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General

Unless otherwise noted, all reagents were obtained from commercial suppliers and used without
further purification. '"H NMR (400 MHz) and '3C NMR (100 MHz) spectra were measured on
Bruker AVIII 400M spectrometers with CDCI3 as solvent and tetramethylsilane (TMS) as internal
standard. Chemical shifts were reported in units (ppm) by assigning TMS resonance in the 'H
spectrum as 0.00 ppm and CDCl; resonance in the '3C spectrum as 77.23 ppm. All coupling
constants (J values) were reported in Hertz (Hz). Chemical shifts of common trace 'H NMR
impurities (ppm): H2O: 1.56, CHCls: 7.26. Mass analyses and HRMS were obtained on a
Finnigan-LCQDECA mass spectrometer and a Bruker Daltonics Bio-TOF-Q mass spectrometer
by the ESI method, respectively. Column chromatography was performed on silica gel (200-300
mesh).

General experimental procedure

I?h
Ph—P=0
o i PdCl,, Xantphos
R— + H_'?_Ph + ICF,COOEt —O’ RTX
Ph K2C03, 80 °C
DCE, Ar CF,COOEt
1 2a 3

Diphenylphosphine oxide (0.4 mmol, 2.0 equiv), K2CO3(0.4 mmol, 2.0 equiv), PdCl> (0.02
mmol, 10 mol%) and Xantphos (0.04 mmol, 20 mol%) were placed in a dry Schlenk-tube. The
reaction vessel was evacuated and filled with nitrogen three times. Terminalalkyne(0.2mmol, 1.0
equiv), ethyl difluoroiodoacetate (0.4 mmol, 2.0 equiv), DCE (1.5 mL) were sequentially added to
the system at room temperature. The reaction mixture was heated with stirring at 80 °C for 8 hours.
Upon completion, the reaction mixture was concentrated under vacuum. The residue was purified
by silica gel column chromatography using a petroleum ether/AcOEt as the eluent to give the
corresponding products.

" ™
_p= Ph—P=0
Ph—P=0 LIOHH,0 (8.5 equiv)
PR THF(2 mL)-H,0 (1 mL) Ph™ ™S
CF,COOEt r, 4 h CF,COOH
3a 9

Product 3a (0.3 mmol) and LiOH-H>O (2.55 mmol) were stirred in a THF(2 mL)-H>O (1 mL)
mixture at room temperature for 4 h. The mixture was then acidified to pH 1 with a 35% HCI
solution and extracted with ethyl acetate (310 mL), and the combined organic layer was dried

over NaxSOs. After ethyl acetate was removed under vacuum, the product 9 was obtained without

purification.
Ph
Ph '
! Ph—P=0
Ph—P=0 o
e ey
&F,CO0Et CF,CONHPh
3a 10

Product 3a (0.1 mmol) and phenylmethanamine (0.2 mmol) were stirred in DCM at room
temperature for 2 h, and then was heated to 80 °C for 4 h. The reaction was cooled to room
temperature and the reaction mixture was concentrated under vacuum. The residue was purified by
silica gel column chromatography using a petroleum ether/AcOEt as the eluent to give the
corresponding products 10.
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Table S1. Optimization of the Reaction Conditions’

catalyst, ligand

I|3h

Ph—— + HfII'TI‘fPh + IGF,COOE base, solvent F:h P\O
Ph Ar,80°C, 8h CF,COOE
1a 2a 3a
entry catalyst ligand base solvent yield (%)

1 CuCl 1,10-Phen K2CO3 1,4-dioxane trace

2 CuCl, 1,10-Phen K>COs 1,4-dioxane trace

3 CuBrn; 1,10-Phen K>CO3 1,4-dioxane trace

4 Cu(OAc): 1,10-Phen K2CO; 1,4-dioxane trace

5 CuCl bpy K»CO; 1,4-dioxane trace

6 CuCl 1,10-Phen K>CO; DCE trace

7 PdCl, PPhs K>CO;s DCE 60

8 PdCl, dppb K>COs DCE 47

9 PdCl» dppe K2COs3 DCE trace
10 PdCl, dppp K2COs3 DCE trace
11 PdCl, Tri(2-furyl)phosphine ~ K,CO; DCE trace
12 PdCl, Xantphos K2COs3 DCE 78
13 PdCl; - K2COs DCE trace
14 - Xantphos K2CO; DCE 0
15 Pd(OAc): Xantphos K2CO; DCE 74
16 Pd(TFA) Xantphos K2CO; DCE 75
17 Pd,(dba)s Xantphos K»CO; DCE 72
18 Pd(PPh)4 Xantphos K>COs DCE 64
19 PdClz Xantphos - DCE trace
20 PdCl; Xantphos NaCO; DCE 57
21 PdCl» Xantphos NaOAc DCE 30
22 PdCl, Xantphos Cs2C03 DCE 53
23 PdCl, Xantphos t-BuOK DCE trace
24 PdCl Xantphos NEt; DCE trace
25 PdCl; Xantphos pyridine DCE trace
26 PdCl, Xantphos i(Pr),NH DCE trace
27 PdCl» Xantphos K2COs3 toluene 23
28 PdCl» Xantphos K2COs3 MeCN 30
29 PdCl, Xantphos K»CO; CHCI3 59
30 PdCl, Xantphos K2COs3 DCE/H20 58
31 PdCl» Xantphos K2COs3 THF trace
32 PdCl, Xantphos K2COs3 EtOH trace
33 PdCl» Xantphos K2COs3 DMF trace
34 PdCl, Xantphos K2CO; 1,4-dioxane trace
350 PdCl, Xantphos K2COs DCE 69
36° PdCl; Xantphos K2COs DCE 62
374 PdCl, Xantphos K2COs3 DCE 65

“Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), ethyl difluoroiodoacetate (0.4 mmol),
catalyst (10 mol %), ligand (20 mol %), base (0.4 mmol) in solvent (1.5 mL) stirring at 80 °C
under argon for 8 h. Yields of the isolated products. DCE: 1,2-dichloroethane. 280 °C. <60 °C.
4PdCl, (5 mol %).
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(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-phenylbut-3-enoate (3a)

Ph
Ph—P=0
X
CF,COOEt

White solid; m.p. 97.1-99.2 °C; 'H NMR (CDCls, 400 MHz): § 7.63-7.58 (m, 4H), 7.56-7.51 (m,
2H), 7.45-7.40 (m, 4H),7.26-7.19 (m, 1H), 7.15-7.11 (m, 2H), 6.87 (td, Jcr = 10.9 Hz, Jcp = 18.9
Hz, 1H), 6.85-6.82 (m, 2H), 3.94 (q, J = 7.2 Hz, 2H), 1.17 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls,
100 MHz): & 162.7 (t, Jcr = 33.1 Hz), 146.6 (td, Jcr = 7.7 Hz, Jcp = 85.0 Hz), 135.3 (td, Jcr =
38.7 Hz, Jcp = 10.0 Hz), 132.6 (d, Jc» = 2.7 Hz), 132.5 (d, Jc» = 9.3 Hz), 132.1 (d, Jc» = 7.0 Hz),
129.60-129.58 (m), 129.3 (d, Jcpr =105.0 Hz), 128.8 (d, Jcr = 1.8 Hz), 128.7 (d, Jc.r = 12.5 Hz),
128.0, 111.7 (td, Jor = 249.5 Hz, Jcp = 19.5 Hz), 63.2, 13.8;3'P NMR (CDCls, 162 MHz): & 26.87;
YF NMR (377 MHz, CDCl3): & -94.96 (s, 2F). HRMS: [M+Na]* m/z calcd for C24HziF2NaO3P™:
449.1089, found: 449.1088.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(p-tolyl)but-3-enoate (3b)
Ph
Ph—P=0
N
CF,COOEt

White solid; m.p. 118.1-119.5 °C; 'H NMR (CDCls, 400 MHz): § 7.63-7.58 (m, 4H), 7.55-7.50 (m,
2H), 7.44-7.39 (m, 4H), 6.96-6.93 (m, 2H), 6.84 (td, Jor = 10.9 Hz, Jep = 18.9 Hz, 1H), 6.73-6.70
(m, 2H), 3.93 (q, J = 7.2 Hz, 2H), 2.23 (s, 3H), 1.16 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, 100
MHz): § 162.7 (t, Jor = 33.1 Hz), 146.7 (td, Jr = 7.8 Hz, Je» = 85.2 Hz), 138.7 (d, Jer = 1.8 Hz),
135.2 (td, Jer = 28.4 Hz, Jep = 11.0 Hz), 132.6 (d, Jop = 2.7 Hz), 132.5 (d, Jer = 9.9 Hz),
129.61-129.57 (m), 129.5 (d, Jer =104.4 Hz), 129.1 (d, Jep = 7.0 Hz), 128.7, 128.6 (d, Jep = 12.4
Hz), 111.7 (td, Jor = 248.7 Hz, Jep = 19.6 Hz), 63.2, 21.3, 13.8; *'P NMR (CDCL;, 162 MHz): &
26.88; 'F NMR (377 MHz, CDCls): § -94.62 (s, 2F). HRMS: [M+Na]* m/z caled for
CasHa3FaNaO3P*: 463.1245, found: 463.1243.

(E)-Ethyl 4-(2,3-dimethylphenyl)-4-(diphenylphosphoryl)-2,2-difluorobut-3-enoate (3¢)
Ph
Ph—P=0
X
CF,COOEt

Yellow gum; 'H NMR (CDCls, 400 MHz): & 7.71-7.65 (m, 2H), 7.57-7.50 (m, 2H), 7.48-7.43 (m,
2H), 7.39-7.29 (m, 4H), 7.17-7.08 (m, 1H), 7.00 (d, J= 7.5 Hz, 1H), 6.81 (t, J= 7.6 Hz, 1H), 6.40
(d, J = 7.8 Hz, 1H), 4.03-3.98 (m, 2H), 2.05 (s, 3H), 1.51 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); 13C
NMR (CDCls, 100 MHz): 6 162.9 (t, Jc.r = 33.1 Hz), 146.7 (ddd, Jcr = 8.3 Hz, Jcr = 8.3 Hz, Jcp
= 84.0 Hz), 137.2 (d, Jcr = 1.3 Hz), 136.6 (d, Jcr = 3.6 Hz), 134.9 (ddd, Jcr = 30.8 Hz, Jcr =
30.8 Hz, Jcp = 10.0 Hz), 133.1 (d, Jcr = 8.9 Hz), 132.6 (d, Jc» = 2.7 Hz), 132.5 (d, Jc» = 3.3 Hz),
132.1 (d, Jep = 10.1 Hz), 131.3 (d, Jc» = 6.0 Hz), 131.2 (d, Jcp = 103.8 Hz), 130.1 (d, Jcp = 2.5
Hz), 128.9 (d, Jer = 12.9 Hz), 128.0 (d, Jc-p = 12.0 Hz), 126.9 (d, Jcr = 103.3 Hz), 126.35-126.25
(m), 124.8 (d, Jcp = 2.7 Hz), 111.8 (ddd, Jcr = 250.0 Hz, Jcr = 250.0 Hz, Jc.p = 20.0 Hz), 63.2,
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20.3, 16.7, 13.9; P NMR (CDCls, 162 MHz): § 25.77; '°F NMR (377 MHz, CDCls): § -97.87 (d,
Jer = 277.1 Hz, 1F), -99.51 (d, Jer = 277.1 Hz, 1F). HRMS: [M+Na]* m/ caled for
Ca6HasF2NaO3P*: 477.1402, found: 477.1397.

(E)-Ethyl 4-(3,5-dimethylphenyl)-4-(diphenylphosphoryl)-2,2-difluorobut-3-enoate (3d)
Ph
Ph—P=0

X
CF,COOEt

Yellow gum; 'H NMR (CDCls, 400 MHz): & 7.63-7.58 (m, 4H), 7.56-7.51 (m, 2H), 7.45-7.40 (m,
4H), 6.87-6.78 (m, 2H), 6.40-6.38 (m, 2H), 3.91 (q, J = 7.2 Hz, 2H), 2.10 (s, 6H), 1.17 (t, J = 7.2
Hz, 3H); *C NMR (CDCls, 100 MHz): § 162.7 (t, Jcr = 33.2 Hz), 146.8 (td, Jcr = 7.9 Hz, Jcp =
84.9 Hz), 137.4 (d, Jcr = 1.4 Hz), 134.9 (td, Jcr = 28.6 Hz, Jcr = 10.7 Hz), 132.6 (d, Jcr = 9.2
Hz), 132.5 (d, Jep = 2.6 Hz), 131.9 (d, Jep = 6.9 Hz), 130.3 (d, Jer = 2.2 Hz), 129.6 (d, Jer
~104.0 Hz), 128.6 (d, Jep = 12.0 Hz), 127.49-127.45 (m), 111.8 (td, Je.r = 248.9 Hz, Jep = 19.5
Hz), 63.1, 21.3, 13.8; 3'P NMR (CDCls, 162 MHz): § 26.66; '°F NMR (377 MHz, CDCl;): &
-94.66 (s, 2F). HRMS: [M+Na]* m/z calcd for Ca6sH25F2NaO3sP": 477.1402, found: 477.1406.

(E)-Ethyl 4-(diphenylphosphoryl)-4-(4-ethylphenyl)-2,2-difluorobut-3-enoate (3e)
I|3h
Ph—P=0
X

CF,COOEt
Et 2

Yellow gum; 'H NMR (CDCls, 400 MHz): & 7.64-7.58 (m, 4H), 7.56-7.52 (m, 2H), 7.46-7.40 (m,
4H), 6.99-6.96 (m, 2H), 6.83 (td, Jcr = 10.9 Hz, Jcp = 18.9 Hz, 1H), 6.77-6.75 (m, 2H), 3.92 (q, J
= 7.2 Hz, 2H), 2.55 (q, J = 7.5 Hz, 2H), 1.17 (t, J = 7.2 Hz, 3H), 1.15 (q, J = 7.5 Hz, 2H); 13C
NMR (CDCIz, 100 MHz): & 162.8 (t, Jcr = 33.1 Hz), 146.7 (td, Jcr = 7.8 Hz, Jcp = 85.2 Hz),
145.1 (d, Jcp = 1.9 Hz), 135.2 (td, Je.r = 29.1 Hz, Jcp = 11.5 Hz), 132.6 (d, Jcp = 3.6 Hz), 132.5
(d, Jer = 9.9 Hz), 129.67-129.63 (m), 129.6 (d, Jc.r =105.2Hz), 129.3 (d, Jcr = 7.3 Hz), 128.7 (d,
Jep = 12.4 Hz), 127.6, 111.8 (td, Jor = 250.0 Hz, Jcp = 19.2 Hz), 63.2, 28.7, 15.4, 13.9;3'P NMR
(CDCl3, 162 MHz): 6 27.19; ”F NMR (377 MHz, CDCls): § -94.49 (s, 2F). HRMS: [M+Na]" m/z
calcd for CasHasFaNaOsP*: 477.1402, found: 477.1400.

(E)-Ethyl 4-(4-(tert-butyl)phenyl)-4-(diphenylphosphoryl)-2,2-difluorobut-3-enoate (3f)

Ph
Ph—P=0
X

By CF,COOEt

Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.62-7.57 (m, 4H), 7.55-7.51 (m, 2H), 7.43-7.39 (m,
4H), 7.16-7.13 (m, 2H), 6.85-6.76 (m, 3H), 3.87 (q, J = 7.2 Hz, 2H), 1.22 (s, 9H), 1.32 (t, J = 7.2
Hz, 3H); 3C NMR (CDCls, 100 MHz): & 162.7 (t, Jor = 33.0 Hz), 151.9 (d, Jep = 2.3 Hz), 146.6
(td, Jor = 8.1 Hz, Jep = 85.4 Hz), 135.1 (td, Jer = 28.8 Hz, Jep = 11.2 Hz), 132.5 (d, Jep = 2.9
Hz), 132.4 (d, Jer = 9.6 Hz), 129.7 (d, Jer =104.5 Hz), 129.38-129.34 (m), 129.1 (d, Jer = 7.0
Hz), 128.6 (d, Jor = 12.0 Hz), 124.9, 111.8 (td, Jor = 250.0 Hz, Je» = 19.5 Hz), 63.1, 34.7, 31.3,
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13.8;3'P NMR (CDCl3, 162 MHz): § 27.38; 'YF NMR (377 MHz, CDCl3): § -94.20 (s, 2F). HRMS:
[M+Na]* m/z caled for CogHa9F2NaOsP™: 505.1715, found: 505.1706.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(4-methoxyphenyl)but-3-enoate (3g)

Ph
Ph—P=0
X

CF,COOEt
MeO 2

Yellow gum; 'H NMR (CDCls, 400 MHz): & 7.64-7.59 (m, 4H), 7.55-7.51 (m, 2H), 7.45-7.40 (m,
4H), 6.85-6.75 (m, 3H), 6.69-6.66 (m, 2H), 3.94 (q, J = 7.2 Hz, 2H), 3.71 (s, 3H), 1.17 (t, J = 7.2
Hz, 3H); 3C NMR (CDCls, 100 MHz): § 162.7 (t, Jer = 33.1 Hz), 160.0, 146.4 (td, Jo.r = 8.3 Hz,
Jep = 85.7 Hz), 135.3 (td, Jer = 28.3 Hz, Jep = 11.5 Hz), 132.6 (d, Jep = 2.7 Hz), 132.5 (d, Jep =
9.7 Hz), 131.07-131.04 (m), 129.6 (d, Jcr =104.4 Hz), 128.7 (d, Jcr = 12.2 Hz), 124.1 (d, Jcp =
7.5 Hz), 113.5, 111.8 (td, Jc.r = 250.0 Hz, Jcp = 19.3 Hz), 63.2, 55.3, 13.8;3'P NMR (CDCls, 162
MHz): & 27.04; ’F NMR (377 MHz, CDCls): § -94.24 (s, 2F). HRMS: [M+Na]* m/z calcd for
CasHa3FoNaO4P*: 479.1194, found: 479.1188.

(E)-Ethyl 4-([1,1'-biphenyl]-4-yl)-4-(diphenylphosphoryl)-2,2-difluorobut-3-enoate (3h)

Ph
Ph—P=0

X

CF,COOEt
Ph 2

Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.69-7.64 (m, 4H), 7.60-7.54 (m, 2H), 7.53-7.50 (m,
2H), 7.48-7.43 (m, 4H), 7.42-7.38 (m, 4H), 7.34-7.30 (m, 1H), 6.97-6.94 (m, 2H), 6.86 (td, Jcr =
10.8 Hz, Jep = 19.0 Hz, 1H), 3.97 (q, J = 7.2 Hz, 2H), 1.17 (t, J = 7.2 Hz, 3H); *C NMR (CDCls,
100 MHz): § 162.8 (t, Jcr = 33.0 Hz), 146.5 (td, Jcr = 7.7 Hz, Jcr = 85.0 Hz), 141.5 (d, Jcr =2.3
Hz), 140.2, 135.3 (td, Jcr = 28.4 Hz, Jcp = 10.8 Hz), 132.7 (d, Jcp = 2.6 Hz), 132.5 (d, Jcp = 9.4
Hz), 131.1 (d, Jcr =6.9 Hz), 130.12-130.09(m), 129.4 (d, Jcr =104.8 Hz), 129.0, 128.8 (d, Jcp =
12.5 Hz), 127.9, 127.1, 126.6, 111.8 (td, Jcr = 250.0 Hz, Jcp =20.0 Hz), 63.1, 13.9; 3'P NMR
(CDCl3, 162 MHz): 6 27.07; 9F NMR (377 MHz, CDCls): § -94.72 (s, 2F). HRMS: [M+Na]" m/z
calcd for C3oH2sF2NaOsP*: 525.1402, found: 525.1398.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(4-(trifluoromethyl)phenyl)but-3-enoate (3i)
Ph
Ph—P=0
X

F.c CF,COOEt

Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.66-7.61 (m, 4H), 7.60-7.57 (m, 2H), 7.50-7.45 (m,
4H), 7.44-7.41 (m, 2H), 7.02 (d, J = 7.9 Hz, 2H), 6.79 (td, Jer = 11.5 Hz, Jep = 19.2 Hz, 1H),,
4.06 (q, J = 7.2 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H); *C NMR (CDCls, 100 MHz): & 162.8 (t, Jor =
32.9 Hz), 145.8 (td, Jer = 6.8 Hz, Jep = 84.2 Hz), 1363 (d, Jor = 6.6 Hz), 135.6 (td, Jer = 27.6
Hz, Jep = 10.2 Hz), 133.0 (d, Jep = 2.7 Hz), 132.5 (d, Jep = 9.5 Hz), 130.8 (qd, Jor = 32.7 Hz,
Jer = 1.9 Hz), 130.01-129.97 (m), 129.0 (d, Jer =12.1 Hz), 128.8 (d, Jer =100.0 Hz), 124.9 (q,
Jer = 3.0 Hz), 124.0 (q, Jer = 272.2 Hz), 111.7 (td, Jor = 251.3 Hz, Jep =18.2 Hz), 63.6, 13.9;3'P
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NMR (CDCls, 162 MHz): § 27.33; '9F NMR (377 MHz, CDCls): 8 -62.88 (s, 3F), -96.05 (s, 2F).
HRMS: [M+H]" m/z calcd for CasHaoFsHO3P*: 495.1143, found: 495.1139.

(E)-Ethyl 4-(4-acetylphenyl)-4-(diphenylphosphoryl)-2,2-difluorobut-3-enoate (3j)

Ph
Ph—P=0
X

CF,COOEt
H,COC 2

Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.75-7.73 (m, 2H), 7.66-7.61 (m, 4H), 7.60-7.56 (m,
2H), 7.49-7.44 (m, 4H), 6.99-6.97 (m, 2H), 6.81 (td, Jos = 11.5 Hz, Jep = 19.2 Hz, 1H), 4.07 (q, J
= 7.2 Hz, 2H), 2.54 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, 100 MHz): 5 197.63,
162.7 (t, Jox = 33.1 Hz), 146.1 (td, Jor = 6.0 Hz, Jop = 83.9 Hz), 137.5 (d, Jep = 6.5 Hz), 136.9
(d, Jer = 1.6 Hz), 135.3 (td, Jer = 27.6 Hz, Jep = 10.1 Hz), 133.0 (d, Jer = 2.7 Hz), 132.5 (d, Jep
= 9.5 Hz), 129.88-129.84 (m), 129.0 (d, Je.r =105.3 Hz), 128.9 (d, Jor = 12.1 Hz), 127.9, 111.8
(td, Jer = 250.9 Hz, Jep = 19.0 Hz), 63.6, 26.8, 14.0; *'P NMR (CDCLs, 162 MHz): § 26.95; '°F
NMR (377 MHz, CDCL): & -96.20 (s, 2F). HRMS: [M+Na]* m/z caled for CagHasFaNaOsP*:
491.1194, found: 491.1190.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(2-methoxyphenyl)but-3-enoate (31)
Ph
Ph—P=0
X
CF,COOEt
Me

Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.70-7.55 (m, 4H), 7.52-7.48 (m, 2H), 7.42-7.36 (m,
4H), 7.22-7.17 (m, 1H), 6.96 (td, Jor = 11.6 Hz, Jer = 19.0 Hz, 1H), 6.86-6.83 (m, 1H), 6.78-6.74
(m, 1H), 6.58 (d, J = 8.3 Hz, 1H), 4.07 (q, J = 7.2 Hz, 2H), 3.27 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H);
13C NMR (CDCls, 100 MHz): & 162.8 (t, Jer = 33.5 Hz), 156.40-156.31 (m), 142.8 (td, Jer = 7.2
Hz, Jer = 87.7 Hz), 135.8 (td, Jor = 28.1 Hz, Jep = 10.1 Hz), 132.6 (d, Jep = 2.7 Hz), 132.4 (br),
132.3, 131.8 (d, Jep = 10.3 Hz), 130.4 (d, Jep = 2.7 Hz), 130.28-130.18 (m), 128.8 (d, Jep =12.7
Hz), 128.4 (br), 121.3 (d, Jep = 6.4 Hz), 120.00-119.96 (m), 111.9 (td, Jer = 249.9 Hz, Jep = 19.7
Hz), 110.3, 63.1, 54.8, 13.9; 3P NMR (CDCls, 162 MHz): & 27.04; '°F NMR (377 MHz, CDCL):
§-99.40 (d, Jer = 273.4 Hz, 1F), -99.77 (d, Jer = 273.4 Hz, 1F). HRMS: [M+Na]* m/z calcd for
CasHasFaNaO4P*: 479.1194, found: 479.1191.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(2-(methylthio)phenyl)but-3-enoate (3m)

Fl’h
Ph—P=0
X
CF,COOEt
SMe

Light yellow solid; m.p. 191.7-193.6 °C; 'H NMR (CDCls, 400 MHz): & 7.67-7.62 (m, 2H),
7.55-7.49 (m, 4H), 7.43-7.34 (m, 4H), 7.23-7.18 (m, 1H), 7.05-6.92 (m, 3H), 6.77-6.74 (m, 1H),
4.19-4.14 (m, 2H), 1.99 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, 100 MHz): 5 162.8 (t,
Jer =33.5 Hz), 145.1 (td, Jer = 6.5 Hz, Jep = 85.7 Hz), 139.35-139.25 (m), 135.9 (td, Jer = 26.6
Hz, Jep = 10.4 Hz), 133.1 (d, Jep = 9.0 Hz), 132.4 (d, Jep = 2.7 Hz), 132.3 (d, Jep = 2.8 Hz),
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132.2 (d, Jer = 10.0 Hz), 131.8 (d, Jer =104.4 Hz), 131.7 (d, Jep = 6.0 Hz), 129.2 (d, Jep = 2.2
Hz), 128.7 (d, Jep = 12.4 Hz), 128.65-128.55 (m), 128.0 (d, Jer = 12.0 Hz), 127.9 (d, Jer = 106.0
Hz), 126.70-126.65 (m), 124.7 (d, Jep = 1.5 Hz), 111.9 (td, Jor = 251.2 Hz, Jep = 19.3 Hz), 63.4,
16.5, 14.0;3'P NMR (CDCls, 162 MHz): § 26.28; '°F NMR (377 MHz, CDCls): & -98.66 (d, Je.r =
272.3 Hz, 1F), -100.19 (d, Je.r = 272.3 Hz, 1F). HRMS: [M+Na]* m/z calcd for CasH23FaNaOsPS*:
495.0966, found: 495.0959.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(4-fluorophenyl)but-3-enoate (3n)

Ph
Ph—P=0
X

. CF,COOEt

Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.65-7.60 (m, 4H), 7.58-7.54 (m, 2H), 7.48-7.43 (m,
4H), 6.87-6.84 (m, 4H), 6.80 (td, Jer = 11.0 Hz, Jep = 19.0 Hz, 1H), 4.01 (q, J = 7.2 Hz, 2H),
1.20 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, 100 MHz): § 163.0 (dd, Jer = 247.3 Hz, Jep = 2.9 Hz),
162.7 (t, Jer = 33.1 Hz), 145.9 (td, Jer = 7.5 Hz, Jep = 86.3 Hz), 135.6 (td, Jor = 27.9 Hz, Jep =
10.9 Hz), 132.8 (d, Jep = 2.7 Hz), 132.5 (d, Jer = 9.9 Hz), 131.58-131.50 (m), 129.2 (d, Jer
=104.4 Hz), 128.8 (d, Jep = 12.7 Hz), 128.1 (dd, Jcr = 6.9 Hz, Jop = 7.1 Hz), 115.2 (d, Jer = 22.8
Hz), 111.7 (td, Jer = 250.0 Hz, Jep = 19.3 Hz), 63.4, 13.9;3'P NMR (CDCls, 162 MHz): 5 27.19;
19F NMR (377 MHz, CDCls): § -94.28 (s, 2F), -113.23 (s, 1F). HRMS: [M+Na]* m/z caled for
Ca4H20F3NaO3P*: 467.0994, found: 467.0988.

(E)-ethyl 4-(4-chlorophenyl)-4-(diphenylphosphoryl)-2,2-difluorobut-3-enoate (30)

Ph
Ph—P=0

X

CF,COOEt
cl 2

Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.66-7.55 (m, 6H), 7.49-7.44 (m, 4H), 7.16-7.12 (m,
2H), 6.85-6.74 (m, 3H), 4.03 (q, J = 7.2 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, 100
MHz): 6 162.7 (t, Jcr = 33.1 Hz), 145.8 (td, Jcr = 7.4 Hz, Jc» = 84.7 Hz), 135.6 (td, Jcr = 27.7
Hz, Jcp = 10.2 Hz), 135.1 (d, Jep = 2.1 Hz), 132.9 (d, Jcr = 2.7 Hz), 132.5 (d, Jcp = 10.0 Hz),
130.97-130.94 (m), 130.7 (d, Jcp = 7.3 Hz), 129.0 (d, Jcr =106.0 Hz), 128.9 (d, Jc-r = 11.5 Hz),
128.3, 111.7 (td, Je-r = 250.0 Hz, Jep = 19.0 Hz), 63.5, 13.9;3'P NMR (CDCls, 162 MHz): § 27.06;
YF NMR (377 MHz, CDCl): 8§ -96.56 (s, 2F). HRMS: [M+Na]" m/z calcd for
C24H20CIF2NaO3P": 483.0699, found: 483.0685.

(E)-Ethyl 4-(4-bromophenyl)-4-(diphenylphosphoryl)-2,2-difluorobut-3-enoate (3p)

Ph
Ph—P=0
X

CF,COOEt
Br 2

Yellow gum; 'H NMR (CDCl3, 400 MHz): 8 7.65-7.55 (m, 6H), 7.49-7.44 (m, 4H), 7.31-7.28 (m,
2H), 6.85-6.74 (m, 3H), 4.04 (q, J = 7.2 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H); '3C NMR (CDCl;, 100
MHz): & 162.7 (t, Jcr = 33.0 Hz), 145.8 (td, Jcr = 6.7 Hz, Jcp = 84.7 Hz), 135.5 (td, Jcr = 27.8
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Hz, Jcp = 10.4 Hz), 132.9 (d, Jcp = 2.7 Hz), 132.5 (d, Jcp = 9.5 Hz), 131.3, 131.27-131.19 (m,
2C), 129.0 (d, Jc-r =105.0 Hz), 128.9 (d, Jcpr = 12.1 Hz), 123.4 (d, Jcp = 2.7 Hz), 111.7 (td, Jcr =
250.4 Hz, Jep = 18.6 Hz), 63.5, 13.9;3'P NMR (CDCl3, 162 MHz): § 26.96; ’F NMR (377 MHz,
CDCl3): & -96.60 (s, 2F). HRMS: [M+Na]* m/z caled for Co4H20BrF2NaOsP*: 527.0194, found:
527.0185.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(3-fluorophenyl)but-3-enoate (3q)
Ph
Ph—P=0

X
CF,COOEt

F
Yellow gum; 'H NMR (CDCl3, 400 MHz): 8 7.65-7.55 (m, 6H), 7.48-7.43 (m, 4H), 7.16-7.09 (m,

1H), 6.93 (t, J = 8.3 Hz, 1H), 6.82 (td, Jor = 11.2 Hz, Jep = 19.1 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H),
6.57 (d, J= 9.3 Hz, 1H), 4.05 (q, J = 7.2 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H); 13C NMR (CDCls, 100
MHz): § 162.7 (t, Jer = 33.1 H), 162.1 (dd, Je.r = 248.7 Hz, Jep = 1.9 Hz), 145.6 (md, Je» = 83.3
Hz), 135.6 (td, Jer = 28.0 Hz, Jep = 10.2 Hz), 134.3 (dd, J; = 8.2 Hz, Jo= 8.2 Hz), 132.9 (d, Jep =
2.7 Hz), 132.5 (d, Jer = 9.8 Hz), 129.7 (dd, Ji =8.1 Hz, J> =1.8 Hz), 129.0 (d, Jcr = 105.6 Hz),
128.8 (d, Jep = 12.1 Hz), 125.59-125.51 (m), 116.7 (md, Jep = 22.7 Hz), 115.8 (dd, Ji = 19.1 Hz,
J=2.2 Hz), 111.7 (td, Jer = 250.0 Hz, Jep = 18.8 Hz), 63.5, 13.9;3'P NMR (CDCL, 162 MHz):
26.97; '9F NMR (377 MHz, CDCls): § -94.28 (s, 2F), -112.52 (s, 1F). HRMS: [M+Na]* m/z calcd
for Ca4HaoF3NaOsP*: 467.0994, found: 467.0991.

(E)-Ethyl 4-(benzo[d][1,3]dioxol-5-yl)-4-(diphenylphosphoryl)-2,2-difluorobut-3-enoate (3r)

Fl’h
Ph—P=0
0o A
<o CF,COOEt

Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.66-7.61 (m, 4H), 7.56-7.52 (m, 2H), 7.47-7.42 (m,
4H), 6.73 (td, Jor = 10.7 Hz, Jcp = 18.9 Hz, 1H), 6.59 (d, J = 8.0 Hz, 1H), 6.37-6.33 (m, 2H),
5.87 (s, 2H), 4.02 (q, J = 7.2 Hz, 2H), 1.20 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, 100 MHz): &
162.7 (t, Jor = 33.1 Hz), 148.2 (d, Jcr = 1.8 Hz), 147.4, 146.3 (td, Jc.r = 7.7 Hz, Jcp = 86.2 Hz),
135.6 (td, Jer = 28.4 Hz, Jcp = 11.8 Hz), 132.7 (d, Jc» = 2.7 Hz), 132.4 (d, Jc» = 9.7 Hz), 129.5
(d, Jep = 104.5 Hz), 128.8 (d, Jcp = 12.5 Hz), 125.4 (d, Jc» =7.0 Hz), 123.80-123.76 (m), 111.7
(td, Jor = 249.3 Hz, Jcp = 19.6 Hz), 110.08-109.92 (m), 108.0 (d, Jc.r = 1.2 Hz), 101.4, 63.3, 13.9;
3P NMR (CDCls, 162 MHz): & 27.18; '9F NMR (377 MHz, CDCls): & -94.74 (s, 2F). HRMS:
[M+Na]* m/z caled for CosH21F2NaOsP*: 493.0987, found: 493.0981.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(naphthalen-2-yl)but-3-enoate (3s)

Ph
Ph—P=0

X
CF,COOEt

Yellow gum; 'H NMR (CDCl3;, 400 MHz): & 7.73 (d, J = 7.2 Hz, 1H), 7.67-7.58 (m, 6H),
7.56-7.52 (m, 2H), 7.47-7.40 (m, 6H), 7.32-7.28 (m, 1H), 7.00-6.91 (m, 2H), 3.79 (q, J = 7.2 Hz,
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2H), 1.01 (t, J = 7.2 Hz, 3H); *C NMR (CDCls, 100 MHz): & 162.8 (t, Jor = 32.9 Hz), 146.8 (td,
Jor = 7.6 Hz, Jep = 84.5 Hz), 135.6 (td, Jer = 28.4 Hz, Jep = 10.6 Hz), 132.9 (d, Jer = 1.6 Hz),
132.7 (d, Jep = 2.7 Hz), 132.5 (d, Jer = 9.8 Hz), 132.4, 129.7 (d, Jer = 6.9 Hz), 129.4 (d, Je.p
=104.7 Hz), 129.40-129.35 (m), 128.7 (d, Jer = 12.1 Hz), 128.3, 127.8, 127.6, 127.0, 126.68,
126.65, 111.8 (td, Jer = 248.9 Hz, Jep = 19.2 Hz), 63.2, 13.6; P NMR (CDCls, 162 MHz): &
26.69; 'F NMR (377 MHz, CDCls): & -94.83 (s, 2F). HRMS: [M+Na]* m/z caled for
CasHa3F2NaO3P*: 499.1245, found: 499.1239.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(naphthalen-1-yl)but-3-enoate (3t)

Ph. O
b/ 7 “CF,COOE!

Yellow gum; 'H NMR (CDCL, 400 MHz): § 7.79-7.71 (m, 3H), 7.66 (d, J = 8.2 Hz, 1H),
7.59-7.55 (m, 1H), 7.50-7.46 (m, 2H), 7.41-7.32 (m, 2H), 7.30-7.21 (m, 5H), 7.12-7.04 (m, 3H),
6.89-6.87 (m, 1H), 3.81-3.74 (m, 1H), 3.65-3.59 (m, 1H), 1.05 (t, J = 7.2 Hz, 3H); 3C NMR
(CDCls, 100 MHz): § 162.6 (t, Jer = 33.1 Hz), 145.5 (td, Jer = 7.4 Hz, Jep = 83.5 Hz), 137.0 (td,
Jor =28.1 Hz, Jep = 9.5 Hz), 133.0 (d, Jep = 1.5 Hz), 132.7 (d, Jep = 2.5 Hz), 132.6 (d, Jep = 8.9
Hz), 132.3 (d, Jep = 2.7 Hz), 132.2 (d, Jep = 10.2 Hz), 131.94-131.85 (m), 131.0 (d, Jep = 104.1
Hz), 129.7 (d, Jer = 5.8 Hz), 129.3 (d, Jep = 3.3 Hz), 128.9 (d, Jep = 12.6 Hz), 127.9 (d, Jep =
12.6 Hz), 127.8, 127.1 (d, Jep = 104.9 Hz), 127.0 (d, Jer = 4.6 Hz), 126.0 (d, Jep = 4.6 Hz), 125.9,
124.5 (d, Jep = 2.0 Hz), 111.8 (td, Jer = 250.4 Hz, Jep = 19.1 Hz), 63.1, 13.7; 3P NMR (CDCls,
162 MHz): § 25.98; '°F NMR (377 MHz, CDCls): § -96.30 (d, Jcr = 276.9 Hz, 1F), -98.4 (d, Jcr
=276.9 Hz, 1F). HRMS: [M+Na]* m/z calcd for CosHasFaNaO3P*: 499.1245, found: 499.1244.

(E)-Ethyl 4-(diphenylphosphoryl)-4-(9H-fluoren-2-yl)-2,2-difluorobut-3-enoate (3u)

Ph
Ph—P=0

I
O CF,COOEt

Yellow gum; 'H NMR (CDCls, 400 MHz): & 7.71-7.63 (m, 5H), 7.58-7.52 (m, 3H), 7.50-7.47 (m,
1H), 7.46-7.41 (m, 4H), 7.35-7.32 (m, 1H), 7.30-7.27 (m, 1H), 7.05-7.03 (m, 1H), 6.94-6.85 (m,
2H), 3.90 (q, J = 7.2 Hz, 2H), 3.73 (s, 2H), 1.13 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, 100 MHz):
§ 162.7 (t, Jer = 33.0 Hz), 147.0 (td, Jor = 7.8 Hz, Jop = 84.9 Hz), 143.5, 142.8, 142.3, 140.9,
135.2 (td, Jor = 28.4 Hz, Jop = 11.0 Hz), 132.6 (d, Jep = 2.7 Hz), 132.5 (d, Jer = 9.3 Hz), 1303
(d, Jep = 6.7 Hz), 129.5 (d, Jer =104.6 Hz), 128.7 (d, Jep = 12.4 Hz), 128.34-128.30 (m), 127.4,
127.0, 126.47-126.44 (m), 125.2, 120.3, 119.3 (d, Jer = 1.8 Hz), 111.8 (td, Jer = 249.2 Hz, Jcp =
19.5 Hz), 63.2, 36.9, 13.7;3'P NMR (CDCls, 162 MHz): § 26.93; '°F NMR (377 MHz, CDCL): &
-94.46 (s, 2F). HRMS: [M+Na]* m/z caled for C31HasFaNaOsP*: 537.1402, found: 537.1400.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(thiophen-2-yl)but-3-enoate (3v)
Ph
Ph—P=0
XN
\_S  CF,COOEt
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Light yellow solid solid; m.p. 104.4-106.9 °C; 'H NMR (CDCl, 400 MHz): & 7.68-7.57 (m, 6H),
7.50-7.46 (m, 4H), 7.31-7.28 (m, 1H), 6.98 (m, td, Jcr = 10.8 Hz, Jop = 17.9 Hz, 1H), 6.91-6.88
(m, 1H), 6.81-6.78 (m, 1H), 4.03 (q, J = 7.2 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H); *C NMR (CDCL,
100 MHz): & 162.4 (t, Jor = 33.2 Hz), 140.4 (td, Jor = 8.3 Hz, Jep = 89.0 Hz), 137.1 (td, Jor =
29.2 Hz, Jep = 10.9 Hz), 132.9 (d, Jep = 2.7 Hz), 132.5 (d, Jep = 9.8 Hz), 131.8 (d, Jep = 7.6 Hz),
131.36-131.30 (m), 129.3 (d, Jep =105.6 Hz), 129.1 (d, Jep = 1.7 Hz), 128.9 (d, Jep = 12.6 Hz),
127.0, 111.7 (td, Jer = 248.6 Hz, Jep = 18.2 Hz), 63.4, 13.9;3'P NMR (CDCls, 162 MHz): § 26.68;
19F NMR (377 MHz, CDCls): & -93.08 (s, 2F). HRMS: [M+Na]* m/z calcd for Ca,H oF2NaO3PS*:
455.0653, found: 455.0644.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluoro-4-(thiophen-3-yl)but-3-enoate (3w)
Ph
Ph—P=0

4 | N

S CF,COOEt

Light yellow solid; m.p. 124.0-126.1 °C; 'H NMR (CDCl3;, 400 MHz): § 7.63-7.58 (m, 4H),
7.57-17.53 (m, 2H), 7.46-7.42 (m, 4H), 7.14 (dd, J1 = 2.98 Hz, J» =4.95 Hz, 1H), 6.92-6.82 (m, 2H),
6.60 (d, J=5.0 Hz, 1H), 3.99 (q, /= 7.2 Hz, 2H), 1.19 (t, J = 7.2 Hz, 3H); '3C NMR (CDCl3, 100
MHz): 6 162.6 (t, Jcr = 33.1 Hz), 142.2 (td, Jer = 7.3 Hz, Jep = 87.7 Hz), 135.8 (td, Jcr = 28.8
Hz, Jcp = 10.5 Hz), 132.7 (d, Jcr = 2.5 Hz), 132.4 (d, Jcr = 9.8 Hz), 131.8 (d, Jcr = 7.7 Hz),
129.7 (d, Jcpr =105.2 Hz), 128.8 (d, Jc.r = 12.5 Hz), 128.7, 127.95-127.90 (m), 125.7, 111.8 (td,
Jor = 248.7 Hz, Jep = 19.4 Hz), 63.3, 13.9; 3'P NMR (CDCl3, 162 MHz): § 26.49; '’F NMR (377
MHz, CDCls): 8 -94.13 (s, 2F). HRMS: [M+Na]* m/z calcd for C»nHi9F2NaOsPS*: 455.0653,
found: 455.0649.

(E)-Ethyl 4-(diphenylphosphoryl)-2,2-difluorooct-3-enoate (3x)
Ph
Ph—P=0
X
CF,COOEt

Colourless gum; '"H NMR (CDCls, 400 MHz): § 7.70-7.64 (m, 4H), 7.58-7.54 (m, 2H), 7.50-7.45
(m, 4H), 6.19 (td, Jer = 13.9 Hz, Jep = 21.2 Hz, 1H), 4.32 (q, J = 7.1 Hz, 2H), 2.48-2.41 (m, 2H),
1.32 (t, J= 7.1 Hz, 3H), 1.23-1.12 (m, 4H), 0.72-0.68 (t, J = 7.1 Hz, 3H); '*C NMR (CDCls, 100
MHz): 6 163.4 (t, Jcr = 34.0 Hz), 147.7 (td, Jcr = 5.2 Hz, Jcp = 86.1 Hz), 133.0 (td, Jcr = 26.6
Hz, Jcp = 12.4 Hz), 132.6 (d, Jcr = 2.7 Hz), 132.2 (d, Jcr = 9.9 Hz), 130.7 (d, Jc» =103.2 Hz),
128.9 (d, Jep = 12.0 Hz), 112.5 (td, Jor = 251.3 Hz, Jcp = 21.6 Hz), 63.6, 32.3, 29.2 (d, Jcr =7.9
Hz), 23.2, 14.0, 13.6; 3'P NMR (CDCls, 162 MHz): § 31.31; '°F NMR (377 MHz, CDCLs): &
-99.99 (s, 2F). HRMS: [M+Na]* m/z calcd for C22H2sF2NaO3sP™: 429.1402, found: 429.1400.

(E)-Ethyl 7-chloro-4-(diphenylphosphoryl)-2,2-difluorohept-3-enoate (3y)

Ph
Ph—P=0
cl N

CF,COOEt

Colourless gum; 'H NMR (CDCls, 400 MHz): § 7.70-7.65 (m, 4H), 7.61-7.56 (m, 2H), 7.52-7.48
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(m, 4H), 6.22 (td, Jc.r = 13.9 Hz, Jcp = 20.9 Hz, 1H), 4.34 (q, J = 7.1 Hz, 2H), 3.38 (t, J = 6.4 Hz,
2H), 2.67-2.59 (m, 2H), 1.80-1.73 (m, 2H), 1.34 (t, J = 7.1 Hz, 3H); 3C NMR (CDCls, 100 MHz):
8 163.2 (t, Jor = 33.7 Hz), 146.3 (td, Jor = 5.2 Hz, Jcp = 86.6 Hz), 134.0 (td, Jcr = 26.6 Hz, Jcp
=12.2 Hz), 132.8 (d, Jcp = 2.7 Hz), 132.2 (d, Jcp = 9.5 Hz), 130.2 (d, Jcr =103.5 Hz), 129.1 (d,
Jocr=12.0 Hz), 112.5 (td, Jcr = 251.7 Hz, Jcp =21.1 Hz), 63.8, 44.7, 32.7, 27.0 (d, Jc» =8.0 Hz),
14.1; 3'P NMR (CDCls, 162 MHz): & 31.44; 'F NMR (377 MHz, CDCl3): & -100.03 (s, 2F).
HRMS: [M+H]* m/z calcd for C2iH23CIF,03P*: 427.1036, found: 427.1031.

(E)-ethyl 4-(di-p-tolylphosphoryl)-2,2-difluoro-4-phenylbut-3-enoate (3ab)

@ /[CFZCOOEt
|

R Ph
N\
AT

Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.50-7.46 (m, 4H), 7.24-7.20 (m, 5H), 7.17-7.13 (m,
2H), 6.89-6.81 (m, 3H), 3.95 (q, J = 7.2 Hz, 2H), 2.39 (s, 6H), 1.19 (t, J = 7.2 Hz, 3H); *C NMR
(CDCls, 100 MHz): § 162.7 (t, Jor = 33.2 Hz), 147.0 (td, Jer = 7.7 Hz, Jep = 85.1 Hz), 143.2 (d,
Jop = 2.8 Hz), 134.8 (td, Jor = 28.4 Hz, Jep = 10.5 Hz), 132.5 (d, Jep = 10.0 Hz), 132.4 (d, Jep
=6.9 Hz), 129.64-129.61 (m), 129.4 (d, Jer = 12.7 Hz), 128.6 (d, Jer = 2.0 Hz), 127.9, 1262 (d,
Jer =107.5 Hz), 111.9 (td, Jor = 249.4 Hz, Jep = 19.9 Hz), 63.2, 21.8, 13.8; 3P NMR (CDCl;,
162 MHz): § 27.18; '°9F NMR (377 MHz, CDCls): & -94.86 (s, 2H). HRMS: [M+Na]" m/z caled
for CasHasFaNaOsP*: 477.1402, found: 477.1398.

(E)-ethyl 4-(bis(4-chlorophenyl)phosphoryl)-2,2-difluoro-4-phenylbut-3-enoate (3ac)
cl
CF,COOEt

Q¢

fox
[¢]]
Yellow gum; 'H NMR (CDCls, 400 MHz): § 7.53-7.48 (m, 4H), 7.45-7.41 (m, 4H), 7.28-7.25 (m,
1H), 7.21-7.17 (m, 2H), 6.92 (td, Jex = 10.9 Hz, Jcp = 21.8 Hz, 1H), 6.84-6.82 (m, 2H), 3.98 (q, J
= 7.2 Hz, 2H), 1.19 (t, J = 7.2 Hz, 3H); 3C NMR (CDCL, 100 MHz): § 162.6 (t, Jor = 33.0 Hz),
145.8 (td, Jor = 7.5 Hz, Jep = 86.8 Hz), 139.7 (d, Jep = 3.5 Hz), 135.9 (td, Jer = 28.4 Hz, Jep =
10.5 Hz), 133.8 (d, Jer = 10.2 Hz), 131.7 (d, Jer =7.1 Hz), 129.56-129.52 (m), 129.2 (d, Jep =
13.1 Hz), 129.1 (d, Jep = 1.8 Hz), 128.2, 127.5 (d, Jer =106.5 Hz), 111.7 (td, Jer = 250.2 Hz, Je.p
= 19.7 Hz), 63.4, 13.9; *'P NMR (CDCL, 162 MHz): § 25.14; 9F NMR (377 MHz, CDCL3): &
-95.20 (s, 2F). HRMS: [M+Na]* m/z calcd for Ca4H19CLF2NaOsP*: 517.0309, found: 517.0304.

(E)-ethyl 4-(diethoxyphosphoryl)-2,2-difluoro-4-phenylbut-3-enoate (3ad)

Cl)Et
EtO-P=0

X
CF,COOEt

Colourless gum; 'H NMR (CDCls, 400 MHz): § 7.36-7.34 (m, 3H), 7.24-7.22 (m, 2H), 6.86 (td,
Jer = 10.8 Hz, Jep = 23.4 Hz, 1H), 4.09-4.04 (m, 4H), 3.96 (q, J = 7.2 Hz, 2H), 1.27 (t, J= 7.1 Hz,
6H), 1.19 (t, J = 7.2 Hz, 3H); 13C NMR (CDCls, 100 MHz): & 162.6 (t, Jor = 33.1 Hz), 142.0 (td,
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Jer = 8.1 Hz, Jop = 174.4 Hz), 135.9 (td, Jer = 28.3 Hz, Jor = 11.1 Hz), 132.4 (d, Jer = 6.0 Hz),
129.05-129.01 (m), 128.9 (d, Jep = 2.0 Hz), 128.2 (d, Jep = 1.4 Hz), 111.5 (td, Jer = 249.0 Hz,
Jep = 26.2 Hz), 63.3, 63.2 (d, Jep = 6.2 Hz), 16.4 (d, Jep = 6.2 Hz), 13.8; >'P NMR (CDCls, 162
MHz): § 13.16; '°F NMR (377 MHz, CDCls): 8 -95.36 (s, 2F). HRMS: [M+Na]* m/z calced for
C16Ha1F2NaOsP*: 385.0987, found: 385.0979.

Ethyl 2,2-difluoro-2-((2,2,6,6-tetramethylpiperidin-1-yl)oxy)acetate (5)

/ N \ 0
o)
OEt

FF
Oil; '"H NMR (CDCls, 400 MHz): 8 4.35 (q, J = 7.2 Hz, 2H), 1.60-1.54 (m, 5H), 1.37 (t, J= 7.2
Hz, 4H, overlap), 1.20-1.16 (m, 12H); '°F NMR (377 MHz, CDCl3): & -73.54 (s, 2F).

Ethyl 2,2-difluoro-4,4-diphenylbut-3-enoate (6) + Ethyl 2,2-difluoro-4,4-diphenylbutanoate

(6+7)
Ph Ph
Ph)\ * Ph
CF,COOEt CF,COOEt

Oil; '"H NMR (CDCls, 400 MHz): § 7.42-7.34 (m, 6H), 7.33-7.28 (m, 10H), 7.26-7.19 (m, 4H),
6.32 (t, J = 11.8 Hz, 1H), 432 (t, J = 7.3 Hz, 1H), 3.95 (q, J = 7.2 Hz, 2H), 3.87 (q, J = 7.2 Hz,
2H), 2.98 (td, J; = 15.4 Hz, J> = 7.3 Hz, 2H), 1.21 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz, 3H); 13C
NMR (CDCls, 100 MHz): & 163.9 (t, Je.r = 32.6 Hz), 163.7 (t, Jer = 33.2 Hz), 151.2 (t, Jer = 9.5
Hz), 143.2, 140.7, 137.3, 130.0, 129.3, 128.8, 128.7, 128.6, 128.2, 128.1, 127.9, 126.9, 119.7 (t,
Jor =283 Hz), 115.8 (t, Jor = 250.2 Hz), 112.7 (t, Jox = 247.9 Hz), 62.9, 62.8, 45.0 (t, Jor = 4.7
Hz), 40.5 (t, Jor =23.2 Hz), 13.9; °F NMR (377 MHz, CDCls):  -90.83 (s, 2F), -103.42 (s, 2F).

(E)-Ethyl 2,2-difluoro-4-iodo-4-phenylbut-3-enoate (8)

[
PR

CF,COOEt

Oil; 'H NMR (CDCls, 400 MHz): & 7.24-7.21 (m, 5H), 6.64 (t, J = 11.0 Hz, 1H), 3.90 (q, J = 7.2
Hz, 2H), 1.12 (t, J = 7.2 Hz, 3H); '*C NMR (CDCls, 100 MHz): § 162.7 (t, Jcr = 33.2 Hz), 140.9,
133.2 (t, Jor = 28.3 Hz), 129.6, 128.4, 128.1 (t, Jcr = 1.5 Hz), 111.1 (t, Jcr = 250.3 Hz), 108.9 (t,
Jer=10.1 Hz), 63.3, 13.9; 9F NMR (377 MHz, CDCI3): & -93.84 (s, 2F).

(E)-4-(Diphenylphosphoryl)-2,2-difluoro-4-phenylbut-3-enoic acid (9)
Fl’h
Ph—P=0
PR
CF,COOH

Yellow solid; m.p. 213.6-215.3 °C; '"H NMR (CDsOD, 400 MHz): § 7.67-7.61 (m, 6H), 7.56-7.51
(m, 4H), 7.26-7.23 (m, 1H), 7.18-7.14 (m, 2H), 6.89-6.86 (m, 2H), 6.69 (td, Jcr = 11.7 Hz, Jcpr =
19.9 Hz, 1H); *C NMR (CDsOD, 100 MHz): & 163.9 (t, Jc.r = 33.2 Hz), 145.2 (td, Jcr = 6.8 Hz,
Jer =87.4 Hz), 135.8 (td, Jor = 27.9 Hz, Jcp = 11.1 Hz), 132.8 (d, Jcr = 2.8 Hz), 131.9 (d, Jcr =

S13



9.9 Hz), 131.7 (d, Jcp = 6.8 Hz), 129.24-129.21 (m), 128.6 (d, Jc-r =12.0 Hz), 128.4 (d, Jcp = 2.3
Hz), 128.2 (d, Jcp = 106.5 Hz), 127.5 (d, Jc.p = 1.3 Hz), 113.8 (td, Jcr = 247.6 Hz, Jcp = 19.3 Hz);
3P NMR (CDsOD, 162 MHz): § 30.07; '°F NMR (377 MHz, CD;0D): § -98.23 (s, 2F). HRMS:
[M+Na]* m/z caled for C2Hi7F2NaOsP*: 421.0776, found: 421.0768.

(E)-N-benzyl-4-(diphenylphosphoryl)-2,2-difluoro-4-phenylbut-3-enamide (10)

I|3h
Ph—P=0
PR

CF,CONHCH,Ph

Oil; '"H NMR (CDsOD, 400 MHz): '"H NMR (CDCl3, 400 MHz): § 7.66-7.61 (m, 4H), 7.57-7.53
(m, 2H), 7.49-7.42 (m, 4H),7.32-7.26 (m, 3H), 7.21-7.18 (m, 1H), 7.14-7.08 (m, 4H), 6.93-6.85
(m, 3H), 6.17 (s, 1H, NH), 4.17 (d, J = 5.7 Hz, 2H); '*C NMR (CDCl3, 100 MHz): § 163.1 (t, Jcr
=29.6 Hz), 146.5 (td, Jcr = 7.6 Hz, Jcp = 85.5 Hz), 136.5, 135.8 (td, Jcr = 27.8 Hz, Jcp = 10.9
Hz), 132.64 (d, Jcr = 1.8 Hz), 132.60, 132.59 (d, Jc-r = 9.8 Hz), 129.7, 129.3 (d, Jcr = 99.6 Hz),
129.0, 128.7 (d, Jcp =12.7 Hz), 128.5 (d, Jcr = 2.7 Hz), 128.2, 128.1, 127.9 (d, Jcr = 1.8 Hz),
113.4 (td, Jor = 251.5 Hz, Jop = 19.4 Hz), 43.9; 3P NMR (CDCl3, 162 MHz): § 27.29; 'F NMR
(377 MHz, CDCl): 6 -96.31 (s, 2F). HRMS: [M+Na]* m/z caled for CooH24F2NNaO2P*: 510.1405,
found: 510.1399.
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CCDC: 1537201

Table 1 Crystal data and structure refinement for z0223m.

Identification code z0223m
Empirical formula C24H21F205P
Formula weight 426.40
Temperature/K 100

Crystal system monoclinic
Space group C2/c

a/A 25.317(4)

b/A 8.8649(15)
c/A 22.042(4)

a/° 90

pre 120.571(2)
v/° 90

Volume/A3 4259.4(12)

Z 8

Pealcg/cm’3 1.3298
wmm-! 0.169

F(000) 1777.9
Crystal size/mm?> 0.3x0.2x0.1
Radiation Mo Ka (A=0.71073)
20 range for data collection/®3.74 to 52
Index ranges -33<h<32,-12<k<11,-28<1<28
Reflections collected 17795

Independent reflections 4161 [Rine = 0.0330, Rsigma = 0.0431]
Data/restraints/parameters ~ 4161/0/291

Goodness-of-fit on F2 1.060

Final R indexes [[>=2c (I)] Ri=0.0490, wR>=0.1296

Final R indexes [all data] R1=0.0540, wR>=0.1347

Largest diff. peak/hole / e A~ 0.28/-0.27
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Table 2 Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement
Parameters (A2x10%) for z0223m. Ueq is defined as 1/3 of of the trace of the orthogonalised
Uy tensor.

Atomx y z U(eq)
P1  630.6(2) 7291.7(5) 1264.3(2) 36.35(16)
Ol 59.4(6) 6415.5(17) 899.4(7) 48.2(3)
C19 1091.5(8) 6720(2) 2181.1(9) 35.7(4)
F1  683.9(6) 4465.2(18) 3210.8(7) 69.0(4)
C13 1724.809) 7292(2) 2620.7(9) 40.3(4)
CI1 1631.009) 7875(2) 1084.3(10) 40.7(4)
C7 1101.1(8) 7057.9(19) 880.7(9) 34.8(4)
F2  1460.1(7) 3806.6(17) 3115.3(8) 72.2(4)
C20 834.1(9) 5723(2) 2391.6(9) 41.2(4)
C8  894.909) 6057(2) 324.6(9) 40.5(4)
02  2052.3(8) 5629(2) 4171.8(8) 76.5(6)
C12 1941.7(10) 7713(2) 727.6(12) 48.9(5)
03  1253.6(8) 7164(2) 3751.5(9) 73.6(5)
C9  1211.7(11) 5894(2) -26.4(11) 51.7(5)
Cl 510.8(9) 9285(2) 1278.3(10) 46.6(5)
C21 1131.5(10) 5015(3) 3101.3(11) 49.2(5)
C5 425.6(11) 11779(2) 812.4(13) 61.5(6)
C6 569.6(9) 10267(2) 833.5(10) 46.7(5)
C4  222.1(15) 12311(3) 1232.0(14) 85.9(10)
C22 1548.8(11) 5971(3) 3744.2(11) 56.3(6)
Cl14 2210(1) 6385(3) 2757.6(12) 53.3(5)
C10 1730.6(11) 6724(3) 172.5(12) 54.5(5)
C18 1840.1(12) 8730(3) 2891.6(12) 60.2(6)
C15 2803.8(11) 6891(3) 3155.1(15) 73.5(8)
C3  165(2) 11367(4) 1670.9(18) 115.9(15)
C17 2445.5(17) 9195(3) 3305.5(15) 84.9(9)
Cl6 2918.9(13) 8270(4) 3428.9(15) 83.4(9)
C25 1527(4) 8549(11) 4246(4) 74(2)
C26 1397(4) 8323(10) 4793(4) 95(2)
C2  308.0(18) 9846(4) 1703.9(16) 92.5(11)
C24 1212(5) 9134(11) 4374(6) 113(4)
C23 1651(4) 7857(9) 4445(4) 62.5(17)

Table 3 Anisotropic Displacement Parameters (A2x10%) for z0223m. The Anisotropic
displacement factor exponent takes the form: -2a%[h2a**Uy+2hka*b*Upat...].

Atom Uy U2 Uss Uz Ui Uzs
Pl 40.0(3) 38.8(3) 283(2) 20.03(18) 16.0(2) -4.32(17)
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(0]
C19
F1
Cl13
Cl1
Cc7
F2
C20
C8
02
C12
03
C9
Cl
C21
G5
Ceé
C4
C22
Cl4
Cl10
CI8
CI15
C3
C17
Cl6
C25
C26
C2
C24
C23

43.0(7)
40.9(9)
66.6(8)
48.6(11)
48.7(11)
44.2(10)
82.9(10)
41.4(10)
50.7(11)
55.8(10)
51.8(12)
63.1(10)
71.5(14)
51.8(11)
50.8(11)
56.5(13)
42.4(10)
111(2)
53.2(13)
46.1(11)
69.8(14)
74.8(15)
45.0(13)
186(4)
111(2)
58.1(16)
85(5)
104(5)
150(3)
107(6)
67(4)

Table 4 Bond Lengths for z0223m.
Atom Atom Length/A

O1 1.4691(14)
C19 1.8175(18)
C7  1.7892(18)

P1
P1
P1
P1
C19
C19

Cl  1.796(2)
C13 1.479(2)
C20 1.315(3)

59.5(9) 35.9(7) -6.0(6)
37.4(9) 28.7(8) 2.0(7)
93.3(11) 49.4(7) 31.8(7)
42.7(10) 27.7(8) -11.3(8)
34.209) 38.009) 2.4(8)
30.3(8) 28.9(8) 4.9(7)
63.009) 64.0(9) 8.2(7)
49.9(11) 31.709) 8.5(8)
35.109) 32.3(9) 5.7(8)
1172(16)  40.6(8) -17.9(10)
45.8(11) 538(12)  6.809)
109.0(15)  545(10)  -24.7(10)
48.2(11) 38.6(10)  12(1)
46.5(11) 33.6(9) 10.9(9)
58.2(12) 414100  -10(1)
41.4(11) 544(13)  83(10)
41(1) 42.9(10)  45@)
57.4(15) 493(14)  37.8(15)
88.2(17) 3240100 -17.8(12)
49.1(12) 55.6(12)  -5.2(9)
59.2(13) 498(12)  162(11)
51.7(12) 533(12)  -19.7(11)
76.4(17) 767(17)  -11.4(12)
99(2) 743(19)  78(3)
69.6(18) 63.0(17)  -53.1(18)
95(2) 682(17)  -32.1(16)
85(6) 51(4) 11(5)
118(6) R4(4) 47(5)
83.3(19) 633(17)  57(2)
102(7) 102(7) 10(6)
69(4) 45(4) _14(4)
Atom Atom Length/A

03 €22 1.30003)
03 (€25 1.552(8)
03 (€23 1.469(7)
C9 C10 1.369(3)

Cl Cé6
Cl C2

1.374(3)
1.371(3)

S79

15.6(6)
17.6(7)
31.3(6)
18.1(8)
21.1(8)
17.8(7)
32.4(8)
18.3(8)
18.7(8)
12.9(8)
30.4(10)
34.2(9)
30.4(10)
15.8(9)
25.4(9)
4.8(11)
11.6(9)
12.0(15)
25.2(10)
19.1(10)
41.6(11)
32.2(12)
14.5(12)
74(2)
40.9(17)
11.4(14)
34(4)
63(4)
73(2)
33(6)
23(3)

-5.9(6)
-6.2(7)
4.0(7)
-1.7(7)
0.2(7)
2.2(7)
12.9(7)
-6.5(8)
0.2(7)
13.2(9)
11.009)
-38.5(10)
-3.4(9)
-5.2(8)
2.4(9)
-3.1(10)
-3.7(8)
-9.1(12)
0.3(10)
6.5(10)
8.7(10)
-18.6(10)
19.4(14)
3.2(18)
-31.0(14)
0.7(16)
-23(4)
-53(4)
15.9(14)
-56(6)
21(3)



FI C21 1.363(2) C21 C22 1.523(3)

C13 Cl4 1.367(3) C5 C6 1.383(3)
C13 CI8 1.374(3) C5 C4 1.352(4)
Cll C7 1.38303) C4 C3 134205
Cll CI2 1.374(3) Cl4 CI5 1.37403)
C7 C8 1.383(2) C18 C17 1.389(4)
F2  C21 1.347(3) Cl5 Cl6 1.329(4)
C20 C21 1.487(3) C3 C2  1.389(4)
Cc8 C9 1.376(3) Cl7 Cl6 1.361(5)
02 (€22 1.176(3) C25 C26 1.417(11)
Cl2 Cl0 1.373(3) C24 (€23 1.538(11)

Table 5 Bond Angles for z0223m.

Atom Atom Atom Angle/® Atom Atom Atom Angle/®
C19 P1  O1 110.97(8) C2 Cl Co6 118222
C7 P1 Ol 112.74(8) F2 C21 Fl1 105.72(18)
C7 P1 C19 106.73(8) C20 C21 F1 108.40(16)
Cl Pl O1 113.7009) C20 C21 F2  109.65(17)
Cl Pl CI19 105.88(8) C22 C21 F1 106.26(16)
Cl P1 C7 1063109 C22 C21 F2 107.06(19)
C13 C19 Pl  120.14(13) C22 C21 C20 118.96(19)
C20 C19 P1  115.25(14) C4 C5 Co6 120.003)
C20 C19 CI13 124.47(17) C5 C6 Cl 121.0(2)
Cl14 C13 C19 119.76(17) C3 C4 C5 1197(2)
C18 C13 C19 121.5(2) 03 C22 02 126.6(2)
C18 C13 Cl14 118.7(2) C21 C22 02 123.9(3)
Cl12 C11 C7 120.20(18) C21 C22 O3 109.47(19)
Cl1 C7 Pl 123.71(14) Cl15 Cl14 C13 121.2(2)
C8 C7 Pl 116.83(14) C9 C10 Cl12 120.25(19)
C8 C7 CIl11 119.35(17) C17 C18 Cl13 118.7(3)
C21 C20 CI19 125.35(17) Cl6 Cl15 Cl14 1204(3)
Co9 C8 C7 120.04(19) C2 C3 C4 1214(03)
Cl10 C12 C11 120.0(2) Cl6e C17 Cl18 121.2(3)
C25 03 C22 126.8(4) C17 Cl6 CI15 119.8(2)
Cl10 C9 C8 120.15(19) C26 C25 O3 105.8(6)
Co Cl1 Pl 122.02(15) C3 C2 Cl1 1197(3)

C2 Cl Pl 119.6(2)

Table 6 Hydrogen Atom Coordinates (Ax10*) and Isotropic Displacement Parameters
(A2x10%) for z0223m.
Atomx y z U(eq)
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HI11
H20
HS8
H12
H9
HS5
H6
H4
H14
HI10
HI8
HI15
H3
H17
HI16

1777.4(9)
433.2(9)
541.9(9)
2295(1)
1072.9(11)
468.8(11)
708.3(9)
122.6(15)
2136.9(10)
1940.9(11)
1518.9(12)
3126.9(11)
26(2)
2528.8(17)
3321.6(13)

H25a 1967(4)
H25b 1339(4)
H26a 962(4)
H26b 1600(20)
H26¢ 1540(20)
H2  266.7(18)
H24a 1110(30)
H24b 845(15)
H24c 1407(14)
H23a 1739(4)
H23b 2031(4)

8535(2)
5437(2)
5493(2)
8273(2)
5218(2)
12429(2)
9909(2)
13325(3)
5409(3)
6618(3)
9378(3)
6264(3)
11740(4)
10157(3)
8602(4)
8610(11)
9475(11)
8230(60)
7420(30)
9170(30)
9211(4)
9730(50)
8709(12)
9760(50)
7175(9)
8236(9)

Table 7 Atomic Occupancy for z0223m.

Atom Occupancy

C25 0.500000
C26 0.550000
H26¢ 0.550000
H24b 0.450000
H23a 0.500000
z0223m

Atom Occupancy

H25a 0.500000
H26a 0.550000
C24 0.450000
H24c¢ 0.450000
H23b 0.500000

1463.9(10) 48.9(5)
2070.2(9) 49.4(5)
187.6(9) 48.6(5)
861.9(12) 58.7(6)
-399.5(11) 62.0(6)
509.4(13) 73.8(8)
542.3(10) 56.0(6)
1216.4(14) 103.0(12)
2578.5(12) 64.0(6)
-69.3(12) 65.4(7)
2799.7(12) 72.2(7)
3232.9(15) 88.2(9)
1959.4(18) 139.1(18)
3501.7(15) 101.8(11)
3704.0(15) 100.1(11)
4437(4) 89(3)
3993(4) 89(3)
4594(4) 142(3)
5047(17) 142(3)
5109(16) 142(3)
2013.1(16) 111.0(13)
3960(20) 170(5)
4330(40) 170(5)
4780(20) 170(5)
4829(4) 75(2)
4496(4) 75(2)
Atom Occupancy

H25b 0.500000
H26b 0.550000
H24a 0.450000
C23 0.500000

Table 1 Crystal data and structure refinement for z0223m.

Identification code

Empirical formula

Formula weight

Temperature/K

z0223m
C24H21F205P
426.40
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Crystal system
Space group
a/A

b/A

c/A

a/°

pre

y/°
Volume/A?
V4

Pealeg/cm’
wmm-!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

monoclinic

C2/c

25.317(4)

8.8649(15)

22.042(4)

90

120.571(2)

90

4259.4(12)

8

1.3298

0.169

1777.9

0.3x0.2x0.1

Mo Ka (A=10.71073)

3.74 to 52
-33<h<32,-12<k<11,-28<1<28
17795

4161 [Rint = 0.0330, Rsigma = 0.0431]
4161/0/291

1.060

R;=0.0490, wR> =0.1296
R1=0.0540, wR> = 0.1347

Largest diff. peak/hole / e A3 0.28/-0.27
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