HN
3ba _\Ar

83% yield, 90% ee
>20:1 ZIE

Ph —
1b 2a

The preparation of Cu catalyst: Cu(CH3CN)4PFs (5 mol%), L (6 mol%) were stirred
in DCE (20 mL) in a Schlenk flask under nitrogen atmosphere at room temperature for
30 min.

Method: A flame-dried Schlenk tube was cooled to r.t. and prepared with Cu catalyst.
To this flask were added Cs>COs3 (1.17g, 3.6 mmol), aldimine Schiff base 1b (3.6 mmol,
1.0 equiv) and vinylethylene carbonate 2a (4.68 mmol, 1.3 equiv), Pd catalyst (4 mol%)
and DCE (20 mL) was then added. The reaction mixture was stirred at 40 °C for 4 h.
To the reaction mixture was added dry MeOH (40 mL) and NaBH3CN (1.2g, 5.0 equiv)
at 0 °C and the mixture was stirred for 2 h. Extracted with EtOAc (5 mL x 3). The
combined extracts were dried over Na;SO4 and concentrated in vacuo. The residue was
then purified by SiO2 column chromatography (PE/EA = 3:1) to give the desired
products. The ee value was determined by HPLC using a Daicel chiral column. The
analytical data of the products were summarized below.

VWD1A Wavelength=254 ni

2
3 ™
60
50
401
301
20 2
" X
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 7.5 8 85 8 05 10 105 11 115 12 125 13 135 14 145
Tirme [min]
Signal: VWD1A, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Mame
B.700 MMm 0.27 1124.18 B64.79 94.87
9.887 MM m 0.27 60.82 3.55 513

Sum 1185.00

3.6 The method for the synthesis of 6aa

Pd(PPhs), (4 mol%)

o 1) Cu(CH3CN)4PFg (5 mol%)/L1 (6 mol%) Ph
)M\e . ;}‘0 Cs,CO; (1.0 equiv.), DCE (1 mL) _):\_<CO0Me
N h
Ar” N7 cooMe 2) 2M HCI HO Me
PH \= NH,
1b 2a 6aa, 45% yield, 90% ee
>20:1 ZIE
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The preparation of Cu catalyst: Cu(CH3CN)4PFs (5 mol%), L (6 mol%) were stirred
in THF (0.5 mL) in a Schlenk flask under nitrogen atmosphere at room temperature for
30 min.
Method B: A flame-dried Schlenk tube was cooled to r.t. and prepared with Cu catalyst.
To this flask were added Cs>COs3 (32.6 mg, 0.1 mmol), aldimine Schiff base (0.1 mmol,
1.0 equiv) and vinylethylene carbonates (24.7 mmol, 1.3 equiv). Pd catalyst (4 mol%)
and DCE (0.5 mL) was then added. The reaction mixture was stirred at 40 °C for 4 h.
To the reaction mixture was added HCI (2.0 M, 2.0 mL) at 0 °C and the mixture was
stirred for 2 h. Adjust pH to 7-8 by NaHCO3, extracted with DCM (5 mL x 3). The
combined extracts were dried over Na;SO4 and concentrated in vacuo. The residue was
then purified by SiO> column chromatography (PE/EA = 1:2) to give the desired
product. The ee value was determined by HPLC using a Daicel chiral column. The
analytical data of the products were summarized below.
o 6aa (11.2 mg, 45% yield, PE/EA=3:1, 90% ee, Z/E >20:1) was
_)=\_<coow|e synthesized in method B afforded 45% isolated yield as a
HO ';“:: colorless oil.  [a]s =-29 (c=0.22, CHCI3). '"H NMR (400 MHz,
6aa CDCl3) 0 7.45 —7.35 (m, 2H), 7.29 — 7.18 (m, 3H), 5.69 (dd, J =
9.2,7.7 Hz, 1H), 4.35 (dd, J = 65.4, 12.1 Hz, 2H), 3.69 (s, 3H),
2.59 (ddd, J = 30.8, 18.3, 10.2 Hz, 6H), 1.38 (s, 3H). 13C NMR (100 MHz, CDCl3) §
177.3, 145.3, 142.0, 128.3, 127.2, 126.1, 125.2, 59.8, 56.8, 52.7, 39.9, 26.4. HRMS
(ESI) m/z: [M + H]" Caled for C14H1903 250.1438; found: 250.1443. HPLC conditions:
OJ-H column, 254 nm, 30 °C, flow rate: 1.2 mL/min, Hex:IPA = 95:5, 25min; 7z =20.34
min (minor), 21.59 min (major).

26
24
22
2
18+
16 ; ¥
2 149 =
E 12
10+
a_
&
a
0
o 1 2 3 4 5 6 7 & ® 10 1 12 13 14 15 16 17 18 189 20 21 2 23 4
Tirme [mir)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
20079 MM m 0.43 338.15 1210 50.51
21.455 MM m 0.48 331.37 10.71 49.49

Sum 689.51
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110
100
aH
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= T
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5(H
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3 =
E‘J
101 y
Ly T T T T T T T T T T T T T T T T T T T -;/kl T T T T
6 1 2 3 4 5 6 7 & 9 10 11 12 13 14 45 16 17 18 19 20 M 22 23 M4 25
Tirme [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
20.341 MM m 042 14264 527 512
21592  MMm 0.47 2642.65 85.78 94.88

Sum 2785.30

3.7 The method for the synthesis of 6ab and 6ac.

Ph -~ Ph I, (2.0 equiv.) o
O— = COOMe  NaHCOj; (2.0 equiv.)
COOMe «PBs 4o Me 31 ), MeO,Cu N

)N Me DIPEA HN— MeCN, r.t. me’ N” “pphOH
Ar DCM, 0 °C Ar Ar
0, 1 0,
6ac, 37% yield, 87% ee 3ba, 87% ee 6ab, 49% yield, 87% ee

>20:1 dr

Method C: A flame-dried Schlenk tube was cooled to rt and filled with N». To this flask
were added 3ba (0.5 mmol, 1.0 equiv), I> (1.0 mmol, 2.0 equiv), NaHCO3 (84.0 mg,
1.0 mmol) and dry MeCN at 0 °C for 30 min, then warm up to rt for 12h. The reaction
mixture was quenched by Na»S>03(aq.) and extracted with EA, then concentrated in
vacuo. The residue was then purified by SiO2 column chromatography (PE/EA = 15:1)
to give the desired products. The ee value was determined by HPLC using a Daicel
chiral column. The analytical data of the products were summarized below.

Method D: A flame-dried Schlenk tube was cooled to rt and filled with N». To this flask
were added 3ba (0.1 mmol, 1.0 equiv), PBr3 (0.05 mmol, 0.5 equiv) and dry DCM at 0
°C for 2 hours, then add DIPEA (0.1 mmol) at 0 °C for 24 h. The reaction mixture was
extracted with EA, then concentrated in vacuo. The residue was then purified by SiO»
column chromatography (PE/EA =20:1) to give the desired products. The ee value was
determined by HPLC using a Daicel chiral column. The analytical data of the products
were summarized below.

K 6ab (118.9 mg, 49% yield, PE/EA=3:1, 87% ee, Z/E >20:1) was

MeO,C "/'U*'"\ synthesized in method C afforded 49% isolated yield as a yellow

me” N"PhOH| il [a]5 =+5 (c=1.20, CHCl3). '"H NMR (400 MHz, CDCl3) 6

7.46 — 7.37 (m, 2H), 7.37 — 7.32 (m, 1H), 7.29 — 7.25 (m, 2H),

F sab 6.95 - 6.80 (m, 4H), 4.56 (t, J=11.8 Hz, 1H), 4.36 (dd, J=12.9,

7.3 Hz, 1H), 4.29 (d, J=12.1 Hz, 1H), 3.80 — 3.68 (m, 3H), 3.61

(s, 3H), 3.03 (t, J = 12.6 Hz, 1H), 2.33 (dd, J = 12.1, 7.4 Hz, 1H), 1.57 (s, 3H). 13C

NMR (100 MHz, CDCl3) 6 177.5, 162.1 (d, J=245.9 Hz), 140.4, 133.6 (d, /=3.1 Hz),
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131.2 (d,J=8.1 Hz), 128.6, 127.7, 127.0, 114.9 (d, J=21.2 Hz), 73.1, 68.4, 67.6, 52.8,
49.5,49.2,33.9, 22.5. HRMS (ESI) m/z: [M + H]" Calcd for C21H23FINO3 484.0779;
found: 484.0798. HPLC conditions: OZ-H column, 254 nm, 30 °C, flow rate: 1.3
mL/min, Hex:IPA = 92:8, 15min; 7z =5.77 min (major), 6.75 min (minor).

WD 14, Wavalangth=254

1104

mAL
]

it BN, N
0 05 1 15 2 25 3 35 4 45 5 55 6 65 F 75 8 85 6 @5 10 105 11 115 12 1325
Tirme [min)

Signal: VWD1A,Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
5879 MMm 0.18 970.68 80.63 50.58
6.901 M m 0.22 948.35 64.72 4942
Sum 1919.03

a3

8%

maALl
8884

251
20
154 g
104

5] A

G T J‘ T T T T T T T T T T T T T T T

6 05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 B 85 © 05 10 105 11 115 12 125

Time [min)

Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
5769 MMm 017 45.98 4.18 6.33
6747  MMm 0.21 680.23 48.46 93.67
Sum T26.21

- 6ac (12.5 mg, 37% yield, PE/EA=20:1, 87% ee, Z/E >20:1) was
\fj_com synthesized in method D afforded 37% isolated yield as a
N"Te 2| colorlessoil. [a]%=+16 (c=0.25, CHCl3). 1H NMR (400 MHz,
CDCl3) 67.35—-7.25 (m, 2H), 7.23 — 7.05 (m, 5H), 7.03 — 6.80
(m, 2H), 6.01 (s, 1H), 3.78 (dd, J = 151.7, 14.0 Hz, 5H), 3.52 —
3.25 (m, 2H), 2.91 — 2.23 (m, 2H), 1.43 (s, 3H). *C NMR (100
MHz, CDCl3) 6 176.0, 161.9 (d, J = 244.3 Hz), 139.2, 135.7 (d, J = 2.9 Hz), 134.4,
129.8 (d, J = 7.9 Hz), 128.3, 127.1, 124.8, 120.2, 115.0 (d, J = 21.2 Hz), 61.3, 54.7,
51.8, 49.6, 36.5, 22.8. HRMS (ESI) m/z: [M + H]" Calcd for C2:H22FNO> 340.1707;

6ac
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found: 340.1726. HPLC conditions: OJ-H column, 254 nm, 30 °C, flow rate:

1.3

mL/min, Hex:IPA = 90:10, 15min; tr =7.05 min (minor), 7.89 min (major).

VWD1A, Wavelength=254 nm
a0
701
60
50
=
T aod
a0
20
104
O 05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 8 B5 8 085 10 105 11 115 12 125 13 135 14 145
Time [min]
Signal: VWD1A, Wavelength=254 nm
RT[min] Type  Width [min] Area Height Area% Name
7.050 MM m 0.26 665.59 39.10 50.27
7.947 MM m 0.30 658.44 33.82 49.73
Sum 1324.04
YIND1A Wavelength=254 nm
24004
22004
20004
1800
1600
14004
21200
E‘|
1000
800+
600+
400
2004
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 B85 O 05 10 105 11 115 12 125 13 135 14 145
Time [min]
Signal: VWD1A, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% MName
7.049 MM m 0.28 1483.05 8017 6.27
7.891 MM m 0.30 22176.03 1127.13 93.73
Sum 23659.08

3.8 HPLC spectrum of compounds (R)-3ga, (S)-3ga, (S)-1g’, and (R)-1g’

Ph
o —\  CO,iPr
CO,iPr (R, R)-L1 HO (nMe
S O’« standard conditions HN
N Me + o) >
Ph then NaBH3CN, 2 h
F N
(rac)-1g 2a (R)-3ga, 52% yield, 93% ee F
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200H
180
160
140+ =
120 =
= 4
T 1007
a0
B0
an- =
20 p
X,
O 05 1 15 2 25 3 25 4 45 5 55 & 65 7 75 8 A5 O 05 10 105 11 115 12 125 13 135 14 145
Time [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
6.259 MM m 0.20 84.97 595 3.50
10.414 MM m 0.37 234528 95.65 96.50
Sum 2430.25
Ph
o — CO,iPr
CO,iPr /« HO an CO,iPr
~N S o . . H
N Me + o) standard conditions,10 min HN . H/\Me
Phi then NaBH;CN, 2 h
F ~ F
(S)-19 2a 3ga, 11% vyield, 46% ee F (S)-1g', 54% recovered
19 % ee
VINDA Y 4
&0+
55+
o
45
40
35
2 a0
£
25
20 =
154 i
10
7 A_AK
G_ T T T T T T T T T T T T T T T T T T T T T T T T T T T T
05 1 15 2 25 3 35 4 45 5 55 6 65 7 7?5 & 85 8 85 10 105 11 115 12 125 13 135 14
Time [min)
Signal: VWD1A Wavelength=254 nm
RT[min] Type  Width [min] Area Height Area% Name
5.659 MM m 0.19 498.05 39.38 73.22
9.613 MM m 0.32 182.13 8.65 26.78

Sum 680.19

coorr| 1g’ (12.9 mg, 54% recovered, PE/EA=20:1, 19% ee) was
/@/\N;\Me colorless oil. 'H NMR (400 MHz, CDCl3) 6 7.32 - 7.13 (m, 2H),
H
F
19’

7.08 -6.82 (m, 2H), 5.30 — 4.69 (m, 1H), 3.62 (dd, J =57.8, 12.7
Hz, 2H), 3.24 (g, J = 7.0 Hz, 1H), 1.79 (s, 1H), 1.52 — 0.89 (m,
9H). 13C NMR (100 MHz, CDCls3) 6 175.2, 162.0 (d, J = 244.7
Hz), 135.5 (d, J = 3.0 Hz), 129.8 (d, J = 8.0 Hz), 115.2 (d, J = 21.2 Hz), 68.2, 56.0,
51.2, 21.9, 21.8, 19.1. HRMS (ESI) m/z: [M + H]* Calcd for C13H1sFNO2 240.1394;
found: 240.1411. HPLC conditions: AD-H column, 254 nm, 30 °C, flow rate: 1.3
mL/min, Hex:IPA = 97:3, 15min; tr =3.61 min, 4.07 min.
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VWD 1A Wavelength=254 nm
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0 02040608 1

LN S S S S S B S S S — T T
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| LN S S SU S S S S SR e S R T
4 4244 4648 5 5254 5658 6 626466 68 T

COOiPr

Time [min]
Signal: VWD 1A, Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
3.842 MM m 0.08 254.36 46.57 50.99
4.383 MM m 0.10 244 .49 38.88 49.01
Sum 498.84
VWD 1A Wavelength=254 nm
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80
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60 o
404
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104 i
0 02040608 1 12141618 2 22242628 3 323423638 4 4244 4648 5 5254 5658 € 62 6.4 66 68 7
Tirme [min)
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
3612 MBA m 0.08 234 52 4595 5962
40685 MM m 0.09 158.84 2832 40.38
Sum 39337
Ph
o —\  COOiPr
COOiPr J( HO—)_\—<"Me
\N/'\Me + 9 0 standard conditions, 10 min HN N)\Me
F,©/\ Ph(J then NaBH,CN, 2 h F/©/\“

(R)-1g

2a

S50

3ga, 87% yield, 95% ee

F

(R)-1g', trace



o DA, W gt i
400+
350
3004
3250~
E 200
150
100
B
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 B 85 © 65 10 105 11 115 12 125 13 135 14
Tirme [min]
Signal: VWD1A Wavelength=254 nm
RT [min] Type Width [min] Area Height Area% Name
5819 MMm 0.19 3617.94 293.18 97.66
9532 MMm 0.29 86.55 4.67 2.34
Sum 3704 .48

4, References
a) M. Ke, G. Huang, L. Ding, J. Fang, F. Chen, ChemCatChem, 2019, 11, 4720-
4724; b) M. Ke, Z. Liu, G. Huang, J. Wang, Y. Tao, F. Chen, Org. Lett. 2020, 22,

4135-4140.
2. X.Huo,J. Zhang, J. Fu, R. He, W. Zhang, J. Am. Chem. Soc. 2018, 140, 2080—2084.
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5. Copies of 'H and 13 C spectrum of trisubstituted allyl
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TH NMR spectrum of 3bb in CDCl;
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TH NMR spectrum of 3be in CDCls
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TH NMR spectrum of 3bd in CDCl;
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TH NMR spectrum of 3be in CDCls
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TH NMR spectrum of 3bf in CDCl;
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TH NMR spectrum of 3bg in CDCls
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TH NMR spectrum of 3bh in CDCl;
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TH NMR spectrum of 3bi in CDCls
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TH NMR spectrum of 3bj in CDCl;
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TH NMR spectrum of 3bk in CDCl;
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TH NMR spectrum of 3bm in CDCls
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TH NMR spectrum of 3bn in CDCl;
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TH NMR spectrum of 3bo in CDCls
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TH NMR spectrum of 3bp in CDCl;
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TH NMR spectrum of 3br in CDCls
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TH NMR spectrum of 3bs in CDCl;
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TH NMR spectrum of 3bt in CDCl;
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TH NMR spectrum of 3bu in CDCl;
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TH NMR spectrum of 3bv in CDCls3
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TH NMR spectrum of 3bw in CDCl;
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TH NMR spectrum of 3bx in CDCls
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TH NMR spectrum of 3by in CDCls
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TH NMR spectrum of 3bz in CDCls
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TH NMR spectrum of 3baa in CDCl;
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TH NMR spectrum of 3bab in CDCls
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TH NMR spectrum of 3ea in CDCl;
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TH NMR spectrum of 3fa in CDCls
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TH NMR spectrum of 3ga in CDCls
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TH NMR spectrum of Sba in CDCls3

LEb—

00e
§ _..my

¥5'ET
[ 30\)

1676
86°€
00~
ILTF
PN
6L
ey

90'9
S.mW
609
v
L9
L9
7%
mh.mtw
81°9]
69
69
969
Ll
€1l
€11
1l
v
6L
T

O

MeQOC, pMe

OH

S

o
3
:

=g

» 00T
~p0'L
607
Il
09T

)
3

6.0

£1 (ppm}

13C NMR spectrum of 5ba in CDCls;

sFEEZ—

19—

[4%:)
ELLG—
GT86—
1609

ZFGLL
mm.m:v
mm.mN_./
LF LA
LTI

SL0EL
R.ﬁ_.ﬁ
..;.Nm_.u\
9rvEL
6IVEL
S.mmﬂ_
1671V

567091~
BGEEIL—

€86l —

. e

MeQOC

OH

40 20

10 100 50 80 0 ]
£1 (ppm}

120

200 150 180 170

0]

583



TH NMR spectrum of 5bb in CDCl;
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TH NMR spectrum of Sbe in CDCls
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'H NMR spectrum of 5bd in CDCl;
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TH NMR spectrum of Sbe in CDCls
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TH NMR spectrum of 5bf in CDCl;
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TH NMR spectrum of 5bg in CDCls
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TH NMR spectrum of 5bh in CDCl;
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TH NMR spectrum of 1g’ in CDCls
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TH NMR spectrum of 6aa in CDCls
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TH NMR spectrum of 6ab in CDCls
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TH NMR spectrum of 6ac in CDCl;
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