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Abstract A protocol for the copper-catalyzed decarboxylative cross-coupling of a-fluoroacrylic acids with N-tosyl
oxaziridines was reported. A series of substituted a-fluoroacrylic acids, and primary, secondary and tertiary substituted
oxaziridines were suitable reaction substrates. The decarboxylation reaction exhibited good functional group compatibility and
excellent Z-stereoselectivity. This method provides a novel and practical strategy for the construction of monofluoroalkenes,
which are key functional groups in the pharmaceutical and material sciences. In addition to a-fluoroacrylic acids, f-
fluoroacrylic acid could also participate in the reaction smoothly, which provides a protocol to access various substituted
monofluoroalkenes. This methodology also provides a platform for the modification of complex biologically active molecules.
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SR 2 DR AR (Cul) A AL IS, ROBZRTG T 37%
FISAF= 3, e, Rkt B 7 He i — o4
A TR 52 S Wi 50 (Entries 2~7): AL3E IR AL V4
(CuBr). SEALIZAR(CuCl). MWy -2-H R4 (CuTe). AL
LA (Cux0) =5 R PR AR 5 2K 1) 4% & ) (CuOTf+Ph) LA
KN @R VU 2,84 (Cu(CH3CN)4PFg). 7E LA Cu(CHs-
CN)4PFs N AT, SN 25 T 78% 1)< AH i %
(Entry 7), R0 A A0 Bk AR (AL RIS, OwE 3k
37 35%M77 K (Entry 8). N RN T — 2 i
TEAL T X6 S5 B ISR PR 2 1] (Entries 9~ 13): LG = % FF
T B2 7 (Cu(OTh2) « £ T8t A P 82 ] (Cu(acac)2)) ~ A4
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Table 1 Optimization of reaction conditions of compound 3a

Ts
©/\*FCOOH . OC-N Conditions ©/\H\
F )ﬂ/ 110 °C ;
24 h, Ar
1a 2a 3a
0.2 mmol 0.1 mmol ZIE > 30:1
Ph Ph — )\ Bu Bu
_ 72\ - 7\ \ 7 B — —
R T W - NN N
L1 L2 L3 L4
Entry” Catalyst Ligand Solvent Yield/% (Z © E>30: 1)
1 Cul L1 DCE 37
2 CuBr L1 DCE 26
3 CuCl L1 DCE 25
4 CuTc L1 DCE 55
5 Cu20 L1 DCE 62
6 CuOTfPh L1 DCE 40
7 Cu(CH3CN)4PF¢ L1 DCE 78
8 Fe(OAc)2 L1 DCE 35
9 Cu(OTf):2 L1 DCE 42
10 Cu(acac), L1 DCE 72
11 CuO L1 DCE 28
12 CuBrn L1 DCE 29
13 Cu(OAc):2 L1 DCE 31
14 Cu(CH3CN)4PFs L2 DCE 37
15 Cu(CH3CN)4PFs L3 DCE 22
16 Cu(CH3CN)4PFs L4 DCE 18
17 Cu(CH3CN)4PFs L1 PhF 45
18 Cu(CH3CN)4PFs L1 PhCl 56
19 Cu(CH3CN)4PFs L1 PhH 43
20 Cu(CH3CN)4PFs L1 PhH/DCE (V' : V=1 .1) 38
21 Cu(CH3CN)4PFs L1 DCE 69
22 Cu(CH3CN)4PFs L1 DCE 65
23 — L1 DCE Trace

4aReaction conditions: catalyst (10 mol%), ligand (10 mol%), 1a (0.2 mmol), 2a (0.1 mmol) in 1 mL solvent at 110 ‘C for 24 h. The yield was determined by gas

chromatography (GC) using biphenyl as internal standard.
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Table 2 Substrate scope for the synthesis of product 3

N N COOH ofN/TS CU(CH3CN)4PF6, 10 mol%
R@/\r]‘ . )K'/R'I L1, 10 mol%
= F L. DCE, 1.5 mL
110 °C, Ar, 24 h
0.3 mmol 0.15 mmol

A
F
3a, 73%, Z/IE > 30:1

PhO N
F

3d, 68%, Z/E > 20:1

@A\fo
F
MeO

39, 75%, ZIE > 20:1

Cl N
F
F
3j, 65%, ZIE > 20:1

/@/\H\
F
TsO

3m, 65%, Z/E > 20:1
J X
o) F

3p, 63%, ZIE > 20:1

(0]
A
F
MeO

3s, 66%, Z/E > 30:1

/©/\H<
F
MeO

3v, 72%, ZIE > 30:1

_0

g

o

3b, 71%, ZIE > 20:1

)
]

3e, 66%, Z/E > 30:1

%ﬁb

NC
3h, 56%, Z/E > 30:1

y

Br
3k, 60%, Z/E > 30:1

\

_O
i
o

-

3n, 55%, ZIE > 20:1

XN
F

=
(]

3q, 68%, ZIE > 25:1

3]

(0]
A
H
3t, 61%, Z/E > 30:1

(]
-

3w, 70%, Z/E > 30:1

R1
X R2
F
©\/\H\
F
7

3¢, 74%, ZIE > 20:1

/@/\(O
E
F3C

3f, 65%, ZIE > 20:1

/©/\p
F
F

3i, 62%, ZIE > 20:1

31, 63%, ZIE > 20:1

e

30, 67%, ZIE > 20:1

O
XN
\S F

3r, 62%, Z/IE > 30:1

SUZEN
S F

3u, 68%, Z/E > 30:1

o
F
MeO

3x, 35%, Z/IE > 20:1

9Reaction conditions: Cu(CH3CN)4PF¢ (10 mol%), ligand (L1, 10 mol%), a-fluoroacrylic acids (0.3 mmol), N-tosyl oxaziridines (0.15 mmol) in 1 mL of DCE at

110 C for24h.

Chin. J. Org. Chem. 2023, 43,2110~2119 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences ~  http://sioc-journal.cn/ 2113



Lol
F o-N""® CU(CH3CN)4PFs (10 mol%) F
~COOH L1 (10 mol%) “
©)\/ )b DCE (1.5 mL)
110 °C, Ar, 24 h
0.3 mmol 0.15 mmol 3y, 58%, Z/IE > 30:1

B2 - AR R IR Il R 5 B S5
Scheme 2 Example of S-fluoroacrylic acid

Cu(CH3CN)4PFg (10 mol%)
L1 (10 mol%)
DCE (1.5 mL)
110 °C, Ar, 24 h

0.3 mmol 0.15 mmol 3z, 62%, ZIE > 30:1

B3 iEtEr T et
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equiv.) X IR N E] N-XF FREE (1.6 g, 2.5 mmol, 1
equiv.)FIAH B (R (18.8 mmol, 2.0 equiv.)f F K (70 mL)
WP, B RBOEGYIIMARE 24 h, AEIZ=ERE,
S IS EABKIE T, PR A BT YIS
S E, IR OB ZER, ToOKBR R EE T, IR
g5, HIRRVIEMAE S FHEQ0 mL)FHAHZE 0 C,
a5, DONBRER BRI AN K IEW(20 mL), SR )5 N — & H
$1(20 mL) ) 70% 8] S ER HR(2.0 g, 2.2 equiv.)iE.
TEE IR N RIZMRHRSY) 2 h )5, FIRIE BRERAH /K v
AR N, e 20 F 3K ek & I A HLAH,

TRERAN T 15, JFAEIE TR 4E, PR i e At /2 Hr 2t
., BRI A E 3 S 5.

322 ¥ RMIRGH &

S, é??\ﬁﬁ%%ﬁﬁ?(03mmol) Cu(CH;CN)4PFs
(10 mol%). BLAAR(L1, 10 mol%). & Z=MY Pi%E(0.15 mmol)
In# & 46 W71 Schlenk & . ﬁkléﬁﬁzf)\m (=
AMEIR), i ES 80 DCE (1.5 mL). ¥ Fi 5 5 B ik
HWIAE 110 CRAERE 24 h, SR)F A h BRI 2.8 215
PITRA VIR RS & WA T 44k,

((12)-2-9-3-FHE T -1-0555) 7K (3a): TotalifA, 18.0
mg, & 73%, Z: E>30: 1. '"H NMR (400 MHz,
CDCls) 6: 7.47 (d, J=7.4 Hz, 2H), 7.31 (t, J=7.6 Hz, 2H),
7.23~7.16 (m, 1H), 5.46 (d, J=40.2 Hz, 1H), 2.63~2.51
(m, 1H), 1.19 (d, J=6.8 Hz, 6H); 3C NMR (101 MHz,
CDCls) d: 165.79 (d, J=268.3 Hz), 133.96 (d, J=2.2 Hz),
128.38, 128.31, 126.57 (d, J=2.3 Hz), 103.31 (d, J=9.1
Hz), 32.05 (d, J=25.9 Hz), 19.77 (d, J=2.7 Hz); "F
NMR (376 MHz, CDCls) 6: —106.56. HRMS (EI) calcd
for C11H 5F 164.1001, found 164.0995.
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4-((12)-2-90-3-HEE T - 1)@ B5)-1,2- —HEE LK (3b):
TEMAA, 23.8 mg, 2K 71%, Z: E>20 1. '"H NMR
(400 MHz, CDCl3) §: 7.15~7.11 (m, 1H), 6.98 (dd, J=
8.3,2.0 Hz, 1H), 6.81 (d, J=8.3 Hz, 1H), 5.40 (d, J=40.3
Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 2.56 (dp, J=16.3, 6.9
Hz, 1H), 1.19 (d, J=6.9 Hz, 6H); F NMR (376 MHz,
CDCl3) 6: —108.99; 3C NMR (101 MHz, CDCl;) §:
164.65 (d, J=266.0 Hz), 148.70, 147.82 (d, J=2.8 Hz),
126.99 (d, J=2.2 Hz), 121.08 (d, J=6.7 Hz), 111.47 (d,
J=8.9 Hz), 111.05, 102.98 (d, J=9.3 Hz), 55.87, 55.78,
32.00 (d, J=26.1 Hz), 19.81 (d, J=2.8 Hz). HRMS (EI)
calced for C13H,7FO, 224.1213, found 224.1206.

1-((12)-2-F-3-H 3 T -1-45 28 )-2- A 2K 3e): TC
K, 21.5 mg, 723 74%, Z 1 E>20: 1. 'H NMR
(400 MHz, CDCls) d: 7.77 (dd, J=7.7, 1.7 Hz, 1H), 7.18
(ddd, J=8.5, 7.5, 1.7 Hz, 1H), 6.93 (t, J=7.5 Hz, 1H),
6.85 (dd, J=8.3, 1.1 Hz, 1H), 5.88 (d, J=41.3 Hz, 1H),
3.83 (s, 3H), 2.59 (dp, J=16.4, 6.9 Hz, 1H), 1.20 (d, J=
6.9 Hz, 6H); '°F NMR (376 MHz, CDCls) 6: —108.49;
3C NMR (101 MHz, CDCl3) 6: 165.77 (d, J=267.6 Hz),
155.93, 129.76 (d, J=12.7 Hz), 127.69 (d, J=1.8 Hz),
122.67, 120.59, 110.40, 96.67 (d, J=7.3 Hz), 55.52, 32.32
(d, J=26.2 Hz), 19.84 (d, J=2.8 Hz). HRMS (EI) calcd
for C12H;sFO 194.1107, found 194.1101.

(B-((12)-2-F-3- FH I T -1-J 58 ) 2R 6 B 36 2K (3d):
TR, 26.1 mg, F=3 68%, Z: E>20: 1. '"H NMR
(400 MHz, CDCLy) 8: 7.32 (dt, J=8.6, 7.3 Hz, 2H), 7.27~
7.21 (m, 2H), 7.16 (t, J=1.9 Hz, 1H), 7.11~7.06 (m, 1H),
7.03~6.98 (m, 2H), 6.85 (ddd, J=7.9, 2.5, 1.3 Hz, 1H),
5.43 (d, J=39.6 Hz, 1H), 2.54 (dp, J=16.1, 6.9 Hz, 1H),
1.17 (d, J=6.8 Hz, 6H); '*C NMR (101 MHz, CDCl;) §:
166.32 (d, J=269.7 Hz), 157.38 , 157.11 , 135.71 (d, J=
2.1 Hz), 129.72 , 129.62 , 123.50 (d, J=7.5 Hz), 123.09 ,
118.96 (d, J=7.7 Hz), 118.74, 117.32 (d, J=2.1 Hz),
102.95 (d, J=8.7 Hz), 32.07 (d, J=25.7 Hz), 19.73 (d,
J=2.7 Hz); F NMR (376 MHz, CDCls) 6: —103.89.
HRMS (EI) caled for Ci7H7FO 256.1263, found 256.1255.

3-(12)-2-3-3- FA AL T - 145 5%)- 1-(TH -2- kﬁ%ﬁﬂﬁ)zx
(3e): Tfilifk, 21.7 mg, F=Z 66%, Z: E>30:1
NMR (400 MHz, CDCl3) d: 7.31~7.23 (m, 1H), 7.13 (d,
J=2.0 Hz, 1H), 7.07 (dt, J=7.7, 1.2 Hz, 1H), 6.81 (dd,
J=8.2, 2.5 Hz, 1H), 6.09 (ddt, J=17.2, 10.5, 5.3 Hz, 1H),
5.55~5.40 (m, 2H), 5.31 (dt, J=10.5, 1.5 Hz, 1H), 4.57
(dt, J=5.3, 1.5 Hz, 2H), 2.59 (dp, J=16.3, 6.9 Hz, 1H),
1.22 (d, J=6.9 Hz, 6H); '*C NMR (101 MHz, CDCl;) §:

http://sioc-journal.cn/ 2115
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165.97 (d, J=268.9 Hz), 158.61 , 135.23 (d, J=2.3 Hz),
133.39,129.26 , 121.19 (d, J=6.8 Hz), 117.58 , 114.50 (d,
J=8.3 Hz), 113.33 (d, J=2.1 Hz), 103.27 (d, J=8.8 Hz),
68.76 , 32.07 (d, J=25.8 Hz), 19.75 (d, J=2.7 Hz); "F
NMR (376 MHz, CDCl;) 6: —105.73. HRMS (EI) calcd
for C14H;,FO 220.1263, found 220.1252.

1-((12)-2-3£ C 5 -2- 9, £ 05 31k )-4-( = 36 Y 2k 2R (31):
TR, 26.5 mg, 723 65%, Z: E>20 . 1. '"H NMR
(400 MHz, CDCls) §: 7.62~7.50 (m, 4H), 5.48 (d, J=
39.8 Hz, 1H), 2.32~2.16 (m, 1H), 1.96 (d, J=9.6 Hz,
2H), 1.83 (dt, J=10.2, 3.0 Hz, 2H), 1.75~1.69 (m, 1H),
1.39~1.20 (m, 5H); *C NMR (101 MHz, CDCly) §:
166.90 (d, J=271.4 Hz), 137.62, 128.47, 128.39, 125.23
(q, J=3.8 Hz), 124.25 (q, J=271.8 Hz), 102.72 (d, J=8.6
Hz), 41.60 (d, J=24.2 Hz), 29.94 (d, J=2.3 Hz), 25.89,
25.83; YF NMR (376 MHz, CDCly) 6: — 7432, —
113.56. HRMS (EI) calcd for CisHisF4 272.1188, found
272.1185.

1-((12)-2-3F © B -2- 9 S0 i )-4- A B K (3g): TG
R, 262 mg, FPF 75%, Z 1 E>20: 1. 'H NMR
(400 MHz, CDCL3) J: 7.45 (d, J=8.8 Hz, 2H), 6.89 (d, J=
8.8 Hz, 2H), 5.41 (d, J=41.0 Hz, 1H), 3.83 (s, 3H), 2.26
(ddt, J=15.5, 7.2, 3.6 Hz, 1H), 2.03~1.94 (m, 2H),
1.89~1.81 (m, 2H), 1.78~1.70 (m, 1H), 1.41~1.28 (m,
5H); '*C NMR (101 MHz, CDCl;) J: 163.86 (d, J=265.3
Hz), 158.16 (d, J=2.9 Hz), 129.54 (d, J=7.6 Hz), 126.78
(d, J=2.1 Hz), 113.80, 102.91 (d, J=9.4 Hz), 55.24, 41.50
(d, J=24.8 Hz), 30.14 (d, J=2.2 Hz), 26.02, 25.96; '°F
NMR (376 MHz, CDCl3) §: —108.23. HRMS (EI) calcd
for C1sH1oFO 234.1420, found 234.1413.

4-((12)-2-¥F O 2E-2-90 M ) 2R -1-H i§ (3h): TG
WA, 19.1 mg, F=F 56%, Z: E>30: 1. '"H NMR (400
MHz, CDCls) 6: 7.68~7.45 (m, 4H), 5.47 (d, J=39.4 Hz,
1H), 2.26 (dtd, J=18.9, 11.2, 9.0, 5.3 Hz, 1H), 1.95 (d,
J=8.8 Hz, 2H), 1.88~1.80 (m, 2H), 1.76~1.70 (m, 1H),
1.41~120 (m, 5H); *C NMR (101 MHz, CDCly) §:
167.87 (d, J=273.7 Hz), 138.78 (d, J=2.3 Hz), 132.14,
128.75 (d, J=8.3 Hz), 119.11, 109.67, 102.75 (d, J=8.3
Hz), 41.67 (d, J=24.0 Hz), 29.88 (d, J=2.2 Hz), 25.81 (d,
J=5.9 Hz); F NMR (376 MHz, CDCl;) : —103.53.
HRMS (EI) caled for CisH6FN 229.1267, found 229.1261.

1-((12)-2-3F O FE-2- 900 M 38 )-4- 5 R (3i): o il
K, 20.5 mg, =% 62%, Z: E>20:1. '"H NMR (400
MHz, CDCLs) §: 7.54~7.39 (m, 2H), 7.01 (t, J=8.7 Hz,
2H), 5.42 (d, J=40.3 Hz, 1H), 2.25 (dtd, J=18.7, 11.2,
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9.2, 5.5 Hz, 1H), 2.01~1.93 (m, 2H), 1.84 (g, J=3.6 Hz,
2H), 1.74 (dt, J=11.9, 2.3 Hz, 1H), 1.42~1.25 (m, 5H);
13C NMR (101 MHz, CDCls) 6: 164.81 (dd, J=267.2, 2.2
Hz), 161.34 (dd, J=246.0, 3.4 Hz), 130.12 (dd, J=3.1, 2.1
Hz), 129.89 (t, J=7.8 Hz), 115.20 (d, J=21.3 Hz), 102.51
(d, J=9.2 Hz), 41.47 (d, J=24.6 Hz), 30.03 (d, J=2.3
Hz), 25.95, 25.89; YF NMR (376 MHz, CDCly) &: —
106.50, — 115.45. HRMS (EI) caled for CsHi¢F2
222.1220, found 222.1212.
2-5-4-((12)-2-3F 3 -2-F LI F)-1-8 4 3j): |
BWAA, 25.0 mg, 5 65%, Z: E>20: 1. '"H NMR
(400 MHz, CDCl3) d: 7.53 (dd, J=7.2, 2.1 Hz, 1H), 7.29
(ddd, J=8.6, 4.7, 2.1 Hz, 1H), 7.05 (t, J=8.8 Hz, 1H),
5.34 (d, J=39.5 Hz, 1H), 2.21 (dp, J=12.2, 4.7, 4.1 Hz,
1H), 1.98~1.90 (m, 2H), 1.84~1.77 (m, 2H), 1.75~1.68
(m, 1H), 1.36~121 (m, 5H); *C NMR (101 MHz,
CDCls) 6: 165.76 (dd, J=269.1, 2.4 Hz), 156.54 (dd, J=
248.7,3.2 Hz), 131.27 (dd, J=4.1, 1.9 Hz), 130.24 (d, J=
8.6 Hz), 128.02 (t, J=7.2 Hz), 120.73 (d, J=17.9 Hz),
116.31 (d, J=21.1 Hz), 101.73 (d, J=9.3 Hz), 41.45 (d,
J=24.3 Hz), 29.94 (d, J=2.3 Hz), 25.90, 25.83; '°F NMR
(376 MHz, CDCl3) 0: 128.75, 115.21. HRMS (EI) calcd for
C14H,5CIF; 256.0830, found 256.0822.
4-P-1-((12)-2-5-3-FF B T - 145 5 R (3k): Ll
&, 21.8 mg, % 60%, Z: E>30:1. '"H NMR (400
MHz, CDCLy) d: 7.42 (d, J=8.5 Hz, 2H), 7.34 (d, J=8.6
Hz, 2H), 5.41 (d, J=39.7 Hz, 1H), 2.55 (dq, J=16.1, 6.9
Hz, 1H), 1.19 (d, J=6.9 Hz, 6H); *C NMR (101 MHz,
CDCls) 6: 166.37 (d, J=269.5 Hz), 132.82, 131.42, 129.88
(d, J=7.8 Hz), 120.20, 102.40 (d, J=9.0 Hz), 32.03 (d,
J=25.6 Hz), 19.65 (d, J=2.8 Hz); '°F NMR (376 MHz,
CDCl3) o: —104.28. HRMS (EI) caled for C;H:BrF
242.0106, found 242.0101.
3-((12)-2-%F © 3 -2-9 &0 35 )-1- IR 31): Lt il
&, 31.1 mg, % 63%, Z: E>20:1. '"H NMR (400
MHz, CDCLs) d: 7.86 (d, J=1.7 Hz, 1H), 7.58~7.49 (m,
1H), 7.45 (d, J=7.9 Hz, 1H), 7.06 (t, J=7.9 Hz, 1H), 5.37
(d, J=39.9 Hz, 1H), 2.25 (dddd, J=15.4, 11.8, 7.8, 3.7
Hz, 1H), 1.97 (dd, J=8.4, 4.5 Hz, 2H), 1.88~1.82 (m,
2H), 1.77~1.72 (m, 1H), 1.34 (td, J=15.2, 13.3, 7.7 Hz,
5H); '*C NMR (101 MHz, CDCls) d: 166.08 (d, J=270.0
Hz), 137.10 (d, J=8.1 Hz), 136.21 (d, J=2.2 Hz), 135.39
(d, J=2.2 Hz), 129.99, 127.49 (d, J=7.6 Hz), 102.38 (d,
J=8.8 Hz), 94.41, 41.54 (d, J=24.4 Hz), 29.97 (d, J=2.2
Hz), 25.92, 25.85; YF NMR (376 MHz, CDCly) &: —
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102.88. HRMS (EI) caled for Ci4H;6FI 330.0281, found
330.0273.

4- FH B DRI IR -4-((12)-2- -3 FH L T -1 2 ) K Ok
fis(3m): LEWK, 32.5 mg, =F 65%, Z: E>20: 1.
'H NMR (400 MHz, CDCL3) §: 7.70 (d, J=8.3 Hz, 2H),
7.38 (d, J=8.8 Hz, 2H), 7.30 (d, J=8.1 Hz, 2H), 6.90 (d,
J=8.8 Hz, 2H), 5.41 (d, J=39.6 Hz, 1H), 2.60~2.50 (m,
1H), 2.45 (s, 3H), 1.17 (d, J=6.8 Hz, 6H); 3C NMR (101
MHz, CDCl;) d: 166.38 (d, J=269.4 Hz), 147.86 (d, J=
3.4 Hz), 145.33, 133.01 (d, J=2.2 Hz), 132.31, 129.75,
129.43 (d, J=7.8 Hz), 128.56, 122.31, 102.25 (d, J=8.9
Hz), 32.03 (d, J=25.6 Hz), 21.76, 19.69 (d, J=2.6 Hz);
F NMR (376 MHz, CDCl;) 8: —104.25. HRMS (EI)
caled for C1gH 9FO3S 334.1039, found 334.1030.

(4-((12)-2-F0-3- HH T -1 25 ) R ) (HR 3k ) — 5 IE.
B0 kE(3n): LA, 20.0 mg, 72 55%, Z L E>
20 : 1. '"H NMR (400 MHz, CDCl;) J: 7.87 (d, J=8.5 Hz,
2H), 7.64 (d, J=8.4 Hz, 2H), 5.56 (d, J=38.8 Hz, 1H),
3.05 (s, 3H), 2.70~2.53 (m, 1H), 1.22 (d, J=6.9 Hz, 6H);
3C NMR (101 MHz, CDCl;) 6: 168.61 (d, J=273.8 Hz),
139.63 (d, J=2.3 Hz), 137.92 (d, J=2.6 Hz), 128.94 (d, J
=8.0 Hz), 127.47, 102.31 (d, J=8.4 Hz), 44.57, 32.19 (d,
J=252 Hz), 19.57 (d, J=2.8 Hz); YF NMR (376 MHz,
CDCl3) 0: —100.22. HRMS (EI) caled for Ci2H;sFO2S
242.0777, found 242.0776.

6-((12)-2-3F CIE-2-5, 2075 35)-2,3- “A T IE(b)(1,4)
THEIRM O SE(30): LR, 26.3 mg, FPE 67%,Z 1 E
>20 : 1. '"H NMR (400 MHz, CDCl3) ¢: 7.05 (d, J=2.1
Hz, 1H), 6.93 (dd, J=8.4, 2.1 Hz, 1H), 6.79 (d, J=8.4 Hz,
1H), 5.30 (d, J=40.6 Hz, 1H), 4.24 (s, 4H), 2.24~2.15
(m, 1H), 1.96~1.88 (m, 2H), 1.84~1.77 (m, 2H), 1.74~
1.66 (m, 1H), 1.36~1.24 (m, 5H); 3C NMR (101 MHz,
CDCl;) d: 164.20 (d, J=266.3 Hz), 143.21, 142.26 (d, J=
2.9 Hz), 127.65 (d, J=1.9 Hz), 121.82 (d, J=7.0 Hz),
117.11, 117.03, 102.85 (d, J=9.0 Hz), 64.46, 64.35, 41.48
(d, J=24.7 Hz), 30.07 (d, J=2.2 Hz), 25.99, 25.93; '9F
NMR (376 MHz, CDCl3) §: —107.10. HRMS (EI) calcd
for C1sH1oFO, 262.1369, found 262.1364.

5-((12)-2-9-3- FH B T - 105 5 )- 1- 2R SRR 3p): B
R, 19.2 mg, 7% 63%, Z: E>20: 1. 'H NMR
(400 MHz, CDCl;) 6: 7.80~7.71 (m, 1H), 7.58 (d, J=2.2
Hz, 1H), 7.47~7.36 (m, 2H), 6.73 (dd, J=2.2, 0.9 Hz,
1H), 5.55 (d, J=40.2 Hz, 1H), 2.58 (dq, J=16.1, 6.9 Hz,
1H), 1.21 (d, J=6.9 Hz, 6H); 3C NMR (101 MHz, CDCl;)
J: 164.83 (d, J=266.3 Hz), 153.74 (d, J=2.7 Hz), 145.23,
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128.80 (d, J=2.3 Hz), 127.62, 125.14 (d, J=6.6 Hz),
120.87 (d, J=8.6 Hz), 111.12, 106.69, 103.30 (d, J=9.2
Hz), 32.04 (d, J=26.1 Hz), 19.83 (d, J=2.7 Hz); "F
NMR (376 MHz, CDCl;) 6: —108.85. HRMS (EI) caled
for C13H13FO 204.0950, found 204.0944.
2-((12)-1-3F CL 28 1-3 40 -2- 25 ) ey (3q): T thilk
&, 21.4 mg, % 68%, Z: E>25:1. '"H NMR (400
MHz, CDCLy) d: 7.24 (d, J=5.0 Hz, 1H), 7.03 (d, J=3.5
Hz, 1H), 7.00 (ddd, J=5.4, 3.6, 2.0 Hz, 1H), 5.80 (d, J=
39.7 Hz, 1H), 2.34~2.22 (m, 1H), 1.99 (dd, J=8.5, 4.5
Hz, 2H), 1.90~1.81 (m, 2H), 1.77~1.71 (m, 1H), 1.40~
1.27 (m, 5H); 3C NMR (101 MHz, CDCl;) : 163.86 (d,
J=267.0 Hz), 136.28 (d, J=3.2 Hz), 126.53, 125.57 (d,
J=3.7 Hz), 124.73 (d, J=9.4 Hz), 98.42 (d, J=13.0 Hz),
40.84 (d, J=23.5 Hz), 29.92 (d, J=2.3 Hz), 25.95, 25.83;
F NMR (376 MHz, CDCl;) 6: —101.58. HRMS (EI)
caled for Ci,H;sFS 210.0878, found 210.0871.
4-((12)-1-F-2-(EWy -2-35) 2,975 35 U &L I (3r): 6
BWAA, 19.7 mg, %% 62%, Z: E>30: 1. '"H NMR
(400 MHz, CDCl3) 8: 7.30~7.26 (m, 1H), 7.06 (d, J=3.6
Hz, 1H), 7.03~6.98 (m, 1H), 5.83 (d, J=39.2 Hz, 1H),
4.11~4.02 (m, 2H), 3.48 (td, J=11.8, 2.3 Hz, 2H), 2.62~
2.50 (m, 1H), 1.89~1.81 (m, 2H), 1.79~1.67 (m, 2H);
3C NMR (101 MHz, CDCl3) 6: 161.73 (d, J=266.0 Hz),
135.70, 126.62, 126.07 (d, J=3.7 Hz), 125.20 (d, J=9.2
Hz), 99.20 (d, J=12.7 Hz), 67.40, 38.09 (d, J=25.1 Hz),
29.61 (d, J=2.5 Hz); "F NMR (376 MHz, CDCl;) 6: —
102.12. HRMS (EI) calcd for C,1H;3FOS 212.0671, found
212.0665.
A-((12)-1-5-2-(4- F 5 2 K 0L ) 20 0 225 ) DY &k T
(3s): LA, 23.2 mg, F5FK 66%, Z: E>30:1. 'H
NMR (400 MHz, CDCls) d: 7.47~7.38 (m, 2H), 6.89~
6.77 (m, 2H), 5.40 (d, J=40.7 Hz, 1H), 4.04 (ddd, J=
11.6, 4.5, 1.8 Hz, 2H), 3.80 (s, 3H), 3.44 (td, J=11.7, 2.3
Hz, 2H), 2.54~2.39 (m, 1H), 1.81 (ddd, J=13.0, 4.2, 2.0
Hz, 2H), 1.76~1.66 (m, 2H); 3C NMR (101 MHz,
CDCly) 6: 161.75 (d, J=264.4 Hz), 158.41 (d, J=2.9 Hz),
129.66 (d, J=7.4 Hz), 126.22 (d, J=2.3 Hz), 113.87,
103.75 (d, J=9.1 Hz), 67.52, 55.24, 38.69 (d, J=26.3 Hz),
29.83 (d, J=2.4 Hz); '9F NMR (376 MHz, CDCl3) §: —
108.56. HRMS (EI) calcd for C4H7FO, 236.1213, found
236.1208.
N-(4-((12)-2-%-3,3- = VR T - 1-0 28 ) R 0 ) 2 Tk i
(3t): LK, 21.5 mg, =% 61%, Z: E>30:1. 'H
NMR (400 MHz, CDCL3) §: 7.62 (s, 1H), 7.49~7.38 (m,
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4H), 5.47 (d, J=40.8 Hz, 1H), 2.15 (s, 3H), 1.21 (s, 9H);
3C NMR (101 MHz, CDCl;) 6: 168.50, 167.67 (d, J=
269.1 Hz), 136.35, 130.22 (d, J=1.8 Hz), 129.03 (d, J=
7.8 Hz), 119.72, 101.72 (d, J=9.9 Hz), 35.45 (d, J=23.8
Hz), 27.47 (d, J=2.8 Hz), 24.57; '°F NMR (376 MHz,
CDCl;) §: —109.21. HRMS (EI) caled for CisH;sFNO
235.1372, found 235.1367.

2-((12)-2-3-3,3- B T - 11 52) R H(b) W3 (3u):
Tk, 23.8 mg, P2 68%, Z: E>30: 1. 'H NMR
(400 MHz, CDCl;) d: 7.81 (d, J=7.8 Hz, 1H), 7.75 (dd,
J=7.4, 1.5 Hz, 1H), 7.40~7.30 (m, 2H), 7.07 (s, 1H),
6.21 (d, J=24.6 Hz, 1H), 1.22 (s, 9H); 3C NMR (101
MHz, CDCl;) J: 169.74 (d, J=258.5 Hz), 140.35, 139.68,
136.27 (d, J=17.9 Hz), 12451 (d, J=2.5 Hz), 124.29,
124.10, 123.27, 121.96, 99.45 (d, J=39.3 Hz), 36.58 (d,
J=24.7 Hz), 28.29 (d, J=4.0 Hz); '°F NMR (376 MHz,
CDCl;) §: —103.61. HRMS (EI) caled for CisHsFS
234.0878, found 234.0870.

(1-((12)-2- 9. -3,3- =V BE T -1- 45 2k )-4- W S B R
(Bv): Lk, 22.5 mg, 72K 72%, Z: E>30:1. 'H
NMR (400 MHz, CDCl3) ¢6: 7.47 (d, J=8.8 Hz, 2H), 6.90
(d, J=8.8 Hz, 2H), 5.51 (d, J=41.1 Hz, 1H), 3.84 (s, 3H),
1.26 (s, 9H); *C NMR (101 MHz, CDCl;) J: 166.74 (d,
J=267.0 Hz), 158.21 (d, J=2.9 Hz), 129.67 (d, J=17.7
Hz), 126.80 (d, J=1.9 Hz), 113.81, 101.66 (d, J=10.2
Hz), 55.23, 35.39 (d, J=24.0 Hz), 27.53 (d, J=2.7 Hz);
F NMR (376 MHz, CDCl;) : —108.63. HRMS (EI)
caled for C13H,7FO 208.1263, found 208.1259.

5-((12)-2-9-3,3- B 3L T -1-43%)-2,3- & -1- K5
WRIRE(3w): TCEiAR, 23.0 mg, F=% 70%, Z © E>30 : 1.
'H NMR (400 MHz, CDCl;) J: 7.46 (s, 1H), 7.21 (dd, J=
8.3, 1.8 Hz, 1H), 6.76 (d, J=8.3 Hz, 1H), 5.49 (d, J=41.1
Hz, 1H), 4.59 (t, J=8.7 Hz, 2H), 3.22 (t, J=8.7 Hz, 2H),
1.24 (s, 9H); *C NMR (101 MHz, CDCl;) d: 166.32 (d,
J=266.3 Hz), 158.75 (d, J=2.8 Hz), 128.56 (d, J=6.2
Hz), 127.14, 126.65 (d, J=2.1 Hz), 124.98 (d, J=9.3 Hz),
109.04, 101.96 (d, J=10.1 Hz), 71.33, 35.36 (d, J=24.2
Hz), 29.73, 27.53 (d, J=2.7 Hz); "F NMR (376 MHz,
CDCl;) d: —109.13. HRMS (EI) caled for C;4Hi7FO
220.1263, found 220.1258.

(1-((12)-2-5 - 1,5- M5 38)-4- A JE 2R (3x): Bt
WAk, 11.0 mg, P*% 35%, Z: E>20: 1. '"H NMR (400
MHz, CDCls) d: 7.46~7.37 (m, 2H), 6.94~6.80 (m, 2H),
5.96~5.76 (m, 1H), 5.42 (d, J=39.8 Hz, 1H), 5.16~4.95
(m, 2H), 3.80 (s, 3H), 2.47~2.30 (m, 4H); 3C NMR (101
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MHz, CDCl3) 0: 158.93 (d, J=263.8 Hz), 136.99, 129.49
(d, J=7.4 Hz), 126.48 (d, J=2.3 Hz), 115.56, 113.82,
105.51 (d, J=9.0 Hz), 55.25, 32.60 (d, J=26.9 Hz), 30.62.
F NMR (376 MHz, CDCl;) 6: —108.21. HRMS (EI)
calcd for C13H5FO 206.1107, found 206.1101.

((12)-2-¥F O B:-1-90 O ) K By): ot ilifk, 17.8
mg, 7% 58%, Z: E>30: 1. 'H NMR (400 MHz,
CDCL) 6: 7.54 (dd, J=7.3, 1.8 Hz, 2H), 7.42~7.28 (m,
3H), 5.32 (dd, J=38.2, 9.2 Hz, 1H), 2.74~2.64 (m, 1H),
1.88~1.69 (m, 5H), 1.46~1.34 (m, 2H), 1.32~1.15 (m,
3H); '3C NMR (101 MHz, CDCls) 6: 155.39 (d, J=245.2
Hz), 132.96 (d, J=29.4 Hz), 128.36 (d, J=2.1 Hz),
128.25, 123.86 (d, J=7.0 Hz), 112.04 (d, J=17.1 Hz),
33.83 (d, J=3.7 Hz), 33.19 (d, J=1.6 Hz), 26.06, 25.89;
F NMR (376 MHz, CDCl;) §: —121.70. HRMS (EI)
caled for Ci4H,7F 204.1314, found 204.1310.

(8R,9S,1385,148)-2-(Z)-2-5-3,3- . FH B~ 1-M5-1-55)-
3-HI4EFE-13-F13£-6,7,8,9,11,12,13,14,15,16- & -17H-3F
Ikt (a)FE-17-B(3z): ToAE, 35.7 mg, 723 62%, Z .
E>30: 1. '"H NMR (400 MHz, CDCLs) 8: 7.71 (s, 1H),
6.57 (s, 1H), 5.89 (d, J=42.3 Hz, 1H), 3.79 (s, 3H), 2.95~
2.83 (m, 2H), 2.55~2.41 (m, 2H), 2.28~2.12 (m, 2H),
2.09~1.93 (m, 3H), 1.67~1.42 (m, 6H), 1.22 (s, 9H),
0.90 (s, 3H); *C NMR (101 MHz, CDCls) d: 167.56 (d,
J=267.8 Hz), 154.21, 136.01 (d, J=1.7 Hz), 131.59,
126.68 (d, J=13.6 Hz), 120.28 (d, J=2.5 Hz), 110.73 ,
95.55 (d, J=8.1 Hz), 55.61, 50.45, 48.06, 44.06, 38.47,
35.92, 35.68 (d, J=24.2 Hz), 31.61 , 29.74 , 27.59 (d, J=
2.6 Hz), 26.62, 25.97, 21.61, 13.88; °F NMR (376 MHz,
CDCls) 6: —111.91. HRMS (APCI) caled for CasH3gFO,
(M-+H)" 385.2537, found 385.2539.

4 BI#1 K (Supporting Information) L&) 3a~3z (1)
'H NMR. "C NMR Al F NMR &, iXgeptpla] L4
2 MASTI 35 (http://sioc-journal.cn/)_E N %K.
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