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General information: *H NMR and *C NMR spectra were recorded on an Agilent MR 400 and
Agilent MR 500 spectrometer. °F NMR was recorded on an Agilent MR 400 spectrometer (CFClsas
an external standard and low field is positive). Chemical shifts (8) are reported in ppm and coupling
constants (J) are in Hertz (Hz). The following abbreviations were used to explain the multiplicities: s
= singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br = broad. NMR yield was determined
by *°F NMR using fluorobenzene as an internal standard before working up the reaction.

Materials: All reagents were used as received from commercial sources or prepared as described in
the literature. All reagents were weighed and handled under air, and refilled with an inert atmosphere
of Ar at room temperature. Dioxane was distilled from sodium immediately before use. Compounds

2a,12¢,22d,? and 2e,* were prepared according to the literature.
TIPS FF ( O  CO.Et
/ Xﬂoa e C[
Br N—C B
Ty, T
2c

Screening for Ni-Catalyzed Carbonylation of Aryl Boronic Acid 1la with
gem-Difluoropropargyl Bromide 2a (Tables S1-S4). To a 25 mL of Schlenck tube were added
4-biphenylboronic acid 1a (0.3-0.6 mmol, 1.0-2.0 equiv), NiCl>DME (5-10 mol %) and ligand (L)
(5-10 mol %) under air, followed by K>COs (0.6-1.2 mmol, 2.0-3.0 equiv). The mixture was then
evacuated and backfilled with Ar (3 times). The mixture was evacuated again and backfilled with
carbon monoxide CO (1 atm, balloon). Compound 2a (0.3-0.6 mmol, 1.0-2.0 equiv) and dioxane (2
mL) were added subsequently. The Schlenck tube was screw capped and put into a preheated oil bath
(50-80 °C). After stirring for 24 h, the reaction mixture was cooled to room temperature. The yield
was determined by '°F NMR before working up. If necessary, the reaction mixture was diluted with
ethyl acetate and H>O. The resulting mixture was extracted with ethyl acetate, the combined organic
layers were washed with brine, dried over Na:SOs, filtered, and concentrated. The residue was

purified with silica gel chromatography (Petroleum ether/EtOAc = 15:1) to give the product 3a.
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Table S1. Ligand Effect on Ni-Catalyzed Carbonylation of 1a with 2a.?

NiCl,:DME (10 mol%) TIPS

CO (1 atm)

TIPS |:
Ligand (L) (10 mol%)
BrF,C——TIPS
K>COg3 (2 equiv)
2a dioxane, 80 °C, 24 h
tBu tBu Cg_%} — —
— — — — N\ TN
77N 7N\ §:}_<12
\ N N / \ N N /
L3 L4 L5

G-
L2
B O
S NS O O ; ' P(Cy),
N N. o P iPr O iPr
PPh,  PPh, @7 @

iPr

(
1a
L1

L6 L7 L8 L9 L10
Entry L (10 mol %) 3a/ 4a Yield (%)°

1 L1 38/ ND
2 L2 31/ND
3 L3 52 / ND
4 L4 ND /ND
5 L5 4 /ND
6 L6 41 /ND
7 L7 3/41
8 L8 ND /ND
9 L9 ND /ND
10 L10 ND /ND

8Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv), 2a (1.0 equiv), dioxane
(2 mL). PDetermined by °F NMR using fluorobenzene as an internal standard.
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Table S2. Screening of Ni Sources for Ni-Catalyzed Carbonylation of 1a with 2a.?

NI (10 mol% TIPS
B(OH), 4,4'-d[itlgu(bpyn(]$0 n)10|%) o TIPS FF ~
CO (1 atm) =
+ BrFZC — TIPS K +
K2CO3 (2 equiv) FF
2a dioxane, 80 °C, 24 h Ph
Ph 3a
1a Ph
4a
Entry [Ni] (10 mol%) 3a/ 4a Yield (%)°
1 NiCl,:DME 52 /ND
2 NiCl; 11/ ND
3 Nil 35/ND
4 NiCl(dppe) 34/ ND
5 Ni(NOs)26H20 22 /ND
6 Ni(COD). 49 /ND

@Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv), 2a (1.0 equiv), dioxane
(2 mL). "Determined by **F NMR using fluorobenzene as an internal standard.

Table S3. Screening of Ni-Catalyzed Carbonylation of 1a with 2a.2

B(OH), A CBuEA(10 Mot P "
/©/ + BrF,C——TIPS + CO
Ph (1 atm) dioxa?ec,??m h Ph FF
1a 2a 3a
Entry la/(mmol) 2a/(mmol)  K2COs/(mmol) T/°C 3a Yield (%)°
1 0.3 0.3 0.6 80 °C 52
2 0.3 0.3 0.6 60 °C 53
3 0.3 0.45 0.6 60 °C 56
4 0.45 0.3 0.9 60 °C 62
5 0.45 0.3 0.9 65 °C 70
6° 0.45 0.3 0.9 65 °C 88

a8Reaction conditions : dioxane (2 mL), 60°C, 24 h. ®Determined by °F NMR using fluorobenzene as
internal standard. “H20 (20 mol%) was added.
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Table S4. Control Experiments of Ni-Catalyzed Carbonylation of 1a with 2a.?

e NS (oot 8
+ BrF,C——TIPS + CO -
Ph (1 atm) K>CO3 (3.0 equiv) FF
H,0 (20 mol%) Ph
1a 2a dioxane, 65 °C, 24 h 3a
Entry [Ni] L Base H.0 (20mol%) [CO]  3aYield (%)°
1 NiCl;)DME ~ 4,4"-ditBubpy  K>CO3 H20 CO 88
2 none 4,4" -ditBubpy  K2COs3 H20 CO ND
3 NiCl.'DME none K2COs H20 CO ND
4 NiCloDME 4,4 -ditBubpy none H20 CO ND
5 NiCl.,DME  4,4"-ditBubpy  K2CO3 none CO 70
6 NiCl.,DME  4,4"-ditBubpy  K2CO3 H20 none ND

@Reaction conditions (unless otherwise specified): 1a (0.45 mmol, 1.5 equiv), 2a (0.3 mmol, 1.0
equiv), NiCl)DME (10 mol%), 4,4™-ditBubpy (10 mol%), K2COs (3.0 equiv), H20 (20 mol%),
dioxane (2 mL). "Determined by **F NMR using fluorobenzene as an internal standard.

General Procedure for Ni-Catalyzed Carbonylation of Arylboronic Acids 1 with Difluoroalkyl
Bromides 2.

To a 25 mL of Schlenck tube were added aryl boronic acid 1 (0.45 mmol, 1.50 equiv), NiCl)DME
(10 mol%) and 4,4 -ditBubpy (10 mol%), K-CO3 (3.0 equiv). The reaction mixture was then
evacuated and backfilled with Ar (3 times). The resulting mixture was evacuated again and backfilled
with CO (1 atm, balloon). To the Schlenck tube were added difluoroalkyl bromide 2 (0.3 mmol, 1.0
equiv), H20 (20 mol%) and dioxane (2 mL). The tube was screw capped and put into a preheated oil
bath (65 °C). After stirring for 24 h, the reaction mixture was cooled to room temperature. The yield
was determined by '°F NMR using fluorobenzene as an internal standard. The reaction mixture was
diluted with ethyl acetate and H20. The resulting mixture was then extracted with ethyl acetate, the
combined organic layers were washed with brine, dried over Na>SOs, filtered, and concentrated. The

residue was purified with silica gel chromatography to give product 3 or 5.
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1-([1,1'-Biphenyl]-4-yI)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3a). The product (101
mg, 82% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAc = 20:1). 'H NMR (400 MHz, CDCls) & 8.27 (d, J = 8.4 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H),
7.67 — 7.63 (m, 2H), 7.53 — 7.47 (m, 2H), 7.47 — 7.41 (m, 1H), 1.38 — 0.68 (m, 21H). °F NMR (376
MHz, CDCls) & -88.4 (s, 2F). 13C NMR (101 MHz, CDCls) § 184.2 (t, J = 29.8 Hz), 147.3, 139.5,
131.1 (t, J = 1.9 Hz), 129.6, 129.1, 128.7, 127.4, 127.2, 106.7 (t, J = 245.0 Hz), 98.5 (t, J = 5.5 Hz),
96.4 (t, J = 36.8 Hz), 18.3, 10.9. IR (thin film) max 3060.6, 3032.8, 2945.6, 1712.8, 1604.5 cm™. MS
(ED: m/z (%) 369 ([M-iPr]*), 181 (100). HRMS calcd. for C22H230F2Si([M-iPr]™): 369.1486; Found:
369.1483.

Gram-Scale Synthesis: To a 500 mL of Schlenck tube were added arylboronic acid 1a (4.84 mmol,
0.958 g, 1.5 equiv), NiCl2(DME) (10 mol %), and 4,4" -ditBubpy (10 mol%), K2COs (3.0 equiv). The
mixture was then evacuated and backfilled with Ar (3 times). The resulting mixture was evacuated
again and backfilled with CO (1 atm, balloon), 2a (3.23 mmol, 1.0 g, 1.0 equiv), H20 (20 mol%) and
dioxane (22 mL) were added subsequently. The Schlenck tube was screw capped quickly and put
into a preheated oil bath (65 °C). After stirring for 24 h, the reaction mixture was cooled to room
temperature. The reaction mixture was diluted with ethyl acetate and H>O. The resulting mixture was
then extracted with ethyl acetate, the combined organic layers were washed with brine, dried over
Na.SOgs, filtered, and concentrated. The residue was purified with silica gel chromatography

(Petroleum ether/EtOAc = 20:1) to give product 3a (931.5 mg, 70% yield).

O TIPS

AN

Ph

1-([1,1'-Biphenyl]-3-yl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3b). The product (105
mg, 85% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /

EtOAC = 20:1). *H NMR (400 MHz, CDCl3) & 8.43 (s, 1 H), 8.19 (d, J = 7.6 Hz, 1H), 7.88 (d, J = 7.6
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Hz, 1 H), 7.65 — 7.55 (m, 3H), 7.48 (t, J = 7.4 Hz, 2 H), 7.41 (t, J = 7.3 Hz, 1 H), 1.10 — 0.97 (m,
21H). °F NMR (376 MHz, CDCl3) & -88.4 (s, 2F). **C NMR (126 MHz, CDCl3) & 184.6 (t, J = 29.7
Hz), 141.8, 139.7, 133.1, 131.4, 129.07 (t, J = 1.9 Hz), 129.03, 129.02, 128.9, 128.0, 127.1, 106.6 (t,
J = 244.7 Hz), 98.6 (t, J = 5.3 Hz), 96.4 (t, J = 36.8 Hz), 18.3, 10.8. IR (thin film) max 2945.5,
2892.3, 1716.3, 1599.7, 1463.4 cm. MS (EI): m/z (%) 412 (M*), 181 (100). HRMS calcd. for
CasH300F,Si: 412.2034; Found: 412.2029.

o TIPS
=
FF

2,2-Difluoro-1-(o-tolyl)-4-(triisopropylsilyl)but-3-yn-1-one (3c). The product (72 mg, 68% yield)
as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAc = 20:1).
'H NMR (400 MHz, CDCl3) & 8.07 (d, J = 7.8 Hz, 1H), 7.45 (t, J = 7.5 Hz, 1H), 7.31 (d, J = 7.7 Hz,
1H), 7.27 (t, J = 7.9 Hz, 1H), 2.54 (s, 3H), 1.08 — 0.98 (m, 21H). °F NMR (376 MHz, CDCl3) &
-88.3 (5, 2F). 13C NMR (126 MHz, CDCl3) & 187.1 (t, J = 29.2 Hz), 141.0, 132.9, 132.1, 131.0, 130.4
(t, J = 3.5 Hz), 125.3, 106.6 (t, J = 244.9 Hz), 97.8 (t, J = 5.4 Hz), 96.5 (t, J = 36.8 Hz), 21.5, 18.3,
10.8. IR (thin film) max 2946.0, 2867.7, 1718.9, 1602.6 cm™. MS (El): m/z (%) 307 ([M-iPr]*"), 119
(100). HRMS calcd. for C17H210F:Si ([M-iPr]*): 307.1330; Found: 307.1334.

O TIPS

AN

tBu

1-(4-(tert-Butyl)phenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3d). The product (94
mg, 80% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAC = 20:1). 'H NMR (400 MHz, CDCl3) § 8.11 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H),
1.35 (s, 9H), 1.10 — 0.96 (m, 21H). 1°F NMR (376 MHz, CDCl3) & -88.7 (s, 2F). 13C NMR (101 MHz,
CDCI3) 6 184.2 (t, J = 29.7 Hz), 158.6, 130.4, 128.2, 125.5, 106.7 (t, J = 244.0 Hz), 98.2 (t, J = 5.6
Hz), 96.6 (t, J = 36.9 Hz), 35.3, 30.9, 18.3, 10.8. IR (thin film) max 2960.9, 2867.9, 1714.9, 1588.9,
1605.3 cm™. MS (El): m/z (%) 392 (M"), 161 (100). HRMS calcd. for CasH34OF2Si: 392.2347;
Found: 392.2350.
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1-(4-(Benzyloxy)phenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3e). The product (105
mg, 79% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAc = 20:1). *H NMR (400 MHz, CDCl3) & 8.17 (d, J = 8.8 Hz, 2H), 7.49-7.31 (m, 5H), 7.03 (d, J
= 8.8 Hz, 2H), 5.16 (s, 2H), 1.17 — 0.97 (m, 21H). °F NMR (376 MHz, CDCl3) & -88.2 (s, 2F). 1°C
NMR (126 MHz, CDCls) 6 183.1 (t, J = 29.4 Hz), 163.7, 135.8, 133.0 (t, J = 2.1 Hz), 128.7, 128.4,
127.4, 123.8, 114.7, 106.8 (t, J = 244.3 Hz), 97.9 (t, J = 5.3 Hz), 96.7 (t, J = 37.0 Hz), 70.3, 18.3,
10.8. IR (thin film) max 2945.4, 2892.1, 1704.5, 1600.8, 1509.8 cm™. MS (El): m/z (%) 399
([M-iPr]%), 91 (100). HRMS calcd. for C23H2502F2Si ([M-iPr]*): 399.1592; Found: 399.1593.

O TIPS

N\

4-(2,2-Difluoro-4-(triisopropylsilyl)but-3-ynoyl)phenyl acetate (3f). The product (91 mg, 77%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAc =
20:1). 'H NMR (400 MHz, CDCl3) & 8.22 (d, J = 8.8 Hz, 2H), 7.24 (d, J = 8.8 Hz, 2H), 2.33 (s, 3H),
1.09 — 0.99 (m, 21H). °F NMR (376 MHz, CDCls) & -88.5 (s, 2F). 13C NMR (126 MHz, CDCl3) &
183.4 (t, J = 30.1 Hz), 168.4, 155.5, 132.1 (t, J = 2.3 Hz), 128.2, 121.8, 106.6 (t, J = 244.7 Hz), 98.7
(t, J = 5.3 Hz), 96.1 (t, J = 36.8 Hz), 21.1, 18.3, 10.8. IR (thin film) max 2946.4, 2867.9, 1777.2,
1715.8, 1600.8 cm™. MS (El): m/z (%) 394 (M*), 309 (100). HRMS calcd. for CaiHsOsF2Si:
394.1776; Found: 394.1779.

2,2-Difluoro-1-(naphthalen-2-yl)-4-(triisopropylsilyl)but-3-yn-1-one (3g). The product (64 mg,
55% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAc = 20:1). *H NMR (400 MHz, CDCls) & 8.80 (s, 1H), 8.16 (dd, J = 8.7 Hz, 1.3 Hz, 1H), 7.96
(d, J = 8.2 Hz, 1H), 7.92 (d, J = 8.8 Hz, 1H), 7.89 (d, J = 8.3 Hz, 1H), 7.68 — 7.62 (m, 1H), 7.61 —
7.55 (m, 1H), 1.13 — 0.96 (m, 21H). *F NMR (376 MHz, CDCls) & -87.9 (s, 2F). 13C NMR (126
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MHz, CDCl3) & 184.5 (t, J = 29.7 Hz), 136.1, 133.2 (t, J = 2.5 Hz), 132.1, 130.0, 129.5, 128.5, 128.1,
127.8,127.1, 124.9 (t, J = 1.5 Hz) 106.7 (t, J = 244.0 Hz), 98.5 (t, J = 5.4 Hz), 96.6 (t, J = 36.7 Hz),
18.3, 10.8. IR (thin film) max 2945.4, 1718.0, 1627.9 cm™™. MS (El): m/z (%) 386 (M*), 155 (100).
HRMS calcd. for C23H2s0F2Si: 386.1878; Found: 386.1873.

0 TIPS
Z
Sy

2,2-Difluoro-1-(naphthalen-1-yl)-4-(triisopropylsilyl)but-3-yn-1-one (3h). The product (52 mg,
45% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAc = 20:1). 'H NMR (400 MHz, CDCls) & 8.66 (d, J = 8.6 Hz, 1H), 8.38 (d, J = 7.3 Hz, 1H),
8.08 (d, J = 8.2 Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.65 (t, J = 7.7 Hz, 1H), 7.57 (t, J = 7.5 Hz, 1H),
7.52 (t, J = 7.8 Hz, 1H), 1.04 — 0.94 (m, 21H). °F NMR (376 MHz, CDCl3) & -87.5 (s, 2F). 13C
NMR (126 MHz, CDCls) 6 187.2 (t, J = 29.5 Hz), 134.6, 133.9, 131.2, 130.7 (t, J = 3.7 Hz), 128.8,
128.7, 128.4, 126.8, 125.4, 123.9, 106.7 (t, J = 246.0 Hz), 97.9 (t, J = 5.4 Hz), 96.7 (t, J = 37.0 Hz),
18.3, 10.8. IR (thin film) max 2945.5, 2892.5, 1706.2, 1594.4, 1509.0 cm™. MS (El): m/z (%) 386
(M*), 155(100). HRMS calcd. for C23H2s0F2Si: 386.1878; Found: 386.1873.

O TIPS

N\

EtO FF
O

Ethyl 4-(2,2-difluoro-4-(triisopropylsilyl)but-3-ynoyl)benzoate (3i). The product (63 mg, 51%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAc =
15:1). 'H NMR (400 MHz, CDCl3) & 8.23 (d, J = 8.4 Hz, 2H), 8.14 (d, J = 8.4 Hz, 2H), 4.42 (q, J =
7.2 Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H), 1.10 — 0.97 (m, 21H). °F NMR (376 MHz, CDCl3) § -88.7 (s,
2F). 3C NMR (126 MHz, CDCl3) & 184.2 (t, J = 30.4 Hz), 165.4, 135.4, 134.0, 130.2 (t, J = 2.1 Hz),
129.6 106.5 (t, J = 244.6 Hz), 99.1 (t, J = 5.5 Hz), 95.8 (t, J = 36.8 Hz), 61.7, 18.3, 14.2, 10.8. IR
(thin film) max 2946.1, 2868.0, 1720.3, 1610.7, 1575.0 cm™. MS (EI): m/z (%) 408 (M*), 177 (100).
HRMS calcd. for C22H3003F2Si: 408.1932; Found: 408.1935.
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Ethyl 3-(2,2-difluoro-4-(triisopropylsilyl)but-3-ynoyl)benzoate (3j). The product (54 mg, 52%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAC =
15:1). 'H NMR (400 MHz, CDCl3) & 8.82 (s, 1H), 8.35 (d, J = 7.9 Hz, 1H), 8.31 (dd, J = 7.8 Hz, 1.4
Hz, 1H), 7.58 (t, J = 7.8 Hz, 1H), 4.41 (9, J = 7.1 Hz, 2H), 1.41 (t, J = 7.1 Hz, 3H), 1.08 — 0.95 (m,
21H). °F NMR (376 MHz, CDCls) & -88.8 (s, 2F). 13C NMR (126 MHz, CDCls) & 183.8 (t, J = 30.1
Hz), 165.2, 135.2, 134.2, 131.3 (t, J = 2.1 Hz), 131.2, 131.0, 128.8, 106.5 (t, J = 244.9 Hz), 99.0 (t, J
= 5.5 Hz), 95.9 (t, J = 36.8 Hz), 61.5, 18.2, 14.2, 10.8. IR (thin film) max 2946.4, 2868.1, 1723.0,
1604.3cm™. MS (EI): m/z (%) 365 ([M-iPr]*), 365 (100). HRMS calcd. for C19H2303F2Si ([M-iPr]*):
365.1385; Found: 365.1381.

O O TIPS

N

1-(3-Acetylphenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3k). The product (97 mg,
85% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAc = 10:1). 'H NMR (400 MHz, CDCl3) & 8.18 (d, J = 8.0 Hz, 1H), 8.06 (s, 1H), 7.93 (d, J = 7.8
Hz, 1H), 7.44 (t, J = 8.0 Hz, 1H), 2.21 (s, 3H), 1.07 — 0.98 (m, 21H). *F NMR (376 MHz, CDCl3) &
-88.4 (s, 2F). 3C NMR (126 MHz, CDCls) 5 184.4 (t, J = 30.3 Hz), 168.9, 138.7, 131.2, 129.3, 126.3,
126.2, 120.8, 106.6 (t, J = 244.7 Hz), 98.9 (t, J = 5.5 Hz), 96.1 (t, J = 36.8 Hz), 24.4, 18.3, 10.8. IR
(thin film) max 3304.8 (br), 2946.0, 1717.3, 1671.9, 1552.9 cm™. MS (EIl): m/z (%) 378 (M*), 350
(100). HRMS calcd. for C21H2802F2Si: 378.1827; Found: 378.1838.

0 TIPS
=

FF
OHC

4-(2,2-Difluoro-4-(triisopropylsilyl)but-3-ynoyl)benzaldehyde (3l1). The product (56 mg, 51%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAc =

6:1). 'H NMR (400 MHz, CDCl3) 5 10.12 (s, 1H), 8.32 (d, J = 8.4 Hz, 2H), 7.99 (d, J = 8.4 Hz, 2H),
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0.98 — 1.04 (m, 21H). *F NMR (376 MHz, CDCls) & -88.8 (s, 2F). 13C NMR (126 MHz, CDCl3) &
191.2,184.0 (t, J = 30.5 Hz), 139.8, 135.1, 130.9 (t, J = 2.1 Hz), 129.4, 106.4 (t, J = 244.9 Hz), 99.5
(t, J = 5.4 Hz), 95.7 (t, J = 36.7 Hz), 18.3, 10.8. IR (thin film) max 2920.1, 1733.0, 1675.1,
1625.5cm™. MS (El): m/z (%) 364 (M*), 133 (100). HRMS calcd. for CaoH2s0:2F>Si: 364.1670;
Found: 364.1680.

O TIPS

N\

Cl

F
1-(3-Chloro-4-fluorophenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3m). The product
(47 mg, 40% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum
ether / EtOAc = 20:1). *H NMR (400 MHz, CDCls) § 8.27 (dd, J = 6.9 Hz, 1.7 Hz, 1H), 8.14 — 8.08
(m, 1H), 7.27 (t, J = 8.5 Hz, 1H), 1.08 — 0.98 (m, 21H). °F NMR (376 MHz, CDCls) & -88.5 (s, 2F),
-103.9 — -104.0 (m, 1F). 3C NMR (126 MHz, CDCl3) 5 182.2 (t, J = 30.6 Hz), 161.9 (d, J = 260.2
Hz), 133.4 — 133.3 (m), 131.0 (dt, J = 8.8 Hz, 2.5 Hz), 127.9 (d, J = 3.8 Hz), 122.1 (d, J = 18.3 Hz),
117.0 (d, J = 21.9 Hz), 106.3 (t, J = 244.3 Hz), 99.4 (t, J = 5.5 Hz), 95.7 (t, J = 36.7 Hz), 18.3, 10.8.
IR (thin film) max 2946.8, 2868.1, 1721.6, 1594.7, 1498.9 cm™. MS (EI): m/z (%) 345 ([M-iPr]*),
191 (100). HRMS calcd. for C16H170F3CISi ([M-iPr]*): 345.0689; Found: 345.0680.

O TIPS

N\

Br

1-(4-Bromophenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3n). The product (81 mg,
65% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAc = 20:1). *H NMR (400 MHz, CDCls) & 8.03 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H),
1.17 — 0.83 (m, 21H). °F NMR (376 MHz, CDCls) & -88.6 (s, 2F). 3C NMR (126 MHz, CDCl3) &
183.7 (t, J = 30.4 Hz), 132.0, 131.7 (t, J = 2.1 Hz), 130.2, 129.6, 106.5 (t, J = 244.8 Hz), 98.9 (t, J =
5.5 Hz), 96.0 (t, J = 36.8 Hz), 18.3, 10.8. IR (thin film) max 2945.8, 2892.9, 1718.6, 1585.2 cm™™.
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MS (El): m/z (%) 371 ([M-iPr]"), 183 (100). HRMS calcd. for C16H180OF2SiBr ([M-iPr]"): 371.0278;
Found: 371.0280.

O TIPS

A\

cl
1-(4-Chlorophenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (30). The product (78 mg,
70% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAc = 20:1). *H NMR (400 MHz, CDCls) & 8.12 (d, J = 8.8 Hz, 2H), 7.47 (d, J = 8.8 Hz, 2H),
1.10 — 0.98 (m, 21H). °F NMR (376 MHz, CDCls) & -88.6 (s, 2F). *C NMR (126 MHz, CDCl3) &
183.5 (t, J = 30.4 Hz), 141.3, 131.7 (t, J = 2.3 Hz), 129.2, 129.0, 106.5 (t, J = 244.8 Hz), 98.9 (t, J =
5.4 Hz), 96.0 (t, J = 36.7 Hz), 18.3, 10.8. IR (thin film) max 2946.2, 2893.3, 1718.3, 1590.1, 1463.8
cm. MS (EI): m/z (%) 327 ([M-iPr]*), 139 (100). HRMS calcd. for C1sHisOF-CISi ([M-iPr]*):
327.0784; Found: 327.0787.

(0] TIPS

AN

Ets
1-(4-(Ethylthio)phenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3p). The product (97 mg,
81% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAc = 20:1). 'H NMR (400 MHz, CDCls) & 8.06 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H),
3.03 (g, J = 7.2 Hz, 2H), 1.38 (t, J = 7.2 Hz, 3H), 1.12-0.94 (m, 21H). *°F NMR (376 MHz, CDCl3) §
-88.4 (s, 2F). 3C NMR (101 MHz, CDCl3) § 183.5 (t, J = 29.5 Hz), 147.4, 130.7, 127.0, 125.6, 106.6
(t, J = 245.2 Hz), 98.2 (t, J = 5.5 Hz), 96.4 (t, J = 37.2 Hz), 25.7, 18.3, 13.7, 10.8. IR (thin film) max
2945.2, 2892.7, 1706.6, 1588.9, 1490.6 cmX. MS (EI): m/z (%) 396 (M), 165 (100). HRMS calcd.
for C2:H30OF2SiS: 396.1755; Found: 396.1745.

O TIPS

N\

HO

2,2-Difluoro-1-(3-hydroxyphenyl)-4-(triisopropylsilyl)but-3-yn-1-one (3q). The product (69 mg,
65% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
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EtOAC = 10:1). *H NMR (400 MHz, CDCls) & 7.78 (d, J = 7.8 Hz, 1H), 7.63 (s, 1H), 7.36 (t, J = 8.0
Hz, 1H), 7.14 (ddd, J = 8.1 Hz, 2.6 Hz, 0.8 Hz, 1H), 5.51 (br, 1 H), 1.62 — 0.59 (m, 21H). °F NMR
(376 MHz, CDCls) & -88.3 (s, 2F). *C NMR (101 MHz, CDCls) & 184.5 (t, J = 29.8 Hz), 155.8,
132.1, 129.9, 123.2 (t, J = 2.4 Hz), 122.1, 116.6 (t, J = 1.7 Hz), 106.6 (t, J = 244.9 Hz), 98.7 (t, J =
5.5 Hz), 96.2 (t, J = 36.9 Hz), 18.3, 10.8. IR (thin film) max 3446.6 (br), 2946.2, 1702.1, 1598.9,
1459.5 cm™X. MS (EI): m/z (%) 352 (M), 121 (100). HRMS calcd. for CigH2602F2Si: 352.1670;
Found: 352.1678.

O TIPS

A\

TMS

2,2-Difluoro-4-(triisopropylsilyl)-1-(4-(trimethylsilyl)phenyl)but-3-yn-1-one (3r). The product
(101 mg, 82% yield) as a light yellow oil was purified with silica gel chromatography (Petroleum
ether / EtOAC = 20:1). *H NMR (400 MHz, CDCls) & 8.12 (d, J = 8.0 Hz, 2H), 7.64 (d, J = 8.0 Hz,
2H), 1.14-0.82 (m, 21H), 0.30 (s, 9H). °F NMR (376 MHz, CDCls) & -88.7 (s, 2F). 3C NMR (101
MHz, CDClz) 6 184.8 (t, J = 29.7 Hz), 149.4, 133.3, 130.9, 129.1, 106.7 (t, J = 245.4 Hz), 98.4 (t, J
= 5.5 Hz), 96.4 (t, J = 37.0 Hz), 18.3, 10.8, -1.5. IR (thin film) max 2947.2, 2867.9, 1716.7, 1596.4,
1544.2 cm™. MS (EI): m/z (%) 393 ([M-Me]*), 177 (100). HRMS calcd. for CziH310F2Si,
([M-Me]*): 393.1882; Found: 393.1878.

1-(Dibenzo[b,d]thiophen-2-yl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3s). The product
(88 mg, 66% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum
ether / EtOAC = 20:1). *H NMR (400 MHz, CDCl3) & 8.55 (dd, J = 7.8 Hz, 1.0 Hz, 1H), 8.46 (dd, J =
7.8 Hz, 0.9 Hz, 1H), 8.26 — 8.16 (m, 1H), 7.99 — 7.95 (m, 1H), 7.60 (t, J = 7.8 Hz, 1H), 7.57 — 7.51
(m, 2H), 1.10 — 0.99 (m, 21H). °F NMR (376 MHz, CDCls) & -86.6 (s, 2F). 3C NMR (101 MHz,
CDCl3) & 183.6 (t, J = 30.1 Hz), 142.0, 141.7, 137.6, 133.7, 131.1 (t, J = 3.6 Hz), 127.6, 127.5, 124.9,
124.7, 123.7, 122.9, 121.4, 106.5 (t, J = 245.0 Hz), 98.9 (t, J = 5.3 Hz), 96.5 (t, J = 36.9 Hz), 18.4,
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10.9. IR (thin film) max 2945.9, 2867.2, 1718.6, 1691.1, 1585.1 cm. MS (EI): m/z (%) 442 (M"),
183 (100). HRMS calcd. for CosHzs0F2SiS: 442.1598; Found: 442.1601.

Ph (0] TIPS
N Z
RS

2,2-Difluoro-1-(9-phenyl-9H-carbazol-2-yl)-4-(triisopropylsilyl)but-3-yn-1-one (3t). The product
(77 mg, 51% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum
ether / EtOAc = 10:1). 'H NMR (400 MHz, CDCls) § 9.05 (s, 1H), 8.27 (dd, J = 8.8 Hz, 1.2 Hz, 1H),
8.19 (d, J = 7.7 Hz, 1H), 7.69 — 7.62 (m, 2H), 7.58 — 7.51 (m, 3H), 7.51 — 7.44 (m, 1H), 7.44 — 7.34
(m, 3H), 1.12 — 0.96 (m, 21H). °F NMR (376 MHz, CDCls) & -87.2 (s, 2F). 3C NMR (101 MHz,
CDCl3) 6 184.0 (t, J = 29.2 Hz), 144.3, 141.9, 136.6, 130.2, 128.6, 128.4, 127.1, 127.0, 124.4 (t, J =
2.1 Hz), 123.3,123.1, 122.9, 121.3, 120.7, 110.4, 109.7, 107.1 (t, J = 244.4 Hz), 97.9 (t, J = 5.3 Hz),
97.1 (t, J = 36.9 Hz), 18.4, 10.9. IR (thin film) max 2944.9, 2866.3, 1698.5, 1595.0, 1503.3 cm™. MS
(El): m/z (%) 501 (M*), 270 (100). HRMS calcd. for C3:H33sNOF-Si: 501.2299; Found: 501.2306.

2,2-Difluoro-1-(6-methoxypyridin-3-yl)-4-(triisopropylsilyl)but-3-yn-1-one (3u). The product (88
mg, 80% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAc = 10:1). 'H NMR (400 MHz, CDCl3) § 9.03 (d, J = 2.3 Hz, 1H), 8.28 (dd, J = 8.8 Hz, 2.3 Hz,
1H), 6.81 (d, J = 8.8 Hz, 1H), 4.02 (s, 3H), 1.18 — 0.92 (m, 21H). °F NMR (376 MHz, CDCls) &
-88.8 (s, 2F). 3C NMR (126 MHz, CDCls) & 182.7 (t, J = 30.7 Hz), 167.4, 151.8 (t, J = 3.4 Hz),
139.8 (t, J = 1.8 Hz), 120.8, 111.2, 106.5 (t, J = 244.6 Hz), 98.5 (t, J = 5.4 Hz), 96.0 (t, J = 36.9 Hz),
54.3, 18.3, 10.8. IR (thin film) max 2947.2, 2868.0, 1711.6, 1601.4, 1498.1 cm™. MS (El): m/z (%)
367 (M™), 136 (100). HRMS calcd. for C19H27NO2F2Si: 367.1779; Found: 367.1781.
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tert-Butyl4-(5-(2,2-difluoro-4-(triisopropylsilyl)but-3-ynoyl)pyridin-2-yl)piperazine-1-carboxyla
te (3v). The product (53 mg, 61% vyield) as a light yellow oil was purified with silica gel
chromatography (Petroleum ether / EtOAc = 4:1). *H NMR (400 MHz, CDCl3) 6 8.98 (d, J = 1.2 Hz,
1H), 8.16 (dd, J = 9.2 Hz, 2.1 Hz, 1H), 6.59 (d, J = 9.2 Hz, 1H), 3.81 — 3.70 (m, 4H), 3.62 — 3.48 (m,
4H), 1.48 (s, 9H), 1.07 — 1.00 (m, 21H). 1°F NMR (376 MHz, CDCls) & -88.3 (s, 2F). 13C NMR (126
MHz, CDClz) 6 182.1 (t, J = 30.2 Hz), 160.2, 154.6, 153.1 (t, J = 3.1 Hz), 139.1, 116.4, 106.8 (t, J =
244.2 Hz), 105.1, 97.5 (t, J = 5.4 Hz), 96.6 (t, J = 37.2 Hz), 80.3, 28.4, 18.3, 10.8. IR (thin film) max
2944.9, 2866.9, 1695.3, 1596.8 cm™. MS (El): m/z (%) 521 (M*), 190 (100). HRMS calcd. for
C27H41N303F,Si: 521.2885; Found: 521.2878.

Late-Stage Difluoroalkylation of Biological Active Molecules

fo) (0]
standard K F
>< reaction conditions O O >< .
(HO),B w 0~ >CcooiPr =Z 0" COOiPr
(0]
+

CO (1 atm) TIPS

3w, 60%
2a

Isopropyl 2-(4-(4-(2,2-difluoro-4-(triisopropylsilyl)but-3-ynoyl)-benzoyl)phenoxy)-2-methyl-pr-
opanoate (3w). To a 25 mL of Schlenck tube were added arylboronic acid 1w® (0.45 mmol, 1.50
equiv), NiCl,>DME (10 mol %) and 4,4 -ditBubpy (10 mol %) under air, followed by K>COs (0.9
mmol, 3.0 equiv). The reaction mixture was then evacuated and backfilled with Ar (3 times). The
resulting mixture was evacuated again and backfilled with CO (1 atm, balloon). 2a (0.3 mmol, 1.0
equiv), H20 (20 mol %) and dioxane (2 mL) were added subsequently. The tube was screw capped
and put into a preheated oil bath (65 °C). After stirring for 24 h, the reaction mixture was cooled to
room temperature. The product 3w (105 mg, 60% yield) as a light yellow oil was purified with silica
gel chromatography (Petroleum ether / EtOAc = 5:1). *H NMR (400 MHz, CDCl3) § 8.27 (d, J = 8.2
Hz, 2H), 7.80 (d, J = 8.2 Hz, 2H), 7.74 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 5.08 (hept, J =
6.3 Hz, 1H), 1.66 (s, 6H), 1.20 (d, J = 6.3 Hz, 6H), 1.10 — 0.96 (m, 21H). F NMR (376 MHz,
CDCl3) & -88.8 (s, 2F). 13C NMR (126 MHz, CDCls) & 194.2, 184.0 (t, J = 30.2 Hz), 172.9, 160.2,
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143.3,132.9, 132.1, 130.2 (t, J = 2.0 Hz), 129.6, 129.4, 117.3, 106.5 (t, J = 244.2 Hz), 99.1 (t, J = 5.4
Hz), 96.0 (t, J = 36.9 Hz), 79.5, 69.4, 25.3, 21.5, 18.3, 10.8. IR (thin film) max 2945.3, 2893.1,
2177.0, 1719.9, 1660.1, 1598.4 cmt. MS (DRAT): m/z (%) 585 ([M+H]"). HRMS(DRAT): calcd for
CasHa20sF2Si: 584.2770 ; Found: 585.2838 ([M+H]").

COMe TIPS standard (0] //
/©/\'5'|Boc + / reaction conditions BocHN
HO),B
(HO), BrF,C CO (1 atm) MeO,C FF

1x 2a 3x, 76%

(S)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(2,2-difluoro-4-(triisopropylsilyl)-but-3-ynoyl)
phenyl)propanoate (3x). To a 25 mL of Schlenck tube were added arylboronic acid 1x (0.3 mmol,
1.50 equiv), NiCl>'DME (10 mol %) and 4,4=ditBubpy (10 mol %) under air, followed by K.CO3
(0.6 mmol, 3.0 equiv); The reaction mixture was then evacuated and backfilled with Ar (3 times).
The resulting mixture was evacuated again and backfilled with CO (1 atm, balloon). 2a (0.2 mmol,
1.0 equiv), H20 (20 mol %) and dioxane (2 mL) were added subsequently. The tube was screw
capped and put into a preheated oil bath (65 °C). After stirring for 24 h, the reaction mixture was
cooled to room temperature. The product 3x (81.6 mg, 76% yield) as a light yellow oil was purified
with silica gel chromatography (Petroleum ether / EtOAc = 5:1). *H NMR (400 MHz, CDCls3) § 8.07
(d, J = 7.6 Hz, 2H), 7.22 (d, J = 7.6 Hz, 2H), 5.03 (d, J = 7.2 Hz, 1H), 4.59 (m, 1H), 3.68 (s, 3H),
3.25 - 3.03 (M, 2H), 1.38 (s, 9H), 1.05 — 0.91 (m, 21H). *°F NMR (376 MHz, CDCls) 5 -88.5 (s, 2F).
13C NMR (126 MHz, CDCl3) & 184.1 (t, J = 30.1 Hz), 171.7, 155.0, 143.7, 130.6, 129.6, 106.6 (t, J =
244.1 Hz), 98.4 (t, J = 5.4 Hz), 96.3 (t, J = 36.5 Hz), 80.2, 54.1, 52.3, 38.4, 28.2, 18.3, 10.8. IR (thin
film) max 3374.2, 2947.1, 2867.7, 1747.8, 1715.7 cm™. MS (DRAT): m/z (%) 555 (M+NH,)".
HRMS (DRAT): calcd for C2gHa105F2NSi: 537.2722; Found: 555.3061 (M+NHa)".

0
=

FF
Ph

1-([1,1'-Biphenyl]-4-yl)-2,2-difluorodec-3-yn-1-one (5a). The product (59 mg, 57% vyield) as a
light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAc = 20:1). *H
NMR (400 MHz, CDCls) & 8.26 (d, J = 8.3 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H), 7.66 (d, J = 7.2 Hz,
2H), 7.50 (t, J = 7.3 Hz, 2H), 7.44 (t, J = 7.2 Hz, 1H), 2.37 — 2.26 (m, 2H), 1.60 — 1.49 (m, 2H), 1.38
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—1.30 (m, 2H), 1.29 — 1.18 (m, 4H), 0.86 (t, J = 6.8 Hz, 3H). 1°F NMR (376 MHz, CDCl3) 5 -86.9 (t,
J=5.6 Hz, 2F). 3C NMR (126 MHz, CDCl3) & 184.5 (t, J = 30.6 Hz), 147.2, 139.5, 131.0 (t, J = 2.1
Hz), 129.7, 129.1, 128.6, 127.3, 127.2, 107.7 (t, J = 243.4 Hz), 95.9 (t, J = 6.6 Hz), 72.0 (t, J = 38.2
Hz), 31.1, 28.4, 27.4 (t, J = 1.9 Hz), 22.4, 18.7 (t, J = 2.4 Hz), 14.0. IR (thin film) max 2955.4,
2858.4, 2247.0, 1709.8, 1604.2 cm™. MS (El): m/z (%) 340 (M*), 181 (100). HRMS calcd. for
C22H220F,: 340.1639; Found: 340.1643.

(6] OAc
=

FF
Ph

8-([1,1'-Biphenyl]-4-yI)-7,7-difluoro-8-oxooct-5-yn-1-yl acetate (5b). The product (64 mg, 57%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAC =
10:1). *H NMR (400 MHz, CDCl3) & 8.22 (d, J = 8.2 Hz, 2H), 7.72 (d, J = 8.3 Hz, 2H), 7.63 (d, J =
8.3 Hz, 2H), 7.48 (t, J = 7.7 Hz, 2H), 7.44 — 7.37 (m, 1H), 4.03 (t, J = 6.0 Hz, 2H), 2.36 (p, J = 5.9
Hz, 2H), 2.00 (s, 3H), 1.73 — 1.56 (m, 4H). °F NMR (376 MHz, CDCl3) § -86.9 (t, J = 5.4 Hz, 2F).
13C NMR (126 MHz, CDCl3) § 184.4 (t, J = 30.6 Hz), 171.1, 147.2, 139.4, 131.0 (t, J = 2.3 Hz),
129.1, 128.7, 127.3, 127.2, 115.7, 107.7 (t, J = 243.9 Hz), 94.7 (t, J = 6.7 Hz), 72.4 (t, J = 38.1 Hz),
63.6, 27.6, 24.1 (t, J = 2.0 Hz), 20.9, 18.4 (t, J = 2.3 Hz). IR (thin film) max 3399.9, 2955.5, 2247.9,
1738.4, 1708.9 cm™. MS (EI): m/z (%) 370 (M), 181 (100). HRMS calcd. for C2aHa003F2: 370.1381;
Found: 370.1387.

BnO
O
=

FF
Ph

1-([1,1'-Biphenyl]-4-yl)-4-(1-(benzyloxy)cyclopentyl)-2,2-difluorobut-3-yn-1-one  (5¢).  The
product (109 mg, 84% vyield) as a light yellow oil was purified with silica gel chromatography
(Petroleum ether / EtOAC = 10:1). 'H NMR (400 MHz, CDCl3) & 8.25 (d, J = 8.4 Hz, 2H), 7.70 (d, J
= 8.4 Hz, 2H), 7.60 (d, J = 7.2 Hz, 2H), 7.49 (t, J = 7.3 Hz, 2H), 7.43 (t, J = 7.2 Hz, 1H), 7.29 — 7.19
(m, 5H), 4.47 (s, 2H), 2.18 — 2.09 (m, 2H), 2.03 — 1.91 (m, 2H), 1.86 — 1.65 (m, 4H). °F NMR (376
MHz, CDCl3) & -88.2 (s, 2F). 3C NMR (126 MHz, CDCls) & 184.0 (t, J = 30.1 Hz), 147.4, 139.3,
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138.0, 131.0 (t, J = 2.1 Hz), 129.4, 129.1, 128.7, 128.4, 127.61, 127.60, 127.33, 127.25, 107.7 (t, J =
244.8 Hz), 95.8 (t, J = 6.6 Hz), 80.3 (t, J = 1.7 Hz), 76.2 (t, J = 38.3 Hz), 67.6, 39.1, 23.3. IR (thin
film) max 2962.3, 2872.2, 2237.9, 1708.8, 1603.3 cm™. MS (El): m/z (%) 324 ([M-BnO] + H)*, 181
(100). HRMS calcd. for C21H1g0OF> ([M-BnO] + H)*: 324.1326; Found: 324.1335.

BnO

AN

TMS

4-(1-(Benzyloxy)cyclopentyl)-2,2-difluoro-1-(4-(trimethylsilyl)phenyl)but-3-yn-1-one (5d). The
product (82 mg, 74% vyield) as a light yellow oil was purified with silica gel chromatography
(Petroleum ether / EtOACc = 5:1). *H NMR (400 MHz, CDCl3) § 8.11 (d, J = 8.2 Hz, 2H), 7.62 (d, J =
8.2 Hz, 2H), 7.34 — 7.16 (m, 5H), 4.44 (s, 2H), 2.16 — 2.07 (m, 2H), 2.01 — 1.91 (m, 2H), 1.83 — 1.66
(m, 4H), 0.28 (s, 9H). °F NMR (376 MHz, CDCls) & -88.2 (s, 2F). 13C NMR (126 MHz, CDCl3) §
184.7 (t, J = 29.9 Hz), 149.7, 138.0, 133.5, 130.8, 129.1 (t, J = 2.0 Hz), 128.3, 127.64, 127.60, 107.6
(t, J = 244.8 Hz), 95.7 (t, J = 6.6 Hz), 80.3 (t, J = 1.8 Hz), 76.1 (t, J = 38.3 Hz), 67.6, 39.2, 23.3, -1.5.
IR (thin film) max 2956.9, 2873.4, 2238.9, 1714.6, 1595.5, 1545.1 cm™. MS (El): m/z (%) 336
(IM-Bn] + H)*, 335 (100). HRMS calcd. for CigH2102F.Si ([M-Bn] + H)*: 335.1279; Found:
335.1285.

o

ﬁcacooa
Ph

Ethyl 3-([1,1'-biphenyl]-4-yl)-2,2-difluoro-3-oxopropanoate (5e). The product (75 mg, 82% vyield)
as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAc = 15:1).
IH NMR (400 MHz, CDCls) & 8.16 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 7.1 Hz,
2H), 7.50 (t, J = 7.3 Hz, 2H), 7.44 (t, J = 6.7 Hz, 1H), 4.41 (g, J = 7.2 Hz, 2H), 1.34 (t, J = 7.2 Hz,
3H). 1%F NMR (376 MHz, CDCl3) § -107.6 (s, 2F). 3C NMR (126 MHz, CDCls) § 185.0 (t, J = 27.7
Hz), 161.9 (t, J = 30.7 Hz), 147.8, 139.3, 130.6 (t, J = 2.8 Hz), 129.7 (t, J = 1.9 Hz), 129.1, 128.8,
127.5, 127.3, 109.9 (t, J = 265.4 Hz), 63.8, 13.8. IR (thin film) max 3060.7, 2984.6, 1774.0, 1696.9,
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1603.9 cm™.. MS (EI): m/z (%) 304 (M*), 181 (100). HRMS calcd. for C17H1403F2: 304.0911; Found:
304.0912.

O

CF,COOEt
o)

-0

Ethyl 3-(benzo[d][1,3]dioxol-5-yl)-2,2-difluoro-3-oxopropanoate (5f). The product (78 mg, 94%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAC =
15:1). 'H NMR (400 MHz, CDCl3) & 7.71 (d, J = 8.4 Hz, 1H), 7.48 (s, 1H), 6.88 (d, J = 8.4 Hz, 1H),
6.07 (s, 2H), 4.37 (0, J = 7.2 Hz, 2H), 1.31 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCl3) § -107.0
(s, 2F). 3C NMR (126 MHz, CDCls) & 183.4 (t, J = 27.1 Hz), 161.9 (t, J = 29.7 Hz), 153.6, 148.5,
127.3 (t, J = 3.6 Hz), 125.4, 109.9 (t, J = 265.3 Hz), 109.1, 108.4, 102.3, 63.7, 13.8. IR (thin film)
max 2928.7, 2912.8, 1774.0, 1694.0, 1606.2 cm™. MS (EI): m/z (%) 272 (M*), 149 (100). HRMS
calcd. for C12H100sF2: 272.0496; Found: 272.0498.

O

ﬁCFZCOOEt
Br

Ethyl 3-(4-bromophenyl)-2,2-difluoro-3-oxopropanoate (5g). The product (60 mg, 65% yield) as a
light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAc = 15:1). *H
NMR (400 MHz, CDCls) & 7.93 (d, J = 8.8 Hz, 2H), 7.66 (d, J = 8.8 Hz, 2H), 4.38 (g, J = 7.2 Hz,
2H), 1.32 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCl3) 5 -107.7 (s, 2F). 1*C NMR (101 MHz,
CDCl3) 6 184.7 (t, J = 27.9 Hz), 161.6 (t, J = 30.4 Hz), 132.4, 131.3 (t, J = 2.8 Hz), 130.9, 129.7 (t, J
= 2.0 Hz), 109.7 (t, J = 264.8 Hz), 63.9, 13.8. IR (thin film) max 2986.0, 1774.8, 1704.2, 1584.9 cm.
MS (EI): m/z (%) 305 (M*), 183 (100). HRMS calcd. for C1:HgOsF2Br: 305.9703; Found: 305.9709.

O

ﬁCFZCONEtZ
MeO

N,N-Diethyl-2,2-difluoro-3-(4-methoxyphenyl)-3-oxopropanamide (5h). The product (71 mg,

83% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
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EtOAC = 10:1). *H NMR (400 MHz, CDCls) & 8.06 (d, J = 8.9 Hz, 2H), 6.93 (d, J = 8.9 Hz, 2H),
3.85 (s, 3H), 3.41 (g, J = 7.2 Hz, 2H), 3.38 (q, J = 7.2 Hz, 2H), 1.14 (t, J = 7.2 Hz, 3H), 1.11 (t, J =
7.2 Hz, 3H). °F NMR (376 MHz, CDCls) § -102.6 (s, 2F). 1*C NMR (101 MHz, CDCls) & 185.1 (t, J
= 27.0 Hz), 164.8, 161.1 (t, J = 27.3 Hz), 132.7 (t, J = 2.4 Hz), 124.6, 114.1, 111.8 (t, J = 264.5 Hz),
55.6, 41.8 (t, J = 4.1 Hz), 41.4, 14.0, 12.2.

O

Ph
\©)kCF2CONEt2

3-([1,1'-Biphenyl]-3-yl)-N,N-diethyl-2,2-difluoro-3-oxopropanamide (5i). The product (88 mg,
88% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether /
EtOAC = 7:1). 'H NMR (400 MHz, CDCls) & 8.32 (s, 1H), 8.04 (d, J = 7.8 Hz, 1H), 7.86 (ddd, J =
7.7 Hz, 1.6 Hz, 1.0 Hz, 1H), 7.61 (d, J = 7.2 Hz, 2H), 7.56 (t, J = 7.8 Hz, 1H), 7.47 (t, J = 7.5 Hz,
2H), 7.39 (t, J = 7.3 Hz, 1H), 3.50 (q, J = 7.0 Hz, 2H), 3.44 (g, J = 7.1 Hz, 2H), 1.23 (t, J = 7.0 Hz,
3H), 1.16 (t, J = 7.1 Hz, 3H). °F NMR (376 MHz, CDCl3) 5 -102.9 (s, 2F). 1*C NMR (101 MHz,
CDCl3) & 186.8 (t, J = 27.2 Hz), 161.1 (t, J = 27.0 Hz), 141.9, 139.7, 133.2, 132.4, 129.2, 129.0,
128.8 (t, J = 2.5 Hz), 128.6 (t, J = 1.8 Hz), 128.0, 127.2, 111.7 (t, J = 265.3 Hz), 41.9 (t, J = 4.4 Hz),
415, 14.2, 12.3. IR (thin film) max 3062.6, 2978.5, 1716.2, 1658.9, 1479.8 cm™. MS (El): m/z (%)
331 (M), 181 (100). HRMS calcd. for C1oH1902NF2: 331.1384; Found: 331.1382.

O

NC
\©)J\CF200NEt2

1-(3-Cyanophenyl)-N,N-diethyl-2,2-difluoro-3-oxopropanamide (5j). The product (76 mg, 91%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAc =
7:1). 'H NMR (400 MHz, CDCl3) & 8.24 (s, 1H), 8.22 (d, J = 7.8 Hz, 1H), 7.87 (d, J = 7.7 Hz, 1H),
7.62 (t, J = 7.8 Hz, 1H), 3.55 (g, J = 7.0 Hz, 2H), 3.41 (q, J = 7.1 Hz, 2H), 1.27 (t, J = 7.1 Hz, 3H),
1.16 (t, J = 7.1 Hz, 3H). °F NMR (376 MHz, CDCl3) § -103.4 (s, 2F). 3C NMR (101 MHz, CDCly)
§ 185.3 (t, J = 28.2 Hz), 160.9 (t, J = 26.7 Hz), 136.9, 133.8 (t, J = 2.4 Hz), 133.5 (t, J = 2.7 Hz),
133.2,129.8, 117.6, 113.3, 111.5 (t, J = 269.4 Hz), 41.8 (t, J = 4.8 Hz), 41.5, 14.3, 12.2. IR (thin film)
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max 3412.5, 2980.0, 2234.2, 1723.3, 1654.4 cm™. MS (EI): m/z (%) 280 (M), 130 (100). HRMS
calcd. for C14H1402N2F»: 280.1023; Found: 280.1024.

@)

Cl
ﬁCFZCON Et,

3-(3-Chlorophenyl)-N,N-diethyl-2,2-difluoro-3-oxopropanamide (5k). The product (53 mg, 61%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAC =
7:1). 'H NMR (400 MHz, CDCl3) § 7.99 (s, 1H), 7.91 (d, J = 7.7 Hz, 1H), 7.63 — 7.52 (m, 1H), 7.42
(t, J = 8.1 Hz, 1H), 3.50 (q, J = 6.8 Hz, 2H), 3.42 (g, J = 7.0 Hz, 2H), 1.24 (t, J = 7.0 Hz, 3H), 1.15 (t,
J=7.1Hz, 3H). F NMR (376 MHz, CDCls3) § -103.1 (s, 2F). *C NMR (101 MHz, CDCl3) & 185.7
(t, J = 27.7 Hz), 160.9 (t, J = 26.7 Hz), 135.0, 134.3, 133.5, 130.0, 129.8 (t, J = 2.0 Hz), 128.1 (t, J =
2.2 Hz), 111.5 (t, J = 266.7 Hz), 41.8 (t, J = 4.6 Hz), 41.5, 14.2, 12.2. IR (thin film) max 3402.8,
2979.1, 1720.7, 1654.9, 1507.2 cm™. MS (El): m/z (%) 289 (M*), 139 (100). HRMS calcd. for
C13H14NO2F2Cl: 289.0681; Found: 289.0686.

o

/©)‘\CF200N Et,
EtO,C

Ethyl 4-(3-(diethylamino)-2,2-difluoro-3-oxopropanoyl)benzoate (51). The product (68 mg, 70%
yield) as a light yellow oil was purified with silica gel chromatography (Petroleum ether / EtOAc =
5:1). 'H NMR (400 MHz, CDCl3) § 'H NMR (400 MHz, CDCls) § 8.13 (d, J = 8.7 Hz, 2H), 8.08 (d,
J=8.6 Hz, 2H), 4.40 (q, J = 7.1 Hz, 2H), 3.52 (q, J = 7.0 Hz, 2H), 3.42 (q, J = 7.1 Hz, 2H), 1.40 (t, J
= 7.1 Hz, 3H), 1.24 (t, J = 7.0 Hz, 3H), 1.15 (t, J = 7.1 Hz, 3H). °F NMR (376 MHz, CDCls) 5
-103.3 (s, 2F). 3C NMR (101 MHz, CDCl3) & 186.5 (t, J = 27.7 Hz), 165.4, 161.0 (t, J = 26.8 Hz),
135.24, 135.18, 129.9 (t, J = 2.4 Hz), 129.7, 111.6 (t, J = 267.7 Hz), 61.6, 41.7 (t, J = 4.6 Hz), 41.4,
14.25, 14.20, 12.2. IR (thin film) max 3426.3, 2980.9, 1720.5, 1659.1 cm™%. MS (El): m/z (%) 327
(M7), 177 (100). HRMS calcd. for C1sH19NO4F2: 327.1282; Found: 327.1275.
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o OO o~
N
Fr H o opy
Ph

(R)-Ethyl-2-(3-([1,1'-biphenyl]-4-yl)-2,2-difluoro-3-oxopropanamido)-3-phen-ylpropanoate
(5m). The product (94 mg, 72% vyield) as a light yellow oil was purified with silica gel
chromatography (Petroleum ether / EtOAc = 4:1). *H NMR (400 MHz, CDCl3) § 8.18 (d, J = 8.6 Hz,
2H), 7.70 (d, J = 8.7 Hz, 2H), 7.63 (d, J = 7.0 Hz, 2H), 7.51 — 7.45 (m, 2H), 7.45 — 7.39 (m, 1H),
7.28 — 7.16 (m, 3H), 7.13 — 7.08 (m, 2H), 4.91 (dd, J = 13.9 Hz, 5.9 Hz, 1H), 4.20 (q, J = 7.2 Hz,
2H), 3.13-3.26 (M, 2H), 1.25 (t, J = 7.2 Hz, 3H). 1°F NMR (376 MHz, CDCls) & -108.2 (s, 2F). 13C
NMR (126 MHz, CDCl3) 6 186.2 (t, J = 26.8 Hz), 170.1, 161.1 (t, J = 28.1 Hz), 147.5, 139.4, 135.0,
131.0 (t, J=2.7 Hz), 130.2, 129.3, 129.1, 128.71, 128.66, 127.36, 127.35, 127.34, 110.8 (t, J = 266.2
Hz), 62.0, 53.6, 37.6, 14.1. IR (thin film) max 3334.5, 2926.5, 1740.6, 1713.2, 1603.6 cm™. MS (EI):
m/z (%) 451 (M*), 181 (100). HRMS calcd. for C26H2sNO4F2: 451.1595; Found: 451.1588.

Ph
1-([1,1'-Biphenyl]-4-yl)-2,2-difluoro-2-(6-methylbenzo[d]oxazol-2-yl)ethanone (5n). The product
(87 mg, 80% vyield) as a light yellow oil was purified with silica gel chromatography (Petroleum
ether / EtOAC = 20:1). *H NMR (400 MHz, CDCls) § 8.21 (d, J = 8.1 Hz, 2H), 7.70 (d, J = 8.4 Hz,
2H), 7.63 — 7.59 (m, 3H), 7.52 — 7.43 (m, 3H), 7.41 (t, J = 7.2 Hz, 1H), 7.27 (d, J = 8.4 Hz, 1H), 2.47
(s, 3H). 1°F NMR (376 MHz, CDCl3) & -101.6 (s, 2F). 13C NMR (126 MHz, CDCl3) § 184.7 (t, J =
28.2 Hz), 155.5 (t, J = 32.0 Hz), 149.2, 147.6, 140.1, 139.3, 135.6, 131.0 (t, J = 2.6 Hz), 129.9 (t, J =
1.4 Hz), 129.1, 128.7, 128.5, 127.5, 127.3, 121.3, 110.9, 110.8 (t, J = 256.0 Hz), 21.5. IR (thin film)
max 3059.4, 2924.3, 1708.5, 1603.4, 1484.1 cm™™. MS (El): m/z (%) 363 (M*), 181 (100). HRMS
calcd. for C22H1sNO2F2: 363.1071; Found: 363.1067.
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Transformation of Compound 3a

0} / TIPS / TIPS
N .
Z PhsPCH; Br W
FF NaH Ph FF

3a 6, 68%

Ph

(4-([1,1'-Biphenyl]-4-yl)-3,3-difluoropent-4-en-1-yn-1-yltriisopropylsilane (6). To a 50 mL of
round-bottom flask were added PhsP "CH3Br™ (250 mg, 0.7 mmol), NaH (28 mg, 0.705 mmol, 60 %
NaH) and THF (10 mL). The resulting solution was stirred for 0.5 h at 0 °C. 3a (144 mg, 0.35 mmol)
was then added dropwise at the same temperature. After stirring for 12 h at room temperature, the
reaction mixture was quenched by H,O, and extracted with EtOAc for 3 times. The combined
organic layers were washed with brine, dried over Na>SOs, and filtered. The filtrate was concentrated
and the residue was purified with silica gel chromatography (Petroleum ether/EtOAc = 20:1) to give
compound 6 (98 mg, 68% yield) as a yellow oil. *H NMR (400 MHz, CDCls) & 7.65 — 7.56 (m, 6H),
7.48 (t, J = 8.0 Hz, 2H), 7.39 (d, J = 7.6 Hz, 1H), 6.04 (t, J = 1.7 Hz, 1H), 5.71 (s, 1H), 1.02-1.12 (m,
21H).9F NMR (376 MHz, CDCl3) & -78.9 (s, 2F). 3C NMR (126 MHz, CDCls) § 143.7 (t, J = 25.8
Hz), 141.3, 140.7, 134.5, 128.8, 128.5, 127.5, 127.1, 126.9, 120.1, 118.77 (t, J = 7.3 Hz), 111.2 (t, J
= 233.2 Hz), 98.56 (t, J = 39.6 Hz), 92.64 (t, J = 5.0 Hz), 18.37, 10.91. IR (thin film) max 3273.6,
2944.8, 2866.5, 1652.7, 1488.0 cm™. MS (El): m/z (%) 410 (M*), 215 (100). HRMS calcd. for
CasH32F2Si: 410.2241; Found: 410.2238.

o) TIPS o P
= TBAF, AcOH W
FF
o FF rt. THF Ph
3a 7, 75%

1-([1,1'-biphenyl]-4-yl)-2,2-difluorobut-3-yn-1-one (7). To a 25 mL of Schlenk tube equipped with
a magnetic stir bar were added TBAF (1.0 M in THF, 4.4 mL, 4.4 mmol, 2.2 equiv), AcOH (6 mmol,
3.0 equiv) and wet THF (15 mL). The reaction mixture was stirred at room temperature for 30 min.
And then a THF solution (5 mL) of 3a (2.0 mmol) was added slowly at room temperature and the
mixture stirred at room temperature for 3 h. After this time, it was quenched with water and extracted
with EtOAc (3 < 10 mL). The organic layer was washed with brine and dried over Na;SOas. The

residue was purified by flash chromatography (Hexane) to afford terminal alkyne 7 (384 mg, 75%
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yield) as a colorless oil. *H NMR (400 MHz, CDCls) § 8.24 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz,
2H), 7.65 (d, J = 7.6 Hz, 2H), 7.43-7.52 (m, 3H), 3.13 (t, J = 5.4 Hz, 1 H). °F NMR (376 MHz,
CDCl3) 5 -88.9 (d, J = 5.4 Hz, 2F).3C NMR (126 MHz, CDCl3) & 183.6 (t, J = 29.6 Hz), 147.5,
139.3,131.0 (t, J = 2.4 Hz), 129.2 (t, J = 1.3 Hz), 129.1, 128.7, 127.3, 107.36 (t, J = 246.0 Hz), 81.1
(t, J = 6.8 Hz), 74.2 (t, J = 38.3 Hz). IR (thin film) max 3274.7, 3060.0, 2129.6, 1706.8, 1603.6,
1558.9 cm™. MS (EI): m/z (%) 256 (M"), 181 (100). HRMS calcd. for C1sH100F2: 256.0700; Found:
256.0703.

o (0]
= Pd/CaCO3, H, N
F F Quinoline, Pyridine F F
Ph Ph
7 8, 58%

1-([1,1'-Biphenyl]-4-yI)-2,2-difluorobut-3-en-1-ol (8). A mixture of Pd/CaCOsz (5%, 42 mg),
quinoline (10 mg) and 7 (0.41 mmol) in 10 mL of pyridine was stirred under 1 atm H> atmosphere at
room temperature for 24 h. The reaction mixture was filtered by a short silica gel column. The filtrate
was washed with brine, dried over Na,SO4 and concentrated. The product 8 (62 mg, 58% vyield) was
purified with silica gel chromatography (Petroleum ether/EtOAc = 5:1) as a light yellow oil. H
NMR (400 MHz, CDCls) & 8.19 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 7.6 Hz,
2H), 7.50 (t, J = 7.2 Hz, 2H), 7. 39 — 7.47 (m, 1H), 6.23-6.35 (m, 1H), 5.92 (dt, J = 17.2 Hz, 2.4 Hz,
1H), 5.72 (d, J = 11.2 Hz, 1H). *°F NMR (376 MHz, CDCls) § -99.8 (d, J = 11.2 Hz, 2F). 3C NMR
(126 MHz, CDCl3) & 188.3 (t, J = 31.0 Hz), 147.0, 139.4, 130.8 (t, J = 3.2 Hz), 130.7 (t, J = 1.8 Hz),
129.9 (t, J = 25.2 Hz), 129.1, 128.6, 127.3, 127.3, 122.8 (t, J = 9.7 Hz), 115.6 (t, J = 251.0 Hz). IR
(thin film) max 3446.1, 2925.4, 1700.2, 1604.0, 1582.4 cm™™. MS (EI): m/z (%) 258 (M*), 181 (100).
HRMS calcd. for C16H12F20: 258.0856; Found: 258.0857.

o OH

gz
W Pd/C, H, W
F F CH,CI
Ph 22 Ph FF
7 9, 92%

1-([1,1'-Biphenyl]-4-yl)-2,2-difluorobutan-1-ol (9). A mixture of Pd/C (10%, 85 mg) and 7 (0.41
mmol) in 20 mL of DCM was stirred under 1 atm H> atmosphere at room temperature for 24 h. The

reaction mixture was filtered by a short silica gel column. The filtrate was washed with brine, dried
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over NaxSO4 and concentrated. The product 9 (99 mg, 92% yield) was purified with silica gel
chromatography (Petroleum ether/EtOAc = 5:1) as a white solid. *H NMR (400 MHz, CDCls) & 7.38
—7.64 (m, 9H), 4.92 (t, J = 10.4 Hz, 1H), 2.91 (br, 1H), 2.29 — 1.56 (m, 2H), 1.07 (t, J = 7.2 Hz, 3H).
19 NMR (376 MHz, CDCl3) & -111.64 — -111.98 (m, 2F). 3C NMR (101 MHz, CDCl3) & 141.4,
140.5, 135.7, 128.8, 127.8, 127.42, 127.03, 126.95, 123.7 (t, J = 247.0 Hz), 74.98 (t, J = 28.8 Hz),
25.37 (t, J = 24.9 Hz), 5.5 (t, J = 5.4 Hz), 1.0. IR (thin film) max 2947.9, 2253.0, 1488.0, 1466.3
cmt. MS (ED: m/z (%) 262 (M*), 183 (100). HRMS calcd. for CisHisF20: 262.1169; Found:
262.1167.

(0] & 0 A
F F F
Ph b) AgNO3; (10 mol%) Ph
7 10, 88%

2-([1,1'-biphenyl]-4-yI)-3-fluorofuran (10). To a 50 mL of round-bottom flask were added 7 (0.8
mmol, 1 equiv), NaBHs (1.2 mmol, 1.5 equiv) and THF (10 mL). The resulting solution was stirred
for 5 h at room temperature. The resulting reaction mixture was quenched by H.O, and extracted
with EtOAc for 3 times. The combined organic layers were washed with brine, dried over NaxSOs,
and filtered. The filtrate was concentrated. The residue was filtered through a pad of MgSOa4 and the
filtrate was concentrated. It was purified with silica gel chromatography with Petroleum ether/EtOAc
(10:1) as an eluent to give compound 10 (168 mg, 88% yield) as an oil. 'H NMR (400 MHz, CDCls)
§ 7.80 (d, J = 8.4 Hz, 2H), 7.65-7.70 (m, 4H), 7.48 (t, J = 7.6 Hz, 2H), 7.37-7.40 (m, 1H), 7.29 —
7.27 (m, 1H), 6.47 (s, 1H). °F NMR (376 MHz, CDCl3) § -164.5 (d, J = 3.4 Hz, 2F). 13C NMR (126
MHz, CDCl3) & 149.4 (d, J = 253.6 Hz), 140.6, 139.9 (d, J = 9.2 Hz), 139.7 (d, J = 1.6 Hz), 136.5 (d,
J=20.7 Hz), 128.8, 128.02 (d, J = 5.0 Hz), 127.40, 127.36, 126.9, 123.9 (d, J = 5.3 Hz), 104.6 (d, J
= 19.9 Hz). IR (thin film) max 3433.8, 2925.8, 2252.5, 1778.9, 1633.0 cm™®. MS (EI): m/z (%) 238
(M*), 84 (100). HRMS calcd. for C1sH1:FO: 238.0794; Found: 238.0799.

S

0 [
Z o] Y
4
+ ‘ S cat. Pd &
FF /
Ph | F F
7

Ph
11, 60%

1-([1,1'-Biphenyl]-4-yI)-2,2-difluoro-4-(thiophen-3-yl)but-3-yn-1-one (11). To a septum capped
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25 mL of Schlenck tube were added PdCl>(PPhz)2 (5 mol %) and Cul (10 mol %) under Ar. The
alkyne 7 (0.4 mmol, 1.0 equiv), EtsN (2 mL), heteroayl iodide (0.6 mmol, 1.3 equiv) and THF (2 mL)
were then added. The reaction mixture was stirred for 16 h at 50 °C and concentrated. The crude
product was purified by silica gel chromatography (Petroleum ether/EtOAc = 10:1) to give product
11 (82 mg, 60% yield) as a light yellow oil. *H NMR (400 MHz, CDCls) & 8.30 (d, J = 8.0 Hz, 2H),
7.75 (d, 3 = 8.0 Hz, 2H), 7.66 (d, J = 6.0 Hz, 3H), 7.50 (t, J = 7.2 Hz, 2H), 7.47 — 7.42 (m, 1H), 7.31
(s, 1H), 7.17 (d, J = 4.8 Hz, 1H). °F NMR (376 MHz, CDCl3) & -87.4 (s, 2F). 3C NMR (126 MHz,
CDCl3) & 184.2 (t, J = 30.5 Hz), 147.3, 139.4, 132.7 (t, J = 2.9 Hz), 131.04 (t, J = 2.0 Hz), 129.65 (t,
J=1.6 Hz), 129.6, 129.1, 128.7, 127.33, 127.29, 126.2, 118.5 (t, J = 3.0 Hz), 108.3 (t, J = 244.8 Hz),
88.2 (t, J=6.7 Hz), 79.2 (t, J = 38.4 Hz). IR (thin film) max 3395.6, 3110.1, 2236.6, 1705.9, 1603.7,
1559.0 cm™. MS (EI): m/z (%) 338 (M*), 181 (100). HRMS calcd. for C2oH1,0SF,: 338.0577; Found:
338.0574.

Mechanistic Studies

a) Reaction of Aryl Boronic Acid la with MeOH under latm of CO in the Presence of
NiCl2-DME/4,4'-ditBuBpy

NiCly DME (0.5 equiv) o

B(OH)2 4,4'-ditBuBpy (0.5 equiv)
CO (1 atm) OMe
Ph + MeOH
Ph

(20 equiv) K2C03 (30 equiv)
1a (1.0 equiv) dioxane, 65 °C 12, 30%

Procedure: To a 25 mL of Schlenck tube were added aryl boronic acid 1 (0.3 mmol, 1.0 equiv),
NiCl,:DME (50 mol%), 4,4" -ditBuBpy (50 mol%), and K>.COs (4.0 equiv). The reaction mixture
was then evacuated and backfilled with Ar (3 times). The resulting mixture was evacuated again and
backfilled with CO (1 atm, balloon). To the Schlenck tube were added MeOH (0.6 mmol, 2.0 equiv.)
and dioxane (2 mL). The tube was screw capped and put into a preheated oil bath (65 °C). After
stirring for 24 h, the reaction mixture was cooled to room temperature. The reaction mixture was
diluted with ethyl acetate and H20. The resulting mixture was then extracted with ethyl acetate, the

combined organic layers were washed with brine, dried over Na;SOs, filtered, and concentrated. The
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residue was purified with silica gel chromatography to give product 12 (19 mg, 30% vyield) as a white
solid. 'H NMR (400 MHz, CDCls) § 8.11 (d, J = 8.2 Hz, 2 H), 7.67 (d, J = 8.2 Hz, 2 H), 7.63 (d, J =
7.5 Hz, 2 H), 7.47 (m, 2 H), 7.40 (m, 1 H), 3.94 (s, 2 H). 13C NMR (101 MHz, CDCls)  167.0, 145.6,
140.0, 130.1, 128.89, 128.85, 128.1, 127.2, 127.0, 52.1. IR (thin film) max 2922.9, 1719.1, 1607.4,
1452.0 cm™. MS (EI): m/z (%) 212 (M*), 181 (100). HRMS calcd. for C14H1,02: 212.0837; Found:
212.0841.

b) Reaction of Difluoroalkyl Bromides 2a or 2b with MeOH under 1 atm of CO in the Presence
of NiCl.-DME/4,4'-ditBuBpy

0}
__ NiClyDME (0.1 or 0.5 equiv)
— R
BrfaC TIPS 4,4'-ditBuBpy (0.1 or 0.5 equiv) MeO)S(
2a (1.0 equiv) CO (1 atm) FF
or + MeOH i 13,R= =—TIPS
(20equy) ~ 2C0s 3.0 eqou'v) R==
BrCF,CON(Et), dioxane, 65 °C 14, CON(Et),
2b (1.0 equiv) not observed

Procedure: To a 25 mL of Schlenck tube were added NiCl,'DME (0.1 or 0.5 equiv), 4,4" -ditBubpy
(0.1 or 0.5 equiv), and K>COs (3.0 equiv). The reaction mixture was then evacuated and backfilled
with Ar (3 times). The resulting mixture was evacuated again and backfilled with CO (1 atm,
balloon). To the Schlenck tube were added difluoroalkyl bromide 2 (0.3 mmol, 1.0 equiv), MeOH
(2.0 equiv) and dioxane (2 mL). The tube was screw capped and put into a preheated oil bath (65 °C).
After stirring for 24 h, the reaction mixture was cooled to room temperature. The resulting mixture

was analyzed by °F NMR and showed no desired product 13 or 14 was observed.

¢) Reaction of Difluoroalkyl Bromides 2a with MeOH under 1 atm of CO in the Presence of
Ni(COD)2/ 4,4’-ditBuBpy

Ni(COD), (0.1 or 0.5 equiv)
L3 (0.1 or 0.5 equiv)

CO (1 atm) //
BrF,C——TIPS 4 MeOH - MeO
2a (1.0 equiv) (2.0 equiv) K>COj3 (3.0 equiv) FF
dioxane, 65 °C
13, not observed

Procedure: To a 25 mL of Schlenck tube were added Ni(COD) (0.1 or 0.5 equiv), 4,4" -ditBubpy
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(0.1 or 0.5 equiv), and K>COs3 (3.0 equiv). The reaction mixture was then evacuated and backfilled
with Ar (3 times). The resulting mixture was evacuated again and backfilled with CO (1 atm,
balloon). To the Schlenck tube were added difluoroalkyl bromide 2a (0.3 mmol, 1.0 equiv), MeOH
(2.0 equiv) and dioxane (2 mL). The tube was screw capped and put into a preheated oil bath (65 °C).
After stirring for 24 h, the reaction mixture was cooled to room temperature. The resulting mixture

was analyzed by °F NMR and showed no desired product 13 was observed.

d) Preparation of Nickel Complex A1°

t-Bu t-Bu ¢l

7\ \_/ + Ni(COD), =+ _— —~N NI

=N N Nise
ditBubpy F F/@
Procedure: The preparation of nickel complex (A1) is a modification of the literature method.® To a
Schlenk tube was charged with Ni(COD)2 (275 mg, 1.0 mmol), 4,4’-ditbutyl-2,2"- pyridine (268 mg,
1.0 mmol) and degassed dry THF (5 mL) under Ar. The resulting deep purple solution was left to stir
for 1 hour at ambient temperature. 1-Chloro-4-fluorobenzene (1.06 mL, 10 mmol) was then added
and the reaction mixture was stirred until the color of solution become dark red. The resulting dark
red solution was triturated with degassed dry pentane and the precipitate was collected on a frit
immediately, because the nickel complex (Al) deterorated easily in the THF. And then the complex
rinsed with pentane and dried under vacuum to give nickel complex (Al) as a light yellow powder
(365 mg, 75% yield). The exact purity of complex A1l is 78%, which was determined by *°F NMR by
using fluorobenzene as an internal standard. *H NMR (400 MHz, CD,Cl) & 9.01 (s, 1 H), 7.86 (s, 2
H), 7.49 (m, 3 H), 7.27 (s, 1 H), 7.15 (s, 1 H), 6.79 (s, 2 H), 1.42 (s, 9 H), 1.37 (s, 9 H). °F NMR
(376 MHz, CD2Cl2) ¢ -125.1 (s, 1 F). IR (thin film) max 3054.3, 2962.7, 1544.4, 1507.8, 1473.3

cmL
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e) Preparation of Nickel Complex B1’

t-Bu t-Bu
7 N\ o
t-B t-B \
) i i THF o N /
- . ,r.t O Ni
7 N—( )+ NICOD) + c " ~al
=N N
F
ditBubpy
F B1

Procedure: The preparation of nickel complex (B1) is a modification of the literature method.” To a
Schlenk tube was charged with Ni(COD). (550 mg, 2.0 mmol), 4,4 -ditbutyl-2,2"- pyridine (537 mg,
2.0 mmol) and degassed dry THF (5 mL) under Ar. The resulting deep purple solution was left to stir
for 1 hour at ambient temperature. 4-Fluorobenzoyl chloride (2.1 mmol, 1.05 equiv) was then added
and the reaction mixture was stirred for 4 min. The resulting dark red solution was triturated with
degassed dry pentane and the precipitate was collected on a frit immediately. And then the complex
rinsed with pentane and dried under vacuum to give nickel complex (B1-THF) as a dark red powder
(760 mg, 78% yield). *"H NMR (400 MHz, CDCl;) § 8.87 (s, 1 H), 8.66 (s, 2 H), 7.92 (s, 2 H), 7.71
(s, 1 H), 7.53 (s, 1 H), 7.22 (s, 1 H), 7.13 (s, 2 H), 3.69 (s, 4 H), 1.87 (s, 4 H), 1.43 (s, 9 H), 1.37 (5, 9
H). ®F NMR (376 MHz, CD-Cl,) & -109.2 (s, 1 F). IR (thin film) max 2964.2, 1627.5, 1614.6,
1586.1, 1495.0 cm™,

f) Reaction of Nickel Complex Al with CO

{-Bu £-Bu t-Bu t-Bu
7 N\ \_/ 7\ \
_ =N_ _N
e CD,Cl, 0. Ni
~q| + CO(1atm) ——— Cl
rt, 15 min
F B1, 62%
A1 (1.0 equiv) determined by '°F NMR

Procedure: To a NMR tube was charged with nickel complex (Al) (0.025 mmol) and CD.Cl; (0.5
mL) under Ar at room temperature. Fluorobenzene (0.014 mmol) was added into the NMR tube as an
internal standard [Note: the ratio between Fluorobenzene and nickel complex (Al) is not 1:1, but it
doesn’taffect us to monitor the reaction]. The NMR tube was evacuated and backfilled with CO
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balloon (1 atm). The reaction was monitored by °F NMR and showed a 62% yield (determined by

F NMR) of acyl nickel complex B1 was generated after consuming of A1,

Al: o
* o
B1: =« Time / min
PhF: o | J‘ 15 min
v !
h o
*
‘ L]
‘\ I l f
\ N \ 8 min
T T T
= .
Q
f ” ) 1 min
T T T
- L]
e}
Jl 0 min
Y ¥
s

Figure S1. Reaction of Nickel Complex Al with CO Monitored by **F NMR

® ™ =
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1.5 1.0 10.5 10.0 9.5 9.

Figure S2. The 'H NMR Spectra of Nickel Complex B1 After the Reaction of A1 with CO
(Fluorobenzene as an Internal Standard and the Mole Ratio of B1/PhF = 1.1/1.0)
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B1: =«

PhF: o

*

Figure S3. The °F NMR Spectra of Nickel Complex B1 After the Reaction of Al with CO
(Fluorobenzene as an Internal Standard and the Mole Ratio of B1/PhF = 1.1/1.0)

e) Reaction of Acyl Nickel Complex B1 with gem-Difluoroalkyl Bromide 2a

t-Bu t-Bu
/_ N )
© N\Ni/N o TIPS
c CD,Cl, =
+  BrF,C—==—TIPS
2a (1.05 equiv) rt, 50 min FF
15, 95%
j determined by '°F NMR
B1
(1.0 equiv)

Procedure: To a NMR tube was charged with nickel complex (B1) (0.025 mmol) and CD,Cl> (0.5

mL) under Ar at room temperature. Then 2a (0.026 mmol, 1.05 equiv) was added into the NMR tube.

Fluorobenzene (0.03 mmol) was added into the NMR tube as an internal standard. The reaction was

monitored by °F NMR and showed a 95% yield (determined by **F NMR) of carbonyl compound 15

was generated after consuming of B1. Compound 15 as a light yellow oil: *H NMR (400 MHz,

CDCl3) & 8.24-8.20 (m, 2 H), 7.78 — 6.62 (m, 2 H), 1.35 — 0.43 (m, 21 H). 1°F NMR (376 MHz,

CDCl3) 5 -88.5 (s, 2 F), -101.6 — -101.7 (m, 1 F). 33C NMR (101 MHz, CDCls) & 183.0 (t, J = 30.3
Hz), 166.5 (d, J = 259.6 Hz), 133.3 (dt, J = 10.1 Hz, 2.0 Hz), 127.2 (d, J = 3.0 Hz), 115.9 (d, J = 22.2
Hz), 106.5 (t, J = 245.4 Hz), 98.7 (t, J = 6.1 Hz), 96.1 (t, J = 37.4 Hz), 18.3, 10.8. IR (thin film) max
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2945.6, 2867.6, 1715.5, 1600.3 cmX. MS (EI): m/z (%) 354 (M"), 311 (100). HRMS calcd. for
C1oH250F3Si: 354.1627; Found: 354.1633.

f) Reaction of Nickel Complex Al with 2a under 1 atm of CO

t-Bu t-Bu
- . o TIPS
\ ) P i
N CHaCh = TIPS
NIl + 22 + CO 772 . _
c (1.05 equiv) 1 atm rt, 30 min £ F
" F FF
M 15, 66% 16, ND
(1.0 equiv)

Procedure: To a 25 mL of Schlenck tube was added A1 (0.04 mmol, 1.0 equiv). The tube was then
evacuated and backfilled with Ar (3 times). The schlenck tube was put into a -78 °C dry ice bath. The
mixture was evacuated again and backfilled with carbon monoxide CO (1 atm, balloon).
Fluorobenzene (0.04 mmol) was added into tube as an internal standard. The solution of compound
2a in CH2Cl> (0.42 mL, 0.1M) was added into the tube quickly at -78 °C. The reaction mixture was
then warmed to room temperature and stirred for 30 min. *F NMR showed the nickel complex Al

was consumed and a 66% yield of compound 15 was produced.

Radical Clock Experiments

a) Reaction of 2a with 17 in the Presence of B1

F F
B1 i
dioxane N
(1.0 equiv) + Ph —_— S TIPS
50°C + 15,78%
BrF,C—=—=—TIPS
) 17 (2.0 equiv)
2a (1.0 equiv) 18, 14%

Procedure: To a 25 mL of Schlenck tube was added B1 (0.1 mmol, 1.0 equiv). The tube was then
evacuated and backfilled with Ar (3 times). The compound 2a (0.1 mmol, 1.0 equiv), compound 17
(0.2 mmol, 2.0 equiv) and dioxane (2 mL) were added subsequently. The tube was screw capped and

put into a preheated oil bath (50 °C). After stirring for 50 min, the reaction mixture was cooled to
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room temperature. The yield was determined by °F NMR using fluorobenzene as an internal
standard (18: 14% vyield. 15: 78% vyield). (3,4-Dihydronaphthalen-1-1)-3,3-difluorobut-1-yn-1-yl)
triisopropylsilane (18). This compound is known.® *H NMR (400 MHz, CDCl3) § 7.31 (d, J = 7.5
Hz, 1H), 7.22-7.15 (m, 1H), 7.17 — 7.10 (m, 2H), 6.17 (t, J = 4.4 Hz, 1H), 3.21 (t, J = 14.4 Hz, 2H),
2.77 (t, J = 8.0 Hz, 2H), 2.35 — 2.27 (m, 2H), 1.04 (s, 21H). 1°F NMR (376 MHz, CDCl3) 5 -79.1 (t, J
= 14.3 Hz, 2F). 3C NMR (126 MHz, CDCl3) § 136.2, 134.3, 131.7, 128.2 (t, J = 4.0 Hz), 127.6,
126.9, 126.3, 123.1 (t, J = 1.3 Hz), 113.5 (t, J = 234.7 Hz), 98.8 (t, J = 38.7 Hz), 90.4 (t, J = 5.2 Hz),
41.56 (t, J =27.6 Hz), 28.1, 23.3, 18.4, 10.9.

b) Reaction of 2a with 17 in the Presence of Aryl Boronic Acid 1a under Standard Reaction

Conditions
, F F
B(OH), NiCl,"'DME (10 mol%)
4,4'-ditBubpy(10 mol%) o o TIPS
CO (1 atm) S TIPS &
+ BrF,C———TIPS +
K5COj3 (3 equiv), H,0 (20 mol%) + FF
Ph 2a 65 °C, dioxane, 24 h Ph
1a 17 18, 17% 3a, 10%

Procedure: To a 25 mL of Schlenck tube were added 4-biphenylboronic acid 1a (0.45 mmol, 1.5
equiv), NiCl)DME (10 mol%) and 4,4" -ditBubpy (10 mol%) under air, followed by K>COz (0.9
mmol, 3.0 equiv). The mixture was then evacuated and backfilled with Ar (3 times). The mixture was
evacuated again and backfilled with carbon monoxide CO (1 atm, balloon), compound 2a (0.3 mmol,
1.0 equiv), compound 17 (0.36 mmol, 1.2 equiv), H20 (20 mol%) and dioxane (2 mL) were added
subsequently. The tube was screw capped and put into a preheated oil bath (65 °C). After stirring for
24 h, the reaction mixture was cooled to room temperature. The yield was determined by °F NMR
using fluorobenzene as an internal standard (18: 17% yield based on the compound 2a. 3a: 10%

yield based on the compound 2a).
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Radical Inhibition Experiments:

NiCl,"-DME(10 mol%) o TIPS
B(OH) Cl o _
@/ i 2 BrF,C_— TIPS + CO 4,4'-ditBubpy(10 rTlol %) Z
Ph (1 atm) KoCOs3 (3.0 equiv) FE
H,0 (20 mol%) Ph
1a 2a dioxane, 65 °C, 24 h 3a
Entry additive 3a Yield (%)°
1 1,4-dinitrobenzene (0.2 equiv) 4
2 1,4-dinitrobenzene (1 equiv) ND

@Reaction conditions (unless otherwise specified): 1a (0.45 mmol, 1.5 equiv), 2a (0.3 mmol, 1.0 equiv),
NiCl'DME (10 mol%), 4,4~=ditBubpy (10 mol%), K:COs (3.0 equiv), H.O (20 mol%), dioxane (2 mL).
bDetermined by °F NMR using fluorobenzene as an internal standard.

Procedure: To a 25 mL of Schlenck tube were added arylboronic acid 1a (0.45 mmol, 1.5 equiv),
NiCl2-DME (10 mol %) and 4,4 -ditBubpy (10 mol %) under Ar, followed by K-COs3 (0.9 mmol, 3.0
equiv) and 1,4-dinitrobenzene (0.2-1.0 equiv) under air. The mixture was then evacuated and
backfilled with Ar (3 times). The mixture was evacuated again and backfilled with carbon monoxide
CO (1 atm, balloon), compound 2a (0.3 mmol, 1.0 equiv), H20 (20 mol %) and dioxane (2 mL) were
added subsequently. The tube was screw capped and put into a preheated oil bath (65 °C). After
stirring for 24 h, the reaction mixture was cooled to room temperature. The yield was determined by

1%F NMR using fluorobenzene as an internal standard.

EPR Studies
a) EPR Study of the Reaction of gem-Difluoroalkyl Bromide 2a with B1 in the Presence of PBN

t-Bu t-Bu
7 N\ »
=N_ _N
0. Nil TIPS Ph
Cl + 0 Dioxane A :
+ BrF,C——TIPS + ppXg° —M N-°
2a (1.05 equiv) t-Bu FF tBu
PBN 19
F
B1
(1.0 equiv)
Procedure:

A mixture of nickel complex (B1) (0.03 mmol), PBN (0.06 mmol) and 2a (1.05 equiv) in dioxane (1

mL) was stirred at room temperature for 30 min. The resulting mixture was then analyzed by EPR at
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room temperature. The EPR showed an e.p.r. triplet spectrum of nitroxide 19 (g = 2.00559; an =

14.25 G) (Figure S4).

Sim —
Exp —

s

T T T T T T T T T T T
3100 3200 3300 3400 3500 3600
H(G)

Figure S4. EPR Spectra of the mixture of PBN, B1, and 2a in 1,4-dioxane at room temperature

b) EPR Study of the Reaction of gem-Difluoroalkyl Bromide 2a with PBN in the Presence of
Aryl Boronic Acid l1a under Standard Reaction Conditions

B(OH), NiCl,'DME (10 mol%)

o o
B 4,4 dli.;Bcl;bpy(m mol%) TIPS Ph
. 0 (1 atm) X .
+ BrF,C—=—TIPS + Ph" >N ) S 0
tBu K,CO3 (3 equiv) N
°C, di F F tBu
Ph 2a PEN 65 °C, dioxane
1a 19

Procedure: A mixture of phenylboronic acid 1a (30 mg, 0.15 mmol, 1.5 equiv), NiCl2(DME) (10
mol %), 4,4"-ditBubpy (10 mol %), K2COs (3.0 equiv), PBN (35.4 mg, 0.2 mmol, 2.0 equiv) and 2a
(0.1 mmol, 1.0 equiv) in dioxane (1 mL) was stirred at 65 °C for 30 min. The resulting mixture was
then analyzed by EPR at 65 °C. The EPR showed an e.p.r. triplet spectra of nitroxide 19 (g = 2.00559;
an = 14.25 G) (Figure S5).
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Figure S5. The EPR Spectra of the mixture of PBN, 1a, NiCl,-DME, 4,4 ™-ditBubpy, K.COs3 and 2a
in 1,4-dioxane at 65 °C

Cyclic Voltammetry

Cyclic voltammograms were recorded with a CHIG60E potentiostat at room temperature. Cyclic
voltammetry was performed in a 3-electrode cell consisting of a 3mm glassy carbon disc working
electrode, a Ag/Ag* reference electrode with a Ag wire in a fritted chamber containing a solution of
AgNO:s (0.01 M, CH2ClI2) and a Pt wire counter electrode. To an electrochemical cell was added a 10
mL solution of n-BusNPFg (0.1 M) in CH2Cl2, which was used as the supporting electrolyte. Cyclic
voltammetry scans were taken at selected scan rates (from 10 to 400 mV/s) and in the selected

potential window. (Note: Complex B1 decomposes immediately in THF at room temperature)
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Potential / V

Figure S6. Cyclic voltammograms recorded on a Pt electrode (area = 0.03 cm?): (a) CH2Cl
containing 0.1 M n-BusNPFs; (b) The solution (a) after addition of 5 mM B1, E*=0.89 V vs Ag/AgCI;
(c) The solution (a) after addition of 5 mM 2a; (d) The solution (a) after addition of 5 mM B1 and 5
mM 2a, E'=0.91 V vs Ag/AgCI.
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1-([1,1'-Biphenyl]-4-yl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3a).
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Chemical Formula: Cy5H3F,0Si
Exact Mass: 412.2034
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1-([1,1'-Biphenyl]-3-yl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3b).
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Chemical Formula: Cy5H3oF;0Si
Exact Mass: 412.2034
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2,2-Difluoro-1-(o-tolyl)-4-(triisopropylsilyl)but-3-yn-1-one (3c).
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FF

Chemical Formula: CypHysF,0Si
Exact Mass: 350.1877
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1-(4-(tert-Butyl)phenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3d).
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Chemical Formula: Cy3H34F,0Si
Exact Mass: 392.2347
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Chemical Formula: CygH3,F,0,Si
Exact Mass: 442.2140
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4-(2,2-Difluoro-4-(triisopropylsilyl)but-3-ynoyl)phenyl acetate (3f).
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Chemical Formula: Cy1Hz5F,03Si
Exact Mass: 394.1776
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2,2-Difluoro-1-(naphthalen-2-yl)-4-(triisopropylsilyl)but-3-yn-1-one (3g).
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Chemical Formula: C;3H,F,0Si
Exact Mass: 386.1877
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2,2-Difluoro-1-(naphthalen-1-yl)-4-(triisopropylsilyl)but-3-yn-1-one (3h).
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Chemical Formula: C,3H2gF,0Si
Exact Mass: 386.1877
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Ethyl 4-(2,2-difluoro-4-(triisopropylsilyl)but-3-ynoyl)benzoate (3i).
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Chemical Formula: Cy,H30F,04Si
Exact Mass: 408.1932
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Ethyl 3-(2,2-difluoro-4-(triisopropylsilyl)but-3-ynoyl)benzoate (3j).
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Chemical Formula: Cy3H30F205Si

Exact Mass: 408.1932
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1-(3-Acetylphenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3k).
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Chemical Formula: Cy1HpsF;0,Si
Exact Mass: 378.1827
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4-(2,2-Difluoro-4-(triisopropylsilyl)but-3-ynoyl)benzaldehyde (3I).
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Chemical Formula: CygHpgF205Si
Exact Mass: 364.1670
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1-(3-Chloro-4-fluorophenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one-(3m).
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1-(4-Bromophenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3n).
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Chemical Formula: C4gH,5BrF,0Si
Exact Mass: 414.0826
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1-(4-Chlorophenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (30).
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Chemical Formula: OA mINmO_Tlmomm
Exact Mass: 370.1331
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1-(4-(Ethylthio)phenyl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3p).
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Chemical Formula: Cy1H3oF,0SSi
Exact Mass: 396.1755
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2,2-Difluoro-1-(3-hydroxyphenyl)-4-(triisopropylsilyl)but-3-yn-1-one (3q).
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Chemical Formula: C;gHzF,0,Si

Exact Mass: 352.1670
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2,2-Difluoro-4-(triisopropylsilyl)-1-(4-(trimethylsilyl)phenyl)but-3-yn-1-one (3r).
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Chemical Formula: C,,H34F,0Si,
Exact Mass: 408.2116
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1-(Dibenzo[b,d]thiophen-2-yl)-2,2-difluoro-4-(triisopropylsilyl)but-3-yn-1-one (3s).
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Chemical Formula: Cy5H,gF,OSSi
Exact Mass: 442.1598
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2,2-Difluoro-1-(9-phenyl-9H-carbazol-2-yl)-4-(triisopropylsilyl)but-3-yn-1-one (3t).
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Chemical Formula: C31H33F,NOSi

Exact Mass: 501.2299
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2,2-Difluoro-1-(6-methoxypyridin-3-yl)-4-(triisopropylsilyl)but-3-yn-1-one (3u).
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Chemical Formula: C;gHy7FaNO,Si
Exact Mass: 367.1779
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tert-Butyl4-(5-(2,2-difluoro-4-(triisopropylsilyl)but-3-ynoyl) pyridin-2-yl)piperazine-1-carboxylate (3v).
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Chemical Formula: C7H41F;N3504Si
Exact Mass: 521.2885
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Isopropyl 2-(4-(4-(2,2-difluoro-4-(triisopropylsilyl)but-3-ynoyl)-benzoyl)phenoxy)-2-methyl-propanoate (3w).
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Chemical Formula: C33H45F;05Si
Exact Mass: 584.2770
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(S)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(4-(2,2-difluoro-4-(triisopropylsilyl) -but-3-ynoyl) phenyl)propanoate (3x).
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Chemical Fomrnuk: CogH, F NOSSI
Exact Mass: 5372722
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1-([1,1'-Biphenyl]-4-yl)-2,2-difluorodec-3-yn-1-one (5a).
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Chemical Formula: C,,H,,F,0
Exact Mass: 340.1639
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8-([1,1'-Biphenyl]-4-yl)-7,7-difluoro-8-oxooct-5-yn-1-yl acetate (5b).
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Chemical Formula: CyyH,oF,05
Exact Mass: 370.1381
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1-([1,1'-Biphenyl]-4-yl)-4-(1-(benzyloxy)cyclopentyl)-2,2-difluorobut-3-yn-1-one (5c).
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Chemical Formula: CpgHp4F,0,
Exact Mass: 430.1744
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4-(1-(Benzyloxy)cyclopentyl)-2,2-difluoro-1-(4-(trimethylsilyl)phenyl)but-3-yn-1-one (5d).
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Chemical Formula: Ca5HosF20,Si
Exact Mass: 426.1827
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Ethyl 3-([1,1'-biphenyl]-4-yl)-2,2-difluoro-3-oxopropanoate (5e).
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Chemical Formula: C47H4F,04
Exact Mass: 304.0911
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Ethyl 3-(benzo[d][1,3]dioxol-5-yl)-2,2-difluoro-3-oxopropanoate (5f).
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Chemical Formula: C4,HoF>05
Exact Mass: 272.0496
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Ethyl 3-(4-bromophenyl)-2,2-difluoro-3-oxopropanoate (5g).
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CF,COOEt
Br

Chemical Formula: C44HgBrF,04

Exact Mass: 305.9703
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N,N-Diethyl-2,2-difluoro-3-(4-methoxyphenyl)-3-oxopropanamide (5h).
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COCF,CON(Et)

o<
Chemical Formula: Ci4H17F2NO3
Exact Mass: 2851176
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3-([1,1'-Biphenyl]-3-yl)-N,N-diethyl-2,2-difluoro-3-oxopropanamide (5i).
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CF,CON(Et)

Chemical Formula: C;gH,gF,NO,
Exact Mass: 331.1384
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1-(3-Cyanophenyl)-N,N-diethyl-2,2-difluoro-3-oxopropanamide (5j).
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CF,CON(EY),

Chemical Formula: C;4H;4F;N,0,

Exact Mass: 280.1023
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3-(3-Chlorophenyl)-N,N-diethyl-2,2-difluoro-3-oxopropanamide (5k).
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Chemical Formula: C43H14CIF;NO,
Exact Mass: 289.0681
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Chemical Formula: C43H,4CIF,NO,
Exact Mass: 289.0681
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Ethyl 4-(3-(diethylamino)-2,2-difluoro-3-oxopropanoyl)benzoate (51).
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CF,CON(EY),

EtO,C

Chemical Formula: C1gH4gF2,NO,
Exact Mass: 327.1282
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(R)-Ethyl-2-(3-([1,1'-biphenyl]-4-yl)-2,2-difluoro-3-oxopropanamido)-3-phen-ylpropanoate (5m).
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Chemical Formula: CogHa3FoNO4
Exact Mass: 451.1595
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1-([1,1'-Biphenyl]-4-yl)-2,2-difluoro-2-(6-methylbenzo[d]oxazol-2-yl)ethanone (5n).
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Chemical Formula: C,,H45F2NO,
Exact Mass: 363.1071
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(4-([1,1'-Biphenyl]-4-yl)-3,3-difluoropent-4-en-1-yn-1-yl)triisopropylsilane (6).
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Chemi cal Formula: C;gH-F;Si

Exact Mass: 410.2241
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1-([1,1'-Biphenyl]-4-yl)-2,2-difluorobut-3-yn-1-one (7).
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Chemical Formula: C,zH5F50
Exact Mass: 258.0856
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1-([1,1"-Biphenyl]-4-yl)-2,2-difluorobut-3-en-1-ol (8).
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1-([1,1'-Biphenyl]-4-yl)-2,2-difluorobutan-1-ol (9).
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Chemical Formula: CygHzF-0O
Exact Mass: 262.1169
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-Biphenyl]-4-yl)-3-fluorofuran (10).
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Exact Mass: 238.0794
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1-([1,1'-Biphenyl]-4-yl)-2,2-difluoro-4-(thiophen-3-yl)but-3-yn-1-one (11).
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Methyl [1,1'-biphenyl]-4-carboxylate (12).
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The nickel complex Al.
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The nickel complex B1-THF.
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2,2-Difluoro-1-(4-fluorophenyl)-4-(triisopropylsilyl)but-3-yn-1-one (15).
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(3,4-Dihydronaphthalen-1-I)-3,3-difluorobut-1-yn-1-yl) triisopropylsilane (18).
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