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General experimental procedures

All reagents were of analytical grade, and obtained from commercial suppliers and used without further
purification. NMP and other solvents were dried by standard method prior to use. Melting points were measured
in an open capillary using Biichi melting point B-540 apparatus and are uncorrected. '"H NMR and *C NMR
spectra were recorded on a 400 spectrometer (400 MHz for 'H and 100 MHz for 13C NMR, respectively) using
TMS as internal standard. The '°’F NMR spectra were obtained using a 400 spectrometer (376 MHz). CDCl; was
used as the NMR solvent in all cases. High resolution mass spectra (HRMS) were recorded under electron impact
conditions using a MicroMass GCT CA 055 instrument and recorded on a MicroMass LCTTM spectrometer.
Silica gel (300—400 mesh size) was used for column chromatography. TLC analysis of reaction mixtures was
performed using silica gel plates.

Preparation of 1,1-difluoroalkenes 1a—g and 1-aryl-2,2-difluoroethenes 1h—k

The 1,1-difluoroalkenes (la—g) were prepared according to the Hu’s reported procedure.! The 1-aryl-2,2-
difluoroethenes (1h—K) was prepared according to the reported procedure.?

General procedure for the synthesis of 3aa—df and 3ha—kl

To a solution of gem-difluoroalkenes (1a—d, 1h—k, 1.0 mmol) in NMP (2 mL) was added arylboronic acids (2.0
mmol) and K;PO, (2.0 mmol, 424 mg) at room temperature. The mixture was stirred at 100 °C for 24 h under air
atmosphere (monitored by TLC). After the completion of reaction, the reaction mixture was quenched with water
(5 mL) and extracted with CH,Cl, (3 x 10 mL). The combined organic layer was washed with water and brine,
then dried over anhydrous Na,SQOy, filtered, and concentrated under vacuum. The crude residue was then purified
by column chromatography on silica gel using n-hexane/EtOAc (100/1) as eluent to afford the pure target
compounds 3aa—df and 3ha—KkI.

General procedure for the synthesis of 3ea—ga

To a solution of gem-difluoroalkenes (1e—g, 1.0 mmol) in toluene (2 mL) was added phenylboronic acid 2a (2.0
mmol), Cs,CO; (2.0 mmol, 652 mg), and Ni(acac), (0.05 mmol, 13 mg) at room temperature. The mixture was
stirred at 100 °C for 24 h under an oxygen atmosphere (balloon). After the completion of reaction, the reaction
mixture was quenched with water (5 mL) and extracted with CH,Cl, (3 x 10 mL). The combined organic layer
was washed with water and brine, then dried over anhydrous Na,SOy, filtered, and concentrated under vacuum.
The crude residue was then purified by column chromatography on silica gel using n-hexane/EtOAc (100/1) as

eluent to afford the pure target compounds 3ea—ga.
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Spectral and analytical data of compounds 3

(2-Fluoro-2-phenoxyethene-1,1-diyl)dibenzene (3aa): White solid. Yield: 81%, mp 77.9-79.0 °C. 'H NMR
(400 MHz, CDCl3) 8 7.35—7.19 (m, 12H), 7.11-7.08 (m, 3H) ppm; '3C NMR (100 MHz, CDCl3) & 154.9 (d, 3JcF
=2.7 Hz), 151.0 (d, 'Jcr = 286.8 Hz), 136.3 (d, 3Jcr = 4.1 Hz), 136.2 (d, *Jcr = 3.7 Hz), 129.9 (d, 3Jcr = 4.0 Hz),
129.8, 129.6 (d, “Jcr = 3.2 Hz), 128.3, 128.2, 127.3, 127.2, 124.1, 116.5, 106.1 (d, 2Jcr = 25.0 Hz) ppm; 1°F NMR
(376M Hz, CDCl5) 6 —87.1 (s, 1F) ppm; HRMS (EI): caled for CyoH;sFO [M]*: 290.1107, found: 290.1108.
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(2-Fluoro-2-(p-tolyloxy)ethene-1,1-diyl)dibenzene (3ab): White solid. Yield: 69%, mp 70.8—72.4 °C. 'H NMR
(400 MHz, CDCl3) 8 7.34-7.21 (m, 10H), 7.11 (d, J= 8.4 Hz, 2H), 6.99 (d, J= 7.6 Hz, 2H), 2.29 (s, 3H) ppm; 13C
NMR (100 MHz, CDCl3) 8 152.8 (d, 3Jcr = 2.5 Hz), 151.2 (d, 'Jcr = 286.9 Hz), 136.4 (d, 3Jcr = 4.2 Hz), 136.3 (d,
4Jcr = 3.8 Hz), 133.6, 130.3, 130.0 (d, 3Jcr = 4.0 Hz), 129.6 (d, “Jcr = 3.2 Hz), 128.3, 128.2, 127.3, 127.2, 116 4,
105.7 (d, 2Jcr = 25.3 Hz), 20.7 ppm; '°F NMR (376 MHz, CDCl;) 8 —87.0 (s, 1F) ppm; HRMS (EI): caled for
C,1H7FO [M]*: 304.1263, found: 304.1262.
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(2-Fluoro-2-(o-tolyloxy)ethene-1,1-diyl)dibenzene (3ac): White solid. Yield: 73%, mp 68.8-70.5 °C. 'H NMR
(400 MHz, CDCl3) 8 7.35-7.17 (m, 10H), 7.15-7.10 (m, 3H), 7.01-6.97 (m, 1H), 2.20 (s, 3H) ppm; 3C NMR
(100 MHz, CDCl3) 8 153.2 (d, 3Jcr = 2.3 Hz), 151.3 (d, Jcr = 286.4 Hz), 136.4 (d, 3Jcr = 4.1 Hz), 136.3 (d, 4Jcr =
3.6 Hz), 131.5, 130.0 (d, 3Jcr = 4.0 Hz), 129.6 (d, *Jcr = 3.1 Hz), 128.3, 128.2, 127.5, 127.3, 127.1, 127.0, 124.0,
115.0, 105.5 (d, 2Jcp = 25.3 Hz), 16.0 ppm; '°F NMR (376 MHz, CDCl;) 6 —85.9 (s, 1F) ppm; HRMS (EI): calcd
for C,1H7,FO [M]*: 304.1263, found: 304.1262.
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(2-Fluoro-2-(4-methoxyphenoxy)ethene-1,1-diyl)dibenzene (3ad): White solid. Yield: 65%, mp 67.6-69.1 °C.
'H NMR (400 MHz, CDCls)  7.34-7.21 (m, 10H), 7.03-7.01 (m, , 2H), 6.85-6.81 (m, 2H), 3.73 (s, 3H) ppm; 3C
NMR (100 MHz, CDCl;) 8 156.2, 151.5 (d, "Jcr = 286.9 Hz), 148.6 (d, 3Jcr = 2.3 Hz), 136.4 (d, 3Jcr = 4.1 Hz),
136.3 (d, “Jcr = 3.7 Hz), 130.0 (d, 3Jcr = 4.0 Hz), 129.7 (d, “Jcr = 3.2 Hz), 128.3, 128.2, 127.2, 127.1, 117.7,
114.9, 105.3 (d, 2Jcr = 25.5 Hz), 55.7 ppm; 'F NMR (376 MHz, CDCls) & —87.0 ppm; HRMS (EI): calcd for
C,1H7FO, [M]*: 320.1213, found: 320.1214.
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(2-(4-Chlorophenoxy)-2-fluoroethene-1,1-diyl)dibenzene (3ae): White solid. Yield: 76%, mp 67.4-68.2 °C. 'H
NMR (400 MHz, CDCl;) 6 7.34-7.33 (m, 4H), 7.27-7.19 (m, 8H), 7.03-7.00 (m, 2H) ppm; '3C NMR (100 MHz,
CDCl3) & 153.5 (d, 3Jcr = 2.8 Hz), 150.7 (d, 'Jcr = 287.2 Hz), 136.0 (d, *Jcr = 4.0 Hz), 135.8 (d, *Jcr= 3.9 Hz),
129.9, 129.8, 129.6 (d, “Jcr = 3.1 Hz), 129.3, 128.4, 128.3, 127.5, 127.4, 117.8, 106.5 (d, 2Jcr = 24.4 Hz) ppm; '°F
NMR (376 MHz, CDCl3) & —88.0 (s, 1F) ppm; HRMS (EI): caled for C,yH4CIFO [M]*: 324.0717, found:

324.0722.
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(2-Fluoro-2-(4-fluorophenoxy)ethene-1,1-diyl)dibenzene (3af): White solid. Yield: 78%, mp 93.8-94.7 °C. 'H
NMR (400 MHz, CDCl;) 8 7.37-7.32 (m, 4H), 7.30-7.23 (m, 6H), 7.07-6.98 (m, 4H) ppm; 3C NMR (100 MHz,
CDCl;) 6 159.2 (d, 'Jcr = 240.8 Hz), 151.0 (d, 'Jcr = 286.9 Hz), 150.8-150.7 (m), 136.1 (d, 3Jcr = 4.0 Hz), 135.9
(d, *Jcr = 3.8 Hz), 129.8 (d, 3Jcr = 4.1 Hz), 129.6 (d, “Jcr = 3.2 Hz), 128.3, 128.2, 127.4, 127.3, 117.9 (d, 3Jcr =
8.0 Hz), 116.3 (d, 2Jcr = 23.5 Hz), 106.0 (d, 2Jcr = 24.7 Hz) ppm; '’F NMR (376 MHz, CDCl3) & —87.8 (s, 1F), —
119.2 to —119.3 (m, 1F) ppm; HRMS (EI): calcd for C,0H4F,0 [M]*: 308.1013, found: 308.1014.
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(2-Fluoro-2-(4-(trifluoromethyl)phenoxy)ethene-1,1-diyl)dibenzene (3ag): Colorless liquid. Yield: 83%. !
NMR (400 MHz, CDCl3) § 7.60 (d, J = 8.8 Hz, 2H), 7.37-7.34 (m, 4H), 7.33-7.17 (m, 8H) ppm; 3C NMR (100
MHz, CDCl3) 8 157.3, 150.2 (d, 'Jcr = 287.3 Hz), 135.7 (d, 3Jcr = 3.9 Hz), 135.6 (d, “Jcr = 3.8 Hz), 129.8 (d, 3Jcr
=4.2 Hz), 129.5 (d, *Jcr = 3.1 Hz), 128.4, 128.3, 127.6, 127.5, 127.3 (q, 3Jcr = 3.7 Hz), 126.3 (q, 2Jcr = 32.8 Hz),
124.0 (q, 'Jcr = 269.9 Hz), 116.5, 107.2 (d, 2Jcr = 23.7 Hz) ppm; '°F NMR (376 MHz, CDCl;) & —61.9 (s, 3F), —
88.6 (s, 1F) ppm; HRMS (EI): calcd for C,H4F40 [M]*: 358.0981, found: 358.0986.
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4-((1-Fluoro-2,2-diphenylvinyl)oxy)benzaldehyde (3ah): Colorless oil. Yield: 88%. 'H NMR (400 MHz, CDCl;)
59.89 (s, 1H), 7.84 (d, J= 8.8 Hz, 2H), 7.36-7.20 (m, 12H) ppm; 3C NMR (100 MHz, CDCl;) 8 190.6, 159.5 (d,
3Jer = 3.3 Hz), 150.1 (d, 'Jcr = 287.3 Hz), 135.7 (d, “Jcr = 3.8 Hz), 135.6 (d, 3Jcr = 3.9 Hz), 132.7, 132.0, 129.8
(d, 3Jcr = 4.4 Hz), 129.5 (d, “Jcr = 3.2 Hz), 128.4, 128.3, 127.7, 127.6, 116.7, 107.5 (d, %Jcr = 23.4 Hz) ppm; '°F
NMR (376 MHz, CDCl3) 6 —88.2 (s, 1F) ppm; HRMS (EI): calcd for C,H;sFO, [M]*: 318.1056, found: 318.1055.
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3-((1-Fluoro-2,2-diphenylvinyl)oxy)pyridine (3ai): Yellow oil. Yield: 85%. '"H NMR (400 MHz, CDCl;) § 8.47
(d, J=2.4 Hz, 1H), 8.37-8.36 (m, 1H), 7.41-7.21 (m, 12H) ppm; '*C NMR (100 MHz, CDCl;) & 151.5 (d, *Jcr =
2.8 Hz), 150.6 (d, 'Jcr = 287.6 Hz), 145.4, 139.4 (d, “Jcr = 0.9 Hz), 135.7 (d, *Jcr = 3.9 Hz), 135.6 (d, 3Jcr = 3.9
Hz), 129.8, 129.7, 129.6 (d, “Jcr = 3.2 Hz), 128.4, 128.3, 127.6, 124.2, 123.6, 106.8 (d, 2Jcr = 23.6 Hz) ppm; '°F
NMR (376 MHz, CDCl;) 6 —88.6 ppm; HRMS (EI): calcd for C9H;4FNO [M]*: 291.1059, found: 291.1058.

L
O O@ 3ai

4-((1-Fluoro-2,2-diphenylvinyl)oxy)pyridine (3aj): White solid. Yield: 91%, mp 144.6—146.2 °C. '"H NMR (400
MHz, CDCl3) 8 7.41-7.27 (m, 10H), 7.05-7.03 (m, 2H), 6.27-6.23 (m, 2H) ppm; '3C NMR (100 MHz, CDCI;) &
179.0, 146.3 (d, 'Jcr = 269.3 Hz), 138.5 (d, 3Jcr = 1.7 Hz), 134.9 (d, 3Jcr = 3.8 Hz), 134.8 (d, “Jcr = 3.2 Hz),
129.7 (d, 3Jcr = 4.5 Hz), 129.5 (d, *Jcr = 3.2 Hz), 129.1, 128.7, 128.6, 128.5, 118.8, 117.4 (d, 2Jcr = 20.5 Hz) ppm;
F NMR (376 MHz, CDCl;) 8 —95.0 (s, 1F) ppm; HRMS (EI): calcd for C;oH4FNO [M]*: 291.1059, found:

291.1060.
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3-((1-Fluoro-2,2-diphenylvinyl)oxy)thiophene (3ak): Colorless oil. Yield: 71%. '"H NMR (400 MHz, CDCl;) 3
7.34—7.23 (m, 10H), 7.18 (dd, J = 5.2, 3.2 Hz, 1H), 6.85-6.83 (m, 1H), 6.74—6,72 (m, 1H) ppm; 3C NMR (100
MHz, CDCls) 8 152.0 (d, 'Jcr = 287.9 Hz), 151.7 (d, 3Jcr = 2.3 Hz), 136.2 (d, 3Jcr = 4.0 Hz), 136.0 (d, 3Jcr = 3.8
Hz), 129.9 (d, *Jcr = 4.1 Hz), 129.7 (d, “Jcr = 3.2 Hz), 128.3, 128.2, 127.3, 127.2, 125.4, 119.0 (d, *Jcr = 0.5 Hz),
105.4 (d, *Jcr = 1.5 Hz), 104.7 (d, 2Jcr = 24.7 Hz) ppm; '°F NMR (376 MHz, CDCI;) 4 —88.3 ppm; HRMS (EI):
caled for CigH3FOS [M]*: 296.0671, found: 296.0674.
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3,3'-(2-Fluoro-2-(p-tolyloxy)ethene-1,1-diyl)bis(fluorobenzene) (3bb): Yellow solid. Yield: 75%, mp
80.4-81.5 °C. 'H NMR (400 MHz, CDCl3) 8 7.33—7.27 (m, 1H), 7.24-7.19 (m, 1H), 7.13-6.90 (m, 10H), 2.30(s,
3H) ppm; 3C NMR (100 MHz, CDCls) 8 162.7 (d, 'Jcr = 244.2 Hz), 162.6 (d, 'Jcr = 244.1 Hz), 152.2 (d, 3Jcr =
2.2 Hz), 151.8 (d, 'Jcr = 289.0 Hz), 138.0 (dd, 3Jcr = 8.1 Hz, 3Jcr = 4.3 Hz), 137.8 (dd, 3Jcr = 8.0 Hz, 3Jcp = 3.8
Hz), 134.1, 130.4, 129.8 (d, 3Jcr = 8.2 Hz), 129.7 (d, 3Jcr = 8.1 Hz), 125.6 (dd, *Jcr = 4.0 Hz, “Jcr = 3.6 Hz),
125.3-125.2 (m), 116.8 (dd, 2Jcr = 22.2 Hz, “Jcr = 4.4 Hz), 116.5 (dd, 2Jcr = 22.2 Hz, “Jcr = 3.4 Hz), 116.5, 114.4
(d, 2Jcr = 21.0 Hz), 114.3 (d, 2Jcr = 21.0 Hz), 103.9-103.6 (m), 20.7 ppm; '°F NMR (376 MHz, CDCl3) 8 —84.1 (s,
1F), —113.0 to —113.1 (m, 2F) ppm; HRMS(EI): calcd for C,H,sF;0 [M]*: 340.1075, found: 340.1076.



4,4'-(2-Fluoro-2-(4-methoxyphenoxy)ethene-1,1-diyl)bis(fluorobenzene) (3cd): Yellow solid. Yield: 76%, mp
79.6-81.4 °C. 'H NMR (400 MHz, CDCl;) 8 7.29-7.21 (m, 4H), 7.05—6.94 (m, 6H), 6.87-6.82 (m, 2H), 3.76 (s,
3H) ppm; 3C NMR (100 MHz, CDCl3) 8 161.9 (d, 'Jcr = 245.5 Hz), 156.3, 151.5 (d, 'Jcp = 286.7 Hz), 148.4 (d,
3Jcr = 2.3 Hz), 132.2-132.1 (m), 132.0-131.9 (m), 131.5 (dd, 3Jcr = 8.0 Hz, *Jcr = 3.9 Hz), 131.2 (dd, *Jcr = 7.9
Hz, 4Jcr = 3.2 Hz), 117.7, 115.3 (d, %Jcr = 21.4 Hz), 115.2 (d, 2Jcr = 21.3 Hz), 114.9, 103.4 (d, %Jcr = 26.3 Hz),
55.7 ppm; "F NMR (376 MHz, CDCl;) 6 —87.0 (s, 1F), —114.4 to —114.5 (m, 1F), —=114.6 to —114.7 (m, 1F) ppm;
HRMS (EI): calcd for C,H;5F30, [M]*:356.1024, found: 356.1025.
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4,4'-(2-Fluoro-2-(4-fluorophenoxy)ethene-1,1-diyl)bis(methylbenzene) (3df): Colorless liquid. Yield: 85%. 'H
NMR (400 MHz, CDCl;) & 7.23-7.22 (m, 2H), 7.14 (d, J = 8.4 Hz, 4H), 7.06—7.00 (m, 4H), 6.98—6.94 (m, 2H),
2.34 (s, 3H), 2.28 (m, 3H) ppm; 3C NMR (100 MHz, CDCl3) § 159.2 (d, 'Jcr = 240.7 Hz), 150.8 (d, 'Jcr = 285.9
Hz), 151.0-150.9 (m), 137.1, 137.0, 133.4 (d, 3Jcr = 4.0 Hz), 133.2 (d, *Jcr = 3.8 Hz), 129.8 (d, *Jcr = 4.1 Hz),
129.5 (d, “Jcr = 3.2 Hz), 129.0, 128.9, 117.9 (d, 3Jcr = 8.1 Hz), 116.4 (d, %2Jcr = 23.5 Hz), 105.9 (d, 2Jcr = 24.7
Hz), 21.3, 21.2 ppm; °F NMR (376 MHz, CDCl;) & —88.7 (s, 1F), —=119.3 to —119.4 (m, 1F) ppm; HRMS (EI):

calcd for C,,H;gF,O [M]": 336.1326, found: 336.1327.
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4,4'-(2-Fluoro-2-phenoxyethene-1,1-diyl)bis(chlorobenzene) (3ea): Colorless liquid. Yield: 57%. '"H NMR (400
MHz, CDCl;) 8 7.34-7.30 (m, 4H), 7.26-7.16 (m, 6H), 7.14-7.06 (m, 3H) ppm; '*C NMR (100 MHz, CDCl;) 8
154.5 (d, 3Jcr = 2.5 Hz), 151.2 (d, Jcr = 288.4 Hz), 134.3 (d, 3Jcr = 4.1 Hz), 134.2 (d, “Jcr = 4.0 Hz), 133.4,
133.3, 131.2 (d, 3Jcr = 4.2 Hz), 130.9 (d, “Jcr = 3.2 Hz), 130.0, 128.6, 128.5, 124.4, 116.5, 104.1 (d, 2Jcr = 25.7
Hz) ppm; '°F NMR (376 MHz, CDCl;) 8 —85.5 (s, 1F) ppm; HRMS (EI): calcd for CooH;3CL,FO [M]*: 358.0327,

found: 358.0326.
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4,4'-(2-Fluoro-2-phenoxyethene-1,1-diyl)bis(bromobenzene) (3fa): White solid. Yield: 47%, mp 96.8-98.1 °C.
'"H NMR (400 MHz, CDCl3) & 7.49-7.46 (m, 2H), 7.40-7.31 (m, 4H), 7.23-7.06 (m, 7H) ppm; '3C NMR (100
MHz, CDCl;) 8 154.4 (d, 3Jcr = 2.4 Hz), 151.1 (d, 'Jcr = 288.7 Hz), 134.7 (d, 3Jcr = 4.2 Hz), 134.5 (d, “Jcr = 3.8
Hz), 131.6 (d, 3Jcr = 6.3 Hz), 131.5 (d, “Jcr = 4.1 Hz), 131.2, 131.1, 130.0, 124.4, 121.6, 121.5, 116.5, 104.2 (d,
2Jcr = 25.8 Hz) ppm; '°F NMR (376 MHz, CDCl3) 8 —85.3 (s, 1F) ppm; HRMS (EI): caled for CyH;3Br,FO [M]*:

447.9297, found: 447.9304.
Br,
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9-(Fluoro(phenoxy)methylene)-9H-fluorene (3ga): Yellow solid. Yield: 73%, mp 76.9-78.4 °C. '"H NMR (400
MHz, CDCls) & 7.87-7.85 (m, 1H), 7.80-7.76 (m, 3H), 7.40-7.31 (m, 5H), 7.23-7.17 (m, 4H) ppm; 3C NMR
(100 MHz, CDCls) 8 153.7 (d, 3Jcr = 2.0 Hz), 152.4 (d, 'Jcr = 299.6 Hz), 139.1, 138.8, 135.3 (d, 3Jcr = 7.6 Hz),
135.2 (d, 3Jcr = 6.5 Hz), 130.1, 127.4, 127.3, 127.3, 127.2, 125.1, 124.3, 124.2, 123.6, 120.0, 117.4, 103.1 (d, %JcF
= 25.9 Hz) ppm; "F NMR (376 MHz, CDCl;) 8 —72.9 (s, 1F) ppm; HRMS (EI): calcd for CyH3FO [M]":
288.0950, found: 288.0949.
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(E/Z)-(4-(2-Fluoro-2-phenoxyvinyl)phenyl)(methyl)sulfane (3ha): Colorless liquid. Yield: 86%. A mixture of
E- and Z-isomers (47:53, the E/Z ratio was determined by '°F NMR spectroscopy). 'H NMR (400 MHz, CDCI3) &
7.37-7.31 (m, 4H, both E- and Z-isomer), 7.21-7.12 (m, 5H, both E- and Z-isomer), 5.64 (d, J = 5.6 Hz, 1H, E-
isomer), 5.26 (d, J = 28.8 Hz, 1H, Z-isomer), 2.45 (s, 3H, Z-isomer), 2.41 (s, 3H, E-isomer) ppm; 3C NMR (100
MHz, CDCl3) 8 155.0 (d, 'Jcr = 286.0 Hz), 154.8 (d, 3Jcr = 0.9 Hz), 153.7 (d, 3Jcr = 2.6 Hz), 153.5 (d, Jcr =
282.1 Hz), 136.9, 136.8, 130.0, 129.9, 129.2 (d, 3Jcr = 6.5 Hz), 128.9 (d, *Jcr = 8.1 Hz), 128.2, 128.1, 128.0 (d,
4Jcr = 3.6 Hz), 126.8 (d, “Jcr = 4.6 Hz), 124.6, 124.5, 117.4, 116.6, 91.9 (d, 2Jcr = 37.9 Hz), 90.0 (d, 2Jcr = 19.4
Hz), 15.9, 15.8 ppm; '°F NMR (376 MHz, CDCl3) 6 -82.1 (d, J= 28.6 Hz, 1F, Z-isomer), -82.5 (d, /= 5.6 Hz, 1F,
E-isomer) ppm; HRMS (EI): calcd for C;sH;3FOS [M]™: 260.0671, found: 260.0673.
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(E/Z)-1-(2-Fluoro-2-(4-methoxyphenoxy)vinyl)naphthalene (3id): Yellow solid. Yield: 81%. A mixture of E-
and Z-isomers (65:35, the E/Z ratio was determined by '°F NMR spectroscopy). 'H NMR (400 MHz, CDCI;) &
8.21 (d, J= 8.4 Hz, 1H, E-isomer), 8.10-8.08 (m, 1H, Z-isomer), 7.98—7.85 (m, 3H, both E- and Z-isomer), 7.68—
7.53 (m, 3H, both E- and Z-isomer), 7.34 (d, J = 8.8 Hz, 2H, Z-isomer), 7.20 (d, J = 8.8 Hz, 2H, E-isomer), 7.05
(d, J=9.2 Hz, 2H, Z-isomer), 6.94 (d, J = 8.8 Hz, 2H, E-isomer), 6.42 (d, /= 5.6 Hz, 1H, E-isomer), 5.95 (d, J =
27.2 Hz, 1H, Z-isomer), 3.88 (s, 3H, Z-isomer), 3.82 (s, 3H, E-isomer) ppm; 3C NMR (100 MHz, CDCls) & 157.4
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(d, 'Jer = 280.3 Hz), 157.0, 156.6, 155.3 (d, 'Jcr = 282.0 Hz), 148.2, 147.9, 134.0, 133.9, 131.9 (d, 3Jcr = 3.6 Hz),
131.7, 129.0, 128.9, 128.8, 128.7, 127.7, 127.5, 126.8, 126.7, 126.4, 126.3, 126.1 (d, *Jcr = 2.0 Hz), 126.0, 125.9,
125.8,124.1, 124.0, 119.5, 118.2, 115.2, 115.0, 87.8 (d, 2Jcr = 38.2 Hz), 84.7 (d, 2Jcr = 20.6 Hz), 55.7, 55.6 ppm;
F NMR (376 MHz, CDCl3) 8 -81.1 (d, J = 5.6 Hz, 1F, E-isomer), -85.1 (d, J = 27.1 Hz, 1F, Z-isomer) ppm;
HRMS(EI): caled for C19H sFO, [M]*: 294.1056, found: 294.1058.

F

Ho- oo
solae

(E/Z)-1-(tert-Butyl)-4-(2-fluoro-2-(4-fluorophenoxy)vinyl)benzene (3jf): Colorless liquid. Yield: 88%. A
mixture of E- and Z-isomers (74:26, the E/Z ratio was determined by '°F NMR spectroscopy). 'H NMR (400 MHz,
CDCly) & 7.35-7.30 (m, 4H, both E- and Z-isomer), 7.11-7.08 (m, 2H, both E- and Z-isomer), 7.04—6.99 (m, 2H,
both E- and Z-isomer), 5.66 (d, J = 5.6 Hz, 1H, E-isomer), 5.27 (d, J = 28.8 Hz, 1H, Z-isomer), 1.31 (s, 9H, Z-
isomer), 1.28 (s, 9H, E-isomer) ppm; 3C NMR (100 MHz, CDCl;) 8 159.4 (d, 'Jcr = 241.5 Hz), 159.3 (d, Jcr =
241.1 Hz), 155.0 (d, 'Jcp = 285.7 Hz), 153.4 (d, 'Jcr = 281.6 Hz), 150.8, 150.7, 149.9 (d, 3Jcr = 2.0 Hz), 149.8 (d,
3Jcr = 2.1 Hz), 149.7-149.6 (m), 129.2 (d, 3Jcr = 6.4 Hz), 128.9 (d, 3Jcr = 7.9 Hz), 127.5 (d, “Jcr = 6.9 Hz), 127.3
(d, “Jcr = 3.6 Hz), 125.6, 118.8 (d, 3Jcr = 8.4 Hz), 118.0 (d, 3Jcr = 8.2 Hz), 116.5 (d, 2Jcr = 23.5 Hz), 116.4 (d,
2Jcr = 23.5 Hz), 92.0 (d, 2Jcr = 37.0 Hz), 90.0 (d, 2Jcr = 19.4 Hz), 34.6, 34.5, 31.3, 31.2 ppm; '°F NMR (376 MHz,
CDCly) 6 —83.6 (d, J = 29.0 Hz, 1F, Z-isomer), —84.0 (d, J = 5.6 Hz, 1F, E-isomer), —118.5 to —118.6 (m, 1F, Z-
isomer), —118.9 to —119.0 (m, 1F, E-isomer) ppm; HRMS (EI): caled for CgHsF,O [M]": 288.1326, found:
288.1327.

N F

O .
|
F

(E/Z)-1-Bromo-3-(2-fluoro-2-(3-methoxyphenoxy)vinyl)benzene (3kl): Yellow oil. Yield: 80%. A mixture of
E- and Z-isomers (44:56, the E/Z ratio was determined by '°F NMR spectroscopy). 'H NMR (400 MHz, CDCI3) &
7.46 (s, 1H, both E- and Z-isomer), 7.25-7.14 (m, 3H, both E- and Z-isomer), 7.10-7.01 (m, 1H, both E- and Z-
isomer), 6.65—6.60 (m, 3H, both E- and Z-isomer), 5.50 (d, /= 5.6 Hz, 1H, E-isomer), 5.12 (d, /= 28.4 Hz, 1H, Z-
isomer), 3.70 (s, 3H, both E- and Z-isomer) ppm; '3C NMR (100 MHz, CDCl;) § 160.0, 159.9, 154.7 (d, Ucr =
286.2 Hz), 154.3, 153.3 (d, 3Jcr = 2.1 Hz), 153.1 (d, 'Jcr = 284.1 Hz), 133.4 (d, *Jcr = 6.5 Hz), 133.2 (d, 3Jcr =
8.6 Hz), 129.5, 129.4, 129.3, 129.0, 128.6 (d, “Jcr = 1.9 Hz), 128.4 (d, *Jcr = 2.0 Hz), 125.2 (d, *Jcr = 7.1 Hz),
125.0 (d, *Jcr = 3.5 Hz), 121.6, 121.5, 109.4, 109.3, 108.6, 107.7, 102.9, 102.1, 90.0 (d, %Jcr = 38.4 Hz), 87.7 (d,
2Jcr = 28.9 Hz), 54.4 ppm; '°F NMR (376 MHz, CDCl;) 6 —80.1 (d, J = 5.6 Hz, 1F, E-isomer), —80.3 (d, J = 28.2
Hz, 1F, Z-isomer) ppm; HRMS (EI): calcd for C,sH,BrFO, [M]*: 322.0005, found: 322.0007.

Br XN F
(@] OCH3
C 3kl



TH, 13C, F NMR and HRMS (EI) spectra of compounds 3

'H NMR Spectrum of 3aa
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19F NMR Spectrum of 3aa
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'H NMR Spectrum of 3ab
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19F NMR Spectrum of 3ab
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'H NMR Spectrum of 3ac
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19F NMR Spectrum of 3ac

—-85.862

0 -0 -0 -3 -40 -50 60 -70 -0 -9 -100 -110 -1200 -130 -140 -150 -160 -170 -180 -190 -200

HRMS (EI) of 3ac
LZUNRLR7E 7Y U.d'lfj LA FE-{12F153)) m12é5n “5‘3‘&’4
100+ : .
165.0706
=
213.0721
185.0770
305.1322
i 241.1033
65.0404 ; 256.126
89.0403 164.0837 214,0774 56.1265 N
43,9907 | WM”T 115.0563 139.0561 pES! 2390888, 5“365254.E222 2
oLt WO v 1 L Il-hl i e s B rflz_‘l i R i
40 . B0 80 100 120 140 160 180 200 220 240 260 280 300 320




'H NMR Spectrum of 3ad
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19F NMR Spectrum of 3ad
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HRMS (EI) of 3ae
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13C NMR Spectrum of 3af
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19F NMR Spectrum of 3af
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'H NMR Spectrum of 3ag
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19F NMR Spectrum of 3ag

s} w
o) w
o wn
- =]
® 3
I |
F
o)
W 4
| |
=] w
L= I~
3] (=1

0 -0 20 -30 40 -50 60 -70 -BO 90 -100 -110 -120 -130 -140 -150 -16D -170 -18D -190

-200
HRMS (EI) of 3ag
Waters GCT Premier
e Bk TOF MS El+
20142346 148 (2.467) Cm (148-(28+35)) L
1007 ; T9u4
165.0703
=
185.0767
3591024
213.0728
145.0268 196.0706 233.0583 339.1005  ||360.1069
75.0182 - 11037 291.0974 3100997
G PTI d sicsi WTH B BALG i e e v N i 17
O o0 so 100 120 140 160 180 200 220 240 260 280 300 320 340 360

23



TH NMR Spectrum of 3ah
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19F NMR Spectrum ofb3ah
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TH NMR Spectrum of 3ai
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19F NMR Spectrum of 3ai
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'H NMR Spectrum of 3aj
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19F NMR Spectrum of 3aj
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'H NMR Spectrum of 3ak
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19F NMR Spectrum of 3ak
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19F NMR Spectrum of 3bb
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13C NMR Spectrum of 3df
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'H NMR Spectrum of 3ea
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19F NMR Spectrum of 3ea
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'H NMR Spectrum of 3jf
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'F NMR Spectrum of 3jf
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TH NMR Spectrum of 3kl

169°E
LoLe

180G,
516—
861G
mom.mv
6650+
9099
600°0
8299~
99
arora-f
LS99
Lo
LeoL
15024
650°L1
8L0°L
86074
SEL L
9812
8E 1L
[AWE
85174
0414
9L LT
061727
66127
£0Z 21
BLT LT
YET LT
927 L
6ET L
9z L

9% .-

o : OCH;

JEBEE
‘90t

FO0'L
=540

=ZVS

98l
Tz9¢
=64

Lo 05 00

1.5

20

95 90 B5 BO 75 70 65 60 55 50 45 40 35 30 25

13C NMR Spectrum of 3kl

10.5

L5

LO¥'¥S
al¥rvs

CEY LN
L2848~
192681

sk 0%,

PLEZOMA
255801

857601,
SLY601

18S'L 2L
LEDLEL+
rEYRZL
E,q.mm_,w
£85'9Z1
z098z1”
¥EY'LSh
96Z'E5H
LEC'EGL
25E'eS1
BLEPSLT
SLFPSEY)
85 EE.&
26651

So6'651

0000
5000

SL6'VTE-~
oLorseL”
€9L'S2L—
YETSEZLT

06l EEL-"
LT e
6OV EEL~
FLFEEL~

MM

f

— .__J"\JIL_,_)LJ

125.0
fl (ppm)

129.0
fl (ppm)

129.5

1332
fl (ppm)

133.6

40 30 20 10

50

70

B0

190 180 170 160 150 140 130 120 110

200

52



19F NMR Spectrum of 3kl
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20142617 62 (1.033) Cm (62-(13+129:131))
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