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1. General Information

All anaerobic and moisture-sensitive manipulations were carried out with standard Schlenk techniques
under nitrogen gas. Analytical thin-layer chromatography (TLC) was performed on silica gel, irradiation
with UV light. For column chromatography, 200-300 mesh silica gel was used. NMR spectra were
recorded on a BRUKER 600 MHz (or 400 Hz) spectrometer and '*C NMR spectra were recorded in
CDCI; or D,0O at 600 MHz (or 400 Hz). 'H and '3C NMR were referenced to CDCl; at § 7.26 and 77.00
respectively. The following abbreviations were used to explain the multiplicities; s (singlet), d (doublet),
t (triplet), q (quartet), m (multiplet), dd (doublet of doublets), dq (doublet of quartets), dt (double of
triplets), td (triple of double); coupling constants (J) are in Hertz (Hz). HRMS spectra were recorded on
a Xevo G2-XS QTof (Waters Corporation) using electrospray ionization. DC power supply MT-152D

was used for all experiments.

Pictures of the reaction setups
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2. Preparation of the substrates
2.1 General procedure A:
Synthesis of gem-difluorinated cyclopropanes

R2 F

R Nal (0.2 equiv.)
R1 + TMSCF3 > R
THF, reflux 1

The gem-difluorocyclopropanes were prepared according to the known procedure.l'®! To a 250 mL
pressure tube charged with a tefloncoated stir bar was added anhydrous Nal (0.3 g, 2.0 mmol, 0.2 equiv),
50.0 mL of freshly distilled THF as solvent, and the corresponding alkene (10.0 mmol, 1.0 equiv) in that
order under argon atmosphere. To this mixture was added TMSCF; (3.6 g, 25.0 mmol, 2.5 equiv). The
reaction vessel was sealed and reflux in an oil bath for a period of 4 h. The reaction mixture was
evaporated to dryness under reduced pressure to remove THFE. The crude was extracted with ether (30.0
mL) and washed with water (20.0 mL), saturated Na,SOj; solution (20.0 mL), saturated NaHCOj3 solution
(20.0 mL), and water (20.0 mL), in that order. The ether layer was then collected and dried over
anhydrous Na,SOj4. The ether layer was evaporated under reduced pressure to obtain the crude products.
The crude products were purified by flash chromatography on silica gel (PE/EA) to afford the desired
products. The gem-difluorinated cyclopropanes. Characterization of new gem-difluorocyclopropanes 1d,

le, 1m-1r, 1t, 1v, 1w are listed below.

F F 4-(2,2-difluoro-1-methylcyclopropyl)benzonitrile (1m). Ry = 0.5 (PE: EA =

Me 40:1). The reaction was conducted with General Procedure A. Isolated yield:

1.25 g, 65%. 'H NMR (600 MHz, CDCL): § 7.63-7.62 (m, 2H), 7.42 (d, ] =

8.3 Hz, 2H), 1.72-1.67 (m, 1H), 1.52-1.51 (m, 1H), 1.50-1.47 (m, 3H). *C{'H}

NC NMR (151 MHz, CDCl): 6 144.4,132.4,129.3 (d, Jcr=1.5Hz), 118.6, 113.7

(dd, Jcr =290.8, 286.6 Hz), 111.2, 31.0 (t, Jc.r = 10.7 Hz), 22.7 (t, Jcr = 10.0

Hz), 20.8 (d, ] = 4.9 Hz). ’F NMR (565 MHz, CDCl3): 6 -132.3 (dd, J = 151.9, 13.3 Hz, 1F), -137.3(dd,
J=151.8, 11.9 Hz, 1F). HRMS (ESI): calculated for C;;H;oF.N [M+H]": 194.0776; Found: 194.0778.

FE F 4-(2,2-difluoro-3-methylcyclopropyl)benzonitrile (In). R¢= 0.5 (PE: EA

= 40:1). The reaction was conducted with General Procedure A. 1n was

Me prepared from (E)-4-(prop-1-en-1-yl)benzonitrile. Isolated yield: 1.25g,

65%. '"H NMR (600 MHz, CDCl): 5 7.58 (d, ] = 8.3 Hz, 2H), 7.28 (d, ] =

NC 8.3 Hz, 2H), 2.31 (dd, J = 13.3, 7.6 Hz, 1H), 1.92-1.86 (m, 1H), 1.36 (dd, J

= 6.36, 1.6 Hz, 3H). *C{'H} NMR (151 MHz, CDCls): § 140.0, 132.2, 128.5, 118.7, 114.1 (dd, Jc.r =

292.0,289.3 Hz), 110.7, 34.1 (t, Jcr = 11.2 Hz), 25.4 (t, Jcr = 9.9 Hz), 11.3 (d, ] = 5.2 Hz). Y/F NMR

(565 MHz, CDCl): 6 -137.0 ~ -136.7 (m, 1F), -138.0 ~ -137.7(m, 1F). HRMS (ESI): calculated for
CiiHioF2N [M+H]": 194.0776; Found: 194.0780.
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Methyl 4-(2,2-difluoro-3-methylcyclopropyl)benzoate (10). R¢= 0.5
(PE: EA=40:1). The reaction was conducted with General Procedure A.
Isolated yield: 1.81 g, 80%. Ry= 0.5 (PE: EA = 40:1). The reaction was
conducted with General Procedure. 10 was prepared from a mixture of
MeO,C cis and trans methyl 4-(prop-1-en-1-yl)benzoate. Isolated yield: 1.25g,
65 %. '"H NMR (600 MHz, CDCl3): 5 7.98 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 8.3 Hz, 2H), 3.91 (s, 3H),
2.31(dd, J=13.7,7.6 Hz, 1H), 1.93-1.86 (m, 1H), 1.36 (dd, J = 6.36, 1.56 Hz, 3H). BC{'H} NMR (151
MHz, CDCLy): § 166.8, 139.7, 129.7, 128.7, 127.7, 114.4 (dd, Jc.r = 291.7, 289.7 Hz), 52.1, 34.1 (t, Jcr
=11.1 Hz), 25.0 (t, Jcr=10.4 Hz), 11.4 (d, ] = 4.9 Hz). Y’F NMR (565 MHz, CDCl3): § -136.8 ~-137.1
(m, 1F), -137.9 ~ -138.2 (m, 1F). HRMS (ESI): calculated for C;,H5F,0, [M+H]": 227.0878, Found:
227.0876.

Me

R F 2-(2,2-difluoro-3-methylcyclopropyl)naphthalene (1p). Ry = 0.5 (PE: EA

/\ = 40:1). The reaction was conducted with General Procedure A. 1p is

OO Me prepared from a mixture of cis and trans 2-(prop-1-en-1-yl)naphthalene.
Isolated yield: 1.66 g, 76%. '"H NMR (600 MHz, CDCls): § 7.83-7.79 (m,

3H), 7.67 (s, 1H), 7.50-7.45 (m, 2H), 7.33-7.32 (m, 1H), 2.46 (dd, J = 13.6, 7.6 Hz, 1H), 2.01-1.94 (m,
1H), 1.42-1.40 (m, 3H). BC{'H} NMR (151 MHz, CDCl3): § 133.3,132.4,131.7,128.1, 127.65, 127.60,
126.5, 126.3, 126.1, 125.8, 114.8 (dd, Jc.r = 290.0, 289.1 Hz) 34.2 (t, Jc.r = 10.8 Hz), 24.4 (dd, Jc.r =
19.9 Hz), 11.5 (d, ] = 5.3 Hz). F NMR (565 MHz, CDCL): 5 -137.0 ~-137.3 (m, 1F), -137.7 ~-138.0
(m, 1F). HRMS (ESI): calculated for Ci4sH;3F> [M+H]": 219.0980; Found: 219.0982.

R F Methyl 4-(2,2-difluoro-3-propylcyclopropyl)benzoate (1q). Rs =
AR 0.5 (PE: EA = 40:1). The reaction was conducted with General
N

/@Pﬂ Procedure A. The mixture of cis and trans 1q were prepared from a
MeOOC mixture of cis and trans methyl 4-(pent-1-en-1-yl)benzoate Isolated

yield: 1.60g, 63 %. "H NMR (600 MHz, CDCls): 5 7.83-7.79 (d, J
=2.0 Hz, 2H), 7.99 (d, J = 2.0 Hz, 2H), 7.37 (d, J = 8.2 Hz, 2H), 7.28 (d, ] = 8.4 Hz, 2H), 3.92 (s, 3H),
3.92 (s, 3H), 2.84-2.80 (m, 1H), 2.39-2.36 (m, 1H), 1.95-1.83 (m, 2H), 1.74-1.61 (m, 2H), 1.59-1.51 (m,
2H), 1.41-1.36 (m, 2H), 1.37-1.31 (m, 1H), 1.18-1.10 (m, 1H), 0.99 (t, ] = 7.3 Hz, 3H), 0.87 (t, J =7.2
Hz, 3H). BC{H} NMR (151 MHz, CDCl): 5 166.9, 166.8, 139.8, 137.7, 129.9, 129.8, 129.7, 129.5,
128.8, 128.7, 128.2, 127.8, 114.6 (dd, Jcr = 289.3,287.4 Hz), 114.4 (dd, Jcr = 291.5, 290.0 Hz), 52.1,
33.3 (t, Jc.r = 11.1 Hz), 30.4 (dd, JC-F = 10.6, 8.9 Hz), 28.9 (dd, Jcr = 12.9, 9.6 Hz), 28.71, 28.69, 27.9
(t, Jer = 10.0 Hz), 24.3 (d, Jcr = 2.9 Hz), 21.9, 21.8, 13.53, 13.52. HRMS (ESI): calculated for
Ci4H;7F20, [M+H]": 255.1191; Found: 255.1190.

2.2 Procedure B

One typical example for the preparation of complex compounds and drug derivatives

o}
0._0
N)J\o/k/ DCC, DMAP Y
N N e}
OH DCM, 12 h, N, O/\/
o}

4-(2,2-difluorocyclopropyl)benzoic acid (0.99 g, 5 mmol) was dissolved in dry CH>Cl, (25 mL) under

HOOC
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N, atmosphere and sec-butyl 2-(2-hydroxyethyl)piperidine-1-carboxylate (1.14 g, 5 mmol), DCC (1.03
g, Smmol), DMAP (0.61 g, 5 mmol) was slowly added and stirred for 12 h at rt. The organic layer was
washed with water and brine, dried over MgSO4, removed by filtration. The crude products were purified
by flash chromatography on silica gel (PE/EA) to afford the desired products (1.76 g, 86%).

F F 4-(2,2-difluorocyclopropyl)-N-phenylbenzamide (1d). Rr = 0.5 (PE: EA

= 5:1). The reaction was conducted with Procedure B. Isolated yield: 1.10 g,

81%. 'TH NMR (600 MHz, CDCls): 5 7.88 (s, 1H), 7.82 (d, J = 7.6 Hz, 2H),

H 7.63 (d, J = 7.4 Hz, 2H), 7.36 (t, ] = 7.3 Hz, 2H), 7.31 (d, J = 7.5 Hz, 2H),

Ph” 7.15 (t, ] = 7.0 Hz, 2H), 2.82-2.77 (m, 1H), 1.91-1.87 (m, 1H), 1.69-1.67 (m,

0 1H). BC{'H} NMR (151 MHz, CDCL):  137.9, 133.8, 130.2, 129.1, 128 4,

127.5,127.2, 124.6, 120.2, 112.3 (dd, Je.r = 1.5 Hz), 118.6, 113.7 (dd, Jo.r = 287.8 282.8 Hz), 27.1 (t, Jc.

r=11.5Hz), 17.4 (t, Jer = 10.5 Hz). ’F NMR (565 MHz, CDCl3): & -125.6 (dt, J = 153.5, 11.8 Hz, 1F),

-142.1 (ddd, T = 153.5, 13.6, 3.5 Hz, 1F). HRMS (ESI): calculated for C1H4FsNO [M+H]': 274.1038;
Found: 274.1038.

E F N-(sec-butyl)-4-(2,2-difluorocyclopropyl)benzamide (1e). R¢= 0.5 (PE:

EA = 5:1). The reaction was conducted with Procedure B. Isolated yield:

1.05 g, 83%. TH NMR (600 MHz, CDCls): § 7.71 (d, ] = 8.3 Hz, 2H), 7.25

(d, =79 Hz, 2H), 5.96 (d, ] = 7.2 Hz, 1H), 4.13-4.08 (m, 1H), 2.79-2.74

/ﬁ/ 0 (m, 1H), 1.89-1.83 (m, 1H), 1.67-1.62 (m, 1H), 1.59-1.54 (m, 2H), 1.21 (d,

J=6.6Hz,3H),0.95 (t,J=7.5 Hz, 3H). ®*C{'H} NMR (151 MHz, CDCl):

5 166.5, 137.1, 133.9, 128.1, 127.0, 112.3 (dd, Jcr = 287.3, 283.9 Hz), 47.1, 29.8, 27.1 (t, Jcr = 23.2

Hz), 20.5, 17.3 (t, Jcr = 10.5 Hz), 10.4. YF NMR (565 MHz, CDCl3): § -125.6 ~-125.9 (m, 1F), -142.1
~-142.3 (m, 1F). HRMS (ESI): calculated for C;4HsF.NO [M+H]": 254.1351; Found: 254.1355.

H
N

(3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-
((R)-6-methylheptan-2-yl)-2, 3, 4, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17-tetradecahydro-1H-
cyclopenta[a]phenanthren-3-yl-4-(2,2-difluorocyclopropyl)benzoate (1r). Ry = 0.5 (PE: EA = 8:1).
The reaction was conducted with Procedure B. Isolated yield: 2.35 g, 83%. 'H NMR (600 MHz, CDCls):
4 8.00 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.2 Hz, 2H), 5.42 (d, J = 4.0 Hz, 1H), 4.88-4.83 (m, 1H), 2.81-
2.76 (m, 1H), 2.46 (d, J = 7.7 Hz, 2H), 2.04-1.10 (m, 25H), 1.07 (s, 3H), 1.04-0.97 (m, 3H), 0.93 (d, J =
6.5 Hz, 3H), 0.87 (dd, J = 6.6, 2.6 Hz, 6H), 0.69 (s, 3H). BC{'H} NMR (151 MHz, CDCl3): §165.6,
139.6, 138.7, 129.7, 127.9, 122.8, 112.3 (dd, Jcr = 287.0, 284.7 Hz), 74.6, 56.7, 56.2, 50.1, 42.3, 39.8,
39.5, 38.2,37.0, 36.7, 36.2, 35.8, 32.0, 31.9, 28.3, 28.0, 27.9, 27.3 (t, Jc.r = 11.6 Hz), 24.3, 23.9, 22.8,
22.6,21.1,19.4,18.7,17.5 (t, Jc.e = 10.5 Hz), 11.9. ’F NMR (565 MHz, CDCl3): 6 -125.4 ~-125.7 (m,
1F), -142.0 ~ -142.3 (m, 1F). HRMS (ESI): calculated for Cs;7Hs3F,0, [M+H]": 567.4008; Found:
567.4002.
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Sec-butyl 2-(2-((4-(2,2-difluorocyclopropyl)benzoyl)oxy)ethyl)

H) iVa piperidine-1-carboxylate (1t) Rr = 0.5 (PE: EA = 10:1). The
OYO reaction was conducted with Procedure B. Isolated yield: 1.76 g,
N o) 86%. 'H NMR (600 MHz, CDCl3): 5. 7.99 (d,J = 8.2, 2H), 7.27 (d,
O/\/ o J=28.1 Hz, 2H),4.74-4.70 (m, 1H), 4.51 (s, 1H), 4.32-4.30 (m, 2H),

4.11-4.08 (m, 1H), 2.85 (t, J = 13.0 Hz, 1H), 2.80-2.74 (m, 1H),
2.22-2.17 (m, 1H), 1.90-1.84 (m, 2H), 1.69-1.41 (m, 9H), 1.15 (d, J = 6.3 Hz, 3H), 0.85 (t, ] = 7.4 Hz,
3H). *C{'H} NMR (151 MHz, CDCL): § 166.2, 155.5 (d, Jor = 4.6 Hz), 138.9, 129.7, 129.2, 127.9,
112.2 (dd, Je.r = 287.8, 283.9 Hz), 72.99, 72.96, 62.69, 62.66, 48.0, 39.0, 29.1, 28.9, 28.6, 27.3 (t, Jor =
11.6 Hz), 25.5, 19.7, 19.1, 17.5 (¢, Je.r = 10.5 Hz), 9.71, 9.68. °F NMR (565 MHz, CDCL): & -125.4 ~
-125.7 (m, 1F), -142.1 ~ -142.3 (m, 1F). HRMS (ESI): calculated for C2,H30F,NO, [M+H]": 410.2137;
Found: 410.2137.

Hoe 2 (3S, 58, 8R, 9S, 10S, 13S, 14S5)-10, 13-dimethyl-17-
oxohexadecahydro-1H-cyclopenta[a]phenanthren-3-yl 4-(2,
2-difluorocyclopropyl)benzoate (1v). R¢ = 0.5 (PE: EA = 5:1).
The reaction was conducted with Procedure B. Isolated yield:
1.81 g, 77%. 'H NMR (600 MHz, CDClL): & 7.97 (d, J = 8.3,
2H), 7.26 (d, J = 8.2 Hz, 2H), 4.95-4.89 (m, 1H), 2.80-2.74 (m,
1H),2.42 (dd, J=19.3, 8.7 Hz, 1H), 2.09-2.02 (m, 1H), 1.94-1.45
(m, 13H), 1.37-1.21 (m, 6 H), 1.12-1.07 (m, 1H), 1.03-0.96 (m, 1H), 0.89 (s, 3H), 0.85 (s, 3H), 0.76-0.72
(m, 1H). BC{'H} NMR (151 MHz, CDCl): §165.7, 138.8, 129.7, 127.8, 112.3 (dd, Jc.r = 287.7, 283.9
Hz), 74.16, 54.3, 51.4, 47.8, 44.7, 36.7, 35.8, 25.7, 35.0, 34.0, 31.5,30.8, 28.3, 27.5, 27.2 (t, Jcr = 11.6
Hz), 21.8,20.5, 17.4 (t, Jcr = 10.6 Hz), 13.8, 12.3. Y’F NMR (565 MHz, CDCl): 5 -125.4 ~-125.7 (m,
1F),-142.2 (dd,J=153.9, 12.9, 1F). HRMS (ESI): calculated for C29H37F,03 [M+H]": 471.2705; Found:
471.2701

FF

RS (7R, 11R, E)-3, 7, 11, 15-tetramethylhexadec -2-

en-1-yl 4-(2, 2-difluorocyclopropyl)benzoate (1w).

WWO Ry = 0.5 (PE: EA = 10:1). The reaction was

: : 0 conducted with Procedure B. Isolated yield: 1.93 g,

81%. 'H NMR (600 MHz, CDCL): 5. 8.01 (d, J = 8.3, 2H), 7.27 (d, ] = 8.2 Hz, 2H), 5.47-5.45 (m, 1H),

4.84 (d, J =7.1 Hz, 2H), 2.81-2.75 (m, 1H), 2.06-2.01 (m, 2H), 1.91-1.84 (m, 1H), 1.76 (s, 3 H), 1.70-

1.65 (m, 1H), 1.55- 1.50 (m, 1H), 1.47-1.04 (m, 18H), 0.88-0.84 (m, 12H). *C{'H} NMR (151 MHz,

CDCl3): 6166.3, 142.9, 138.8, 129.8, 129.5, 127.9, 118.1, 112.2 (dd, Jcr = 287.2, 284.5 Hz), 61.9, 39.9,

39.4,37.43,37.37,37.3,36.6,32.8,32.7,29.7,28.0, 27.3 (t, Jcr = 11.6 Hz), 25.0, 24.8, 24.5, 22.7, 22.6,

19.7 (d,J =4.4 Hz), 17.5 (t, Jcr = 10.5 Hz), 16.5. YF NMR (565 MHz, CDCI3): § -125.4 ~ -125.7 (m,

1F), -142.0 ~ -142.3 (m, 1F). HRMS (ESI): calculated for C3;0H47F,0, [M+H]": 477.3539; Found:
477.3541.
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3. General procedure for the synthesis of compounds 2 and 3

COOMe
+ =
- —

0 I'=15mA .
zn|{Jco, (1 atm) Pt MeOOC F2a COOMe
"BUsNI, MeCN, RT, 35h F \
MeOOC Then 2 N HCI/ TMSCHN, /©/\[ + £
1 MeOOC COOMe MeOOC
a E-3a Z-3a

To a 10 mL hydrogenation tube containing a stir bar were added "BusNI (74.0 mg, 0.2 mmol, 0.025 M),
MeCN (8.0 mL), followed by the addition of 1a (42.4 mg, 0.2 mmol). Then the tube was installed with
Zn-plate (10 mm x 10 mm x 0.2 mm) as anode and Pt-plate (10 mm x 10 mm x 0.1 mm) as cathode. The
resulting mixture was bubbled with CO, gas for 10 min. The reaction mixture was then stirred and
electrolyzed at a constant current of 15 mA with a constant CO; flow for 3.5 h. After that, the reaction
mixture was transferred to a 50 mL Erlenmeyer flask and acidized with HCI (2 N, 10 mL). The aqueous
layer extracted with EtOAc (3 x 10 mL) and the combined organics were washed with HO (10 mL),
brine (10 mL) and dried over Na;SOa. The crude residue was dissolved in Et,O (2.0 mL) and MeOH (0.5
mL) and cooled to 0 °C. The hexane solution of TMSCHN; (0.2 mL, 2.0 mol/L, 0.4 mmol, 2.0 equiv)
was added at 0 °C. The mixture was stirred at 0 °C for further 50 min. The volatile was removed under
reduced pressure and the crude residue was purified by column chromatography using PE/EtOAc (10:1,

v/v) as the eluent to afford the desired product 2.

COOMe
+ E
. —

) 5 15mA .
Ni |JCO, (1 atm) Pt MeOOC F2a COOMe
"BusNCIO,4, DMSO, RT, 35 h F N
> X
MeOOC Then 2 N HCl/ TMSCHN, /©/\[ + E
1a MeOOC COOMe MeOOC
E-3a Z-3a

To a 10 mL hydrogenation tube containing a stir bar were added "BusNC1O4 (68.2 mg, 0.2 mmol, 0.025
M), DMSO (8.0 mL), followed by the addition of 1a (42.4 mg, 0.2 mmol). Then the tube was installed
with Ni-plate (10 mm x 10 mm x 0.2 mm) as anode and Pt-plate (10 mm x 10 mm x 0.1 mm) as cathode.
The resulting mixture was bubbled with CO, gas for 10 min. The reaction mixture was then stirred and
electrolyzed at a constant current of 15 mA with a constant CO; flow for 6 h. After that, the reaction
mixture was transferred to a 50 mL Erlenmeyer flask and acidized with HCI (2 N, 10 mL). The aqueous
layer extracted with EtOAc (3 x 10 mL) and the combined organics were washed with HO (10 mL),
brine (10 mL) and dried over Na,SOa. The crude residue was dissolved in Et,O (2.0 mL) and MeOH (0.5
mL) and cooled to 0 °C. The hexane solution of TMSCHN; (0.2 mL, 2.0 mol/L, 0.4 mmol, 2.0 equiv)
was added at 0 °C. The mixture was stirred at 0 °C for 50 min. The volatile was removed under reduced
pressure and the crude residue was purified by column chromatography using PE/EtOAc (10:1, v/v) as

the eluent to afford the desired product 3.
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4. Gram-Scale Reaction

F F ro- l
ZnlJ1=120mA Pt COH
+ CO, undivided cell, rt, 7 h .

MeO,C "BusNI, CHiCN  Me0,C F

8 mmol 1.43 g, yield: 75%

To a 100 mL hydrogenation tube containing a stir bar were added "BusNI (2.96 g, 8 mmol, 0.1 M), MeCN
(80.0 mL), followed by the addition of 1a (1.70 g, 8 mmol). Then the tube was installed with Zn-plate
(30 mm x 30 mm x 0.2 mm) as anode and Pt-plate (30 mm x 30 mm x 0.1 mm) as cathode. The resulting
mixture was bubbled with CO; gas for 10 min. The reaction mixture was then stirred and electrolyzed at
a constant current of 15 mA with a constant CO, flow for 6 h. After that, the reaction mixture was
transferred to a 250 mL erlenmeyer flask and acidized with HC1 (2 N, 100 mL). The aqueous layer
extracted with EtOAc (2 x 50 mL) and the combined organics were washed with H>O (80 mL), brine (80
mL) and dried over Na,SO4. The volatile was removed under reduced pressure and the crude residue was
purified by column chromatography using PE/EtOAc (3:1, v/v) as the eluent to afford the desired product
2a-H.

5. Procedure for the product derivatization

Procedure for the synthesis of 4

COOH 1)TMSCHN2 COOMe
Et,O/MeOH, 0°C, 50 min N
MeOOC F 2) K3PO,, DMF,overnight peooc F
4 78%

To a 10 mL flask were added 2a-H (0.2 mmol, 47.6 mg), Et;O (2.0 mL) and MeOH (0.5 mL), and the
hexane solution of TMSCHN; (0.2 mL, 2 mol/L, 0.4 mmol) was added at 0 °C. The mixture was stirred
at that temperature for another 50 min. Then the solvent was removed under reduced pressure, and the
crude residue was dissolved in DMF (1 mL), followed by the addition of K3PO4 (0.2 mmol, 42 mg). The
resulting mixture was slowly warmed to room temperature and stirred overnight. After monitored by
TLC till full conversion to the product, the reaction was quenched by saturated aqueous solution of NaCl
(5 mL) and extracted with Et;O (5 mL x 3). The combined organic layer was dried over anhydrous
Na,S0O4 and concentrated under reduced pressure. The residue was purified by column chromatography
using PE/EtOAc (10:1, v/v) as eluent to afford 4 in 39.3 mg with 78% yield. "H NMR (600 MHz, CDCls):
8 8.02 (d, J=8.4 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 3.90(s, 3H), 3.71 (s, 3H), 2.48 (d, ] = 19.7 Hz, 3H) .
BC{'H} NMR (151 MHz, CDCl3): § 168.6 (d, Jcr =271.8 Hz), 167.1, 167.0, 166.8, 137.4, 129.9 (d, Jc.
r=2.0 Hz), 129.3, 114.8 (d, Jc.r = 20.5 Hz), 52.2 (d, Jcr = 4.9 Hz), 17.9, 17.7. F NMR (565 MHz,
CDCl): 6 -68.3 (q, J = 19.7 Hz, 1F). HRMS (ESI): calculated for Ci3H14FO4 [M+H]": 253.0871; Found:
253.0875.
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Procedure for the synthesis of 5

SBu
COOH O _NH
sec-Butylamine N
MeOOC F HATU, TEA L
DMF, rt, 6 h MeOOC
5, 85%

The carboxylic acid 2a-H (0.2 mmol, 47.6 mg) was dissolved in DMF (2 mL), then sec-butylamine (21.9
mg, 0.3 mmol), 0-(7-Azabenzotriazol-1-yl)-N,N,N',N'-tramethyluronium hexafluorophosphate (HATU,
152.0 mg, 0.4 mmol) and EtzN (60.7 mg, 0.6 mmol) were added. The resulting mixture was stirred for 6
h at room temperature till full conversion of 2a-H. Then the reaction was quenched with H,O and
extracted with EtOAc (3 x 10 mL). The combined organic layer was dried over Na>SO4 and concentrated
under reduced pressure. The residue was purified by column chromatography using PE/EtOAc (3:1, v/v)
as eluent to afford 5 (85%, 49.8 mg). "TH NMR (600 MHz, CDCl): § 8.05 (d, J = 8.4 Hz, 2H), 7.40 (d,
J=8.2 Hz, 2H), 3.97-3.93 (m, 1H), 3.92 (s, 3H), 2.41 (d, J = 19.5 Hz, 3H), 1.44-1.33 (m, 2H), 1.06 (d, J
= 6.6 Hz, 3H), 0.84 (t, J = 7.5 Hz, 3H). BC{'H} NMR (151 MHz, CDCl3): § 166.6, 165.8 (d, Jc.r = 14.1
Hz), 163.7 (d, Jcr = 267.9 Hz), 137.7, 129.9, 129.6, 129.5 (d, Jcr = 3.2 Hz), 116.8 (d, Jcr = 14.9 Hz),
52.2,47.1,29.4,20.2,17.3 (d, Jc.r = 26.8), 10.3. F NMR (565 MHz, CDCl5): § -79.3 (q, J = 19.3 Hz,
1F). HRMS (ESI): calculated for CicH2 FNOs [M+H]": 294.1500; Found: 294.1505.

Procedure for the synthesis of 6

COOH HO
LiAIH,

F THF, 0°C~RT
MeOOC HO F

6, 50%

The carboxylic acid 2a-H (0.2 mmol, 47.6 mg) was dissolved in anhydrous THF (1 mL) and cooled to
0 °C under an N, atmosphere. A solution of LiAlH4 (1M in THF) 0.4 ml was added dropwise at 0 °C
before the reaction was warmed to rt, and stirred then for 3 h. The reaction was cooled to 0°C before
being carefully quenched with water. The solution was extracted with EtOAc (10 mL) and the combined
organics dried over MgSO;4 and concentrated under reduced pressure. The crude product was purified by
silica-gel column chromatography to give the product 6 (50%, 19.6 mg). "H NMR (600 MHz, CDCl):
8 7.36 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 4.76 (dd, J = 18.0, 3.1 Hz, 1H), 4.68 (s, 2H), 4.45
(dd, J=504, 3.1 Hz, 1H), 4.02 (dd, J=11.0, 7.4 Hz, 1H), 3.88 (dd, J = 11.0, 6.7 Hz, 1H), 3.77-3.68 (mm,
1H). BC{'H} NMR (151 MHz, CDCl): §165.1 (d, Jc.r = 259.9 Hz), 140.3, 136.8, 128.4, 127.5,92.3 (d,
Jer=19.5 Hz), 64.9, 63.6 (d, Jcr = 4.2 Hz), 51.1 (d, Jc.r = 25.1 Hz). YF NMR (565 MHz, CDCl3): § -
98.9 ~-99.1. HRMS (ESI): calculated for C;1H4FO, [M+H]": 197.0972; Found: 197.0973.
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6. Control experiments
6.1 Radical trapping experiment

Bu
I=15mA OH
COz (1 atm)
HOOC
nBU4NI MeCN, RT, 3.5h GOOH
MeOOC BHT (3 equiv.) F
MeOOC

0.2 mmol MeOOC

To a 10 mL hydrogenation tube containing a stir bar were added "BusNI (74.0 mg, 0.2 mmol, 0.025 M),
MeCN (8.0 mL), followed by the addition of 1a (42.4 mg, 0.2 mmol) and BHT (132.2 mg, 0.6 mmol).
Then the tube was installed with Zn-plate (10 mm x 10 mm x 0.2 mm) as anode and Pt-plate (10 mm x
10 mm x 0.1 mm) as cathode. The resulting mixture was bubbled with CO, gas for 10 min. The reaction
mixture was then stirred and electrolyzed at a constant current of 15 mA with a constant CO; flow for
3.5 h. After that, the reaction mixture was transferred to a 50 mL erlenmeyer flask and acidized with HCI
(2 N, 10 mL). The aqueous layer extracted with EtOAc (3 x 10 mL) and the combined organics were
washed with H,O (10 mL), brine (10 mL) and dried over Na,SO4. Then the BHT-adduct was detected by
HRMS (ESI, m/z), calculated for [C2;H34F205+H] ™: 477.2453; Found: 477.2450.

Elemental Composition Report Page 1

Single Mass Analysis

N

N

Zn(+) | Pt (=), = 15 mA o N
~r Yo
"Bu NI, MeCN, 3.5 h, rt or m
MeOOC i F MeOOC
MeOOC

N,, TEMPO (3 equiv.)

In an oven-dried undivided two-necked bottle (10 mL) equipped with a stir bar, gem-
difluorocyclopropanes 1a (0.2 mmol, 42.4 mg), "BusNI (0.2 mmol, 74.0 mg) and TEMPO (93.7 mg, 0.6
mmol) were combined and added. The bottle was equipped with Zn-plate (10 mm x 10 mm x 0.2 mm)
as the anode and Pt-plate (10 mm % 10 mm % 0.1 mm) as the cathode and was then charged with nitrogen.
Under the protection of N, MeCN (8.0 mL) were injected respectively into the tubes via syringes. The
reaction mixture was stirred and electrolyzed at a constant current of 15 mA at 25°C for 3.5 h. After that,
the reaction mixture was transferred to a 50 mL erlenmeyer flask and acidized with HC1 (2 N, 10 mL).
The aqueous layer extracted with EtOAc (3 x 10 mL) and the combined organics were washed with HO
(10 mL), brine (10 mL) and dried over Na;SO4. Then the TEMPO-adduct was detected by HRMS (ESI,
m/z), calculated for [Ca0HasFNOs+H] *: 350.2126; Found: 350.2126.
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =5.0mDa / DBE min=-15 max =500
Element prediction: Off
Number of isotope peaks used for i-FIT =3

Moneisotopic Mass, Even Electron lons

4 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used

C:20-21 H:27-32 N. 02 0:34 F. 041

Z55-470-8-1 289 (2.080)
1. TOF MS ES+
350.2126
| | .
Lok e et st Ly (NS R0 T g, B g T T e St SR ) BT AT BB 8P A 50 L S TSR, B I i ot S gl
348.800 350,000 350.100 350200 350300 350400
Minimum: -1.5
Maximum: 5.0 10.0 50.0
Mass Calc. Masa mbDa PPM DBE i-FIT Norm
350.2126 350.2131 -0.5 -1.4 6.5 26.2 n/a 0

6.2 D-labeling experiments

FF
D
. CH,D
Zn (+) | Pt (-), 15 mA . N 2
nBu,NI, MeCN/D,O(7 mi/1 ml) F E
MeOOC RT. 3.5 h. N, MeOOC MeOOC
0.2 mmol 6a-D ( 95%D) E/Z-7a-D (81%D)

6a-D : E/Z-7Ta-D = 1: 5.3, 85% yield

In an oven-dried undivided two-necked bottle (10 mL) equipped with a stir bar, gem-
difluorocyclopropanes 1a (0.2 mmol, 42.4 mg), and "BusNI (0.2 mmol, 74.0 mg) were combined and
added. The bottle was equipped with Zn-plate (10 mm % 10 mm x 0.2 mm) as the anode and Pt-plate (10
mm X 10 mm x 0.1 mm) as the cathode and was then charged with nitrogen. Under the protection of Ny,
D,0 (1.0 mL) and MeCN (8.0 mL) were injected respectively into the tubes via syringes. The reaction
mixture was stirred and electrolyzed at a constant current of 15 mA at 25°C for 3.5 h. After that, the
reaction mixture was transferred to a 50 mL erlenmeyer flask and acidized with HCI (2 N, 10 mL). The
aqueous layer extracted with EtOAc (3 x 10 mL) and the combined organics were washed with H,O (10
mL), brine (10 mL) and dried over Na;SO4. The volatile was removed under reduced pressure and the
crude residue was purified by column chromatography using petroleum ether as the eluent to afford the
desired product (total yield: 85%).

The *H NMR spectrums were provided as below pictures. (Compounds 6a-D, E-7a-D and Z-7a-D
couldn’t be separated by column chromatography, the mixture of them were provided as shown in below
picture.



EZ-Ta-D, D for calculation

& o g g £ g
I 9 8 7 6I é 4 3 2 1 6 p;:prrlI
FE F
D
- CH,D
Zn(+) | Pt(-), 15 mA . AN 2
"BuyNI, MeCN/D,O (7ml/1ml) F F
MeOOC RT, 3.5h, CO, MeOOC MeOOC

0.2 mmol 6a-D (95%D) E/Z-7a-D (up to 86%D)

6a-D : E/Z-7a-D = 1.0 : 3.1, 43% yield

To a 10 mL hydrogenation tube containing a stir bar were added "BusNI (74.0 mg, 0.2 mmol, 0.025 M),
MeCN (7.0 mL), D,O (1.0 mL) followed by the addition of 1a (42.4 mg, 0.2 mmol). Then the tube was
installed with Zn-plate (10 mm x 10 mm x 0.2 mm) as anode and Pt-plate (10 mm x 10 mm x 0.1 mm)
as cathode. The resulting mixture was bubbled with CO; gas for 10 min. The reaction mixture was then
stirred and electrolyzed at a constant current of 15 mA with a constant CO, flow for 6 h. After that, the
reaction mixture was transferred to a 50 mL Erlenmeyer flask and acidized with HCI (2 N, 10 mL). The
aqueous layer extracted with EtOAc (3 x 10 mL) and the combined organics were washed with H,O (10
mL), brine (10 mL) and dried over Na,SOs. The volatile was removed under reduced pressure and the
crude residue was purified by column chromatography using petroleum ether as the eluent to afford the
desired product (total yield: 43%).

The *H NMR spectrums were provided as below pictures. (Compounds 6a-D, E-7a-D and Z-7a-D
couldn’t be separated by column chromatography, the mixture of them were provided as shown in below

picture.
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6.3 Competitive experiment between CO2 and H20

The electrohydrogenation products
(mixture of 6a + E/Z-Ta)

+ CO,(1atm)  Zn(+)|Pt(-), 15mA

MeOOC + H,0 (x mmol) "BuyNI, MeCN, RT, 3.5h The defluorocarboxylation products
(mixture of 2a + E/Z-3a)

0.2 mmol

To a 10 mL hydrogenation tube containing a stir bar were added "BusNI (74.0 mg, 0.2 mmol, 0.025 M),
MeCN (8.0 mL), followed by the addition of 1a (42.4 mg, 0.2 mmol) and H,O (36 pL, 2 mmol or 108uL,
6mmol). Then the tube was installed with Zn-plate (10 mm x 10 mm x 0.2 mm) as anode and Pt-plate
(10 mm x 10 mm x 0.1 mm) as cathode. After bubbling of CO, gas into the electrolytes for 10 min, The
reaction mixture was stirred and electrolyzed at a constant current of 15 mA at 25 °C for 3.5 h. After that,
the reaction mixture was transferred to a 50 mL erlenmeyer flask and acidized with HC1 (2 N, 10 mL).
The aqueous layer extracted with EtOAc (3 x 10 mL) and the combined organics were washed with HO
(10 mL), brine (10 mL) and dried over Na,SO,. The volatile was removed under reduced pressure and
the crude residue was purified by column chromatography using PE: EtOAc (3:1, v/v) as the eluent to
afford the defluorocarboxylation products (total yield: 52% and 62%).

6.4 The investigation of CO: radical anion

Zn (+) | Pt(-), 15 mA

3.5 h,"BusNI, DMF, RT, 3.5 h
CO, (1 atm) ~  HCOOH

detected by NMR
To a 10 mL hydrogenation tube containing a stir bar were added "BusNI (74.0 mg, 0.2 mmol, 0.025 M),
DMF (8.0 mL). Then the tube was installed with Zn-plate (10 mm x 10 mm x 0.2 mm) as anode and Pt-
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plate (10 mm x 10 mm x 0.1 mm) as cathode. The resulting mixture was bubbled with CO, gas for 10
min. The reaction mixture was then stirred and electrolyzed at a constant current of 15 mA with a constant
CO; flow for 6 h. After that, the reaction mixture was transferred to a 50 mL erlenmeyer flask and
acidized with HCI (2 N). The aqueous layer was collected and concentrated in vacuo, and 2.0 mL D,O
was added. The aqueous phase was analyzed by crude '"H NMR and '3C NMR. The formic acid was
detected. (5

Crude "H NMR spectrum of the aqueous

\V/
DMF
ncoon A X
A
| |
10 9 8 7 6 5 4 3 2 1 0 ppm
Crude '3C NMR spectrum of the aqueous
1
y
HCOOH
DMF /‘
Ly A
1 //
s
’\ ‘ Ll
T x T L T x T K T ¥ T - T v T . T < T > T e 1
200 180 160 140 120 100 80 60 40 20 0 Ppm
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6.5 The effect of mixture solvent (Ch3CN/DMSO) on reaction
F F
COOH

Zn(+) | Pt (-), 155 mA S COOH
+ CO, *
MeOOC "BusNI, RT, 3.5h MeOOC F MeOOC F

0.2 mmol solvent

To a 10 mL hydrogenation tube containing a stir bar were added "BusNI (74.0 mg, 0.2 mmol, 0.025 M),
MeCN/DMSO (x/y mL), followed by the addition of 1a (42.4 mg, 0.2 mmol). Then the tube was installed
with Zn-plate (10 mm x 10 mm x 0.2 mm) as anode and Pt-plate (10 mm x 10 mm x 0.1 mm) as cathode.
Firstly, Bubbling of CO, gas into the mixture solvent for 10 min, the reaction mixture was stirred and
electrolyzed at a constant current of 15 mA at 25 °C for 3.5 h. After that, the reaction mixture was
transferred to a 50 mL Erlenmeyer flask and acidized with HC1 (2 N, 10 mL). The aqueous layer extracted
with EtOAc (3 x 10 mL) and the combined organics were washed with H>O (10 mL), brine (10 mL) and
dried over NaSQys. Part of the organics was concentrated and applied to 'H NMR analysis to determine
the ratio of branched/linear product. See table 1.

Table S1. The ratio of branched/linear products

entry solvent Ratio of 2a/3a (b/l)
1 MeCN (8 mL) 16/1
2 MeCN/DMSO (7 mL/1 mL) 8/1
3 MeCN/DMSO (6 mL/2 mL) 9/2
4 MeCN/DMSO (4 mL/4 mL) 1/2
5 DMSO (8 mL) 1/18

Linear
Branch

100 1
6% 11%
18%
80
67%
5 60-
g
g 95%
2 94 89%
S 40 82%
[aa)
207 33
0 T T T T T T T T 5|% 1
1 2 3 4 5
entry



6.6 The effect of concentration of carbon dioxide in acetonitrile

F F
COOH

+
MeOOC "Bu,NI, RT, 3.5h MeOOC P Meooc F
MeCN (CO
0.2 mmol (Co2) 2a E/Z-3a

In an oven-dried undivided two-necked bottle (10 mL) equipped with a stir bar, gem-
difluorocyclopropanes 1a (0.2 mmol, 42.4 mg), and "BusNI (0.2 mmol, 74.0 mg) were combined and
added. The bottle was equipped with Zn-plate (10 mm % 10 mm % 0.2 mm) as the anode and Pt-plate (10
mm X 10 mm x 0.1 mm) as the cathode and was then charged with nitrogen. Under the protection of Ny,
CO;-saturated-MeCN (bubbling of CO, gas into the MeCN (8.0 mL) for 30 min) were injected into the
two-necked bottle via syringes. The reaction mixture was stirred and electrolyzed at a constant current
of 15 mA at 25 °C for 3.5 h. After that, the reaction mixture was transferred to a 50 mL erlenmeyer flask
and acidized with HCI (2 N, 10 mL). The aqueous layer extracted with EtOAc (3 x 10 mL) and the
combined organics were washed with H,O (10 mL), brine (10 mL) and dried over Na,SO4. The volatile
was removed under reduced pressure and the crude residue was purified by column chromatography
using petroleum ether as the eluent to afford the desired products.
Table S2. The ratio of branched/linear products

entry Solvent Ratio of 2a/3a (b/l)
1 Saturated CO; in MeCN (8 mL) 4/1
2 Saturated CO; in MeCN (4 mL) + dry MeCN (4 mL) 3/1

7. Cyclic voltammetry

The cyclic voltammetry was carried out with a Wuhai Corrtest CS310H workstation. A glassy-carbon
electrode (3mm-diameter) was used as the working electrode, a Pt wire (1mm-diameter) was used as the
auxiliary electrode and an Ag/AgCl electrode was used as a reference electrode. The measurements of
Methyl 4-(2,2-difluorocyclopropyl)benzoate 1a (0.1 M) were carried out at a scan rate of 100 mV s™! in
MeCN/"BwNI (0.1 M) (Figure Sla) or DMSO/BwNCIO4 (0.1 M) (Figure S1b); gem-
difluorocyclopropane 1z (0.1 M) was carried out at a scan rate of 100 mV s in DMF/"BusNClOy4 (0.1
M) (Figure Slec).

(@ (b) ©

e —— " : : g7
/ = = - ] f/
[ A7 2 = 2 { "

—— Blank {("BuNCIO, m DMF)

3 V- 7 ol j
= g / = Blank ("Bu,NI it MeCN) 2 ¥ i i £ |
2 ¥ Blank+la £ / Rlak ("BuNCIO, s DAMSO) E oooq f Hisnk + 12
E Blank+1a+C0, ai S Blaik+1a £ | y —— Rlank + g + €O,
- i j - - / Blank+1a+ 0, ¥ asd
| f
4 I od A
| /
{ J

/ a] *

Potential Vs Ag/AgC |-\.'- Potential Ve Ag/AgCl (¥ Potential Vi Ag'AgCl V)

Figure S1. Cyclic voltammograms of gem-difluorocyclopropanes 1a and 1z.
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8. Characterization of products

COOMe Methyl 4-(3-fluoro-1-methoxy-1-oxobut-3-en-2-yl)benzoate (2a).

R¢= 0.6 (PE: EA = 10:1). The reaction was conducted with General

F Procedure. Isolated yield: 40.8 mg, 81%. 'H NMR (600 MHz,

MeOOC CDCly): § 8.03 (d, J = 8.3 Hz, 2H), 7.45 (d, J = 8.3 Hz, 2H), 4.84 (dd,

J=17.1, 3.5 Hz, 1H), 4.56 (d, J = 12.2 Hz, 1H), 4.48 (dd, J = 48.7, 3.4 Hz, 1H), 3.91, 3.76. BC{'H}

NMR (151 MHz, CDCls): 8 169.4, 166.6, 161.9 (d, Jer = 259.8 Hz), 139.0 (d, Jer = 3.1 Hz), 130.11,

130.07, 128.9,94.3 (d, Jc.r = 18.5 Hz), 54.3 (d, Jcr =29.5 Hz), 52.9, 52.2. P’F NMR (565 MHz, CDCls):
§-97.2 ~-97.3 (m, 1F). HRMS (ESI): calculated for C;3H4FO, [M+H]": 253.0871; Found: 253.0871.

COOH  3-fluoro-2-(4-(methoxycarbonyl)phenyl)but-3-enoic acid (2a-H). Ry=

0.5 (PE: EA=3:1). The reaction was conducted with General Procedure.

F Isolated yield: 38.6 mg, 81%. '"H NMR (600 MHz, CDCl:): § 8.04 (d, J

MeOOC — 8.2 Hz, 2H), 7.47 (d, J = 8.2 Hz, 2H), 4.87 (dd, J = 17.1, 3.5 Hz, 1H),

4.59(d,J=12.6 Hz, 1H), 4.48 (dd, ] = 48.5, 3.4Hz, 1H), 3.92 (s, 3H). 3C{'H} NMR (151 MHz, CDCl:):

5 174.4,166.7,161.3 (d, Jc.r = 260.0 Hz), 138.4 (d, Jc.r=2.0 Hz),130.3 130.2, 129.0, 94.7 (d, Jc.r = 18.4

Hz), 54.4 (d, Jer = 29.5 Hz), 52.3 F NMR (565 MHz, CDCL3): § -97.4 ~ -97.5 (m, 1F). HRMS (ESI):
calculated for C1,H2FO4 [M+H]*: 239.0714; Found: 239.0717.

COOH 2-(4-cyanophenyl)-3-fluorobut-3-enoic acid (2b). R¢= 0.5 (PE: EA = 3:1).

The reaction was conducted with General Procedure. Isolated yield: 29.5 mg,

F 72%. '"H NMR (600 MHz, CDCl3): § 7.68 (d, ] = 8.0 Hz, 2H), 7.52 (d, ] = 8.0

NC Hz, 1H), 4.90 (dd, ] = 17.0, 3.5 Hz, 1H), 4.61 (d, J = 13.7 Hz, 1H), 4.53 (dd, J
=48.4,3.4 Hz, 1H). BC{'H} NMR (151 MHz, CDCls): 5173.9, 160.6 (d, Jc.r = 260.1 Hz), 138.7, 132.6,

129.8,118.2,112.5,95.1 (d, Jcr = 18.0 Hz), 54.4 (d, Jcr = 29.7 Hz). ’F NMR (565 MHz, CDCL): § -
98.0 ~ -98.1 (m, 1F). HRMS (ESI): calculated for C;;HoFNO, [M+H]*: 206.0612; Found: 206.0616.

COOMe Methyl 3-fluoro-2-(4-(methylsulfonyl)phenyl)but-3-enoate (2c). Rr=

0.6 (PE: EA=8:1). The reaction was conducted with General Procedure.

Q\ £ Isolated yield: 30.5 mg, 56%. 'H NMR (600 MHz, CDCl): 5 7.95 (d, J
Me/s\\o = 8.2 Hz, 2H), 7.59 (d, J = 8.2 Hz, 2H), 4.87 (dd, J = 17.0, 3.6 Hz, 1H),
4.60 (d, J = 13.6 Hz, 1H), 4.51 (dd, J = 48.5, 3.5 Hz, 1H), 3.77 (s, 3H),

3.06 (s, 3H). 3C{'H} NMR (151 MHz, CDCl3): §169.0, 161.2 (d, Jc.r = 260.0 Hz), 140.4, 140.2, 129.9,

127.9, 94.6 (d, Jor = 18.3 Hz), 54.3 (d, Jer = 29.3 Hz), 53.1, 44.5. 1°F NMR (565 MHz, CDCL): & -
97.7 ~-97.9 (m, 1F). HRMS (ESI): calculated for C,H 4FO,S [M+H]": 273.0591; Found: 273.0591.

COOMe Methyl 3-fluoro-2-(4-(phenylcarbamoyl)phenyl)but-3-enoate (2d).

R¢= 0.5 (PE: EA = 3:1). The reaction was conducted with General

H F Procedure. Isolated yield: 33.2 mg, 53%. 'H NMR (600 MHz, CDCl):

Ph” 57.86 (d, ] = 8.3 Hz, 2H), 7.63 (d, ] = 7.8 Hz, 2H), 7.49 (d, ] = 8.2 Hz,
0]

2H), 7.37 (t, ] = 7.9 Hz, 2H), 7.16 (t, ] = 7.4 Hz, 1H), 4.86 (dd, ] = 17.1,
3.5 Hz, 1H), 4.57 (d, ] = 12.4 Hz, 1H), 4.48 (dd, = 48.7, 3.4 Hz, 1H), 3.77 (s, 3H). *C{'H} NMR (151
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MHz, CDCl): 8169.5, 165.3, 161.8 (d, Jc.r = 259.8 Hz), 137.9 (d, Jcr = 5.0 Hz), 135.0, 129.2, 129.1,
127.6,124.7,120.3,94.3 (d, Jc.r = 18.2 Hz), 54.3 (d, Jcr = 29.3 Hz), 52.9. YF NMR (565 MHz, CDCl3):
8-97.3 ~-97.4 (m, 1F). HRMS (ESI): calculated for C;sH;7FNO; [M+H]": 314.1187; Found: 314.1188.

COOMe Methyl 2-(4-(sec-butylcarbamoyl)phenyl)-3-fluorobut-3-enoate (2e).
\) R¢= 0.5 (PE: EA = 3:1). The reaction was conducted with General
HN F Procedure. Isolated yield: 31.1 mg, 53%. '"H NMR (600 MHz, CDCls):

§7.75 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 8.2 Hz, 2H), 5.90 (d, J = 5.7 Hz,

o 1H), 4.83 (dd, J = 17.2, 3.5 Hz, 1H), 4.54 (d, ] = 11.9 Hz, 1H), 4.41 (dd, J

=48.7,3.4 Hz, 1H), 4.13-4.10 (m, 1H), 3.75 (s, 3H), 1.59-1.54 (m, 2H), 1.22 (d, J = 6.6 Hz, 2H), 0.96 (t,

J = 7.45 Hz, 3H). ®C{!H} NMR (151 MHz, CDCL): 5 169.5, 166.4, 162.0 (d, Jcr = 259.9 Hz), 137.3

(d, Jer =2.9 Hz), 135.0, 129.0, 127.4, 94.2 (d, Jor = 18.5 Hz), 54.3 (d, Jor = 29.2 Hz), 52.8, 47.2,29.8,

20.5, 10.4. F NMR (565 MHz, CDCL): & -97.2 ~ -97.4 (m, 1F). HRMS (ESI): calculated for
C16Ha FNO; [M+H]': 294.1500; Found: 294.1497.

COOMe Methyl 2-([1,1'-biphenyl]-4-yl)-3-fluorobut-3-enoate (2f). Rr= 0.6 (PE:

EA =10:1). The reaction was conducted with General Procedure. Isolated

E yield: 30.2 mg, 56%, however, minor unidentified compounds mixed with

Ph the target compounds. 'H NMR (600 MHz, CDCl3): § 7.61-7.58 (m, 4H),

7.46-7.43 (m, 4H), 7.37-7.35 (m, 1H), 4.85 (dd, J = 17.2, 3.3 Hz, 1H), 4.55 (d, J = 11.5 Hz, 1H), 4.47

(ddd, J=48.7,3.7, 0.6 Hz, 1H), 3.78 (s, 3H). *C{'H} NMR (151 MHz, CDCl3): 5170.0, 162.6 (d, Jcr

=259.2 Hz), 141.2, 140.5, 133.1 (d, Jc.r = 3.5 Hz), 129.2, 128.8, 127.6, 127.5, 127.1,93.9 (d, Jc.r = 18.3

Hz), 54.7 (d, Jcr = 29.7 Hz), 52.8. F NMR (565 MHz, CDCl): 5 -97.0 ~-97.2 (m, 1F). HRMS (ESI):
calculated for Ci7HcFO, [M+H]*: 271.1129; Found: 271.1133.

COOMe Methyl 3-fluoro-2-(naphthalen-2-yl)but-3-enoate (2g). R¢= 0.6 (PE: EA =

10:1). The reaction was conducted with General Procedure. Isolated yield:

OO F 25.9 mg, 53%. '"H NMR (600 MHz, CDCl3): § 7.87-7.83 (m, 4H), 7.52-7.49
(m, 3H), 4.86 (dd, J =17.3,3.4 Hz, 1H), 4.69 (d, J = 10.8 Hz, 1H), 4.45 (ddd,

Jer=48.7, 3.6, 0.5 Hz, 1H), 3.78 (s, 3H). BC{H} NMR (151 MHz, CDCL): § 170.0, 162.7 (d, Jc.r =
259.8 Hz), 133.3, 133.0, 131.5 (d, Jcr = 4.1 Hz), 128.6, 128.04, 127.99, 127.7, 126.5, 126.3, 94.1 (d, Jc-

r=18.5Hz), 54.7 (d, Jc.r = 29.0 Hz), 52.8 '°’F NMR (565 MHz, CDCl): 5 -96.7 ~-96.8 (m, 1F). HRMS
(ESI): calculated for CysH4FO, [M+H]*: 245.0972; Found: 245.0974.

COOMe Methyl 3-fluoro-2-(naphthalen-1-yl)but-3-enoate (2h). Ry= 0.6 (PE: EA =

O 10:1). The reaction was conducted with General Procedure. Isolated yield: 20.0

O E mg, 41%. '"H NMR (600 MHz, CDCl3): § 7.99 (d, J = 8.5 Hz, 1H), 7.90 (d, ] =

8.0 Hz, 1H),7.86 (d, J = 8.1 Hz, 1H), 7.58-7.47 (m, 4H), 5.30 (d, J = 10.3 Hz,

1H), 4.89-4.86 (m, 1H), 4.40-4.32 (m, 1H), 3.78 (s, 3H). *C NMR (151 MHz, CDCl3): 5 170.0, 162.2

(d, Jcr=259.8 Hz), 134.0,131.4,130.2 (d, Jc.r. =4.0 Hz), 129.1, 129.0, 126.8, 126.3, 126.0, 125.5, 122.7,

94.7 (d, Jc.r = 18.8 Hz), 52.8, 50.8 (d, Jc.r = 29.2 Hz). ’F NMR (565 MHz, CDCl3): § -95.3 ~-95.4 (m,
1F). HRMS (ESI): calculated for CysH;4FO, [M+H]*: 245.0972; Found: 245.0975.
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CN COOH 2-(2-cyanophenyl)-3-fluorobut-3-enoic acid (2i). Re= 0.6 (PE: EA = 10:1). The
reaction was conducted with General Procedure. [solated yield: 28.7 mg, 70%. 'H

F NMR (600 MHz, CDCl3): 6 7.71 (d, J = 7.7 Hz, 1H), 7.67-7.63 (m, 2H), 7.48-7.45

(m, 1H), 5.02 (d, J = 16.8 Hz, 1H), 4.91 (dd, J = 16.6, 3.7 Hz, 1H), 4.62 (dd, J =

47.9, 3.7 Hz, 1H). BC{'H} NMR (151 MHz, CDCl): 5173.1, 160.0 (d, Jc.r = 260.8 Hz), 137.3, 133.3,
133.2,129.4,128.8,117.0, 113.3,95.5 (d, Jc.r = 18.0 Hz), 52.4 (d, Jc.r = 28.8 Hz). YF NMR (565 MHz,

CDCl): 5 -99.1 ~ -99.3 (m, 1F). HRMS (ESI): calculated for C;;HoFNO, [M+H]*: 206.0612; Found:
206.0616.

COOMe Methyl 2-(3-fluoro-1-methoxy-1-oxobut-3-en-2-yl)benzoate (2j). Rr= 0.6 (PE:

EA = 10:1). The reaction was conducted with General Procedure. Isolated yield:

F 35.3 mg, 70% (mixture with a small amount of E-3j). "H NMR (600 MHz, CDCl):

COOMe 53802 (d,J=8.1Hz, 1H), 7.57-7.53 (m, 2H), 7.42-7.39 (m, 1H), 5.74 (d, J = 16.7

Hz, 1H), 4.86 (dd, J = 16.9, 3.3 Hz, 1H), 4.45 (dd, J = 48.7, 3.3 Hz, 1H), 3.90 (s, 3H), 3.76 (s, 3H).
BC{'H} NMR (151 MHz, CDCl3): § 170.3,167.4 162.3 (d, Jc.r = 260.7 Hz), 135.9, 132.6, 131.2, 129.7,

129.2, 128.0, 94.5 (d, Jc.r = 18.8 Hz), 52.7, 52.3, 51.2 (d, Jc.r = 28.5 Hz). ’F NMR (565 MHz, CDCL):
§-96.1 ~-96.3 (m, 1F). HRMS (ESI): calculated for C1sHsFO4 [M+H]": 253.0871; Found: 253.0871.

COOMe Methyl 3-(3-fluoro-1-methoxy-1-oxobut-3-en-2-yl)benzoate (2k). R¢

MeO,C = 0.6 (PE: EA = 10:1). The reaction was conducted with General

F Procedure. Isolated yield: 23.2 mg, 46% (mixture with a small amount

of E-3k). "TH NMR (600 MHz, CDCl):  8.03-8.01 (m, 2H), 7.59 (d, J

=17.7 Hz, 1H), 7.46 (t,J = 7.7 Hz, 1H), 4.84 (dd, J = 17.2, 3.5 Hz, 1H), 4.56 (d, J = 12.3 Hz, 1H), 4.44
(dd, J=48.7,3.2 Hz, 1H), 3.92 (s, 3H), 3.76 (s, 3H). BC{'H} NMR (151 MHz, CDCl): 5 169.6, 166.6
162.0 (d, Jc.r =259.9 Hz), 134.6 (d, Jc.r = 3.1 Hz), 133.2, 130.8, 130.0, 129.5, 129.0, 94.2 (d, Jc.r = 18.6

Hz), 54.3 (d, Jcr = 29.1 Hz), 52.8, 52.3. YF NMR (565 MHz, CDCl): § -97.4 ~ -97.6 (m, 1F). HRMS
(ESI): calculated for C3H;4FO4 [M+H]*: 253.0871; Found: 253.0873.

COOMe Methyl 2-(3-cyanophenyl)-3-fluorobut-3-enoate (21). Rr= 0.6 (PE: EA =

NC 10:1). The reaction was conducted with General Procedure. Isolated yield:
F 27.5 mg, 63%. 'H NMR (600 MHz, CDCl): 8 7.69 (s, 1H), 7.64-7.62 (m,

2H), 7.49 (t, J = 7.8 Hz, 1H), 4.87 (dd, J = 16.9, 3.5 Hz, 1H), 4.54-4.45 (m,

2H), 3.78 (s, 3H). *C{'H} NMR (151 MHz, CDCl3): 5169.0, 161.2 (d, Jc.r = 260.1 Hz), 135.7, 133.3,
132.4,131.9,129.7, 118.3, 113.1,94.5 (d, Jc.r = 18.4 Hz), 54.0 (d, Jc.r = 29.4 Hz), 53.1. ’F NMR (565

MHz, CDCL): § -97.9 ~ -98.0 (m, 1F). HRMS (ESI): calculated for C,H;;FNO, [M+H]": 220.0768;
Found: 220.0766.

COOH 2-(4-cyanophenyl)-3-fluoro-2-methylbut-3-enoic acid (2m). R¢=0.4 (PE: EA

= 2:1). The reaction was conducted with General Procedure. Isolated yield:

MeF 32.9 mg, 75%. '"H NMR (600 MHz, CDCl3): & 7.67 (d, J = 8.5 Hz, 2H), 7.56

NC (d, J =8.3 Hz, 2H), 4.93 (dd, J = 18.3, 3.8 Hz, 1H), 4.52 (dd, J = 49.1, 3.8 Hz,
1H), 1.84 (s, 3H). BC{'H} NMR (151 MHz, CDCl): 5 176.7, 164.8 (d, Jc.r = 261.4 Hz), 143.8, 132.3,

128.2, 118.3, 112.0, 94.1 (d, Jer = 19.9 Hz), 55.3 (d, Jer = 25.8 Hz), 22.6 (d, Je.r = 2.0 Hz). ’F NMR
(565 MHz, CDCL): & -98.2 (dd, J = 49.1, 18.3 Hz, 1F). HRMS (ESI): calculated for C1,H;;FNO,
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[M+H]": 220.0768; Found: 220.0772.

COOMe Methyl (E)-2-(4-cyanophenyl)-3-fluoropent-3-enoate (2n). Rr= 0.6 (PE:

F  EA =10:1). The reaction was conducted with General Procedure. Isolated

| yield: 30.3 mg, 65%. 'H NMR (600 MHz, CDCls): 5 7.65 (d, ] = 8.2 Hz, 2H),

NC Me™ H  7.47(d,J=8.2Hz IH),4.77 (dq, J=36.3, 6.9 Hz, 1H), 4.50 (d, J = 15.8 Hz,
1H), 3.76 (s, 3H), 1.63 (dd, J = 6.6, 1.74 Hz, 3H). *C{'H} NMR (151 MHz, CDCl3): 5 169.4, 154.8 (d,
Jor = 255.5 Hz), 139.9, 132.5, 129.7, 118.5, 112.1, 105.0 (d, Jcr = 14.5 Hz), 54.6 (d, Jc.r = 28.9 Hz),

52.9,9.0 (d, Jcr = 5.8 Hz). YF NMR (565 MHz, CDCl): § -113.2 (dd, J = 35.8, 15.1 Hz, 1F). HRMS
(ESI): calculated for C13H;3FNO, [M+H]*: 234.0925; Found: 234.0927.

COOMe Methyl (E)-4-(3-fluoro-1-methoxy-1-oxopent-3-en-2-yl)benzoate (20).

F R¢=0.6 (PE: EA = 10:1). The reaction was conducted with General
| Procedure. Isolated yield: 36.2 mg, 68%. 'H NMR (600 MHz, CDCl:):
MeO,C Me H 38.02(d,J=8.3Hz 2H),7.42(d, ] =8.2 Hz, 1H), 4.70 (dq, ] =36.5, 6.9

Hz, 1H), 4.51 (d, ] = 14.4 Hz, 1H), 3.91 (s, 3H), 3.74 (s, 3H), 1.62-1.61 (m, 3H). BC{H} NMR (151
MHz, CDCl3): 6 169.9, 166.7 155.5 (d, Jc.r =255.3 Hz), 139.6, 130.0, 129.9, 128.9, 104.6 (d, Jcr = 14.6
Hz), 54.6 (d, Jc.r = 29.4 Hz), 52.8, 52.2, 9.0 (d, Jcr = 6.3 Hz). ’F NMR (565 MHz, CDCL): § -112.6
(dd, J=36.5, 14.4 Hz, 1F). HRMS (ESI): calculated for CisH;sFO4 [M+H]": 267.1027; Found: 267.1025.

COOMe Methyl (E)-3-fluoro-2-(naphthalen-2-yl)pent-3-enoate (2p). R¢= 0.6 (PE:

F EA=10:1). The reaction was conducted with General Procedure. Isolated

OO | yield: 21.7 mg, 42%. 'H NMR (600 MHz, CDCls): § 7.85-7.82 (m, 3H), 7.80
Me H (s, 1H), 7.50-7.46 (m, 3H), 4.71 (dq, ] = 36.7, 6.9 Hz, 1H), 4.64 (d, ] = 12.7

Hz, 1H), 3.76 (s, 3H), 1.63 (dd, J = 6.8, 1.0 Hz, 3H). BC{!H} NMR (151 MHz, CDCl3): 5 170.6, 156.3
(d, Jer = 255.2 Hz), 133.3, 132.9, 132.0 (d, Jc.r = 3.4Hz), 128.5, 128.0, 127.9, 127.7, 126.4, 126.35,
126.33, 104.4 (d, Jc.r = 14.7 Hz), 54.8 (d, Jcr = 29.2 Hz), 52.7, 9.0 (d, Jc.r = 6.6 Hz). F NMR (565

MHz, CDCl): 6 -112.0 (dd, J = 36.7, 14.4 Hz, 1F). HRMS (ESI): calculated for CicHsFO, [M+H]":
259.1129; Found: 259.1126.

COOMe Methyl (E)-4-(3-fluoro-1-methoxy-1-oxohept-3-en-2-yl)benzoate (2q).

F  R¢= 0.6 (PE: EA = 10:1). The reaction was conducted with General

| Procedure. Isolated yield: 41.1 mg, 70%. 'H NMR (600 MHz, CDCl:):

MeO,C "Pr H  §8.02(d,J=8.3 Hz, 2H), 7.43 (d, J = 8.3 Hz, 2H), 4.67 (dt, ] = 36.9, 7.6
Hz, 1H),4.52 (d, J = 14.4 Hz, 1H), 3.91 (s, 3H), 3.75 (s, 3H), 2.08 (q, J = 7.2 Hz, 2H), 1.39-1.33 (m, 2H),
0.88 (t, ] = 7.4 Hz, 3H). BC{'H} NMR (151 MHz, CDCL): § 170.0, 166.7, 155.0 (d, Jc.r = 255.4 Hz),
139.7 (d, Jc.r =2.5 Hz), 130.0, 129.9, 128.9, 109.9 (d, Jc.r = 14.6 Hz), 54.6 (d, Jc.r =29.8 Hz), 52.7,52.2,

25.6 (d, Jcr = 4.2 Hz), 22.3, 13.6. ’F NMR (565 MHz, CDClL): 5 -111.9 (dd, J = 36.9, 14.5 Hz, 1F).
HRMS (ESI): calculated for Ci16H20FO4 [M+H]*: 295.1340; Found: 295.1345.
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GOOMe (35,8S,98,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-
F methylheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl 4-(3-fluoro-1-
methoxy-1-oxobut-3-en-2-yl)benzoate (2r). Ri=0.5 (PE: EA=4:1).
The reaction was conducted with General Procedure. Isolated yield:
36.4 mg, 30%. '"H NMR (600 MHz, CDCls):  8.04 (d, J = 8.3 Hz,
2H), 7.44 (d,J = 8.2 Hz, 2H), 5.42 (d, ] =4.1 Hz, 1H), 4.89-4.82 (m, 2H), 4.56 (d, J = 11.9 Hz, 1H), 4.42
(dd, J=48.7,3.3 Hz, 1H), 3.76 (s, 3H), 2.45 (d, J = 7.7 Hz, 2H), 2.04-1.69 (m, 6H), 1.61-1.08 (m, 18 H),
1.07 (s, 3H), 1.03-0.96 (m, 3H), 0.92 (d, J = 6.5 Hz, 2H), 0.87 (dd, J = 6.6, 2.6 Hz, 6H), 0.69 (s, 3H).
BC{'H} NMR (151 MHz, CDCl3): 8 169.4, 165.5, 161.9 (d, Jc.r = 259.8 Hz), 139.6, 138.8 (d, Jo.r = 2.1
Hz), 130.8, 130.0, 128.8, 122.9, 94.2 (d, Jc.r = 18.5 Hz), 74.8, 56.7, 56.1, 54.5 (d, Jc.r = 29.2 Hz), 52.9,
50.1,42.3,39.7, 39.5, 38.2, 37.0, 36.7, 36.2, 35.8, 31.94, 31.89, 28.2, 28.0, 27.9, 24.3, 23.8, 22.8, 22.6,
21.1, 19.4, 18.7, 11.9. F NMR (565 MHz, CDCl): 5 -97.1~ -97.2 (m, 1F). HRMS (ESI): calculated
for C39HsFO4 [M+H]*: 607.4157; Found: 607.4153.

COOMe (1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 4-(3-fluoro-1-

methoxy-1-oxobut-3-en-2-yl)benzoate (2s). Rr= 0.5 (PE: EA = 5:1).

o) F The reaction was conducted with General Procedure. Isolated yield:

0 45.1 mg, 60%. 'H NMR (600 MHz, CDCl): & 8.04 (d, ] = 8.2 Hz,

U 2H), 7.44 (d, J = 8.2 Hz, 2H),4.92 (td, J = 10.8, 4.3 Hz, 1H), 4.84 (ddd,

/( J=16.6,3.9,1.2 Hz, 1H),4.56 (d,J=12.0 Hz, 1H), 4.44 (ddd, J=47.0,

7.7,3.4 Hz. 1H), 3.75 (d, ] = 2.1 Hz, 3H), 2.10 (d, J = 11.7 HZ, 1H),

1.95-1.93 (m, 1H), 1.73 (d, J = 11.4 Hz, 2H), 1.57-1.53 (m, 2H), 1.14-1.08 (m, 2H), 0,93-0.90 (m, 7H),

0.80-0.78 (m, 3H). BC{'H} NMR (151 MHz, CDCl3): § 169.4, 165.6, 161.9 (dd, Jc.r = 259.9, 3.5 Hz),

138.8 (d, Jc.r = 2.5 Hz), 130.8, 130.1, 128.8, 94.2 (d, Jc.r = 19.3 Hz), 75.0, 54.5 (d, Jc.r =29.6 Hz), 52.8,

47.3,40.9, 34.3,31.4,26.5, 23.6, 22.0, 20.8, 16.5.”F NMR (565 MHz, CDCl3): 5 -97.1~ -97.3 (m, 1F).
HRMS (ESI): calculated for CoxH30FO4 [M+H]*: 377.2123; Found: 377.2122.

yDbenzoyl)oxy)ethyl)piperidine-1-carboxylate(2t). R; =

o] 0] COOMe (.5 (PE: EA=4:1). The reaction was conducted with General
N/L_O O>—©—/L Procedure. Isolated yield: 62.9 mg, 70%. 'H NMR (600
QJ £ MHz, CDCl): § 8.02 (d, J = 7.8 Hz, 2H), 7.43 (d, = 7.8 Hz,
2H), 4.83 (dd, J = 17.1, 2.8 Hz, 1H), 4.72 (d, J = 5.7 Hz, 1H),

4.55(d, ] =12.1 Hz, 1H), 4.41 (d,J = 48.7 Hz, 1H), 4.31 (d, J = 4.4 Hz, 1H), 4.08 (s, 1H), 3.75 (s, 3H),
2.85 (t,J = 12.0 Hz, 1H), 1.89-1.86 (m, 1H), 1.66-1.43 (m, 9H), 1.15 (d, J = 5.9 Hz, 3H), 0.85 (t, J = 7.0
Hz, 3H). BC{'H} NMR (151 MHz, CDCL): 5 169.4, 166.0, 161.9 (d, Jr = 259.9 Hz), 155.5 (d, Jer =
4.9 Hz), 139.0, 130.1, 128.8, 128.1, 94.2 (d, Jc.r = 18.3 Hz), 73.00, 72.97, 62.80, 62.76, 54.4 (d, Jcr =

29.6 Hz), 52.9, 48.0, 39.0, 29.1, 28.9, 28.6, 25.5, 19.8, 19.1, 9.71, 9.68. '°’F NMR (565 MHz, CDCl): §
-97.2~-97.3 (m, 1F). HRMS (ESI): calculated for C24H33:FNOs [M+H]": 450.2286; Found: 450.2284.

E Sec-butyl 2-(2-((4-(3-fluoro-1-methoxy-1-oxobut-3-en-2-
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COOMe (3a8,58,6R,6a8)-5-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxo0l-6-yl 4-(3-fluoro-1-

%/ 0 0 F methoxy-1-oxobut-3-en-2-yl)benzoate (2u). Ry=0.5 (PE: EA=5:1).
O\ej‘\\o The reaction was conducted with General Procedure. Isolated yield:
o—-, 38.4 mg, 40%. '"H NMR (600 MHz, CDCl): & 8.02 (d, ] = 8.1 Hz,
(%/\O 2H), 7.47 (d, J = 8.1 Hz, 2H), 593 (d, ] = 3.3 Hz, 1H), 549 (d, ] =

7< 2.4 Hz, 1H), 4.85 (d, J = 17.0, 2.8 Hz, 1H), 4.61 (d, J = 3.5 Hz, 1H),

4.57 (d, J =12.6 Hz, 1H), 4.45 (dt, ] = 48.5, 3.8 Hz, 1H), 4.36-4.31
(m, 2H), 4.13-4.07 (m, 2H), 3.76 (d, ] = 1.9 Hz, 3H), 1.55 (s, 3H), 1.41 (s, 3H), 1.32 (s, 3H), 1.27 (s, 3H).
BC{!H} NMR (151 MHz, CDCl3): 5 169.3, 164.7,161.7 (d, Jc.r = 261.8 Hz), 139.7, 130.2, 129.5, 129.1,
112.4,109.4, 105.1, 94.3 (d, Jc.r = 18.2 Hz), 83.4, 79.9, 72.6, 67.3, 54.3 (d, Jc.r = 29.4 Hz), 52.9, 26.9,
26.7,26.2, 25.2. ¥YF NMR (565 MHz, CDCL3): 6 -97.3~ -97.5 (m, 1F). HRMS (ESI): calculated for
C24H30FO9 [M+H]": 481.1868; Found: 481.1866.
(3S,5S,8R,98,108,13S,14S)-10,13-dimethyl-17-
HsC 2 oxohexadecahydro-1H-cyclopenta[a]phenanthren-3-yl
4-(3-fluoro-1-methoxy-1-oxobut-3-en-2-yl)benzoate (2v).
R¢= 0.5 (PE: EA = 5:1). The reaction was conducted with
General Procedure. Isolated yield: 42.9 mg, 42% (mixture
with a small amount of E-3v). "TH NMR (600 MHz, CDCl3):
COOMe 68.02 (d,J=8.3 Hz, 2H), 7.43 (d, ] = 8.2 Hz, 2H), 4.96-4.91
(m, 1H), 4.83 (dd, J =17.1, 3.4 Hz, 1H), 4.55 (d, J =12 Hz, 1H), 4.42 (dd, ] = 48.7, 3.4 Hz, 1H), 3.75 (s,
3H),2.43 (dd, J =19.3, 8.7 Hz, 1H), 2.10-2.02 (m, 1H), 1.95-1.91 (m, 2H), 1.81-1.47 (m, 9H), 1.38-1.25
(m, 6H), 1.10 (td, J = 13.6, 3.7 Hz, 1H), 1.03-0.97 (m, 1H), 0.89 (s, 3H), 0.86 (s, 3H), 0.75 (td, J = 10.9,
3.8 Hz, 1H). BC{'H} NMR (151 MHz, CDCl3): § 169.4 (d, Jc.r = 2.1 Hz), 165.6, 161.9 (d, Jc.r = 259.8
Hz), 138.8 (d, Jc.r = 3.0 Hz), 130.8, 130.0, 128.8, 94.2 (d, Jc.r = 18.5 Hz), 74.3, 54.4 (d, Jc.r = 31.7 Hz),
52.9,51.4,47.8,44.7,36.7,35.8,35.7,35.1,34.0,31.5,30.8, 28.3,27.5,21.8, 20.5, 13.8, 12.3. YFNMR
(565 MHz, CDCl3): 5 -97.1~-97.3 (m, 1F). HRMS (ESI): calculated for C3;HsoFOs [M+H]": 511.2854;
Found: 511.2850.

coome (7R, 11R,E)-3,7,11,15-tetramethylhexadec-

2-en-1-yl 4-(3-fluoro-1-methoxy-1-oxobut-

WWO F 3-en-2-yl)benzoate (2w). R(= 0.5 (PE: EA =

- - @) 5:1). The reaction was conducted with

General Procedure. Isolated yield: 46.5 mg, 45% (mixture with a small amount of E-3w). 'H NMR

(600 MHz, CDCl): 6 8.04 (d, ] = 8.3 Hz, 2H), 7.44 (d, ] = 8.2 Hz, 2H), 5.45 (t, J = 5.9 Hz, 1H), 4.85-

4.82 (m, 3H), 4.55 (d, J=11.9 Hz, 1H), 4.42 (dd, ] = 48.7, 3.4 Hz, 1H), 3.75 (s, 3H), 2.04-2.01(m, 2H),

1.75 (s, 3H), 1.54-1.50 (m, 1H), 1.47-1.04 (m, 18H), 0.87-0.83 (m, 12H). BC{'H} NMR (151 MHz,

CDCl): 6 169.4 (d, Jcr = 2.0 Hz), 166.1, 161.9 (d, Jc.r = 260.0 Hz), 143.1, 138.8 (d, Jc.r = 3.0 Hz),

130.5, 130.1, 128.8, 118.0, 94.2 (d, Jc.r = 18.1 Hz), 62.0, 54.5 (d, Jc.r =29.7 Hz), 52.8, 39.9, 39.4, 37.42,

37.36, 37.3, 36.6, 32.8, 32.7, 28.0, 25.0, 24.8, 24.5, 22.7, 22.6, 19.8, 19.7, 16.5."°F NMR (565 MHz,

CDCl): 6 -97.1~ -97.2 (m, 1F). HRMS (ESI): calculated for C3;HsoFO4 [M+H]": 517.3688; Found:
517.3687.
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coome  (R)-2,5,7,8-tetramethyl-2-(4R,8R)-

Me 4,8,12-trimethyltridecyl)chroman-6-yl
Me Me Me o F 4-(3-fluoro-1-methoxy-1-oxobut-3-en-
Me To Me 2-yl)benzoate (2x). R¢= 0.5 (PE: EA =
e
Me

5:1). The reaction was conducted with
General Procedure. Isolated yield: 57.2 mg, 44%. 'H NMR (600 MHz, CDCls): § 8.26 (d, J = 8.2 Hz,
2H), 7.54 (d, J = 8.1 Hz, 2H), 4.88 (dd, J = 17.2, 3.5 Hz, 1H), 4.62 (d, J = 12.4 Hz, 1H), 4.51 (dd, J =
48.5, 3.3 Hz, 1H), 3.80 (s, 3H), 2.63 (t, ] = 6.6 Hz, 2H), 2.13 (s, 3H), 2.06 (s, 3 H), 2.02 (s, 3H), 1.86-
1.76 (m, 2H), 1.62-1.09 (m, 24 H), 0.88-0.86 (m, 12H). *C{'H} NMR (151 MHz, CDCl): 5 169.4 (d,
Jer=2.3 Hz), 164.7, 161.8 (d, Jc.r = 260.1 Hz),149.6, 140.6, 139.6, 130.7, 129.6, 129.1, 126.9, 125.1,
123.2, 117.5, 94.3 (d, Jcr = 18.1 Hz), 75.1, 54.5 (d, Jcr = 29.2 Hz), 52.9, 39.4, 37.6, 37.5, 37.4, 37.3,
32.8,32.7, 28.0, 24.9, 24.8, 24.5, 22.8, 22.7, 21.1, 20.7, 19.8, 19.72, 19.70, 19.6, 13.1, 12.2, 11.9. ’F
NMR (565 MHz, CDCl): & -97.2~ -97.3 (m, 1F). HRMS (ESI): calculated for C4;HgFOs [M+H]":
651.4419; Found: 651.4415.

AN COOMe Methyl 4-(2-fluoro-4-methoxy-4-oxobut-1-en-1-
m\ yDbenzoate (3a). R¢= 0.6 (PE: EA = 10:1). The reaction was
MeOOC conducted with General Procedure. Isolated yield: 37.8 mg,
75%. TH NMR (600 MHz, CDCls): E-3a: 6 8.01 (d, J = 8.3 Hz, 2H), 7.31 (d, ] = 8.2 Hz, 2H), 6.46 (d,
J=19.8 Hz, 1H), 3.91 (s, 3H), 3.79 (s, 3H), 3.45 (d, J =22.7 Hz, 2H); Z-3a:  7.99 (d, ] = 8.4 Hz, 2H),
7.54 (d,J=8.4 Hz, 2H), 5.72 (d, ] = 37.4 Hz, 1H), 3.91 (s, 3H), 3.77 (s, 3H), 3.40 (d, J = 19.1 Hz, 2H).
BC{'H} NMR (151 MHz, CDCl3): E-3a: 5 168.7 (d, Jcr = 3.5 Hz), 166.7, 155.8 (d, Jc.r = 255.2 Hz),
138.0 (d, Jc.r = 12 Hz), 129.9, 129.1, 128.4 (d, Jc.r = 2.6 Hz), 111.3 (d, Jc.r = 27.1 Hz), 52.6, 52.2, 35.7
(d,J=29.3 Hz) ; Z-3a: 6 168.7, 166.8, 154.8 (d, Jcr =269.0 Hz), 130.2, 129.7, 128.5, 128.4, 109.3 (d,
Jer=7.3Hz), 52.5,52.1,39.2 (d, Jcr = 29.1 Hz). F NMR (565 MHz, CDCl3): E-3a: § -93.9 ~-94.0
(m, 1F); Z-32: 5 -97.0 ~-97.2 (m, 1F). HRMS (ESI): E-3a: calculated for C;3H4FO4 [M+H]": 253.0871;
Found: 253.0867; Z-3a: calculated for C13H;4FO4 [M+H]": 253.0871; Found: 253.0875.

/©/\Y\000Me Methyl 4-(4-cyanophenyl)-3-fluorobut-3-enoate (3b). R¢ = 0.6
= (PE: EA = 10:1). The reaction was conducted with General
NC Procedure. Isolated yield: 29.4 mg, 67%. 'H NMR (600 MHz,
CDCl): E-3b: 6 7.64 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.1 Hz, 2H), 6.45 (d, J = 19.4 Hz, 1H), 3.79 (s,
3H), 3.43 (d, J = 22.9 Hz, 2H); Z-3b: 6 7.60 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 8.5 Hz, 2H), 5.71 (d, J =
36.8 Hz, 1H), 3.77 (s, 3H), 3.41 (d, ] = 19.1 Hz, 2H). BC{'H} NMR (151 MHz, CDCl3): E-3b: 5 168.4,
156.4 (d, Jc.r = 256.6 Hz), 138.1 (d, Jc.r = 13.4 Hz), 132.5, 129.0 (d, Jcr = 2.2 Hz), 118.6, 111.2, 110.9
(d, Jer=27.8 Hz), 52.8,35.7 (d, Jc.r = 29.1 Hz); Z-3b: § 168.4, 162.6, 155.8 (d, Jc.r =271.1 Hz), 137.4,
132.2,129.0 (d, J = 7.9 Hz), 108.7 (d, Jc.r = 6.8 Hz), 52.6, 39.1 (d, Jc.r = 28.8 Hz). YF NMR (565 MHz,
CDCl3): E-3b: 6 -91.8 ~-92.0 (m, 1F); Z-3b: 6 -95.3 ~ -95.5 (m, 1F). HRMS (ESI): E-3b: calculated
for Ci;H;1;FO4 [M+H]": 220.0768; Found: 220.0772; Z-3b: calculated for C;H;FNO, [M+H]":
220.0768; Found: 220.0769.

AN COOMe Methyl 3-fluoro-4-(4-(phenylcarbamoyl)phenyl)but-3-
F enoate (3d). Rr= 0.6 (PE: EA = 10:1). The reaction was
conducted with General Procedure. Isolated yield: 26.9 mg,

ZT

Ph”
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43%. Z-3d contain unidentified compounds. 'H NMR (600 MHz, CDCl): E-3d: § 7.85 (d, ] = 8.2 Hz,
2H), 7.64 (d, ] =7.9 Hz, 2H), 7.39-7.35 (m, 4H), 7.16 (t, ] = 7.4 Hz), 6.48 (d, ] = 19.7 Hz), 3.80 (s, 3H),
3.46 (d, ] =22.9 Hz, 2H); Z-3d: 6 7.83 (d, ] = 8.4 Hz, 2H), 7.64 (d, J = 8.3 Hz, 2H), 7.58 (d, ] = 8.3 Hz,
1H), 7.38-7.35 (m, 3H), 7.15 (t, J = 7.4 Hz, 1H), 5.73 (d, J = 37.4 Hz, 1H), 3.78 (s, 3H), 3.68 (d, ] = 8.5
Hz, 2H), 3.41 (d, J = 19.1 Hz, 2H). BC{'H} NMR (151 MHz, CDCl3): E-3d: § 168.7, 165.1, 155.8 (d,
Jer = 255.1 Hz), 137.8, 137.0 (d, Jcr = 13.2 Hz), 133.8, 129.1, 128.8 (d, Jc.r = 2.3 Hz), 127.4, 124.7,
120.2, 111.2 (d, Jcr = 27.3 Hz), 52.7, 35.7 (d, Jcr = 29.8 Hz); Z-3d: § 168.7, 165.2, 154.7 (d, Jcr =
271.0 Hz), 137.9, 136.4, 133.5, 129.1, 128.9 (d, Jcr = 7.6 Hz), 127.6, 124.7, 120.2, 109.1 (d, Jcr = 7.5
Hz), 52.60, 39.2 (d, Jcr = 29.0 Hz).””F NMR (565 MHz, CDCl3): E-3d: 5 -94.1 (q, ] =21.7 Hz, 1F); °F
NMR (376 MHz, CDCl3): Z-3d: -97.4 ~- 97.6 (m, 1F). HRMS (ESI): E-3d: calculated for CigH7FNO;
[M+H]": 314.1187; Found: 314.1190; Z-3d: calculated for C;sH;7FNO; [M+H]": 314.1187; Found:
314.1191.

COOMe E Methyl 2-(4-(tert-butyl)phenyl)-3-
m fluorobut-3-enoate  compound  with

thyl 4-(4-(tert-butyl)phenyl)-3-

; F tBU COOMe methy ( ( ert-bu Yy )P eHY) 3
Bu fluorobut-3-enoate (3y/2y = 2/1). R¢= 0.6

(PE: EA =20:1). The reaction was conducted with General Procedure. Isolated yield: 15.5 mg, 31%. 'H
NMR (600 MHz, CDCls): E-y/2y: 6 7.38 (d, J = 6.6 Hz, 2H), 7.37 (d, ] = 6.5 Hz, 2H), 7.29 (d, ] = 8.3
Hz, 2H), 7.17 (d, J = 8.2 Hz, 2H), 6.42 (d, J =20.3 Hz, 1H) (E-3y), 6.42 (d, J =20.3 Hz, 1H), 4.80 (dd,
J=17.2,3.2 Hz, 1H) (2y), 4.48 (d, ] = 11.5 Hz, 1H) (2y), 4.41 (dd, J = 49.0, 3.2 Hz, 1H) (2y),3.78 (s,
3H), 3.72 (s, 3H), 3.48 (d, J = 22.7 Hz, 2H) (E-3y), 1.32 (s, 18H); Z-3y: 6 7.43 (d, ] = 8.4 Hz, 2H), 7.35
(d, J = 8.4 Hz, 2H), 5.63 (d, J = 38.6 Hz, 1H), 3.75 (s, 9H), 3.37 (d, J = 19.2 Hz, 2H). BC{'H} NMR
(151 MHz, CDCls): E-3y/2y: 6 170.2, 169.2 (d, Jc.r = 3.3 Hz), 162.9 (d, Jc.r = 259.5 Hz), 154.4 (d, Jcr
=250.9 Hz), 151.2, 150.4, 131.1 (d, J = 3.4 Hz), 130.3, 130.2,128.4, 128.1, 125.8, 125.6, 111.5 (d, Jcr
=26.1 Hz), 93.7 (d, Jcr = 18.5 Hz), 54.1 (d, Jc-r = 29.4 Hz), 52.6 (d, Jcr = 21.8 Hz), 35.7, 35.5, 34.6,
31.29, 31.28; Z-3y: 6 169.1, 152.6 (d, Jcr = 264.5 Hz), 150.5, 130.1, 128.3 (d, Jcr = 7.4 Hz), 109.5 (d,
Jer=7.8 Hz), 52.4,39.2 (d, Jc.r = 29.5 Hz), 34.6, 31.2. ’F NMR (565 MHz, CDCl3): E-3y/2y: -98.1~
-98.3 (m, 1F), -97.0~ -97.2 (m, 1F); Z-3y: 6-101.9 ~-102.0 (m, 1F). HRMS (ESI): E-3y/2y: calculated
for CisH20FO, [M+H]*: 251.1442; Found: 251.1440.

COOMe E Methyl 3-fluoro-2-(p-tolyl)but-3-enoate
m compound with methyl 3-fluoro-4-(p-

F Me COOMe tolyl)but-3-enoate (3z/2z = 2/1). R¢= 0.6

Me (PE: EA =20:1). The reaction was

conducted with General Procedure. Isolated yield: 13.7 mg, 33%. 'H NMR (600 MHz, CDCls): E-
3z/22: 5 7.17 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 7.9 Hz, 2H), 7.08 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 8.0 Hz,
2H), 6.34 (d, J =20.3 Hz, 1H) (E-3z), 8 4.72 (dd, J = 17.3, 3.2 Hz, 1H) (2z), 4.39 (d, ] = 11.0 Hz, 1H)
(22), 4.32 (dd, J = 49.0, 3.0 Hz, 1H) (2z), 3.70 (s, 3H), 3.67 (s, 3H), 3.38 (d, J = 22.6 Hz, 2H) (E-32),
2.27 (s, 3H), 2.27 (s, 3H); Z-3z: 5 7.38 (d, J =8.0 Hz, 2H), 7.14 (d, J = 7.9 Hz, 2H), 5.62 (d, ] = 38.2 Hz,
1H), 3.76 (s, 3H), 3.36 (d, J = 19.2 Hz, 2H), 2.34 (s, 3H). 3C NMR (151 MHz, CDCls): E-3z/2z: §
170.2,169.2 (d, Jcr =3.4 Hz), 162.9 (d, Jc.r = 259.8 Hz), 154.3 (d, Jc.r = 250.7 Hz), 138.0, 137.2, 131.1
(d, Jer=3.6 Hz), 130.3, 130.2, 129.5, 129.4, 128.6, 128.3 (d, Jc.r=2.1 Hz), 111.7, 111.5,93.7 (d, Jcr =
18.5 Hz), 54.2 (d, Jc.r = 28.9 Hz), 52.6 (d, Jcr = 23.2 Hz), 35.7, 35. 5, 21.2, 21.1. BC{'H} NMR (101
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MHz, CDCl): Z-3z: 6 169.2, 152.5 (d, Jc.r = 264.7 Hz), 137.2, 130.0, 129.2, 128.5 (d, Jc.r = 7.3 Hz),
100.7 (d, Jer = 7.8 Hz), 52.4, 39.2 (d, Jcr = 29.6 Hz), 21.2. 'F NMR (565 MHz, CDCl3): E-3z/2z: -
98.4 ~-98.5 (m, 1F), -97.0~ -97.1 (m, 1F). F NMR (376 MHz, CDCls): Z-3z: -101.9 ~ -102.2 (m,
1F). HRMS (ESI): E-3z/2z: calculated for C12H14FO, [M+H]*: 209.0972; Found: 209.0975.

Me Methyl (Z)-3-fluoro-4-phenylpent-3-enoate (3aa). Ry= 0.6 (PE: EA =
W COOMe 20:1). The reaction was conducted with General Procedure. I Isolated
yield: 13.3 mg, 32%. '"H NMR (600 MHz, CDCl): § 7.39-7.33 (m, 4H),

F 7.26-7.24 (m, 1H), 3.76 (s, 3H), 2.46 (d, ] =22.1 Hz, 2H), 1.99 (d, J = 3.0

Hz, 3H). BC{'H} NMR (151 MHz, CDCl): 5 169.3 (d, Jc.r= 3.1 Hz), 148.3 (d, Jc.r =249.9 Hz), 137.6,
128.1 (d, Jcr =4.2 Hz), 128.1, 127.1, 115.9 (d, Jc.r = 12.2 Hz), 52.4, 35.9 (d, Jc.r = 32.0 Hz), 17.5 (d,

Jer = 3.5 Hz). YF NMR (565 MHz, CDCl): -104.8 (t, ] = 22.2 Hz, 1F). HRMS (ESI): calculated for
C1,H14FO, [M+H]* : 209.0972; Found: 209.0972.

Me Methyl (Z)-4-(4-cyanophenyl)-3-fluoropent-3-enoate (3m). Ry=
WCOOMe 0.6 (PE: EA =10:1). The reaction was conducted with General

F Procedure. Isolated yield: 19.1 mg, 41%. "TH NMR (600 MHz,

NC CDCl3): 8 7.63 (d, ] = 8.3 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H), 3.77 (s,
3H), 3.47 (d, J = 22.2 Hz, 2H), 2.00 (d, J = 3.0 Hz, 3H). 3C{'H} NMR (151 MHz, CDCl3): 5 168.7 (d,
Jer=3.1 Hz), 150.1 (d, Jc.r = 254.5 Hz), 142.3, 131.9, 128.9 (d, Jcr = 4.7 Hz), 118.9, 114.7 (d, Jcr =
11.3 Hz), 110.7, 52.5, 35.9 (d, Jcr = 31.4 Hz), 17.0 (d, Jc.r = 3.4 Hz). YF NMR (565 MHz, CDCL) : -

101.3 (t, J = 22.5 Hz, 1F). HRMS (ESI): calculated for C;3H;3FNO, [M+H]": 234.0925; Found:
234.0923.

Ph (1R,2R,5R)-2-isopropyl-5-methylcyclohexyl 4-(2-fluoro-4-methoxy-4-
Q)Y\COOM e oxobut-1-en-1-yl)benzoate. (3ab). R¢= 0.5 (PE: EA=20:1). The reaction
F was conducted with General Procedure. Isolated yield: 32.4 mg, 60%.

TH NMR (600 MHz, CDCl3): & 7.37-7.23 (m, 10H), 3.75 (s, 3H), 1.92 (s,

3H), 3.38 (d, J = 22.2 Hz, 2H). BC{!H} NMR (151 MHz, CDCL): 5 169.4, 150.7 (d, Jc.r = 259.2 Hz),
138.2 (d, Jer = 7.0 Hz), 136.7, 130.1 (d, Jcr = 3.0 Hz), 129.6 (d, Jcr = 5.3 Hz), 128.6, 128.0, 127.8,

127.4,123.9 (d, Jer = 13.2 Hz), 52.4, 37.1 (d, Jcr =25.4 Hz)."F NMR (565 MHz, CDCl3): 5 -104.5 ~
-104.6 (m, 1F). HRMS (ESI): calculated for C;7HsFO, [M+H]": 271.1129; Found: 271.1130.

N Ncoome (IR2RSR)-2-isopropyl-5-methylcyclohexyl  4-(2-

0 = fluoro-4-methoxy-4-oxobut-1-en-1-yl)benzoate (3s). R¢

= 0.5 (PE: EA = 8:1). The reaction was conducted with

o General Procedure. Isolated yield: 30.8 mg, 41%. 'H
\Oj, NMR (600 MHz, CDCl3): E-3s: 6 8.01 (d, J = 8.2 Hz,
r 2H), 7.31 (d, J = 8.2 Hz, 2H), 6.47 (d, J = 19.8 Hz, 1H),

4.92 (td, J = 10.9, 4.4 Hz, 1H), 3.79 (s, 3H), 3.45 (d, ] =
22.8 Hz, 2H), 2.12 (d, J = 11.8 Hz, 1H), 1.96-1.93 (m, 1H), 1.73 (d, J = 11.6 Hz, 2H), 1.58-1.52 (m, 2H),
1.16-1.06 (m, 2H), 0.92 (t, J = 6.7 Hz, 7H), 0.79 (d, J = 6.9 Hz, 3H); Z-3s: 5 7.99 (d, J = 8.3 Hz, 2H),
7.54 (d,] = 8.3 Hz, 2H), 5.72 (d, J = 37.4 Hz, 1H), 4.92 (td, ] = 10.8, 4.4 Hz, 1H), 3.77 (s, 3H), 3.40 (d,
J=19.0 Hz, 2H), 2.12 (d, J = 12.0 Hz, 1H), 1.97-1.94 (m, 1H), 1.73 (d, J = 11.5 Hz, 2H), 1.59-1.53 (m,
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2H), 1.14-1.07 (m, 2H), 0.92 (t, J = 8.1 Hz, 7H), 0.79 (d, J = 6.9 Hz, 3H). PC{'H} NMR (151 MHz,
CDCls): E-3s: 6 168.7,165.7,155.7 (d, Jcr=255.2 Hz), 137.8 (d, Jc.r=12.5 Hz), 129.9, 128.32, 128.30,
111.4 (d, Jc.r=27.1 Hz), 78.0, 52.6, 47.3,41.0, 35.7 (d, Jc.r =29.6 Hz), 34.3, 31.5, 26.5, 23.6, 22.0, 20.8,
16.5. Z-3s: 6 168.7, 165.8, 154.6 (d, Jcr = 269.4 Hz), 137.2, 129.7, 128.42, 128.37, 109.3 (d, Jcx = 7.0
Hz), 74.9, 52.5, 47.3, 41.0, 39.2 (d, Jc.r = 29.0 Hz), 34.3, 31.5, 26.5, 23.7, 22.0, 20.8, 16.6. ’F NMR
(565 MHz, CDCl3): E-3s: 6 -94.1 ~ -94.3 (m, 1F); Z-3s: 6 -97.3 ~-97.5 (m, 1F). HRMS (ESI): E-3s:
calculated for C,H30FO4 [M+H]": 377.2123; Found: 377.2125; Z-3s: calculated for CooH30FO4 [M+H]":
377.2123; Found: 377.2123.

X COOMe (3S,5S,8R,98,108,13S,14S5)-10,13-
F dimethyl-17-oxohexadecahydro-1H-
cyclopenta[a]phenanthren-3-yl 4-(2-
fluoro-4-methoxy-4-oxobut-1-en-1-

yDbenzoate (3v). R¢= 0.5 (PE: EA = 8:1).

The reaction was conducted with General

0] CH3

Procedure. Isolated yield: 44.9 mg, 44%. 'H NMR (600 MHz, CDCls): E-3v: § 8.00 (d, J = 8.3 Hz,
2H), 7.29 (d, J = 8.2 Hz, 2H), 6.46 (d, ] = 19.8 Hz, 1H), 4.96-4.91 (m, 1H), 3.78 (s, 3H), 3.45 (d, ] =22.8
Hz, 2H), 2.44 (dd, J = 19.4, 8.8 Hz, 1H), 2.09-2.03 (m, 1H), 1.96-1.91 (m, 2H), 1.82-1.1.47 (m, 9H),
1.37-1.25 (m, 6H), 1.11 (td, J = 13.6, 3.7 Hz, 1H), 1.06-0.98 (m, 1H), 0.90 (s, 3H), 0.87 (s, 3H), 0.75 (td,
J=10.8,3.9 Hz, 1H); Z-3v: 6 7.97 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.4 Hz, 1H), 5.71 (d, J = 37.4 Hz.
1H), 4.96-4.90 (m, 1H), 3.77 (s, 3H), 3.40 (d, J = 19.0 Hz, 2H), 2.43 (dd, J = 19.3, 8.52 Hz, 1H), 2.10-
2.04 (m, 1H), 1.96-1.91 (m, 2H), 1.81-1.48 (m, 9H), 1.36-1.1.25 (m, 6H), 1.11 (td, J=13.6, 3.6 Hz, 1H),
1.04-0.97 (m, 1H), 0.90 (s, 3H), 0.86 (s, 3H), 0.75 (td, J = 11.2, 3.8 Hz, 1H). *C{'H} NMR (101 MHz,
CDCl): E-3v: 6 168.7, 165.7,155.7 (d, Jcr = 255.1 Hz), 137.8 (d, Jcr = 12.9 Hz), 129.9, 129.8, 128.3
(d, Jer=2.6 Hz, 111.4 (d, Jc.r = 26.9 Hz), 74.2, 54.3, 52.6, 51.4, 47.8, 44.7, 36.8, 35.8 (d, Jcr = 14.6
Hz), 35.1, 34.1, 31.5, 30.8, 28.3, 27.5, 21.8, 20.5, 13.8, 12.3. 3*C NMR (151 MHz, CDCl3): Z-3v: §
168.7, 165.8, 154.6 (d, Jcr = 269.3 Hz), 137.2, 129.7, 128.4, 128.3, 109.3 (d, Jcr = 7.4 Hz), 74.1, 54.3,
52.5,51.4,47.8,44.7,39.2 (d, Jcr = 29.3 Hz), 36.8, 35.9, 35.7, 35.1, 34.1, 31.5, 30.8, 28.3, 27.5, 21.8,
20.5, 13.8, 12.3. F NMR (565 Mz, CDCl:): E-3t: § -94.1 ~ -94.2 (m, 1F); Z-3v: § -97.2 ~ -97.4 (m,
1F). HRMS (ESI): E-3v: calculated for Cs;;H4FOs [M+H]": 511.2854; Found: 511.2856; Z-3v:
calculated for C3;H40FOs [M+H]*: 511.2854; Found: 511.2856.

(3aS,5S,6R,6aS)-5-((R)-2,2-dimethyl-1,3-dioxolan-4-

N COOMe
o) £ yD)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxol-6-
%/o yl 4-(2-fluoro-4-methoxy-4-oxobut-1-en-1-
o\ej-\\o yDbenzoate (3u). R¢= 0.5 (PE: EA = 8:1). The reaction
o—-, was conducted with General Procedure. Isolated yield:
]/\o 20.2 mg, 21%. '"H NMR (600 MHz, CDCL): E-3u: &
O7< 8.00 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 6.47

(d, J=19.7 Hz, 1H), 5.94 (d, ] = 3.6 Hz, 1H), 5.49 (d, J
=2.6 Hz, 1H), 4.62 (d, J = 3.6 Hz, 1H), 4.37-4.31 (m, 2H), 4.13-4.07 (m, 2H), 3.80 (s, 3H), 3.45 (d, ] =
22.8 Hz, 2H), 1.56 (s, 3H), 1.41 (s, 3H), 1.32 (s, 3H), 1.27 (s, 3H); Z-3u: 8 7.97 (d, J = 8.4 Hz, 2H), 7.56
(d, ] = 8.4 Hz, 2H), 5.95 (d, ] = 3.6 Hz, 1H), 5.73 (d, J = 37.2 Hz, 1H), 5.49 (d, J = 2.8 Hz, 1H), 4.63 (d,
J=3.6 Hz, 1H), 4.37-4.31 (m, 2H), 4.13-4.07 (m, 2H), 3.77 (s, 3H), 3.41 (d, J = 19.0 Hz, 2H), 1.55 (s,

S-26



3H), 1.41 (s, 3H), 1.32 (s, 3H), 1.26 (s, 3H). 1*C NMR (151 MHz, CDCl): E-3u: § 168.6, 164.8, 156.0
(d, Jer =255.9 Hz), 138.7,130.1, 128.5 (d, Jc.r = 2.1 Hz), 112.4, 111.2 (d, Jc.r = 26.9 Hz), 109.4, 105.1,
83.4,79.9, 72.6, 67.3, 52.7, 38.7 (d, Jcr = 29.6 Hz), 26.9, 26.7, 26.2, 25.3; 3C{'H} NMR (101 MHz,
CDCl3): Z-3u: 6 168.6, 164.9, 155.1 (d, Jc.r = 269.5 Hz), 138.0 (d, Jc.r = 3.1 Hz), 129.9, 128.6 (d, Jc-r
=7.5Hz), 112.4, 109.4, 109.1 (d, Jcr = 7.2 Hz), 105.2, 83.4, 80.0, 72.6, 67.3, 52.6, 39.2 (d, Jcr=29.0
Hz), 26.8, 26.7, 26.2, 25.2. 'F NMR (565 MHz, CDCl3): E-3u: § -93.1 ~-93.2 (m, 1F), Z-3u: 5 -96.4
~-96.5 (m, 1F). HRMS (ESI): E-3u: calculated for C24H30FOy [M+H]": 481.1868; Found: 481.1865;
Z-3u: calculated for Co4H30FOo [M+H]": 481.1868; Found: 481.1869.

(7R,11R,E)-3,7,11,15-
N COOMe

_ O\ﬁ/m tetramethylhexadec-2-en-
H H 1-yl 4-(2-fluoro-4-
i i ° methoxy-4-oxobut-1-en-
1-yl)benzoate (3w). R¢= 0.5 (PE: EA = 8:1). The reaction was conducted with General Procedure.
Isolated yield: 44.4 mg, 43%. '"H NMR (600 MHz, CDCl3): E-3w: § 8.02 (d, J = 8.2 Hz, 2H), 7.30 (d, J
= 8.2 Hz, 2H), 6.46 (d, J = 19.8 Hz, 1H), 5.45 (t, ] = 6.6 Hz, 1H), 4.83 (d, ] = 7.1 Hz, 1H), 3.78 (s, 3H),
3.45(d, J=22.8 Hz, 2H), 2.03 (q, J = 6.6 Hz, 2H), 1.75 (s, 3H), 1.54-1.50 (m, 1H), 1.49-1.02 (m, 18H),
0.87-0.83 (m, 12H); Z-3w: 6 7.99 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.3 Hz, 2H), 5.71 (d, ] = 37.4 Hz, 1H),
5.46 (t, ] = 6.9 Hz, 1H), 4.83 (d, ] = 7.1 Hz, 2H), 3.77 (s, 3H), 3.40 (d, J = 19.0 Hz, 2H), 2.05-2.01 (m,
2H), 1.75 (s, 3H), 1.54-1.48 (m, 1H), 1.45-1.04 (m, 18H), 0.86-0.83 (m, 12H). *C NMR (101 MHz,
CDCls): E-3w: § 168.7, 166.2, 155.7 (d, Jcr = 254.9 Hz), 143.0, 137.8 (d, Jcr = 12.7 Hz), 130.0, 128.3
(d, J=2.6 Hz), 118.0, 111.4 (d, Jc.r = 27.0 Hz), 62.0, 52.6, 37.43, 37.36, 37.3, 36.6, 35.7 (d, Jc.r=29.7
Hz), 32.8, 32.7, 29.7, 28.0, 25.1, 24.8, 24.5, 22.7, 22.6, 19.8, 19.7, 16.5. BC{'H} NMR (151 MHz,
CDCls): Z-3w: 3 168.7, 166.4, 154.7 (d, Jcr = 269.0 Hz), 142.9, 137.3, 130.1, 129.8, 128.9, 128.4 (d,
JC-F =7.5Hz), 118.1, 109.3 (d, J = 7.1Hz), 61.9, 52.5, 39.9, 39.4, 39.1, 37.42, 37.37, 37.3, 36.6, 32.8,
32.7,28.0,25.0,24.8,24.5,22.7,22.6,19.8, 19.7, 16.5. F NMR (565 MHz, CDCl3): E-3w: 5 -94.0 ~
-94.2 (m, 1F); E-3w: 8 -97.2 ~ -97.3 (m, 1F). HRMS (ESI): E-3u: calculated for C3;HsoFO4 [M+H]":

517.3688; Found: 517.3689; Z-3w: calculated for C3;HsoFO4 [M+H]*: 517.3688; Found: 517.3688.
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11. 2D 1H-1H NOESY experiment

Me
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F

Methyl (Z)-3-fluoro-4-phenylpent-3-enoate (3ad).
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Methyl (Z)-4-(4-cyanophenyl)-3-fluoropent-3-enoate (3m).
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COOMe

X

MeOOC F

Methyl (E)-4-(3-fluoro-1-methoxy-1-oxobut-2-en-2-yl)benzoate (4).
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